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ABSTRACT 

A 6 7 0 - m e t e r v e r t i c a l s e c t i o n of t h e i g n e o u s w a l l r o c k s o f t h e 

Mayflower Mine , Pa rk C i t y D i s t r i c t , U t a h , was s t u d i e d w i t h t h e p u r p o s e 

of document ing q u a n t i t a t i v e l y some f l u i d f low p a r a m e t e r s and t h e m i n e r a l 

abundance i n t h e a l t e r e d i g n e o u s r o c k s . F r a c t u r e abundance and f r a c 

t u r e a p e r t u r e d e t e r m i n a t i o n s a l l o w e d an e s t i m a t i o n of t h e p e r m e a b i l i t y 

and flow p o r o s i t y of t h e i g n e o u s r o c k s by u s i n g a p a r a l l e l p l a t e model 

f o r a f r a c t u r e d medium. Va lues f o r t h e p e r m e a b i l i t y f e l l in t h e r a n g e 

of 0 . 1 t o 10 d a r c i e s , w h e r e a s f low p o r o s i t y v a l u e s r a n g e d from 0 . 0 5 t o 

0.4%. T o t a l p o r o s i t y was c a l c u l a t e d from b u l k and g r a i n d e n s i t i e s o f 

t h e r o c k s and a n a l y z e d i n a model i n which f l o w , d i f f u s i o n and r e s i d u a l 

p o r o s i t i e s a r e i t s ma jo r c o n t r i b u t i n g p a r t s . R e s i d u a l p o r o s i t y a c 

c o u n t e d f o r most of t h e t o t a l p o r o s i t y of t h e f r a c t u r e d i g n e o u s r o c k s . 

Mapping of t h e f r a c t u r e s r e v e a l e d two p r o m i n e n t f r a c t u r e d i r e c t i o n s , 

N50°E/80°NW and N50°W/80°SW, which a p p a r e n t l y c o n s t i t u t e a c o n j u g a t e 

s e t o f s h e a r f r a c t u r e s s u p p o s e d t o have been formed soon a f t e r t h e 

s t o c k s c r y s t a l l i z e d ( s o l i d u s t e m p e r a t u r e ) and u n d e r a h i g h c o n f i n i n g 

p r e s s u r e . 

M i n e r a l o g i c a l c o m p o s i t i o n s of t h e r o c k s w e r e d e t e r m i n e d by a 

computer t e c h n i q u e which r e q u i r e s c h e m i c a l c o m p o s i t i o n of t h e r o c k s and 

m i n e r a l p h a s e s as i n p u t d a t a . The r o c k s we re a n a l y z e d f o r S i , A l , Fe 

( t o t a l i r o n a s F e + + ) , jvig, C a , Na, K, Mn and Ti w i t h X- ray f l o u r e s c e n c e 

i n s t r u m e n t a t i o n , and f o r s u l f i d e s u l f u r , s u l f a t e s u l f u r and c a r b o n 

ABSTRACT 

jA 670-meter vertical section of the igneous wall rocks of the 

Mayflower Mi'ne. Park City District. Utah, was studied with the purpose 

of documenting quantitatively some fluid flow parameters and the mineral 

abundanc,e in the altered igneou s rocks. Fracture abundance and frac

ture aperture determinations allowed an estimation of the permeability 

and flow porosity of the igneous rocks by using a parallel plate model 

for a fr,actured medi urn. Val ues for the penneab"ll ity fell in the range 

of 0 . 1 to 10 darc;es, whereas flow porosity val ues r anged from 0.05 to 

0.4%. Total porosity \<Jas calculated from bulk and grain densities of 

the rocks and analyzed in a mode l in which flow, diffusion and residual 

porosities are its major contributing parts. Residual porosity ac

counted for mos t of the total porosity of the fractured i gneous rocks. 

Mapping of t he fractures revealed two prominent fracture directions, 

N50 o E/8G o NW and N500\~/800$W, which apparently constitute a conjugate 

set of shear fractures supposed to have been formed soon after the 

stocks crystal lized (solidus temperature) and under a high confining 

pressure. 

Hineralogical compositions of the rocks \'Iere detennined by a 

computer technique which requires chemical composi tion of the rocks and 

mineral phases as input data. The rocks were analyzed for $i, Al, Fe 

{total iron as Fe++) , J~g, Ca, Na, K, Mn and Ti with X-ray flourescence 

instrumentation, and for sulfide sulfur, sulfate sulfur and carbon 



d i o x i d e w i t h LECO e q u i p m e n t . The m i n e r a l p h a s e s were a n a l y z e d f o r t h e 

same c o m p o n e n t s , e x c e p t f o r t h e l a s t t h r e e , w i t h an e l e c t r o n m i c r o p r o b e . 

C h e m i c a l l y s i m p l e p h a s e s were c o n s i d e r e d t o be s t o i c h i o m e t r i c . The r e 

s u l t i n g m i n e r a l a b u n d a n c e s d i s c l o s e d two b r o a d z o n i n g s o v e r t h e sampled 

N-S c r o s s - s e c t i o n of t h e m i n e : one l a t e r a l , c h a r a c t e r i z e d by b o t h an 

i n c r e a s e o f t h e K - f e l d s p a r , k a o l i n i t e and q u a r t z a b u n d a n c e s and a d e 

c r e a s e o f a n d e s i n e , b i o t i t e and c h l o r i t e t o w a r d s t h e main v e i n s ; and 

t h e o t h e r v e r t i c a l , c h a r a c t e r i z e d by ma jo r d e p o s i t i o n o f K - f e l d s p a r , 

a n h y d r i t e , p y r i t e and k a o l i n i t e be low t h e 2 , 2 0 0 ' l e v e l ; and c a l c i t e , 

q u a r t z and b i o t i t e more a b u n d a n t l y p r e c i p i t a t e d a b o v e . M i n e r a l and 

component g a i n s and l o s s e s w e r e a l s o computed and a g r e e d w i t h t h e a b u n 

dance of r e a c t a n t and p r o d u c t m i n e r a l s . 

E s t i m a t e d i n i t i a l s o l u t i o n c o m p o s i t i o n was d e r i v e d from a v a i l 

a b l e f l u i d i n c l u s i o n d a t a and c o n s t r a i n t s imposed by e q u i l i b r i u m r e l a 

t i o n s h i p s of t h e a l t e r a t i o n a s s e m b l a g e s a t 300°C. The i n t e r p r e t a t i o n 

of t h e ma jo r a l t e r a t i o n m i n e r a l c o n s t i t u t e n t s was b a s e d upon a p h y s i c o -

chemica l model i n which H+ i o n c o n s u m p t i o n was t h e ma jo r chemica l change 

of t h e s o l u t i o n c o m p o s i t i o n and was a l s o b a s e d upon a s e q u e n c e of i s o 

t he rma l c o n d i t i o n s f o r t h e w a l l r o c k s . A c t i v i t y d i a g r a m s d e p i c t i n g 

chemica l e q u i l i b r i u m among t h e major a l t e r a t i o n p h a s e s a t 100°C, 200°C , 

and 300°C and 1 b a r t o t a l p r e s s u r e were used f o r such an i n t e r p r e t a t i o n . 

xv1 

dioxi de with lEeO equipment. The mineral phases ~/e re anal yzed for the 

same components, except for the l ast three , with an electron microprobe . 

Chemica11y simple phases were considered to be stoichiometric. The re

sulti ng mineral abundances disclosed two broad zonings over the samp led 

N-S cross-section of the mine : one latera l , characterized by both an 

increase of the K-feldspar. kaolinite and quartz abundances and a de

crease of andes i ne. b i ot i te and ch 1 ori te towards the rna i n vei ns; and 

the other verti cal. characterized by major deposit ion of K- fe l dspar. 

anhydri te, pyr ite and kaol ini t e be l ow the 2,200 ' level ; and cal ci te , 

quartz and biotite rrore abundantly precipitated above. Mineral and 

component ga i ns and losses were al so computed and agreed wi th the abun

dance of reactant and product minera ls. 

Esti mated initia l solution composition was derived from avai l

abl e f luid inclusion data and constraints imposed by equi l ibrium rela

ti onships of the al teration assemb l ages at 300°C. The i nterpretati on 

of the major alteration mineral constitutents was based upon a physico

chemi ca l mode l in which H+ i on consumption was the major chemica l change 

of t he solut i on composition and was al so based upon a sequence of i so

thenna l condi tions for the wa ll rocks. Activity diagrams depicting 

chemica l equilibrium amo ng the major al teration phases at 100°C, 200°C, 

and 300°C and 1 bar total pressure were used for such an i nterpretation. 

xyl 



INTRODUCTION 

Hydro thermal m i n e r a l d e o o s i t s a r e a c o n s e q u e n c e o f h e a t a n o 

m a l i e s i n t h e e a r t h ' s c r u s t g e n e r a t e d by t h e emplacement of i g n e o u s 

i n t r u s i o n s i n t o c o l d e r w a t e r - s a t u r a t e d h o s t r o c k s . As t h e s e i n t r u s i o n s 

f r a c t u r e , t h e y may become s u f f i c i e n t l y p e r m e a b l e t o a l l o w f low of 

aqueous s o l u t i o n s t h r o u g h t h e i r c o n t i n u o u s f r a c t u r e s . As a r e s u l t o f 

t h e r o c k - s o l u t i o n i n t e r a c t i o n , t h e r o c k s a r e c h e m i c a l l y a l t e r e d and 

f r e q u e n t l y m i n e r a l i z e d . The e x t e n t and n a t u r e of t h e a l t e r a t i o n and 

m i n e r a l i z a t i o n depends upon (1) t h e chemica l c o m p o s i t i o n of t h e r o c k s 

and s o l u t i o n s , (2 ) t h e p h y s i c a l c o n d i t i o n s of t h e e n v i r o n m e n t , (3 ) t h e 

r a t e s of f l u i d f low and t h e p o r e a v a i l a b i l i t y i n t h e r o c k s , and (4) t h e 

t ime snan of t h e h y d r o t h e r m a l e v e n t . 

I n f o r m a t i o n on t h e s e s e t s of p a r a m e t e r s i s fundamenta l i n 

u n d e r s t a n d i n q t h e f o r m a t i o n of a h y d r o t h e r m a l m i n e r a l d e p o s i t . Rock 

c o m p o s i t i o n can be o b t a i n e d d i r e c t l y from c o n v e n t i o n a l a n a l y t i c a l t e c h 

n i q u e s , b u t t h e o t h e r p a r a m e t e r s need i n d i r e c t d e t e r m i n a t i o n . The 

p h y s i c a l c o n d i t i o n s of t h e h y d r o t h e r m a l e n v i r o n m e n t can be e s t i m a t e d 

by any of t h e a v a i l a b l e q e o t h e r m o m e t e r s o r g e o b a r o m e t e r s ( f l u i d i n c l u 

s i o n s , h y d r o t h e r m a l b i o t i t e , e t c . ) o r from g e o l o g i c a l e v i d e n c e on t h e 

d e p t h of emplacement of t h e i n t r u s i o n s . F l u i d f low c h a r a c t e r i s t i c s r e 

q u i r e t h e knowledge of t h e rock p e r m e a b i l i t y , w h e r e a s d a t a on t h e s o l u 

t i o n c o m p o s i t i o n a r e m a i n l y d e r i v e d from t h e a l t e r a t i o n m i n e r a l a s 

s e m b l a g e s , i n p a r t i c u l a r t he a b u n d a n c e s w i t h which t h e m i n e r a l c o n s t i 

t u e n t s p a r t i c i p a t e in t h e a l t e r e d r o c k s . 

INTRODUCTION 

Hydrothermal mineral denosits are a consequence of heat ano

malies in the earth ' 5 crust generated by the el7lplacement of i gneous 

i ntrusions into co l der water-saturated host rocks. As these intrusions 

fracture, they may become suffic ientl y permeab l e to a1low flow of 

aqueous so luti ons throuQh their continuous fractures. As a resul t of 

the rock- so luti on in teract ion, the rocks are chemica lly al tered and 

frequently minera li zed. The extent and nature of the alteration and 

mineralization depends upon (1) the chemi cal composition of the rocks 

and so lutions, (2) the Dhysica l conditions of the envi ronment , (3) the 

rates of f1 ui d f1 01'1 and the pore a va i1 abil ity in the rocks. and (4) the 

ti me soan of the hydrotherma l event . 

In fonnation on these sets of parameters i s fundamental in 

understandino the formation of a hydrotherma l mi nera l deposit. Rock 

comrosition can be obtained directly from conventional analytical tech

niques , but the other parameters need indirect determination . The 

physical cond itions of the hydrotherma l environment ca n be estimated 

by any of the available qeo thermometers or geobarometers (flu id inclu

sions. hydrothermal biotite. etc.) or from geologi cal evidence on the 

depth of emplacement of the intrusions . Fluid fl()\rl cha racte ri sti cs re

quire the knowledge of the rock penneab ili ty, whereas data on the so lu

ti on compOS i tion are mai nly derived from the alteration minera l as

semblaQes, in !)articular the abundances with '",h i ch the mineral consti

tuents rnrticipi'ltc in the altered rocks. 
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The p r e s e n t r e s e a r c h was p r o p o s e d t o document q u a n t i t a t i v e l y 

some c o n t r o l l i n g p a r a m e t e r s of t h e a l t e r a t i o n of t h e i g n e o u s w a l l r o c k s 

of t h e Mayflower m i n e , Park C i t y d i s t r i c t , U t a h . The mine i s m o s t l y 

e x c a v a t e d i n t h e T e r t i a r y Mayflower s t o c k whose p o r p h y r i t i c q u a r t z -

d i o r i t i c r o c k s h o s t e d most o f t h e v e i n - f i l l i n g s u l f i d e o r e d e p o s i t s 

a l o n g t h e M a y f l o w e r - P e a r l f i s s u r e z o n e . The 6 7 0 - m e t e r exposed v e r t i 

ca l s e c t i o n of t h e u n d e r g r o u n d mine o f f e r e d a u n i q u e o p p o r t u n i t y f o r 

c o l l e c t i n g d a t a from a r e p r e s e n t a t i v e volume of i t s i g n e o u s r o c k s which 

p e r m i t t e d t h e e f f e c t s o f t h e a l t e r a t i o n t o be s t u d i e d on a b road s c a l e . 

The f i e l d work was done d u r i n g t h e l a s t t h r e e months of o p e r a t i o n a l 

e x i s t e n c e of t h e mine j u s t b e f o r e i t s shutdown in December , 1972 . 

Abundance of c o n t i n u o u s f r a c t u r e s and t h e i r c o r r e s p o n d i n g a p e r 

t u r e s s e r v e d as t h e b a s i s f o r t h e a p p l i c a t i o n of a p e r m e a b i l i t y model 

f o r f r a c t u r e d m e d i a , so t h a t some f l u i d f low c h a r a c t e r i s t i c s of t h e 

Mayflower h y d r o t h e r m a l s y s t e m c o u l d be e v a l u a t e d . F l u i d i n c l u s i o n s 

s t u d i e s by Nash (1973) p r o v i d e d a d e q u a t e i n f o r m a t i o n on t h e t e m p e r a t u r e 

and p r e s s u r e o f t h e s y s t e m . Mine ra l a b u n d a n c e s were c a l c u l a t e d by 

a compute r t e c h n i q u e which used t h e chemica l c o m p o s i t i o n of t h e r o c k s 

and m i n e r a l p h a s e s a s raw d a t a . E q u i l i b r i u m r e l a t i o n s h i p s among t h e 

v a r i o u s m i n e r a l s were s t u d i e d w i t h t h e a i d o f a c t i v i t y d i a g r a m s a t 

300°C, 200°C and 100°C and 1 b a r t o t a l p r e s s u r e . 

The r e s u l t s o b t a i n e d d u r i n g t h i s i n v e s t i g a t i o n were found t o 

be c o m p a t i b l e w i t h f i e l d o b s e r v a t i o n s . S i g n i f i c a n t l y , t h e mass a b u n 

dance of a l t e r a t i o n m i n e r a l s u n c o v e r e d p o s s i b i l i t i e s of b e i n g used a s 

a p r o s p e c t i n g gu ide , a t l e a s t f o r t h e t y p e of o r e found i n t h e May

f lower m i n e . 
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The presen t resea rch wa s proposed t o document qua nt ita t; ve 1y 

some controlling par ameters of the alteration of the igneous wall rocks 

of the Mayflower mine, Park City district. Utah. The mine i s mos t l y 

excavated in the Tertia ry Mayflower stoc k whose pOl"phyritic quartz

dioritic rocks hosted most of the vein-filling sulfide ore deposits 

along the Mayfl ower-Pearl fissu re zone . The 670-meter exposed ve rti

ca l section of the underground min e offered a unique opportun ity for 

collecting data from a representative vo l ume of its i gneous rocks which 

permitted the effects of the al terat i on to be studied on a broad scale. 

The field work was done d Ul~in g t he last t hree months of oper ationa l 

existence of the mine j ust before its shutdm.,.n in December , 1972. 

Abundance of continuous fractures and their correspond ing aper

tures served as the bas i s for the app li cat i on of a perrneabil ity model 

for fractured med i a , so that some fl uid f low characteri stics of the 

Mayfl OI'/er hydrotherma 1 sys tern caul d be eva 1 ua ted. Fl u i d i ncl us; cns 

studi es by Nas h ( 1973) provided adequate information on the temperature 

and pressure of the system. Mineral abundances were calculated by 

a computel~ technique It/hich used the chemica l composit i on of the rocks 

and mi nera l phases as raw data. Equilibrium relationships among the 

various minera l s were stud'ied \.,.ith the a id of act i vity di agrams at 

300"C, 200"C and l OO"C and 1 bar t ota l pressure. 

The resu lt s obt a ined during t hi s investiqation were found to 

be compatible \.,.ith field observa tions. Significantl y , the mass abun

dan ce of alteration miner a"ls uncovered possibilities of being used as 

a prospecting quide. at l east for the type of ore found in the I~ay-

fl QI'/e r m; ne. 



CHAPTER I 

GENERAL ENVIRONMENT OF THE MAYFLOWER STOCK 

G e o l o g i c S e t t i n g of t h e 

Park C i t y D i s t r i c t 

Regiona l g e o l o g y 

The Park C i t y D i s t r i c t i s l o c a t e d in t h e c e n t r a l - n o r t h e r n p a r t 

of t h e S t a t e of Utah ( F i g . 1 ) , a p p r o x i m a t e l y 50 km s o u t h e a s t of S a l t 

Lake C i t y , a t t h e i n t e r s e c t i o n of t h e n o r t h - s o u t h t r e n d i n g Wasatch 

Range and t h e e a s t - w e s t t r e n d i n g U i n t a Range . I t o c c u p i e s t h e c e n t r a l 

p a r t of a r o u g h l y d e f i n e d q u a d r i l a t e r a l bounded on t h e n o r t h by t h e 

Mount Raymond T h r u s t , on t h e s o u t h by t h e C h a r l e s t o n T h r u s t , on t h e 

e a s t by t h e U i n t a U p l i f t and on t h e w e s t by t h e Wasatch F a u l t ( F i g . 2 ) . 

Th i s s t r u c t u r a l framework i s m o s t l y r e l a t e d t o t h e U i n t a and C o t t o n 

wood U p l i f t s b o t h of Laramide a g e , and t h e Bas in and Range d i a s t r o -

phism. A t h i r d u p l i f t , t h e A n t e l o p e - F a r m i n g t o n , n o r t h w e s t of t h a t 

q u a d r i l a t e r a l , and t h e O q u i r r h Range , w e s t of t h e Wasatch M o u n t a i n s , 

c o m p l e t e t h e major t e c t o n i c f e a t u r e s o f t h e r e g i o n s u r r o u n d i n g t h e 

Park C i t y D i s t r i c t . 

T h i s r e g i o n e x p o s e s r o c k s from P r e c a m b r i a n t o Q u a t e r n a r y age 

in a f a i r l y c o m p l e t e s t r a t i g r a p h i c s e q u e n c e . G n e i s s e s , q u a r t z i t e s , 

s c h i s t s and g r a n i t i z e d r o c k s make up most of t h e P r e c a m b r i a n t e r r a i n s 

which occupy t h e c e n t r a l p a r t s of t h e m e n t i o n e d u p l i f t s ( G r a n t 1 9 6 6 ) . 

The P a l e o z o i c s e d i m e n t a r y r o c k s , which f l a n k a l l t h r e e u p l i f t s , a r e 

CHAPTER I 

GENERAL ENVIRON~IENT OF THE MAYFLOI~ER STOCK 

Geologic Setting of t he 

Park City Di stri ct 

Reoi ona l qeol ogt 

The Park Ci ty District ;s located i n the central -northern part 

of the State of Utah (Fi g. 1) . approximately 50 km southeast of Salt 

Lake Ci ty , at the intersection of the north-south trending Wasatch 

Range and the east-west trendin g Uinta Range. It occupies the central 

part of a roughl y defi ned quadril atera l bounded on the north by the 

Mount Raymond Thrust. on the south by the Charleston Thrust. on the 

east by the Uinta Uplift and on the west by the Hasatch Fault (Fig . 2). 

Thi s structural framework i s mostly related to the Uinta and Cotton

wood Uplifts both of Laramide age, and the Bas;n and Range diastro

phi sm . A third uplift, the Ante l ope- Farmington, northwest of that 

quadr il atera l, and the Oquirrh Range , west of the Wasatch ~lou n ta;ns . 

complete the major tectonic features of the region s urrounding the 

Park City Oi strict . 

This region exposes rocks f rom Precambrian to Quaterna ry age 

in a fair l y comp l ete strati gra phic sequence. Gneisses, quartzites , 

schi s ts and granitized rocks make up most of the Precambri an terra i ns 

which occuoy the centl'al parts of the mentioned upl ; fts (Grant 1966). 

The Pal eozoic sedimentary rocks. which flank all three uplifts, are 
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l a r g e l y composed of l i m e s t o n e , d o l o m i t e , and s a n d s t o n e and t h e i r r e -

c r y s t a l l i z e d e q u i v a l e n t s . Mesozo ic r o c k s c r o p o u t away from t h e u p 

l i f t s and i n c l u d e c o n g l o m e r a t e , s a n d s t o n e , s h a l e , and l i m e s t o n e o f 

d i v e r s e s e d i m e n t a r y e n v i r o n m e n t s ( G r a n t 1 9 6 6 ) . C e n o z o i c r o c k s a r e i r 

r e g u l a r l y d i s t r i b u t e d and i n c l u d e b o t h i n t r u s i v e and e x t r u s i v e i g n e o u s 

r o c k s and s e d i m e n t a r y u n i t s . These u n i t s i n c l u d e Eocene c o n g l o m e r a t e s 

and P l e i s t o c e n e g l a c i a l d e p o s i t s a c c u m u l a t e d in t h e v a l l e y s of t h e 

Uin ta and Wasatch m o u n t a i n s . O l i g o c e n e p l u t o n i c i g n e o u s b o d i e s o f 

g r a n i t i c t o d i o r i t i c c o m p o s i t i o n o c c u r a l o n g a l i n e c o i n c i d e n t w i t h 

t h e e a s t - n o r t h e a s t t r e n d of t h e U i n t a a x i s . They i n c l u d e t h e L a s t 

Chance and Bingham s t o c k s i n t h e O q u i r r h M o u n t a i n s , t h e Cot tonwood and 

A l t a s t o c k s i n t h e Cot tonwood-Amer ican Fork a r e a and t h e C l a y t o n Peak 

and Park C i t y s t o c k s in t h e Park C i t y d i s t r i c t ( F i g . 2 ) . A b s o l u t e age 

d e t e r m i n a t i o n s show t h e s e i n t r u s i o n s t o be of a b o u t t h e same a g e , 24 

m.y. t o 41 m . y . , and t h a t t h e y become p r o g r e s s i v e l y y o u n g e r wes tward 

( C r i t t e n d e n e t a l . 1973) s u g g e s t i n g a m i g r a t i o n of t h e magmat ic c e n t e r 

t o t h e w e s t . The E o c e n e - 0 1 i g o c e n e v o l c a n i c c o u n t e r p a r t s o f t h e s e p l u 

t o n i c r o c k s f i l l e d up two major s a g s , one between t h e U i n t a and C o t t o n 

wood u p l i f t s ( K e e t l e y v o l c a n i c s ) and t h e o t h e r be tween t h e Wasatch 

and t h e O q u i r r h m o u n t a i n s ( T r a v e r s e v o l c a n i c s ) . 

.QgolP.gy of t h e Park C i t y D i s t r i c t 

The Park C i t y D i s t r i c t i s one of t h e l a r g e bonanza min ing camps 

of t h e Wes te rn U n i t e d S t a t e s . I t r a n k s as one of t h e t h r e e g r e a t b a s e -

metal d i s t r i c t s o f Utah w i t h a p r o d u c t i o n t h a t has been a l m o s t c o n t i n 

uous s i n c e 1870. 
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lar gely composed of li n~stone. dolomite. and sandstone and their re

crystallized equ i valents. Mesozoic rocks crop out away from the up

l ifts and incl ude conglomerate. sandstone, shale, and limestone of 

di verse sedimentary environments (Grant 1966) . Cenozoic rocks are i r

regul arly distributed and ir.clude both intrusive and extrusive igneous 

rocks and sedimentary units. These units include Eocene conglome rates 

and Pl eistocene gl acial depos its accumulated in t he va l leys of the 

Ui nta and Wasatch mountains. Oligocene plutonic i gneous bodies of 

gra nitic to dioriti c composition occur alon g a line co incident with 

t he east-northeast trend of the Uinta axis. They include the Last 

Chance and Bingham stocks in the Oquirrh ~lounta in s, the Cottom-wad and 

Al ta stocks in the Cottonwood-American Fork area and the Clayton Peak 

and Park City s t ocks in the Park City district (Fig. 2) . Absolute age 

determi nations show these intrusions to be of about the same age. 24 

m.y. t o 41 m.y .• and that they become progressively younger westward 

(Crittenden et a1. 1973) suggesting a migration of the magmatic center 

to the vJest. The Eocene-Oli gocene volcanic cou nte)"parts of the5e pl u

t onic rocks fi ll ed up two major sags, one between the Uinta and Cotton

wood up~ifts (Keetlev volcanics) and the other between the Wasatch 

and the Oquirrh mo untain s (Traverse volcanics) . 

Geology of the Park City Di s trict 

The Park City Di s tri c ti s one 0 f the 1 a rge bonanza m; ni n9 camps 

of the Western United States . It ranks as one of the three great base

metal di stricts of Utah \'lith a production that has been almost con t i n

uous since 1870. 
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F i g . 2f Reg iona l g e o l o g y o f t h e a r e a s u r r o u n d i n g t h e Park 
C i ty D i s t r i c t . Numbers r e f e r t o known s t o c k s emplaced in t h e a r e a : 
(1) L a s t Chance ; (2) Bingham; (3) Co t tonwood ; (4 ) A l t a ; (5 ) C l a y t o n 
Peak; (7) P ine Creek and (6) Mayf lower , O n t a r i o , V a l e o , Glencoe and 
F l a g s t a f f ( m o d i f i e d a f t e r E a r d l e y 1 9 6 8 ) . 

F i g . 3 . Bedrock g e o l o g y o f t h e Park C i t y D i s t r i c t showing 
major s t r u c t u r a l f e a t u r e s . The d e n s e s t p a t t e r n o f t h e i n t r u s i v e s r e 
f e r s t o t h e o u t c r o p p i n g a r e a o f t h e Mayflower s t o c k . The smal l c i r c l e 
c o r r e s p o n d s t o t h e Mayflower mine s h a f t p r o j e c t e d v e r t i c a l l y from t h e 
800 ' l e v e l ( m o d i f i e d a f t e r Barnes and Simos 1 9 6 8 ) . 

Fi g. 2. Regional geo logy of the area surround ing the Park 
Ci ty Di strict. Numbers refer to known stocks emplaced in the area: 
(1 ) Last Chance ; (2) Bi ngham ; (3) Cotton"ood; (4) Alta; (5) Clayton 
Peak; (7) Pine Cr eek and (6) ~1ayflower . Ontar i o . Va l eo , Gl encoe and 
Fl agstaff (modified a ft er Eardley 1968 ). 
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Fi g . 3. Bedrock geology of the Park City District shm·li ng 
major structural features. The densest patte rn of the intrusives re
fers to the outcropping area of the Mayflower stock. The sma ll circle 
corresponds to the Mayflower mine shaft projected verti ca lly from the 
800' l evel (modified after Barnes and Simos 196B). 
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S e d i m e n t a r y r o c k s , r a n g i n g in age from Cambrian t o T r i a s s i c , 

e a r l y T e r t i a r y i n t r u s i v e s , and t h e K e e t l e y v o l c a n i c s make up t h e r o c k s 

of t h e d i s t r i c t which have been p a r t l y c o n c e a l e d unde r r e c e n t f l u v i a l 

and g l a c i a l d e p o s i t s ( F i g . 3 ) . These r o c k s a r e e x p o s e d on t h e s u r f a c e 

and in t h e u n d e r g r o u n d w o r k i n g s o f s e v e r a l mines of t h e a r e a . The 

s e d i m e n t a r y s e q u e n c e has an a g g r e g a t e t h i c k n e s s o f a p p r o x i m a t e l y 2 , 2 0 0 

m e t e r s (Ba rnes & Simos 1 9 6 8 ) . I t c o n s i s t s of c l a s t i c r o c k s i n t e r 

c a l a t e d w i t h l i m e s t o n e and d o l o m i t e f o l d e d i n t o a b r o a d a n t i c l i n a l 

s t r u c t u r e . The s t r a t i g r a p h i c column of t h e d i s t r i c t i s p r e s e n t e d in 

F i g u r e 4 and a g e n e r a l i z e d s c h e m a t i c E-W c r o s s - s e c t i o n of t h e d i s t r i c t 

i s shown in F i g u r e 5 . 

As a r e s u l t o f t h e i g n e o u s e v e n t s , most of t h e r o c k s o f t h e 

a r e a have been h y d r o t h e r m a l l y a l t e r e d t o a l e s s e r o r g r e a t e r e x t e n t . 

The emplacement o f t h e i n t r u s i v e s i n p a r t c a u s e d t h e b r o a d t i l t i n g o f 

t h e r e g i o n in t h e e a r l y T e r t i a r y t i m e s and a l s o p roduced l a r g e f a u l t s 

and f i s s u r e s y s t e m s where m i n e r a l i z i n g s o l u t i o n s d e p o s i t e d s i g n i f i c a n t 

q u a n t i t i e s of o r e in bo th s e d i m e n t a r y and i g n e o u s h o s t r o c k s . S u b s e 

q u e n t u p l i f t s c o u p l e d w i t h s t r e a m and g l a c i a l e r o s i o n denuded t h e 

f o l d e d s t r u c t u r e s t o e x p o s e l a r g e a r e a s of P a l e o z o i c and i n t r u s i v e 

r o c k s and t o p r o d u c e t h e p r e s e n t r ugged t o p o g r a p h y of t h e d i s t r i c t . 

S e d i m e n t a r y r o c k s . The Permian Weber Q u a r t z i t e and t h e 

T r i a s s i c Thaynes f o r m a t i o n have t h e l a r g e s t o u t c r o p a r e a s in t h e d i s 

t r i c t . The Weber Q u a r t z i t e o u t c r o p s o v e r most o f t h e n o r t h - c e n t r a l 

p a r t of t h e d i s t r i c t e x t e n d i n g s o u t h e a s t w a r d where i t i s i n t e r r u p t e d 

by i n t r u s i v e r o c k s . The Weber Q u a r t z i t e i s t h e o l d e s t f o r m a t i o n e x 

posed on t h e c r e s t of t h e Park C i t y a n t i c l i n e . The Thaynes f o r m a t i o n 
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Sed imentary rocks, ranging in age from Cambrian to Triassic . 

early Tertiary intrusives, and the Keetley volcanics make up the rocks 

of the district which have been partly concea led under recent fluvial 

and glacia l deposits (Fig . 3) . These rocks are exposed on the surface 

and in the underground workings of several mines "Jf the area. The 

sedimentary sequence has an aggregate thickness of app roximately 2.200 

meters (Barnes & Simas 1968). It consists of clas tic rocks inter

calated with limest one and dolomite folded into a broad anticlinal 

structure. The stratigraphic column of the district ;s presented in 

Figure 4 and a generalized schematic E-W cross-section of the district 

is shown in Figure 5. 

As a result of the igneous events. most of the rocks of the 

area have been hydrothenna ll y altered to a lesser or greater extent . 

The empl acement of the intrusives in par t caused the broad tilting of 

the region in the earl y Tertiary ti mes and also produced large faults 

and fissure systems where mineralizing soluti ons deposited significant 

quantiti es of ore in both sedimentary and i gneous host rocks. Subse 

quent uplifts coupl ed with stream and gl acial erosion denuded the 

folded structures to expose large areas of Paleozoic and intrus i ve 

rocks an~ to produce the present rugged topography of the district . 

Sedimentary rocks. The Permian Webet' Quartzite and the 

Triassic Thaynes fOnTIation have the largest outcrop areas in the dis

trict. The Heber Quartzite outcrops over m')st of the nm't h-central 

pal"t of the district extending southeastward \'¥'here it i s interrupted 

by intrusi ve rocks. The \~ebcr Quartzite is t,he oldest formation ex

posed on the CI"C s t of the Park City dnticl ine. The Thaynes formation 
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F i g . 4 . S t r a t i g r a p h i c column of t h e Park C i t y D i s t r i c t . 
P r e p a r e d by A. J . E r i c k s o n , 1972 ( u n p u b l i s h e d ) . 

F i g . 5 . S c h e m a t i c e a s t - w e s t c r o s s s e c t i o n o f t h e Park C i t y 
D i s t r i c t showing ma jo r g e o l o g i c a l f e a t u r e s . 

Fi g. 4. Strat i graphi c col umn of the Park Ci ty Distri ct. 
Prepared by A. J . Eri ckson, 1972 (unpubli shed). 

Fig . 5. Sc hemat ic eas t -wes t cross section of the Pa rk City 
Di st rict showing major geol og ical fea tures . 

10 
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fiMt-ĈAiBCO OuA'HiTt *1TH TBO 
THttCC TV.,* UMfTOM HOB'KMl 

IICMT (BUT, MLATlVfUT TMIW-tCDOCD 

sTOht m9n rtm TMIK MGILL ACCOV* 

LtCWT TO OUK OAAT, MASSIVC. »ton 
TO CO**MLT OBrSTALUNC UWC STOB 

QAM MAT TO BLACK. T>4tM OtDOCO 
riKCU CBvjTAi. L:Wf U«C$TONC SOW 
fMM »i'T."»r:0€C- AMI I LtlXS C* *HA*XS 

yuM ivtrtiM rtm. MAMO MNH 
USUAH.T MtS*B.T 

l(OHT TC OABB WAT, TV4H|. BTOOCO, 
•t̂BC tj«f tnmc «*TH JUT* MO SMAAJ 

•K • 

J Z Z L 

„tBM5 . **' 4"A» »8 •>•» WM»CALA*W 

MO Cvl iMM"0*€ 
If* 
•*«Tt. MAIS'Vt, COM Kt' OFTtTA4.L*M 
l<B)t*T?BJf A«0 DClOWTf 0»Tf» RBBTAtf 
T» BOL»B> lfKC«Y 

•*•-( BASS-Vt. *v«A*r OOUM'Tt B*T» 

•LACW WXOB'Tx: wMTOMf BJT- vom 
BAif CKtT MW.1 
lKMT MAT, HM, •ITCBOITJOCB, oa*r< 
itaesTOM, AJBO *»<TT ecLoa.-'r vim 
OCCi»ON*L C-«»T 

BO ft*JM0 «Ct»1TA4. UIIO ~*B * TO 
• C»J* •COOCO. LMB*T TO BWOrOBJ- BTAAT 

1 f!» • CO' UJWPJOO M 9>Jtm AM A 

ts k«*kl 

!0 0Ô0»'t 
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o c c u r s on bo th f l a n k s o f t h e a n t i c l i n e b u t i s p a r t l y b u r i e d on t h e e a s t 

s i d e by t h e K e e t l e y v o l c a n i c s . The o t h e r s e d i m e n t a r y f o r m a t i o n s a r e 

more r e s t r i c t e d i n o c c u r r e n c e , e s p e c i a l l y t h e l o w e r P e n n s y l v a n i a n and 

M i s s i s s i p p i a n u n i t s which a r e i r r e g u l a r l y d i s t r i b u t e d i n t h e s o u t h 

e a s t c o r n e r of t h e d i s t r i c t . 

All t h e s e f o r m a t i o n s have been t r u n c a t e d by f a u l t i n g and t o 

a l e s s e r o r g r e a t e r e x t e n t , m i n e r a l i z e d . The Park C i t y f o r m a t i o n was 

t h e most e x t e n s i v e l y m i n e r a l i z e d o f a l l a s e v i d e n c e d by p r o d u c t i o n 

r e c o r d s . However, l ower c a r b o n a t e u n i t s below t h e Weber Q u a r t z i t e 

may be e q u a l l y p r o d u c t i v e . Ore p r o d u c t i o n has a l s o come from t h e Weber 

Q u a r t z i t e where a f i s s u r e - f i l l i n g t y p e of o r e i s d o m i n a n t . 

I gneous r o c k s . I gneous r o c k s d o m i n a t e mos t o f t h e s o u t h e r n 

and e x t r e m e e a s t e r n p a r t s o f t h e d i s t r i c t . They have i n t r u d e d t h e 

s e d i m e n t a r y r o c k s a s s t o c k s and d i k e - l i k e b o d i e s and t h e i r v o l c a n i c 

c o u n t e r p a r t s have c o n c e a l e d an e x t e n s i v e p o r t i o n of t h e p r e - T e r t i a r y 

f o r m a t i o n s . I n t r u s i v e i g n e o u s r o c k s of t h e C l a y t o n Peak and Park C i t y 

s t o c k s a r e c l o s e l y a s s o c i a t e d w i t h many of t h e o r e b o d i e s . C a l c a r e o u s 

and s h a l e h o s t r o c k s a r e g e n e r a l l y a l t e r e d t o r o c k s composed of s k a r n 

o r h o r n f e l s i c m i n e r a l a s s e m b l a g e s a l o n g t h e c o n t a c t w i t h t h e s e i n t r u 

s i o n s . The C l a y t o n Peak p o r p h y r y s t o c k o c c u p i e s t h e s o u t h w e s t p o r t i o n 

of t h e d i s t r i c t . M i n e r a l o g i c a l l y i t i s composed of p l a g i o c l a s e , 

p o t a s s i c f e l d s p a r , q u a r t z and m a f i c s ( h o r n b l e n d e , b i o t i t e , e t c . ) i n 

such p r o p o r t i o n s as t o c l a s s i f y i t a s a s y e n o d i o r i t e ( B r o m f i e l d 1 9 6 8 ) . 

R a d i o m e t r i c d a t i n g by i n d e p e n d e n t i n v e s t i g a t o r s has a s s i g n e d b a s i c a l l y 

t h e same age o f e m p l a c e m e n t . J a f f e , e t a l . ( i n Hashad 1964) found i t 

t o be emplaced 40 t o 48 m.y . a g o , w h i l e t h e r e s u l t s o f C r i t t e n d e n J r . , 
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occurs on both f l anks of the anticli ne but is partly buried on the east 

s ide by the Keet l ey volcan ics. The other sedimenta ry formations are 

more restricted in occurrence , especia l ly the lower Pennsylvanian and 

Missis si ppian uni ts which are i rregular ly distributed in the south

east corner of the distr ic t. 

All these formations have been truncated by faulting and t o 

a lesser or greater extent , mineralized. The Park City forma tion was 

the most extensivel y minera lized of all as evi denced by production 

records. However. l ower ca rbonate units below the \~eber Quartzite 

may be equa ll y productive. Ore production has also come from the ~Jeber 

Quartzite \·/here a fissure-f ill ;ng type of ore ;s dominant. 

Igneous rocks . Igneo us rocks dominate most of the southern 

and extreme eastern parts of the di strict. They have i ntruded the 

sedi mentary rock·s as stocks and dike-l ike bodies and their vol ca nic· 

counterparts have concealed an extensive portion of the pre-Tert iary 

fonnations. Intrusi ve i gneous rocks of the Cl ayton Peak and Park City 

stocks are cl ose ly assoc iated with many of the ore bodies . Ca lcareous 

and s hale host rocks are genera ll y altered to rocks composed of skarn 

or hornfelsic mineral assemblages along the contact with these intru

sions. The Cl ayton Peak porphyry stock occup i es the southwest port ion 

of the di str ict. ~lineralogica ll y it is composed of plagioc l ase , 

potassic feldspar , quartz and mafics (hornbl ende, biotite. etc.) in 

s uch proportions as to classify it as a syenodiorite (Bromfi eld 1968). 

Radiometric dati ng by independent inves ti gators has assigned baSica lly 

the same age of empl acement. Jaffe . e t a1. (in Hashad 1964) found it 

to be emplaced 40 to 48 m.y. ago, wh il e the l'es ults of Crittenden Jr .• 
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e t a l . (1973) i n d i c a t e d an a b s o l u t e age of 37 ± 1.5 m . y . t o 41 ± 

2 . 2 m .y . The C l a y t o n Peak s t o c k has an o u t c r o p p i n g a r e a of a p p r o x i -
2 

m a t e l y 13 km and c o n s i s t s of r o c k s showing a g e n e r a l e q u i g r a n u l a r t e x 

t u r e w i t h an a v e r a g e g r a i n s i z e o f 3 mm (Bou twe l l 1 9 1 2 ) . 

, E a s t of t h e C l a y t o n Peak s t o c k l i e s a c o m p o s i t e i g n e o u s body 

where s i x s e p a r a t e p o r p h y r y i n t r u s i o n s have been r e c o g n i z e d : t h e 

Mayf lower , t h e G l e n c o e , t h e V a l e o , t h e P i n e C r e e k , t h e F l a g s t a f f Moun

t a i n , and t h e O n t a r i o . T o g e t h e r t h e y c o n s t i t u t e t h e s o - c a l l e d Park 

C i t y s t o c k . B r o m f i e l d , e t a l . (1970) d e s c r i b e d them as f o l l o w s : 

Mayf1ower P o r p h y r y , l i g h t t o medium-gray g r a n o d i o r i t e p o r p h y r y 

c o n t a i n i n g p h e n o c r y s t s of p l a g i o c l a s e , h o r n b l e n d e and l o c a l l y b i o t i t e , 

commonly 1 t o 3 mm in s i z e , in a m i c r o - t o m i c r o c r y s t a l 1 i n e groundmass 

of o r t h o c l a s e , q u a r t z and p l a g i o c l a s e . Some f a c i e s a r e f i n e - g r a i n e d , 

n e a r l y e q u i g r a n u l a r r o c k s . 

Glencoe P o r p h y r y , l i g h t t o med ium-gray g r a n o d i o r i t e p o r p h y r y 

c o n t a i n i n g 1- t o 3-mm p h e n o c r y s t s o f p l a g i o c l a s e , h o r n b l e n d e , b i o t i t e 

and q u a r t z in a m i c r o c r y s t a l 1 i n e g r o u n d m a s s . 

Valeo P o r p h y r y , medium t o d a r k - g r a y g r a n o d i o r i t e p o r p h y r y 

c o n t a i n i n g c o n s p i c u o u s p l a g i o c l a s e p h e n o c r y s t s g e n e r a l l y 5 t o 10 mm 

in l e n g t h , and p h e n o c r y s t s o f h o r n b l e n d e , b i o t i t e and rounded q u a r t z 

" e y e s " 1 t o 3 mm in s i z e in a f i n e - g r a i n e d m a t r i x of p l a g i o c l a s e , o r t h o 

c l a s e and q u a r t z . 

P i n e Creek P o r p h y r y , 1 i g h t - g r a y g r a n o d i o r i t e p o r p h y r y c o n t a i n 

i n g a b u n d a n t p h e n o c r y s t s o f p l a g i o c l a s e , h o r n b l e n d e , b i o t i t e and 

s c a r c e q u a r t z i n a f i n e - g r a i n e d m a t r i x of p l a g i o c l a s e , o r t h o c l a s e and 

q u a r t z . 
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et a1. (1973) indicated an absol ute age of 37 ! 1. 5 rn . y. to 41 ± 

2. 2 m.y . The Clayton Peak stock has an outcropping area of approxi

mately 13 km2 and consists of rocks showing a general equi granul ar tex

ture with an average grai n si ze of 3 mm (Boutwel l 1912). 

East of the Clayton Peak stock lies a compos ite igneous body 

where six separate porphyry intrusions have been recognized: the 

Mayflower, the Glencoe . the Va l eo, the Pine Creek , the Flagstaff Moun

tain, and the Ontario. Together they constitute the so-ca ll ed Park 

Ci ty stock. Bromfield, et a1. (1970) described them as fo ll ows: 

Mayflower Porphyry , 1 ight to medium- gray granodiorite porphyry 

containing phenocrysts of plagiocl ase , hornblende and local ly biotite, 

commonly 1 to 3 mm in size , in a m;cro- to microcrystalline groundmass 

of orthoclase . quartz and plagioclase . Some fa ci es are fine-gra ined , 

nearl y equigranular rocks . 

Glencoe Porphyry , light to medium-gray granodiorite porphyry 

containing 1- to 3-mn phenocrysts of pl agioclase, hornbl ende, biotite 

and q~artz in a microcrysta lline groundmass . 

Valeo Porphyry , med ium to dark-gray granodiorite porphyry 

containing consp icuous plagioc l ase phenocrysts generally 5 to 10 rom 

in length, and phenocr.ysts of hornblende, bi otite and rounded quartz 

lIeyes" 1 to 3 mm in size in a fine-grained matrix of pl agioclase, ortho -

clase and quartz . 

Pine Creek Porphyry, 1 ;ght- gray granod iorite porphyry contai n

ing abundant phenocrysts of pl agioclase. hornblende , biotite and 

scarce quartz ill a finc-grained matri x of pl ag iocl ase, orthocl ase and 

quartz. 
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F l a g s t a f f Mounta in P o r p h y r y , d a r k - g r a y t o g r a y - g r e e n g r a n o d i o r 

i t e p o r p h y r y c o n t a i n i n g a b u n d a n t p h e n o c r y s t s o f p l a g i o c l a s e 1 t o 3 mm 

in s i z e , and in some o u t c r o p s , s c a t t e r e d p l a g i o c l a s e p h e n o c r y s t s a s 

much as 1 cm i n l e n g t h , h o r n b l e n d e , and l o c a l l y , some b i o t i t e . 

O n t a r i o P o r p h y r y , l i g h t t o y e l l o w i s h - g r a y q u a r t z m o n z o n i t e 

p o r p h y r y c o n t a i n i n g p h e n o c r y s t s o f p l a g i o c l a s e , b i o t i t e , and h o r n 

b l e n d e 2 t o 4 mm in s i z e , i n a m i c r o c r y s t a l ! i n e groundmass of o r t h o 

c l a s e , q u a r t z , and p l a g i o c l a s e . L o c a l l y some f a c i e s a r e s e r i a t e p o r -

p h y r i t i c t o n e a r l y e q u i g r a n u l a r . 

These s t o c k s r a n k i n o r d e r of e s t i m a t e d d e c r e a s i n g o u t c r o p p i n g 

2 2 

a r e a s a s f o l l o w s : P i n e Creek (8 km ) , Va leo (3 km ) , Mayflower and 

F l a g s t a f f ( 1 . 7 k m 2 ) , O n t a r i o ( 0 . 8 km 2 ) and Glencoe ( 0 . 4 k m 2 ) . Abso

l u t e age d a t a a r e a v a i l a b l e o n l y f o r t h e P i n e Creek s t o c k , which g i v e 

an age o f 37 m.y . ago ( C r i t t e n d e n J r . , e t a l . 1973) d e t e r m i n e d by K-Ar 

method a p p l i e d t o b i o t i t e c r y s t a l s . 

E x t r u s i v e r o c k s a r e exposed in t h e e x t r e m e n o r t h e a s t c o r n e r 

of t h e d i s t r i c t and a r e c o l l e c t i v e l y c a l l e d t h e K e e t l e y v o l c a n i c s . They 

c o n s i s t of more t h a n 900 m of r h y o d a c t i c t o a n d e s i t i c f l o w s , b r e c c i a s 

and t u f f s . R a d i o m e t r i c d e t e r m i n a t i o n s i n d i c a t e 32 ± 1 . 0 m . y . t o 

35 .1 ± 1 . 1 m.y . a s t h e r a n g e o f age o f t h e s e v o l c a n i c s ( C r i t t e n d e n 

J r . , e t a l . 1 9 7 3 ) . These d a t a were p r o v i d e d by d a t i n g b i o t i t e c r y s t a l s 

by t h e K-Ar me thod . 

The Park C i t y D i s t r i c t t e c t o n i c s . The t e c t o n i c framework o f 

t h e Park C i t y D i s t r i c t i s c h a r a c t e r i z e d by f o l d i n g , t h r u s t i n g , f a u l t 

i n g , e x t e n s i v e f r a c t u r i n g and emplacement o f i g n e o u s m a s s e s . 

In a n a l y z i n g t h e s t r u c t u r a l e l e m e n t s of t h e d i s t r i c t i t i s 
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Flaostaft Mountain Porp..hY!::i. dark-gray to gray-green granodior

ite pOl"phyry containing abundant phenocrysts of plagioc l ase 1 to 3 mm 

in size , and in some outcrops. scattered plagioclase phenocrysts as 

much as 1 em in length, hornbl ende, and l oca ll y. some biotite . 

Ontar i o Po rphyry .. li ght to yell owish-gray quartz monzonite 

porphyry containing phenocrysts of plagioclase, biotite . and horn-

blende 2 to 4 mm in size , in a microcrystalline groundmass of ortho

clase, quartz, and plagiocl ase. Locally some facies are seri ate por-

phyritic to nearl y equ igranular. 

These stocks rank in order of estimated decreasing outcropp i ng 

areas as follows: Pine Creek (8 km2), Valeo (3 km2), Mayflower and 

Fl agstaff (1 . 7 km2 ) , Ontario (0.8 km2 ) and Glencoe (0.4 km2). Abso-

lu t e age data are available on ly for the Pine Creek stock, wh i ch give 

an age of 37 m.y. ago (Crittenden Jr. , et al. 1973) determined by K-Ar 

method appl i ed to biotite crysta ls. 

Extr'Js;ve rocks are exposed in the extreme northeast corner 

of the district and are collectively ca l led the Keet l ey volcan i cs. They 

consist of more than 900 m of rhyodactic to andesitic flo~/s. bl'ecc;as 

and tuffs. Radiometr i c deter;rdnations indicate 32 ± 1 .0 m.y. to 

35. 1 ± 1 . 1 m.y . as the range of age of these vo l canics (Crittenden 

Jr., et a1. 1973). These data \'Iere provided by .dat ing biotite crys t a l s 

by t he K- Al' method. 

The Park City District tectonic s . The tectonic fram€\·/Ork of 

the Park City Distri c t is charac t e Y'i l ed by fo l din g , thrusting , fault-

ing, extensive frd c turing and empla cement of i ~ n eous masses . 

In an alyziny t he struc tura l elements of the distri ct it i s 
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p o s s i b l e t o r e c o g n i z e t h r e e s u c c e s s i v e p e r i o d s of d e f o r m a t i o n 

(Nackowsk i , v e r b a l c o m m u n i c a t i o n ) : ( a ) a c o m p r e s s i v e s t a g e fo rming 

n o r t h - s o u t h t r e n d i n g f o l d s and t h r u s t s ; (b ) a s t a g e c h a r a c t e r i z e d by 

e a s t - n o r t h e a s t t r e n d i n g normal f a u l t i n g and emplacement of s t o c k s and 

d i k e s in t h e same d i r e c t i o n ; a n d , ( c ) a s t a g e in which e a s t - n o r t h e a s t 

t r e n d i n g l e f t - l a t e r a l t r a n s c u r r e n t f a u l t s were formed. 

A f o u r t h s t a g e can be r e c o g n i z e d and i n c l u d e s p o s t - m i n e r a l i z a 

t i o n d i s p l a c e m e n t s . These movments , h o w e v e r , may w e l l r e p r e s e n t sma l l 

o r l o c a l t e c t o n i c a d j u s t m e n t s r e s u l t i n g from e a r l i e r d e f o r m a t i o n p e r 

i o d s . 

Dur ing t h e c o m p r e s s i v e s t a g e t h e s e d i m e n t a r y l a y e r s were f o l d e d 

i n t o t h e n o r t h - p l u n g i n g Park C i t y a n t i c l i n e and i t s c o r r e s p o n d i n g , b u t 

much l e s s i m p r e s s i v e , s y n c l i n e . The Frog V a l l e y t h r u s t , d i p p i n g g e n t l y 

t o t h e w e s t , was a l s o formed e a s t o f t h e a n t i c l i n a l a x i s . 

F o l l o w i n g t h i s c o m p r e s s i v e p e r i o d , t h e r o c k s of t h e d i s t r i c t 

unde rwen t an e x t e n s i v e normal f a u l t i n g a l o n g r o u g h l y d e f i n e d e a s t - w e s t 

zones of w e a k n e s s . The emplacement o f t h e s t o c k s and d i k e s was p r i o r 

t o o r s i m u l t a n e o u s w i t h t h e fo rming of some of t h e s e s t r u c t u r e s . These 

f a u l t zones d i p e i t h e r n o r t h w e s t o r s o u t h e a s t . The fo rmer i n c l u d e t h e 

D a l y , Hawkeye-McHenry, N a i l d r i v e r , M a y f l o w e r - P e a r l , and O n t a r i o f i s 

s u r e s w h i l e t h e C r e s c e n t , B a c k Vein and M a s s a c h u s e t t s - M c G r e g o r f i s 

s u r e s b e l o n g t o t h e l a t t e r g r o u p . S o u t h e a s t d i p p i n g f a u l t zones g e n 

e r a l l y e x h i b i t w i d e r s c a t t e r in t h e i r s t r i k e d i r e c t i o n s , r a n g i n g 

from N25°E t o a l m o s t E-W, t h a n n o r t h w e s t d i p p i n g f a u l t s . The a n g l e o f 

d i p i s a l s o v a r i a b l e from m o d e r a t e ( 4 5 ° - 5 5 ° ) t o s t e e p ( 8 0 ° - 8 5 ° ) f o r 

bo th g r o u p s . The v a r i a t i o n of t h e s t r u c t u r a l a t t i t u d e s of t h e s e f a u l t 

zones i s shown i n F i g u r e 6 . Data f o r t h e p r e p a r a t i o n of t h i s s t e r o g r a m 
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possibl e to recognize three successive periods of deforma tion 

(Nackowski, verba l cOrTlllunicati on) : (a ) a compressive stage formi ng 

north- south trending folds and th rusts; (b) a stage char acter ized by 

east-north east trending normal fa ul ti ng and emplacement of stocks and 

dikes in the same direction; and. (c) a stage in whi ch east-northeas t 

trending l eft-lateral transc urrent fau lts were formed. 

A fourth stage ca n be recogni zed and incl udes post-mi neraliza

tion displa cement s . These movments , however, may well represent small 

or l oca l tectonic adjustments resu l ting from earlier deformation per

iods . 

During the compressive stage the sed imentary layers were folded 

i nto the north- plungi ng Park Ci ty antic li ne and its corresponding , but 

much l ess impressive , syncl ine. The Frog Valley thrust, dipping gent ly 

to the west , was a l so formed east of the antic li nal axis. 

Follovling this compressive period, the rocks of t he di strict 

underwent an extensive normal faultin g al ong ro ug hl y defi ned east-west 

zones of wea kness. The emp lacement of the stocks and dikes was pri or 

t o or s imultaneous with the forming of some of these structure s. These 

faul t zones di p either northwest or southeast . The former include the 

Dal y , Ha\'Jkeye - ~'cHen ry, Naildriver, Mayflower- Pear l , and Ontario fis

s ures whi l e the Crescen t ,Back Vein and Massachuse tts-McGregor fis 

sures belong to the l atter group. Southeas t dipping fault zones gen

er all y exhi bit wider scatter in their st rike directions , rangin~J 

from N25°E to a lmost E-H, than northwes t dipping faul t s . The angl e of 

di p i s also variab l e from moderate (45° _55°) to steep (80° _85° ) for 

both groups. The v'J ri a t ion 0 f the s t r uctura 1 a t t ; tude'i of t hese fa ult 

zones i s shown in Figure 6. Data for the prepdl'dtion of t hi s s t crog ram 



17 

were c o m p i l e d from a v a i l a b l e p u b l i c a t i o n s . Rich o r e d e p o s i t s o f t h e 

Park C i t y D i s t r i c t commonly a r e l o c a l i z e d a l o n g t h e s e normal f a u l t s . 

The t h i r d , b u t l e s s i m p o r t a n t , p e r i o d of d e f o r m a t i o n o f t h e 

d i s t r i c t i s c h a r a c t e r i z e d by t r a n s c u r r e n t d i s p l a c e m e n t s which may have 

r e a c t i v a t e d many o f t h e e a r l y normal f a u l t s . 

N e a r l y a l l t h e s e f a u l t z o n e s a r e a s s o c i a t e d w i t h a b u n d a n t f r a c 

t u r i n g b u t l i t t l e o r no movement t o o k p l a c e a l o n g t h e j o i n t s . Some 

of t h e s e s t r u c t u r e s a r e v e r y c o n t i n u o u s , b o t h l a t e r a l l y and v e r t i c a l 

l y , and t h e y a c c o u n t f o r most of t h e p e r m e a b i l i t y o f t h e r o c k s , e s p e c 

i a l l y t h e i g n e o u s t y p e s . 

Ore d e p o s i t s . Ve ins o r l o d e s , r e p l a c e m e n t o r e d e p o s i t s and 

m i n e r a l i z e d b r e c c i a s have been r e c o g n i z e d in t h e Park C i t y D i s t r i c t . 

However, o n l y t h e v e i n o r l o d e and t h e r e p l a c e m e n t d e p o s i t s a r e o f 

l a r g e enough t o n n a g e and h igh enough g r a d e t o a f f o r d c o n t i n u o u s p r o 

d u c t i v e m i n i n g . The two majo r t y p e s o f o r e o c c u r in bo th s e d i m e n t a r y 

and i n t r u s i v e h o s t r o c k s , and a r e commonly a s s o c i a t e d w i t h each o t h e r . 

Vein d e p o s i t s a l s o o c c u r i n d e p e n d e n t l y and a r e i n t i m a t e l y r e l a t e d t o 

t h e i g n e o u s i n t r u s i o n s and f i s s u r e s y s t e m s . M i n e r a l i z e d b r e c c i a s have 

been mined b u t a c c o u n t f o r o n l y 5% of t h e o r e p r o d u c t i o n (Garmoe and 

E r i c k s o n 1 9 6 8 ) . 

Rep lacemen t d e p o s i t s e x i s t as bedded and i r r e g u l a r o r e m a s s e s . 

They a r e found i n t h e c a l c a r e o u s beds of t h e many s e d i m e n t a r y fo rma

t i o n s o f t h e d i s t r i c t and a r e l o c a l i z e d by s t r a t i g r a p h i c p a r a m e t e r s 

such as b e d d i n g , l i t h o l o g y , e t c . Most p r o d u c t i o n of t h e camp has come 

from t h e h i g h e s t g r a d e r e p l a c e m e n t d e p o s i t s in t h e Park C i t y , t h e 

T h a y n e s , and t h e M i s s i s s i p p i a n f o r m a t i o n s . The v e i n d e p o s i t s a r e 

were compiled from available pub li cations. Rich ore deposits of the 

Park City District commonly are localized along these normal faults. 
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The third, but l ess important, period of deformation of the 

district i s characterized by transcurrent displacements which may have 

reactivated many of the early normal fau lts. 

Nearly a11 these fault zones are associated with abundant frac

turi ng but l ittle or no movement took pl ace along the jo ints. Some 

of these structures are very continuous, bath l at erally and vertical 

ly, and they account for most of the permeabi lity of the rocks, espec

iall y the igneous types. 

Ore deposits. Veins or l odes, replacement ore deposits and 

mi neralized breccias have been recognized in the Park Ci ty District. 

However, only t he vei n or l ode and the rep l acement deposits are of 

l arge enough t on nage and high enough grade t o afford continuous pro 

ductive mining. The two majo r types of are occur in both sedimentary 

and intrus ive host rocks. and are common ly associated with each other. 

Vein deposits al so occur independently and are intimately related to 

the igneous intrusions and fissure systems . Mineralized breccias have 

been mined but account for only 5% of the ore productio n (Gannoe and 

Erickson 1968). 

Replacement deposits exist as bedded and irregular a re masses. 

They are found in the ca lcareous beds of the ma ny sedi mentary forma

ti ons of the distr i ct and are local ized by s trat i ~J rilphic parilmeters 

such as bedd i ng, 1 i tho logy, etc . Mas t produc t i on of the camp ha s come 

from the hi ghest gl'adc I'epl acement deposits ill the Park City, the 

Th aynes . and th e ~liss i ss ippian fOrl'latiolls. The vein d2posits are 
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u s u a l l y in q u a r t z i t e s , s h a l e s and i g n e o u s r o c k s . The Weber Q u a r t z i t e 

and t h e Park C i t y s t o c k have a p p a r e n t l y h o s t e d t h e d e p o s i t s w i t h l a r g 

e s t t o n n a g e and h i g h e s t g r a d e . S t r u c t u r a l c o n t r o l i s commonplace t o 

a l l o r e d e p o s i t s o f t h e Park C i t y camp. Even in t h o s e min ing a r e a s 

where r e p l a c e m e n t d e p o s i t s d o m i n a t e such a s t h e S i l v e r K i n g , O n t a r i o , 

Judge and Daly West mines t h e f a u l t s and r e l a t e d f r a c t u r e s y s t e m s r e n 

d e r e d t h e r o c k s p e r m e a b l e enough t o a l l o w t h e f low of t h e h y d r o t h e r m a l 

s o l u t i o n s a n d , a s a c o n s e q u e n c e , o r e d e p o s i t i o n in f a v o r a b l e b e d s . 

The m i n e r a l o g y o f t h e d i s t r i c t i s s i m p l e . F i v e major m i n e r a l s 

a r e p r e s e n t i n n e a r l y a l l o r e b o d i e s : p y r i t e , g a l e n a , s p h a l e r i t e , 

q u a r t z and c a l c i t e , a l t h o u g h t h e i r r e l a t i v e a b u n d a n c e v a r i e s from mine 

t o m i n e . I m p o r t a n t m i n o r m i n e r a l s a r e t e t r a h e d r i t e , g o l d , c h a l c o p y 

r i t e , a r g e n t i t e and b a r i t e . 
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usuall y in quartz ites, shales and igneous rocks. The Weber Qua rtzite 

and the Park City stock have appa ren tl y hosted the deposits wi t h larg

est tonn age and highest grade. Structura l contro l i s commonplace to 

all ore deposits of the Park City camp . Even i n those mi ni ng areas 

where repl acement depos i ts domi nate such as t he Si l ver Ki ng, Ontari o. 

Judge and Da l y West mines t he faul ts and rel ated fracture systems ren

dered t he rocks permeabl e enough to all ow t he f l ow of the hydrothermal 

solutions and , as a co nsequence, ore depos i tion i n favo rabl e beds . 

The mi nera logy of t he di st rict is si mpl e. Five major mi nerals 

are present in nearl y all ore bodies: pyrite, galena , spha l er ite , 

quartz and calc i te. although their rel ative abundance varies from mine 

to mi ne. Important mi nor mineral s are tetrahedrite , gold, chalcopy

ri te. argent i te and barite . 



CHAPTER I I 

THE MAYFLOWER MINE 

Geology of t h e Mayflower Mine Area 

The Mayflower Mine i s l o c a t e d on t h e e a s t e r n f l a n k of t h e Park 

C i t y a n t i c l i n e on t h e e a s t e r n m o s t p r o t u b e r a n c e o f t h e Mayflower s t o c k . 

I t i s t h e o n l y mine in t h e d i s t r i c t t o d a t e whose o r e p r o d u c t i o n has 

come p r i m a r i l y from v e i n s in i g n e o u s h o s t r o c k s . Only a b o u t 20% o f 

t h e p r o d u c t i o n has been p r o v i d e d by v e i n s and r e p l a c e m e n t d e p o s i t s i n 

s e d i m e n t a r y h o s t r o c k s ( B a r n e s & Simos 1 9 6 8 ) . I n t r u s i v e r o c k s and t h e 

Weber Q u a r t z i t e occupy most of t h e s u r f a c e a r e a s u r r o u n d i n g t h e mine 

s i t e , b u t , on i t s e a s t s i d e , v o l c a n i c s and Q u a t e r n a r y d e p o s i t s become 

d o m i n a n t . 

The Mayflower and P e a r l f i s s u r e zones a r e t h e most i m p o r t a n t 

m i n e r a l i z e d s t r u c t u r e s e x t e n d i n g a c r o s s t h i s min ing a r e a and v i c i n i t y . 

The o r e d e p o s i t s of t h e Mayflower Mine which a r e p r i m a r i l y f i s s u r e -

f i l l i n g l e a d - z i n c s u l f i d e v e i n s w i t h h i g h c o n t e n t i n g o l d , c o p p e r and 

s i l v e r o c c u r a l o n g t h e s e f r a c t u r e z o n e s . F i g u r e 8 shows t h e major g e o 

l o g i c f e a t u r e s of t h e mine in a s c h e m a t i c g e o l o g i c c r o s s s e c t i o n . 

Mine S t r a t i g r a p h y 

The o n l y s e d i m e n t a r y r o c k s p r e s e n t in t h e mine a r e exposed on 

t h e w e s t e x t e n s i o n s of t h e m i n e . They r a n g e from t h e M i s s i s s i p p i a n 

G a r d i s o n F o r m a t i o n on t h e 2 , 0 0 5 ' l e v e l t o t h e Permian Weber Q u a r t z i t e 

CHAPTER II 

THE MAYFLOWER MINE 

Geology of the r.1ayflower Mine Area 

The Mayflower ~1ine is l ocated on the eastern flank of the Park 

City anticline on the easternmost protuberance of the Mayflm'ler stock . 

It is the onl y mine in the district to date whose ore production has 

come primarily from veins in igneous host rocks. Only about 2Q% of 

the production ha s been provided by veins and replacement deposits in 

sed imentary host rocks (Barnes & Simas 1968) . Intrusive rocks and the 

\~eber Quartzite occupy IOOst of the surface area surrounding the mine 

site, but. on its east side, vo l canics and Quaternary deposits become 

dominant . 

The Mayflower and Pearl fissure zones are the most important 

mineralized structures extending across this mi ning area and vicinity . 

The are deposits of the Mayflower Mine which are primari l y fissure

filling l eed-zinc s ulfide veins with high content in gold , coppe r and 

silver occur al ong these fracture zones. Figure 8 shows the major geo

'logic features of the mine in a schematic geol ogic cross section. 

Mine Stratigraphy 

The onl y sedi mentary rock s present in the mine are exposed on 

the \ .. e s t ex tensions of the mine. They range from the Mississippian 

Gardison Formation on the 2 ,005' level to the Permian Weber Quartzite 
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F i g . 8 . S c h e m a t i c SSE-NNW c r o s s s e c t i o n o f t h e Mayflower 
Mine showing major g e o l o g i c f e a t u r e s . S e d i m e n t a r y u n i t s a r e r e p r e 
s e n t e d w i t h t h e i r maximum t h i c k n e s s ( s e e s t r a t i g r a p h i c column o f F i g u r e 
4 ) . T = T r i a s s i c ; P = P e r m i a n ; P = P e n n s y l v a n i a n ; M = M i s s i s s i p p i a n ; 
6 = Cambrian and P6 = P r e c a m b r i a n . 
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Fig . 8. Schematic SSE - NNl.J cross section of the t~ayflower 
Mi ne showing major geologic features. Sedimentary units are repr e
sented Ivith their maximum thickness (see stratigraphic column of Figure 
4). T = Triassic; P = Pennian ; 1P = Pennsyl vanian; M = Mississippian; 
€ = Cambri an and PE = Precambri an. 
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on t h e s u r f a c e , and a r e o c c a s i o n a l l y i n t e r c a l a t e d w i t h s i l l - l i k e b o d i e s 

of i g n e o u s r o c k s . T a b l e 1 shows t h e c o m p l e t e s t r a t i g r a p h i c s e c t i o n o f 

t h e m i n e . 

I gneous i n t r u s i o n s p roduced an i r r e g u l a r c o n t a c t zone some t e n s 

of m e t e r s wide a l o n g c a l c a r e o u s f o r m a t i o n s . T h i s zone i s c h a r a c t e r 

i z e d by t h e d e v e l o p m e n t of a c a l c - s i l i c a t e m i n e r a l a s s e m b l a g e in t h e 

s e d i m e n t a r y r o c k s , e s p e c i a l l y t r e m o l i t e - a c t i n o l i t e and d i o p s i d e , and 

by more a n o r t h i t i c p l a g i o c l a s e on t h e i g n e o u s s i d e as compared t o t h e 

normal p l a g i o c l a s e of t h e main p o r p h y r y body ( H o l t 1 9 5 3 ) . These m i n e r a l -

o g i c a l changes were accompan ied by a c o n s p i c u o u s i n c r e a s e in t h e m i n e r 

al g r a i n s i z e i n t h a t z o n e . The c o n t a c t of t h e i n t r u s i v e s w i t h t h e 

Weber Q u a r t z i t e i s s h a r p in s t r i k i n g c o n t r a s t w i t h t h a t o f t h e c a l c a r 

eous b e d s . 

All s t r a t i g r a p h i c u n i t s show some d e g r e e of m i n e r a l i z a t i o n , 

e s p e c i a l l y t h e Humbug Fo rma t ion which seems t o have been t h e most s u s 

c e p t i b l e t o i n t e r a c t i o n w i t h t h e o r e s o l u t i o n s . The Weber Q u a r t z i t e 

and t h e G a r d i s o n F o r m a t i o n , howeve r , have n o t c o n t r i b u t e d t o t h e o r e 

p r o d u c t i o n o f t h e mine ( Q u i n l a n & Simos 1 9 6 8 ) . 

I g n e o u s Rocks 

T h r e e d i f f e r e n t i n t r u s i v e p o r p h y r y b o d i e s have been r e c o g n i z e d 

i n t h e Mayflower Mine: t h e Mayf lower , t h e O n t a r i o and t h e V a l e o . 

T h i s o r d e r c o r r e s p o n d s t e n t a t i v e l y t o a c h r o n o l o g i c a l s e q u e n c e of em

p l a c e m e n t from t h e o l d e s t t o t h e y o u n g e s t . F i e l d o b s e r v a t i o n s and 

a n a l y s i s of some g e o l o g i c maps of t h e d i s t r i c t c o r r o b o r a t e t h a t i n t e r 

p r e t a t i o n . On t h e 3 , 0 0 0 ' l e v e l d i k e s of t h e O n t a r i o s t o c k can be seen 
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on t he surface, and are occas ; ona11 y interca l ated with sil l -l ike bodies 

of i gneous rocks. Tab l e 1 shows th,e complete stratigraphic section of 

t he mi ne. 

Igneous intrusions produced an i rregular contact zone some tens 

of meters wide al ong calcareous formations. This zone is character-

ized by the development of a calc- sil icate mineral assemblage in t he 

sedimentary rocks, especially tremolite-actino l ite and diopside, and 

by more anorthitic plagioc l ase on the igneous side as compared to the 

normal pl agiocl ase of the ma i n porphyry body (Ho l t 1953). These mineral

ogica l changes \'Iere accompanied by a conspicuous increase in the miner-

al grain s i ze i n that zone . The contact of the intrusives with t he 

\~eber Quartzite is sharp in striking contrast "lith that of the calcar

eous beds. 

An stratigraphic units shm'l some degree of minera l ization, 

especially the Humbug Formation which seems to have been the most sus

cept i b 1 e to ; nteract ion \'/ith the ore sol ut i uns . The Weber Qua rtz ite 

and t he Gardison Formation, howeve r , have not con tributed to the ore 

product i on of the mine (Quinlan & Simas 1968). 

Igneous Rocks 

Three d i f fere n tin trus i ve porphyry bod i es have been recogn i zed 

in the ~'a.yflower Mine: the Mayflower, the Ontario and the Va l eo. 

This o~der corresponds tentatively to a chronological sequence of em

placement from t he oldest to the youngest. Fie l d observati ons and 

ana l ysis of some geologic maps of the district corroborate that inter

pretati on. On the 3,000 1 l evel dikes of the Ontario stock can be seen 



TABLE 1 

MINE STRATIGRAPHY 

Age Fo rma t ion 
i 
i 

i 
Thi c k n e s s 

i n F e e t 
D e s c r i p t i o n 

Perm. j Weber q u a r t z i t e +1 ,160 Top n o t e x p o s e d — g e n e r a l l y g r a y t o b u f f q u a r t z i t e , i n t e r 
c a l a t e d w i t h b u f f t o b l u e g r a y l i m e s t o n e i n l o w e r p o r 
t i o n . 

Perm. Round V a l l e y l i m e s t o n e 350 P a l e g r a y l i m e s t o n e , i n t e r c a l a t e d s a n d y , q u a r t z i t e and 
s h a l e b e d s . 

M i s s . Doughnut f o r m a t i o n 400 Mass ive g r a y - b u f f l i m e s t o n e a l t e r n a t i n g w i t h h o r i z o n s 
of b l a c k - w h i t e banded l i m e s t o n e s and some s h a l e , 98 f t . 
o f h a c k l y g r e e n - b r o w n a r g i l l i t e a t b a s e . 

M i s s . Humbug f o r m a t i o n 300 Upper 150 f t . - - w h i t e t o l i g h t g r a y marmor ized l i m e s t o n e , 
some d o l o m i t e , and sandy h o r i z o n s . Lower 150 f t . - -
f i n e t o medium g r a i n e d l i m e s t o n e w i t h t h i n q u a r t z i t e 
h o r i z o n s , d o l o m i t i c n e a r b a s e . 

M i s s . D e s e r e t l i m e s t o n e 460 Upper 310 f t , - - m a s s i v e w h i t e s u g a r y d o l o m i t e , some 
c h e r t . Lower 150 f t . b l a c k d o l o m i t i c l i m e s t o n e w i t h 
p a l e c o l o r e d c h e r t b a n d s . 

M i s s . G a r d i s o n l i m e s t o n e 120 

i 

Top 40 f t . i s t h i n t o medium bedded b l a c k s h a l e y l i m e 
s t o n e , t h e n 80 f t . g r a y t o w h i t e d o l o m i t e , c h e r t o c c u r s 
t h r o u g h o u t , b a s e n o t e x p o s e d . 

( A f t e r Q u i n l a n & Simos 1968) 
CO 

Age 

Penn. 

Penn. 

Miss. 

r~i ss . 

~1iss. 

r~ i ss . 

TABLE 1 

MINE STRATIGRAPHY 

Format; on 

t·ieber quartzite 

Round Valley limestone 

Doughnut formation 

Humbug formation 

Deseret limestone 

Gardison l i mestone 

Th i ckness 
in Feet 

+1,160 

350 

400 

300 

460 

120 

(After Quinlan & SilOOs 1968) 

Description 

Top not exposed-- general ly gray to buff quartzite, inter
calated with buff to blue gray limestone in lower por
tion . 

Pale gray l imestone, i ntercalated sandy. quartzite and 
shale beds . 

Massive gray-buff limestone alternating with hori zons 
of black-white banded limestones and some shal e, 98 ft. 
of hack1y green-brol>/n argi 11 ite at base. 

Upper 150 ft. --\·/hite to light gray maJinorized limestone . 
SOI'!le dolomite. and sandy horizons. LO\'/er 150 ft . --
fine to medium grained limestone with thin quartzite 
horizons. dolomi tic near base. 

Upper 310 ft. --massive white sugary dolomite, some 
chert. Lower 150 ft. black dolomitic l imestone with 
pale colored chert bands. 

Top 40 ft . is thin to medium bedded black shaley lime
stone, then 80 ft. gray to white dolomite, chert occurs 
throughout, base not exposed. 

N 
W 
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c u t t i n g a c r o s s Mayflower r o c k s . L i k e w i s e , i n t h e g e o l o g i c map by 

B r o m f i e l d , e t a l . ( 1 9 7 0 ) , a d i k e of t h e Valeo p o r p h y r y i n t r u d e s t h e 

Mayflower s t o c k . However , age r e l a t i o n s h i p s f o r t h e O n t a r i o and 

Valeo s t o c k s a r e n o t e v i d e n t . 

The p o r p h y r i t i c r o c k s o f a l l t h r e e s t o c k s a r e p e t r o l o g i c a l l y 

q u i t e s i m i l a r w i t h a c o m p o s i t i o n r a n g i n g from g r a n o d i o r i t e t o d i o r i t e . 

They c o n s i s t o f a n d e s i n e , b i o t i t e , h o r n b l e n d e , q u a r t z and o r t h o c l a s e b u t 

d i f f e r in t h e i r v a r i e t a l m i n e r a l o g y , b u l k chemica l c o m p o s i t i o n and t e x 

t u r e . The Mayflower p o r p h y r y has an a p h a n i t i c t o f i n e - g r a i n e d g r o u n d -

mass where p h e n o c r y s t s w i t h an a v e r a g e s i z e of 2 mm a r e a lways p r e s e n t . 

The Va leo p o r p h y r y c o n t a i n s t h e l a r g e s t p h e n o c r y s t s (up t o 1 cm in 

l e n g t h ) and w e l l rounded q u a r t z g r a i n s . The O n t a r i o , on t h e o t h e r h a n d , 

shows t h e s t r o n g e s t t e n d e n c y t o w a r d s e q u i g r a n u l a r i t y due t o t h e r e l a t i v e 

l y c o a r s e r g r a i n s i z e of i t s m a t r i x . In f a c t , t h e s e s t o c k s may r e p r e 

s e n t d i f f e r e n t f a c i e s o f t h e same g e n e r a l magmat ic e p i s o d e . All t h r e e 

i n t r u s i o n s have been m i n e r a l i z e d and a l t e r e d and t h e Valeo p l u t o n i s t h e 

l e a s t a l t e r e d . Ore p r o d u c t i o n has been d o m i n a n t l y from t h e Mayflower 

p o r p h y r y and l e s s e r q u a n t i t i e s from t h e O n t a r i o r o c k s . 

The M a y f l o w e r - P e a r l F a u l t Zone 

The M a y f l o w e r - P e a r l f a u l t zone i s t h e most i m p o r t a n t s t r u c 

t u r a l f e a t u r e o f t h e mine s i n c e i t i s t h e l o c u s f o r t h e m e t a l l i c m i n e r 

a l i z a t i o n which gave r i s e t o t h e Mayflower o r e z o n e . T h i s f a u l t zone 

i s r e a d i l y i d e n t i f i e d where i t i s a l t e r e d and m i n e r a l i z e d , b u t beyond 

t h e m i n e r a l i z e d a r e a s i t becomes i n d i s t i n c t (Barr ies and Simos 1 9 6 8 ) . 

The Mayflower o r e zone c o n s i s t s o f a complex a n a s t o m o s i n g v e i n 

cutting acroSs Mayflower rocks. Likewise. in the geo l ogic ma p by 

Bromfiel d, et 01. (1970), a dike of the Valeo porphyry intrudes the 

Mayflower s tock. However, age relationships for the Ontario and 

Va l eo stocks are not evident. 
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The porphyritic rocks of all three stoc ks are petro logically 

quite s imil ar with a compos ition ranging from granod i orite to diorite . 

They consist of andesine, biotite, hornbl ende. quartz and orthocl ase but 

differ in their varie t al mineralogy, bulk chemical composition and tex

ture. The Mayflower porphyry has an aphanitic to fine-grained ground

mass where phenocrysts with an average size of 2 mm a re ahlaYs present. 

The Valeo porphyry conta ins the largest phenocrysts (up to 1 em in 

l ength) and well rounded quartz gra ins. The Ontario , on the other hand, 

shows the strongest tendency towards equigranularity due to the relative

l y coarser grain size of its matrix. In fact, these stocks may repre

sent different facies of the same genera l magmatic episode . Al l three 

intrusions hav e been mineralized and altered and the Va l eo pl uton i s the 

least altered. Ore production has been dominant l y from the Mayflower 

porphyry and l esser quantities from the Ontario rocks. 

The Mayflower-Pearl Fault Zone 

The Mayflower-Pearl fault zone is the most important struc

tural feature of the mi ne since it ;s the l ocus for the meta l li c miner

al ization which gave rise to the Mayflml/er ore zone. This fa ult zone 

is r ead ily i dentified where it i s altered and mi neralized , but beyond 

the minera li zed areas it becomes ind i s tinct (l3arnes a nd Simos 1968 ). 

The Mayflower ore zone consists of a comp lex anastomos in g vein 
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s y s t e m bounded by two major p a r a l l e l m i n e r a l i z e d f i s s u r e s . The s o u 

t h e r n m o s t i s t h e Mayflower and t h e n o r t h e r n m o s t i s t h e P e a r l . T h i s 

o r e zone s t r i k e s N60°E t h r o u g h t h e s e d i m e n t a r y f o r m a t i o n s s h i f t i n g t o 

an a l m o s t e a s t - w e s t t r e n d i n t h e i n t r u s i v e s . In b o t h rock t y p e s , how

e v e r , i t d i p s s t e e p l y e i t h e r due n o r t h w e s t o r v e r t i c a l l y . Hence , t h e 

Mayflower and P e a r l f i s s u r e s can be c o n s i d e r e d as t h e f o o t w a l l and 

h a n g i n g w a l l of t h e Mayflower o r e zone r e s p e c t i v e l y . A t h i r d m i n e r a l i z e d 

f i s s u r e , named t h e Number T h r e e v e i n , seems t o c o n n e c t t h e two major 

v e i n s . T h e r e i s no major d i s p l a c e m e n t o f f s e t t i n g t h e o r e b o d i e s , b u t 

sma l l p o s t - m i n e r a l i z a t i o n f a u l t i n g o c c u r r e d a l o n g and a c r o s s t h e o r e 

z o n e . The t h r e e main v e i n s e x h i b i t t h e same g e n e r a l c h a r a c t e r i s t i e s , 

a l t h o u g h i m p o r t a n t d i f f e r e n c e s in t h e i r m i n e r a l o g y , s t r e n g t h and s t r u c 

t u r e a r e n o t i c e a b l e . 

Mayflower f i s s u r e - v e i n 

T h i s s t r u c t u r e i s a na r row w e l l - d e f i n e d f r a c t u r e zone showing 

s h a r p c o n t a c t s w i t h t h e h o s t r o c k s a l o n g most of i t s e x t e n t . The v e i n 

s t r u c t u r e i s cymoidal and l o c a l l y , e s p e c i a l l y on t h e w e s t e r n mine f r o n t 

in s e d i m e n t a r y r o c k s , s p l i t s i n t o numerous t h i n i n d i v i d u a l v e i n s fo rm

ing an i r r e g u l a r l y d e f i n e d zone e n c o m p a s s i n g l a r g e b l o c k s o f c o u n t r y 

r o c k s ( W i l l i a m s 1 9 5 2 ) . The Mayflower f i s s u r e s t r i k e s N60°E t o N80°E 

d i p p i n g 80°NW o r v e r t i c a l l y and m o s t l y o c c u r s i n t h e i n t r u s i v e s . 

Above t h e 1 , 0 2 0 ' mine l e v e l , t h e Mayflower v e i n was t h e o n l y 

o r e p r o d u c e r . A l t h o u g h i t i s a p e r s i s t e n t s t r u c t u r e , i t d e c r e a s e s i n 

me ta l c o n t e n t in t h e l o w e r l e v e l s . 
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system bou nded by two major paral l el mi nera l ized fiss ures. The sou

thernmos t i s the Mayfl ower and the northernmost ;s the Pearl . Th i s 

or e zone strikes N600E through the sedimenta ry fo rmations shifti ng to 

an al most east-west trend i n the intrusives. In both rock types, how

ever, it dips steeply e i ther due northwest or vertica ll y. He nce, t he 

t~ay f1 ower and Pearl fissures can be considered as the footwall and 

hangingwa l l of the Mayflo\\ler ore zone respectively. A third mi nera l ;zed 

fissure. named the Number Three vein . seems to connect the two major 

ve i ns . There is no major displacement offsetting the ore bod ies. but 
• 

small post- mine)~a l ization faulting occurred a l ong and across the ore 

zone. The three main veins exhibit the same general characteri stics , 

although important differences in their minera l ogy , strength and struc

ture are noticeab l e. 

Hayfl ower fissure - vein 

This structure is a narrOl-'1 we l l-defined fracture zor.e showing 

sharp contacts with the host rocks ~long most of its extent. The vein 

structure is cymoidal and locally, especially on the western mine front 

in sedimentary rocks,sp l its into numerous thin i ndividual veins form-

ing an irregularly defined zone encompassing large blocks of country 

rocks (Hilliams 1952). The t~ayf1O\'¥'er fissure strikes H600E to N800[ 

dippi ng 8QoN~J or verti call y and most l y occurs in the intrusives . 

Above the 1 ,020' mine levei , t he r~ayf l ower vein was t he only 

ore producer. Although it is a persistent structure , it decreases in 

meta 1 content in the l ower 1 eve 1 s. 
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Pea r l f i s s u r e - v e i n 

T h i s f i s s u r e has s i m i l a r s t r u c t u r a l b e h a v i o r t o t h a t of t h e 

Mayflower f i s s u r e , b u t i t s d i p changes g r a d u a l l y from n o r t h w e s t l y 

t o s o u t h e a s t l y a l t h o u g h a lways a t h igh a n g l e s . Economic m i n e r a l i z a 

t i o n a s s o c i a t e d w i t h t h i s f r a c t u r e i s o n l y p r e s e n t from t h e 1 , 0 2 0 ' 

mine l e v e l down. 

T h i s s t r u c t u r e d e f i n e s a na r row (a few c e n t i m e t e r s t o 2 . 5 

m e t e r s w i d e ) v e i n " c h a r a c t e r i z e d by a band of f r i a b l e , s u g a r y q u a r t z 

w i t h l a c i n g s t r a n d s o f s u l f i d e s " ( Q u i n l a n & Simos 1 9 6 8 ) . I n t e r n a l l y 

i t e x h i b i t s s u c c e s s i v e d i c h o t o m o u s b r a n c h e s some of which merge s u b s e 

q u e n t l y i n t o a major v e i n l e t l e n d i n g an i r r e g u l a r a s p e c t t o t h e v e i n 

s t r u c t u r e . 

A l t e r a t i o n and Base -Meta l M i n e r a l i z a t i o n 

W i l l i a m s (1952) r e c o g n i z e d f i v e s t a g e s of a l t e r a t i o n i n t h e 

Mayflower s t o c k r o c k s d u r i n g h i s s t u d i e s of t h e o r e zone be tween t h e 

800 ' and t h e 1 , 3 8 0 ' mine l e v e l s . Veinward t h e s e s t a g e s a r e : (1 ) h o s t 

r o c k , ( 2 ) c h l o r i t e , (3 ) a r g i l l i e , (4 ) l o c a l q u a r t z - s e r i c i t e and 

(5) m i g r a t o r y q u a r t z - s e r i c i t e , w i t h t h e f i r s t f o u r s t a g e s more o r 

l e s s s y m m e t r i c a l l y a r r a n g e d , i n t h a t o r d e r , a r o u n d t h e v e i n s and o t h e r 

m i n e r a l i z e d f r a c t u r e s . K a o l i n i t e i s t h e dominan t m i n e r a l in t h e a r 

g i l l i e z o n e , b u t minor amounts o f m o n t m o r i l l o n i t e and d i c k i t e a r e a l s o 

p r e s e n t . S e r p e n t i n e , e p i d o t e and m a g n e t i t e a r e minor c o n s t i t u e n t s o f 

t h e c h l o r i t e z o n e . The z o n i n g i s a t t r i b u t e d t o s u c c e s s i v e r e a c t i o n 

of t h e h y d r o t h e r m a l s o l u t i o n s w i t h an e a r l i e r a l t e r a t i o n s t a g e , e x c e p t 

Pearl f i ss ure- vei n 

This fissure has s i mi lar structural behavior to that of the 

May fl ower fissure. but its dip changes gradually from northwest l y 

to SQutheastly a1 though always at high angl es. Eco nomic minera l iza

t ion associated with this fracture is only present from the 1,020' 

mine l evel down. 
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This structure defines a narrow (a few cent imeters to 2. 5 

meters wide) vei n "characterized by a band of friable , sugary quartz 

wi th lacing strands of sulfides" (Quinlan & Simos 1968) . Interna ll y 

it exhib i ts successive dichotomous branches some of which merge subse

quently into a major vein let l ending an irregu l ar aspect to the vein 

structure. 

Al teration and Base-Metal Minera l ization 

Wi l liams (1952) recognized five stages of alteration i n the 

Mayflower stock rocks during his studies of the ore zone between t he 

800' and the 1. 380 ' mi ne level s. Veinward these stages are: (1) hos t 

rock. (2) ch lorite . (3) arg il liC. (4) loca l quartz-seric ite and 

(5) m;gl"atory quartz-sericite, with the f i rst four stages IOOre or 

less symnetrica ll y arranged , in that order, around the veins and other 

mineralized fractures. Kaolinite is the dominant minera l i n the ar

gil lic zone, but minor amounts of montmori1lonite and dickite are al so 

present. Serpentine , eridote and magnetite are minor constituents o f 

t he chlorite zone. The zoning i s attributed to success ive react i on 

of the hydrotherma l solutions with an eal'l ier i'lileratilln stage. except 
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f o r t h e m i g r a t o r y q u a r t z - s e r i c i t e e p i s o d e which t r a n s e c t s a l l o t h e r 

z o n e s . The a l t e r a t i o n e n v e l o p e i s commonly a few i n c h e s wide and se ldom 

e x t e n d s more t h a n a few f e e t i n t o t h e w a l l r o c k . In t h e l i m e s t o n e s , 

W i l l i a m s r e c o g n i z e d an i r r e g u l a r zone o f a l t e r a t i o n composed d o m i n a n t -

l y of m o n t m o r i l l o n i t e b u t a l s o c o n t a i n i n g k a o l i n i t e , h a l l o y s i t e and 

s e r i c i t e . Nash (1973) i d e n t i f i e d a n o t h e r s t a g e of a l t e r a t i o n a s s o 

c i a t e d w i t h what he r e f e r s t o as deep e a r l y v e i n s . These v e i n s , e x 

posed i n c r o s s c u t s be tween t h e s h a f t and t h e P e a r l v e i n s on t h e 2 , 0 0 5 ' 

and l o w e r l e v e l s , d i s p l a y K - f e l d s p a r and b i o t i t e a l t e r a t i o n e n v e l o p e s 

and a r e a s s o c i a t e d w i t h q u a r t z c r y s t a l s which c o n t a i n h i g h s a l i n i t y 

f l u i d i n c l u s i o n s . 

Metal s u l f i d e d e p o s i t i o n in t h e M a y f l o w e r - P e a r l f i s s u r e zone 

o c c u r r e d s i m u l t a n e o u s l y w i t h a l t e r a t i o n . P y r i t e , g a l e n a and s p h a l e r i t e 

a r e t h e major s u l f i d e m i n e r a l s , a l t h o u g h c h a l c o p y r i t e and g o l d added 

g r e a t economic s i g n i f i c a n c e t o t h e o r e z o n e . The m i n e r a l s a r e c o n s i 

d e r e d t o have been d e p o s i t e d by r e l a t i v e l y d i l u t e s o l u t i o n s a s opposed 

t o t h e e a r l y b r i n e s of t h e p o t a s s i c a l t e r a t i o n (Nash 1 9 7 3 ) . 

P a r a g e n e t i c s t u d i e s by Nash have i n d i c a t e d f o u r s t a g e s in t h e 

e v o l u t i o n o f t h e Mayflower o r e z o n e . Dur ing t h e f i r s t s t a g e s u g a r y 

q u a r t z , p y r i t e , h e m a t i t e and a n h y d r i t e w e r e d e p o s i t e d . T h i s was f o l 

lowed by m a s s i v e d e p o s i t i o n of s p h a l e r i t e , g a l e n a and c h a l c o p y r i t e . 

In t h e t h i r d s t a g e a n h y d r i t e , c a r b o n a t e , s u g a r y q u a r t z , b a r i t e and hema

t i t e domina t ed w i t h m i n o r amounts o f s u l f i d e s . The l a s t s t a g e was 

marked by major p r e c i p i t a t i o n of s p h a l e r i t e and s u g a r y q u a r t z and 

s u b o r d i n a t e c h a l c o p y r i t e . Excep t f o r mino r d i f f e r e n c e s , t h i s p a r a 

g e n e t i c s e q u e n c e a g r e e s w i t h W i l l i a m ' s v e r s i o n in which an e a r l y s u l f i d e , 

a c a r b o n a t e - q u a r t z and a l a t e s u l f i d e s t a g e were r e c o g n i z e d . 
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for the migratory quartz -sericite episode which transects all other 

zones . The al teration envelope is common ly a few inches wide and se ldom 

extends l!Pre than a few feet into the wall rock. In the 1 imestones, 

\~; ll ;ams recognized an irregul ar zone of alteration composed domi nant

l y of montmori ll onite but also conta i ning kaolinite. hal10ysite and 

sericite . Nash (1973) identified another stage of alteration asso

ci ated with what he refers to as deep early veins. These veins , ex 

posed in crosscuts between the shaft and the Pearl veins on the 2,005 1 

and lower level s, display K- feldspar and biotite alteration envelopes 

and are associated with quartz crystal s which contain high salinity 

f lui d inclus ions. 

Metal sulfide deposition in the t~ayflower-Pearl fissure zone 

occurred simultaneously with alteration. Pyrite, galena and spha l er ite 

are the majo r su lfide minerals, although chal copyrite and gold added 

great economic significance to the are zone. The minerals are cons;

dered to have been depos i ted by ' relatively di l ute solutions as opposed 

to the early brines of the potassic alteration (Nash 1973). 

Paragenetic studies by Nash have indicated four stages in the 

evolution of the Mayflower are zone. During the first stage sugary 

quartz, pyrite, hematite and anhydrite were deposited . This was fol 

l owed by massive deposition of sphalerite, galena and chalcopyrite. 

In the third stage anhydrite , ca rbon ate. suga ry quartz. barite and hema 

tite dominated with mi nor alTJ'Junts of sulf ides . The l ast stage was 

marked by major precipitation of spha lerite and suga ry quartz and 

subordinate Chalcopyrite. Except for winor differences. this para

genetic sequence aqrees with l4illiam's version in which an early su l fide. 

a carbonate-quiu'tz tlnd a 1 a te 5 ul fi de stage were recoqnized. 



CHAPTER I I I 

DATA COLLECTION 

F i e l d Work 

The f i e l d work was done d u r i n g t h e F a l l o f 1972 . I t c o n s i s t e d 

of mapping t h e f r a c t u r e abundance and s a m p l i n g t h e i g n e o u s wa l l r o c k s 

on s e v e r a l l e v e l s of t h e Mayflower Mine . The f i e l d work a l s o i n c l u d e d 

r e c o n n a i s s a n c e t r i p s t h r o u g h o u t t h e d i s t r i c t and g e o l o g i c a l o b s e r v a 

t i o n s a round t h e s u r f a c e mine s i t e . 

The Mayflower Mine e x p o s u r e s a t t h a t t i m e c o n s i s t e d of a v e r t i 

c a l s e c t i o n of a p p r o x i m a t e l y 670 m be tween t h e 8 0 0 ' and t h e 3 , 0 0 0 ' 

l e v e l . The mine was i n a c c e s s i b l e above t h e 8 0 0 ' l e v e l . The l e v e l s 

mapped and t h e e x t e n t o f s a m p l i n g depended on p h y s i c a l s a f e t y and 

o p e r a t i o n a l c o n d i t i o n s p r e v a l e n t a t t h a t t i m e , t h u s o n l y n i n e l e v e l s 

o u t of s i x t e e n w e r e s t u d i e d . A p p r o x i m a t e l y 2 . 0 km of d r i f t s and c r o s s 

c u t s were examined of which 0 . 6 km were sampled in l a t e r a l s p a r a l l e l 

t o t h e v e i n s y s t e m a l o n g ENE-WSW d i r e c t i o n s ; t h e r e m a i n i n g 1.4 km 

were mapped a l o n g N-S d i r e c t i o n s t h r o u g h t h e mine s h a f t . O t h e r few 

t r a v e r s e s i n c l u d e d NW-SE d i r e c t i o n s as on t h e 2 , 0 0 5 ' l e v e l . Also 

305m of c o r e s ample s from a v e r t i c a l diamond d r i l l h o l e l o c a t e d n e a r 

t h e s h a f t (DDH-41) on t h e 3 , 0 0 0 ' l e v e l were a n a l y z e d . 

O b s e r v a t i o n s were made a t i n t e r v a l s o f 15 m e t e r s o r l e s s a l o n g 

d r i f t s and l a t e r a l s where t h e most o b v i o u s t h r o u g h - g o i n g m i n e r a l i z e d 

f r a c t u r e s were r e c o r d e d . At t h e b e g i n n i n g o f each i n t e r v a l t h e 

CHAPTER I II 

DATA COLL ECTION 

Fie ld Work 

The fie l d work was done during t he Fa1l of 1972 . It consisted 

of mapping the fracture abundance and sampling the igneous wa ll rocks 

on severa l l evel s of the Mayflower t1ine. The field work al so inc luded 

reconnaissance trips throughout the dist ri ct and geologica l observa

tions around the surface mine site . 

The f1i'1yflower Hine exposures at that time cons i sted of a vert i

ca l section of approximately 670 m between the 800' and the 3,000 ' 

1 eve 1 . The mine was inaccess i ble above the 800' l eve l . The level s 

mapped and the extent of sampling depended on physical safet y a nd 

operational conditions prevalent at that time , t hu s only ni ne level s 

out of sixteen were studied. Ap proximatel y 2.0 km of dr i fts and cross 

cuts were examined of wh i ch 0 . 6 km wen;! sampl ed in l atera l s parallel 

to t he vein system al ong ENE-\·JSW directi ons ; t he r ema ining 1.4 km 

wel'e mapped a l ong N-$ direction s through the mine s haft. Other few 

traverses inc luded N\.J- SE directions as on t he 2,005 ' l evel. Al so 

305m of core sampl es from a vertical dianond dri ll ho l e l ocated near 

the shaft (0011-4 1) 0 11 the 3,000 ' level were anal yzed . 

Observations ''''ere made at inte)'vals of 15 meters or l ess al ong 

drifts and l ateral s where the most obvious through- going mi ne ra l ized 

fractures were I·ec:ord~d. At the begi nning of eilch interval the 
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s t r u c t u r a l a t t i t u d e o f f r a c t u r e s , r e p r e s e n t a t i v e of a p a r t i c u l a r s e t , 

was m e a s u r e d . Al l o t h e r f r a c t u r e s v i s u a l l y p a r a l l e l t o measured f r a c 

t u r e s were assumed t o have t h e same a t t i t u d e and were c o u n t e d o v e r 

t h e i n t e r v a l . Hence , f o r e v e r y i n t e r v a l , t h e f r e q u e n c y o f f r a c t u r e s 

of a s p e c i f i c s e t was d e t e r m i n e d . The p r o c e d u r e was r e p e a t e d f o r 

o t h e r f r a c t u r e s e t s i d e n t i f i e d in t h e i n t e r v a l . The f r a c t u r e abun

dance was t h e n c a l c u l a t e d by d i v i d i n g t h e t o t a l number o f f r a c t u r e s o f 

a l l s e t s i n t h e i n t e r v a l o v e r i t s l a t e r a l d i s t a n c e . 

Rock s a m p l i n g i n each i n t e r v a l c o n s i s t e d o f c o l l e c t i n g c h i p 

r o c k s a m p l e s , hand s p e c i m e n s and l a r g e b l o c k s of r o c k s . C o n t i n u o u s 

c h i p r o c k s a m p l e s c o v e r e d t h e whole e x t e n s i o n o f e ach i n t e r v a l ; a 

few were r e s t r i c t e d t o t h e immed ia t e v i c i n i t y o f v e i n s . They were used 

t o d e t e r m i n e t h e b u l k chemica l c o m p o s i t i o n o f t h e r o c k s . Hand s p e c i 

mens p r o v i d e d p e t r o g r a p h i c t h i n - s e c t i o n s and m i c r o p r o b e m o u n t s , b u t 

were a l s o used t o d e t e r m i n e t h e b u l k and g r a i n d e n s i t y of t h e r o c k s . 

For each i n t e r v a l one o r two hand s p e c i m e n s were t a k e n . The l a r g e 

b l o c k s ( a b o u t 30 cm x 20 cm x 15 cm) were c o l l e c t e d in such a way a s 

t o c o n t a i n t h e most i m p o r t a n t s e t s o f m i n e r a l i z e d f r a c t u r e s and we re 

i n t e n d e d f o r f r a c t u r e a p e r t u r e d e t e r m i n a t i o n s . A b l o c k , in some 

c a s e s , was c o n s i d e r e d t o r e p r e s e n t more t h a n one i n t e r v a l as l o n g a s 

i t was t a k e n on t h e same l e v e l and i n t h e immed ia t e a d j a c e n c y . 

Sample Numera t ion and L o c a t i o n 

The s a m p l e s a n a l y z e d r e p r e s e n t t h e Mayf lower , O n t a r i o and Va leo 

s t o c k r o c k s exposed in t h e m i n e . Each sample was g i v e n a number com

posed of two l e t t e r s and f o u r d i g i t s . The l e t t e r s s t a n d f o r t h e s t o c k 
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structural attitude of fractures. representative of a particu lar set. 

was measured. Al l other fractures visua ll y para ll el to measured frac 

tures were assumed to have the same att i tude and were counted over 

the interval. Hence, for every interval. the frequency of /ractures 

of a spec ; fie set was determined. The procedure was repeated for 

other fracture sets identified in the interval. The fracture abun

dance was then ca lculated by dividing the total number of fractures of 

all sets in the interval over its l atera l distance. 

Rock samp ling in each interval consisted of col l ecting chip 

rock samp les, hand specimens and large blocks of rocks. Conti nuous 

chip rock samples covered the whole extens ion of each interval; a 

few were restricted to the immediate vicinity of veins. They were used 

to determine the bu lk chemical composition of the rocks. Hand speci

mens provided petrographic thin- sect ions and microprobe mounts, but 

were also used to determine the bulk and gra in density of the rocks . 

For each interval one or two hand specimens were taken. The large 

blocks (about 30 cm x 20 cm x 15 em) were collected in such a way as 

to conta in the most important sets of mineral ized fractures and were 

intended for f racture aperture determinations. A block, in some 

cases, wa s cons idered to represent more than one interval as long as 

it was taken on the same level and in the immed iate adjacency. 

Sampl.e Numera tion and location 

The sampl es ana lyzed repres ~nt the MJyflower, Ontario and Valeo 

stock rocks exposed in the mine. Each sampl e ~."a s given a number com

posed of blo l etters and four digits. The let te rs stand fur the s tock 
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name (MF = Mayf lower ; ON = O n t a r i o ; VL = V a l e o ) ; t h e f i r s t two d i g i t s 

i d e n t i f y t h e mine l e v e l (08 = 8 0 0 ' l e v e l ; 16 = 1 , 6 3 0 ' l e v e l ; 22 = 

2 , 2 0 0 ' l e v e l ; e t c . ) and t h e l a s t two d i g i t s r e f e r t o t h e d i f f e r e n t 

i n t e r v a l s . In a few i n s t a n c e s a "V" was added t o t h e end of t h e num

b e r t o s p e c i f y t h a t t h e sample came from a v e i n p r e s e n t in t h e i n t e r v a l 

in q u e s t i o n . The s i x c o r e samples were l a b e l l e d w i t h t h e l e t t e r s 

DDH (diamond d r i l l h o l e ) f o l l o w e d by t h r e e d i g i t s r e p r e s e n t i n g t h e 

d e p t h in f e e t be low t h e 3 , 0 0 0 ' l e v e l from which t h e y came. 

F i g u r e s 9 and 10 a r e key d i a g r a m s f o r l o c a t i n g i n t e r v a l s and 

i d e n t i f y i n g s a m p l e s . 

A n a l y t i c a l Work 

The a n a l y t i c a l work c a r r i e d o u t d u r i n g t h e p r e s e n t r e s e a r c h 

i n v o l v e d q u a l i t a t i v e and q u a n t i t a t i v e e v a l u a t i o n s of bo th t h e m i n e r a l 

ogy and c h e m i s t r y of t h e i g n e o u s r o c k s of t h e Mayflower Mine . Bulk 

and g r a i n d e n s i t i e s and f r a c t u r e a p e r t u r e s were a l s o d e t e r m i n e d . 

The q u a l i t a t i v e p a r t d e a l t w i t h p r i m a r y i d e n t i f i c a t i o n of 

m i n e r a l s i n t h e r o c k s w i t h hand l e n s , magnet and a c i d t e s t s . For 

f u r t h e r i d e n t i f i c a t i o n , a l l r o c k p u l p s were a n a l y z e d unde r a b i n o c u l a r 

m i c r o s c o p e and f o r t y t h i n s e c t i o n s were examined w i t h a p e t r o g r a p h i c 

m i c r o s c o p e . Thin s e c t i o n s were made from rock s a m p l e s c o l l e c t e d n e a r 

by and a d i s t a n c e from t h e o r e zone a t t h e d i f f e r e n t l e v e l s s t u d i e d . 

X-ray t e c h n i q u e was a l s o used in some i n s t a n c e s f o r i d e n t i f i c a t i o n of 

c l a y s and o t h e r a l t e r a t i o n m i n e r a l s . The m i c r o s c o p i c e x a m i n a t i o n a l s o 

s e r v e d a s a s e m i - q u a n t i t a t i v e a n a l y s i s o f t h e r e l a t i v e p r o p o r t i o n o f 

m i n e r a l s and t h e major p h a s e s p r e s e n t . The r e l a t i v e amount of K - f e l d -

s p a r , howeve r , was checked in some r o c k s l a b s w i t h a p p r o p r i a t e s t a i n i n g 
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name (MF = 11ayflower; ON = Ontario; Vl = Valeo); the first two digits 

identify the mine level (08 = 800 ' level; 16 = 1,630' level; 22 = 

2,200' l evel; etc.) and the last two digits refer to the different 

intervals. In a few instances a ltV " was added to the end of the num

ber to specify that the sample came from a vein present in the interval 

in question. The six core samp les were labelled with the l etters 

DOH (diamond drill hole) followed by three digits r epresenting the 

depth in feet below the 3,000' level from which they came . 

Figures 9 and 10 are key diagrams for locating i nterva ls and 

identifying samples. 

Ana 1 yti ca 1 Ilork. 

The ana lytical work carried out during the present research 

involved qua li tative and quantitative evaluations of both the mine ral

ogy and chemistry of the igneous rocks of the Mayflower Mine. Bu l k 

and gra in densities and fracture apertures were also detennined . 

The qualitative part dealt with primary identification of 

minera l s in the rocks with hand l ens , magnet and acid tests. For 

further identification. all rock pulps were analyzed under a binocular 

microscope and forty thin sect i ons were examined with a petrographic 

microscope . Thin sections were made from rock sampl es collected near

by and a distance from the ore zone at the different level s studied. 

x- ray techn i que was a 1 so used in some ins tances fo I' identifi ca ti on of 

clays and otller alterat i on minerals. The micros copic examina tion also 

served as a semi-quantitative analysis of the relati ve proportion of 

minerals ilnd the major pha~es present. The relative amolJnt of K-fe ld

spar . however, was checked in some rock slabs with appropriate stil ining 
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F i g . 9 . Sample l o c a t i o n on a N-S c r o s s s e c t i o n of t h e May
f l o w e r Mine . 

F i g . 1 0 . Sample l o c a t i o n on a WSW-ENE c r o s s s e c t i o n o f t h e 
Mayflower Mine . 

Fig. 9. Sample location on a N-S cross section of the May
flov/er Mi ne. 

Fig. 10 . Sample location on a HSW-ENE cross section of the 
Mayflower Mine. 
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t e c h n i q u e s ( B a i l e y and S t e v e n s 1 9 6 0 ) . 

The q u a n t i t a t i v e a n a l y s i s c o m p r i s e d t h e d e t e r m i n a t i o n of t h e 

bu lk chemica l c o m p o s i t i o n s of r o c k s , t h e chemica l c o m p o s i t i o n o f 

m i n e r a l p h a s e s , b u l k and g r a i n d e n s i t i e s of r o c k s and f r a c t u r e 

a p e r a t u r e i n rock s l a b s . One hundred t h i r t y - t h r e e c h i p rock s ample s 

were a n a l y z e d f o r t w e l v e major c o m p o n e n t s . S i , A l , Fe ( t o t a l i r o n 

as Fe ) , Mg, Ca, Na, K, Mn and Ti were d e t e r m i n e d by X- ray f l u o r 

e s c e n c e t e c h n i q u e , and S , SO^ and CO^ were a n a l y z e d w i t h LECO e q u i p 

ment . Chemical c o m p o s i t i o n s of m i n e r a l s were d e t e r m i n e d w i t h an e l e c 

t r o n m i c r o p r o b e . E i g h t e e n p o l i s h e d t h i n s e c t i o n s were examined t o 

d e t e r m i n e t h e c o m p o s i t i o n s o f b i o t i t e , c h l o r i t e , h o r n b l e n d e , a c t i n o l i t e , 

e p i d o t e , s a l i t e , a u g i t e , K - f e l d s p a r and p l a g i o c l a s e g r a i n s . Nine major 
++ 

e l e m e n t s , S i , A l , Fe ( t o t a l i r o n a s Fe ) , Mg, Ca, Na, K, Mn and Ti 

were d e t e r m i n e d . B i o t i t e g r a i n s were a l s o a n a l y z e d f o r C I , F and Ba 

w h e r e a s t h e f e l d s p a r g r a i n s were o n l y a n a l y z e d f o r Ca , Na and K. Bulk 

and g r a i n d e n s i t i e s were d e t e r m i n e d f o r one hundred t h i r t y r o c k samples 

f o r t h e e s t i m a t i o n of t h e i r t o t a l p o r o s i t y and a p e r t u r e d e t e r m i n a t i o n s 

s e r v e d f o r c a l c u l a t i o n of t h e p e r m e a b i l i t i e s of t h e r o c k s . 

A n a l y t i c a l p r o c e d u r e s , o p e r a t i o n a l c o n d i t i o n s and a n a l y s i s 

p r e c i s i o n a r e r e p o r t e d in a p p e n d i c e s a t t h e end of t h e t e x t . 

techniques (Bailey and Stevens 1960 ). 

The quantitative analys i s comprised the detennination of the 

bu l k chemical composit ions of rocks . the chemical compos ition of 

mineral phases, bu l k and grain dens i t i es of rocks and fracture 

apera t ure in rock s l abs. One hundred thirty-three ch ip rock sampl es 

were ana l yzed for twelve major components . 5i. Al , Fe (total iron 

++ 
as Fe ). Mg. Ca. Nat K, r~n and Ti were determined by X-ray fluor-
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esce nce technique, and 5, S03 and CO2 were analyzed with LECa equip

ment. Chemica l compos it ions of minerals were detenn i ned with an el ec-

t ron microprobe. Eighteen polished thin sections were examined to 

determine the compositions of biotite.chlorite , hornbl ende, actinolite, 

epidote . salite . augite . K-fe l dspar and pl agioclase grai ns. Nine major 

elements, Si I Al, Fe (total iron as Fe++) , Mg, Ca, Na, K, Mn and Ti 

were determined. Biotite gra ins were a l so anal yzed for C1 , F and Ba 

whereas the feldspar grains were only analyzed for Ca, Na and K. Bu lk 

and grai n dens i ties were determined for one hundred thirty rock samples 

for the estimation of their total porosity and aperture determinat ions 

served for calculation of the permeab il ities of the ro cks . 

Ana l ytica l procedures . operational condit i ons and ana l ys i s 

prec i s ion are re ported i n appendices at the end of the text . 



CHAPTER IV 

FRACTURING OF THE IGNEOUS ROCKS 

The Mayflower and t h e O n t a r i o s t o c k s a r e t h o r o u g h l y f r a c t u r e d . 

The r e l a t i o n s of t h e f r a c t u r i n g p a t t e r n o f t h e s e i g n e o u s i n t r u s i o n s 

t o t h e major f i s s u r e zones of t h e Park C i t y D i s t r i c t were s t u d i e d t o 

e s t a b l i s h any p o s s i b l e g e n e t i c a s s o c i a t i o n on a d i s t r i c t - w i d e s c a l e . 

P o l e s o f 1100 f r a c t u r e p l a n e s , m o s t l y s h e a r p l a n e s p r e s e n t i n t h e 

Mayflower p o r p h y r y , were p l o t t e d as shown i n F i g . 7A. Mine maps p r e 

p a r e d by t h e Hec la Mining Company g e o l o g i s t s p r o v i d e d t h e n e c e s s a r y 

d a t a f o r t h e c o n s t r u c t i o n o f t h a t s t e r e o g r a m . A s i m i l a r p l o t was p r e 

p a r e d w i t h t h e f r a c t u r e o r i e n t a t i o n d a t a o b t a i n e d d u r i n g t h e f i e l d 

work . The r e s u l t i s t h e s t e r e o g r a m of F i g . 7B, where 21061 p o l e s 

of f r a c t u r e p l a n e s were r e c o r d e d w i t h t h e a i d of a Schmidt e q u a l a r e a 

compu te r p rog ram. Both d i a g r a m s e x h i b i t , w i t h s t r i k i n g s i m i l a r i t y , 

t h r e e d i s t i n c t i v e r e g i o n s where f r a c t u r e p o l e s p r e f e r e n t i a l l y c o n c e n 

t r a t e d a l t h o u g h a sma l l d i f f e r e n c e in t h e p o s i t i o n o f t h e c o r r e s p o n d 

i n g domains o f t h e s t e r e o g r a m s 7a and 7b i s n o t e d . N e v e r t h e l e s s , t h e 

two i n d e p e n d e n t p l o t s show two p r o m i n e n t s e t s o f f r a c t u r e s d e v e l o p e d 

in t h e p l u t o n s . One t r e n d s NE-SW d i p p i n g e i t h e r NW o r SE; t h e o t h e r 

i s NW-SE t r e n d i n g and d i p s d o m i n a n t l y SW. The s t e e p d i p p i n g c h a r a c t e r 

of t h e f r a c t u r e s i s e v i d e n t . The r e p r e s e n t a t i v e s t r u c t u r a l a t t i t u d e s 

of t h e s e two s e t s we re c o n s i d e r e d t o be N50°E/80°NW and N50°W/80°SW. 

Compar ison be tween F i g s . 6 , 7A and 7B s u g g e s t s , a l m o s t 

CHAPTER IV 

FRACTURING OF THE IGNEOUS ROCKS 

The Mayflower and the Ontario stocks are thoroughly fractured. 

The re l ations of the fracturing pattern of these igneous intrusions 

to the ma jor fissure zones of the Park Ci ty Oi stri ct were studied to 

establ i s h any possible genet i c association on a di s tri ct-trlide scal e. 

Poles of 11 00 fracture planes, mostly shear planes present in the 

Mayflower porphyry, were plotted as shown in Fig. lA . Mine maps pre

pared by the Hecla Mining Company geologists provided the necessary 

data for the construction of that stereogram. A similar plot was pre

pared with the fracture orientation data obtained during the field 

work. The resu l t is t he stereogram of Fig . 7B, where 21061 poles 

of fracture planes were recorded with the a id of a Schm idt equa l area 

con lputer program. Both diagrams exhibit, ' with s triking s imilarity, 

three di st inctive regions where fracture poles preferentially co ncen

trated although a small difference in the pos i tion of the correspond

i ng domains of the stereograms 7a and 7b is noted. Nevertheless , the 

blo independent plots s how two prominent sets of fractures developed 

in the plutons. One trend s NE- SW dipping eith'2t' rH~ or SE; the other 

is N\·I-SE trending and dips dominantly SW. The s teep dipping character 

of the fracture s 'is evident. The representative s truc tura l attitudes 

of these two sets were cons ide red to be N50oE/80o N~J and N50"W/80oSW. 

Compari son between Fi gs. G, 7A and 78 suggests , allOOst 
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F i g . 6 . S t e r e o g r a p h i c p l o t of t h e p o l e s of t h e ma jo r f i s s u r e 
zones p r e s e n t in t h e Park C i t y D i s t r i c t . E n c i r c l e d a r e a s show t h e 
v a r i a t i o n of t h e f i s s u r e s t r u c t u r a l a t t i t u d e . X r e p r e s e n t s t h e a x i s 
of t h e Park C i t y a n t i c l i n e . Lower h e m i s p h e r e p r o j e c t i o n . 

F i g . 7 
f l o w e r and Ont 
t i o n on e q u a l 
from mine maps 
75 .%; h a c h u r e d 
c i r c l e d a r e a s : 
( 8 0 0 ! , 1 , 3 8 0 ' , 
3 ,000 l e v e l s ) , 
d o t t e d a r e a s : 

Per c e n t p l o t o f t h e p o l e s o f f r a c t u r e s i n t h e May
an* o s t o c k s . 1% c o u n t i n g a r e a s . Lower h e m i s p h e r e p r o j e c -
a r e a n e t . A. A p p r o x i m a t e l y 1,100 s h e a r p l a n e s c o m p i l e d 

( a l l l e v e l s below t h e 7 0 0 ' l e v e l ) . Dark a r e a s : 5 . 5 -
a r e a s : 3 . 5 - 5 

0 . 5 - 1 . 5 % . B 
1 , 5 0 5 ' , 1 ,755 

Dark a r e a s : 

5%; d o t t e d a r e a s : 1 . 5 -3 .5% and b l a n k e n -
21 ,061 p o l e s of m i n e r a l i z e d f r a c t u r e s 

, 2 , 0 0 5 ' , 2 , 2 0 0 ' , 2 , 6 0 0 ' , 2 ,800* and 
8 . 0 - 1 1 . 0 % ; h a c h u r e d a r e a s : 5 . 0 - 8 . 0 % ; 

2 . 0 - 5 . 0 % and b l a n k e n c i r c l e d a r e a s : 0 . 8 - 2 . 0 % . 

Fi g. 6. 
zones present in 
variation of the 
of the Park Ci ty 
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Stereographi c pl ot of the poles of the major fiss ure 
the Park City District. Encircled areas show the 
fissure structural attitude. X represents the ax i s 
anticl i ne. Lower hemisphere projecti on . 

Fi g. 7. Per cent plot of the poles of fractures in the May
flower and Ontario stocks . 1% counting areas. LOI'ler hemisphere projec
t i on on equa l area net. A. Approxi mately 1,100 shear planes comp il ed 
from mine maps (all levels below the 700 ' level) . Dark areas: 5 . 5-
75. %; ha chured areas : 3.5- 5.5%; dotted areas : 1.5-3 .5% and bl ank en
circled areas: 0.5-1 . 5%. B. 21 ,06 1 poles of mineralized fractures 
(300 ' , 1 ,380 ', 1,505 ' . 1 ,755 ', 2,005 ', 2,200 ' , 2 ,600', 2,800 ' and 
3,000 l evels). Oark areas: 8.0- 11 .0%; hachured areas: 5.0-8 .0%; 
dotted areas: ?0- 5.0% and blank enc i rcl ed areas: 0 .8-2.0%. 
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u n e q u i v o c a l l y , t h a t t h e N E - t r e n d i n g f i s s u r e s y s t e m i s g e n e t i c a l l y r e l a t e d 

t o t h e ma jo r f i s s u r e zones on t h e d i s t r i c t s c a l e and d e v e l o p e d d u r i n g t h e 

p e r i o d of d e f o r m a t i o n when NE-SW f a u l t i n g a c t i v i t y p r e v a i l e d . The NW 

t r e n d i n g f r a c t u r e s do n o t show any o b v i o u s r e l a t i o n t o t h e major s t r u c 

t u r a l f e a t u r e s o f t h e d i s t r i c t . I f t h i s i s t h e c a s e , t h e y may r e p r e s e n t 

a l o c a l s t r u c t u r a l m a n i f e s t a t i o n i n t h e a r e a of t h e Mayflower Mine whose 

c a u s e i s unknown. A p o s s i b i l i t y i s t h e a s s u m p t i o n t h a t each s e t was 

d e v e l o p e d by d i s t i n c t u n i d i r e c t i o n a l s t r e s s f i e l d s . However , t h e min

e r a l i z e d c h a r a c t e r o f f r a c t u r e s of b o t h s e t s would r e q u i r e t h e e x i s t e n c e 

of two s t r e s s f i e l d s in t h e span o f t i m e t a k e n t o m i n e r a l i z e t h e i g 

neous r o c k s of t h e Mayflower Mine , which does n o t seem t o be g e o l o g i c a l l y 

c o n c e i v a b l e . H e i d r i c k ( v e r b a l c o m m u n i c a t i o n ) has used t h e u n i d i r e c t i o n 

al h y p o t h e s i s t o e x p l a i n t h e d e v e l o p m e n t o f two d o m i n a n t s e t s of f r a c 

t u r e s a t a p p r o x i m a t e l y 90° commonly found i n T e r t i a r y i n t r u s i o n s i n t h e 

s o u t h w e s t e r n U n i t e d S t a t e s . He assumes an i n t e r c h a n g e in t h e o r i e n t a 

t i o n s o f t h e minimum ( a 3 ) and i n t e r m e d i a t e ( a 2 ) p r i n c i p a l s t r e s s d i r e c 

t i o n s , w h i l e t h e maximum p r i n c i p a l s t r e s s d i r e c t i o n r e m a i n s v e r t i 

c a l . T h i s i m p l i e s t h a t o2 and a 3 would have t o have t h e same m a g n i t u d e 

a t a c e r t a i n t i m e b e f o r e t h e y c o u l d s w i t c h p o s i t i o n a n d , as a c o n s e 

q u e n c e , t h e r o c k s would e x h i b i t m u l t i d i r e c t i o n a l f r a c t u r i n g i n s t e a d 

of o n l y two p r e f e r e n t i a l f r a c t u r e d i r e c t i o n s . 

C o n v e r s e l y , i f t h e N E - t r e n d i n g and t h e NW-t rend ing f r a c t u r e s e t s 

i n t e r s e c t i n g t h e i g n e o u s r o c k s of t h e Mayflower Mine a r e a l s o t i e d t o 

t h e s t r u c t u r a l framework o f t h e Park C i t y d i s t r i c t , t h e y s h o u l d r e p r e s e n t 

a c o n j u g a t e s e t o f s h e a r f r a c t u r e s . The p r e s e n c e of gouge m a t e r i a l a -

l ong some o f t h e f r a c t u r e p l a n e s p o i n t s to t h e i r s h e a r n a t u r e . T h i s 
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uneauivoca lly, that the NE-trending fissure system is genetically related 

to the major fissure zones on the district scale and developed during the 

period of deformation when NE- SW faulting act ivity prevailed. The NW 

trending fractures do not show any obvious relation to the major struc

tural features of the district. If this i s the case, they may represent 

a loca l structural manifestation in the area of the Mayflower r~ine whose 

cause is unknown. A possibility ;s the assumption that each set was 

developed by distinct un idirect ional stress fields. However, the min

eralized character of fractures of both sets would require the existence 

of two stress fie lds in the span of time taken to mineral ize the ig

neous rocks of the Mayflower Mine, which does not seem to be geologically 

conceivable. Heidrick (verbal communication) has used the unidirection

al hypothesis to exp l ain the development of tl-m dominant sets of f rac

tures at approximately 90 0 co~non ly found in Tertiary intrusions in the 

south\'lestern Un; ted Sta tes. He assumes an interchange in the orienta

tions of the minimum (03 ) and intermediate (02 ) principa l stress direc

tions, \'Ihile the max i mum (01) principa l stress direction remains verti

ca l. This implies that 0 2 and 0"3 would have to have the same magnitude 

at a certain time before they could switch position and, as a conse

quence, the rocks woul d exhi bit mult i di recti ana 1 fracturi n9 instead 

of only two preferentia l fracture directions. 

Conversely, if the NE-trending and the NW-trending fracture sets 

intersecting the igneous rocks of the Mayflovler Mine are also tied to 

the st )"uctural framel'l'ork of the Park City district, they should represent 

a conjugate set of shear fracture s . The presence of gouge material a

l ong some of the fracture planes points to their shear nllture. This 
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e v i d e n c e , h o w e v e r , may be ambiguous s i n c e t h e gouge m a t e r i a l c o u l d have 

been p r o d u c e d by s u b s e q u e n t movements n o t r e l a t e d t o t h e s t r e s s f i e l d 

t h a t g e n e r a t e d t h e f r a c t u r e s . Lack of s i g n i f i c a n t o f f s e t t i n g be tween 

t h e s e two f r a c t u r e s s e t s , on t h e o t h e r h a n d , s u p p o r t s e v i d e n c e f o r t h e i r 

c o n t e m p o r a n e i t y . The c o n j u g a t e s h e a r a n g l e (2o ) o f t h e s e two s e t s i s 

a p p r o x i m a t e l y 80° ± 5° and was measu red on t h e s t e r e o g r a m s ( F i g . 7A 

and 7B) be tween p o i n t s l o c a t e d i n s i d e t h e a r e a s w i t h t h e d e n s e s t f r a c 

t u r e p o l e s . A l s o , t h e i n t e r s e c t i o n of t h e r e p r e s e n t a t i v e f r a c t u r e p l a n e s 

f o r t h e s e s e t s i s n o t v e r t i c a l . 

I n t e r p r e t i n g t h e f r a c t u r e p a t t e r n of t h e Mayflower and O n t a r i o 

s t o c k s w i t h a s t r e s s t h e o r y of f a i l u r e , o r u s i n g A n d e r s o n ' s a p p r o a c h f o r 

f r a c t u r e a n a l y s i s ( 1 9 5 1 ) , r e q u i r e s f u r t h e r a s s u m p t i o n s ; o t h e r w i s e , no 

s i m p l e model f o r f r a c t u r i n g unde r t h e same s t r e s s c o n d i t i o n s i s a p p l i 

c a b l e . The most c r i t i c a l a s s u m p t i o n p e r h a p s i s t h a t p r e s e n t - d a y f a u l t 

c h a r a c t e r i s t i c s may n o t r e f l e c t o r i g i n a l c o n d i t i o n s o f f r a c t u r i n g . 

S e c o n d l y , one of t h e p r i n c i p a l s t r e s s d i r e c t i o n s may d e v i a t e from v e r t i 

ca l i t y d e s p i t e t h e s h a l l o w d e p t h s ( 0 . 9 t o 1.2 km; Nash 1973) o f f r a c 

t u r i n g o f t h e two p l u t o n s . B i l l i n g s ( 1 9 7 2 , p . 273) s t r e s s e s t h a t " t h e 

o r i e n t a t i o n of s t r i k e - s l i p f a u l t s and t h e d i s p l a c e m e n t a l o n g them i s 

n o t s y s t e m a t i c a l l y d i s p o s e d a b o u t a v e r t i c a l t o t h e s u r f a c e o f t h e 

e a r t h . . . . H e t e r o g e n e i t y of t h e r o c k s and p r e - e x i s t i n g f r a c t u r e s 

g e n e r a l l y i n f l u e n c e s t h e s t r e s s d i s t r i b u t i o n . " A l s o , t h e s h a p e o f an 

u n f r a c t u r e d rock body a f f e c t s t h e d i s t r i b u t i o n o f s t r e s s a r o u n d i t 

( R o b e r t s 1970) so t h a t t h e d e v i a t i o n o f a p r i n c i p a l s t r e s s d i r e c t i o n 

from v e r t i c a l i t y may be a common c i r c u m s t a n c e i n i g n e o u s i n t r u s i o n s . 

T h i r d l y , i t i s assumed t h a t p u r e ( n o n - r o t a t i o n a l ) s h e a r as opposed t o 
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evidence, however. may be ambiguous since the gouge material cou l d have 

been produced by subsequent movements not reluted to the st ress fie ld 

that generated the fractures . Lack of significant offsetting between 

t hese two fractures sets , on the other hand, supports ev idence for their 

contemporaneity. The conjugate shear ang le (20) of these two sets is 

approximately BO° ± 5° and was measured on the stereograms (Fig. 7A 

and 78) between points l ocated inside the areas wi th the densest frac 

ture poles. Al so, the intersection of the representative fract ure planes 

for these sets ;s not vertica l . 

Interpreti ng the fracture pattern of the Mayflower and Ontario 

stocks with a stress theory of failure, or us ing Anderson's approach for 

fracture analysis (1951), requires further assumpt i ons; otherwise, no 

simp l e model for fracturing under the sa me stress conditions i s appli 

cable. The most critical assumption perhaps ;s that present- day fau lt 

characteri stics may not reflect original condit ions of fractur in g. 

Secondly, one of the principal stress directions may deviate from verti 

ca li ty despite the shall ow depths (0.9 to 1.2 km; Nash 1973) of frac

turing of the two plutons. Bi llings (1972, p. 273) stresses that "the 

orientation of strike-s li p faults and the displaceme:1t along them i s 

not systematically disposed about a vertical to t he s urface of the 

earth .... Heterogeneity of the rocks and pre-existing fractures 

genera lly infl uences the stress di st ribution." Al so , the shape of an 

unfractured rock body affect s the distribution of stress around it 

(Roberts 1970) so that the deviation of a principal s tress direction 

from vertica l ity 1:1ay be a conlTIQ n ci rcullls t ance in i gneous intrus ions. 

Thirdly, it i s assumed that pllre (non - rotrItiona l ) s hear as opposed to 
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s i m p l e ( r o t a t i o n a l ) s h e a r was t h e d o m i n a n t k ind o f s t r e s s . 

The i n t e r p r e t a t i o n of c o n j u g a t e f r a c t u r e s e t s i n t h e i g n e o u s 

r o c k s o f t h e Mayflower Mine i m p l i e s t h a t t h e s t r e s s f i e l d unde r which 

t h e y were d e v e l o p e d was c h a r a c t e r i z e d by a n e a r l y v e r t i c a l l y o r i e n t e d 

a 2 t h a t i n d u c e d t h e f o r m a t i o n o f s t r i k e - s l i p f a u l t s ( F i g . 1 1 ) . F i e l d 

o b s e r v a t i o n s i n d i c a t e t h e M a y f l o w e r - P e a r l f a u l t zone (a N E - t r e n d i n g 

f i s s u r e z o n e ) t o be a normal f a u l t ( Q u i n l a n & Simos 1 9 6 8 ) . T h e r e f o r e , 

t h i s f a u l t zone m i g h t have been r e a c t i v a t e d and a b u n d a n t f r a c t u r i n g 

o c c u r r e d u n d e r c o n d i t i o n s which p r o d u c e d s t r i k e - s l i p f a u l t movements 

m o d i f y i n g t h e e a r l i e r normal f a u l t i n g c h a r a c t e r o f t h e Mayf lower-

P e a r l f a u l t z o n e . P o s t - m i n e r a l i z a t i o n d i s p l a c e m e n t s , a l t h o u g h o f smal l 

s c a l e , have been o b s e r v e d in t h e Mayflower o r e z o n e . M o r e o v e r , t h e l a t 

e r a l e x p a n s i o n o f t h e M a y f l o w e r - P e a r l f i s s u r e zone t o r e c e i v e a 5 - m e t e r 

wide o r e zone may be a l s o an i n d i c a t i o n o f such movements . On t h e o t h e r 

h a n d , t h e p i n c h - a n d - s w e l l n a t u r e of t h i s o r e zone s u g g e s t s o r i g i n a l i r r e 

g u l a r f r a c t u r e s u r f a c e s c a p a b l e o f g e n e r a t i n g t h e o r e zone w i t h o u t any 

l a t e r e x p a n s i o n . A l s o , t h i s o r e zone c o u l d have b e e n , a t l e a s t p a r t i a l l y , 

a r e s u l t o f t h e d i s s o l u t i o n o f t h e h o s t r o c k s by a l t e r a t i o n m i n e r a l s . 

I f t h e Nav ie r -Cou lomb c r i t e r i o n o f f a i l u r e ( J a e g e r 1964) i s 

used t o e x p l a i n t h e f r a c t u r i n g o f t h e s t o c k s , t h e l a r g e 2e a n g l e mea

s u r e d ( 8 0 ° ) i m p l i e s a v e r y low a n g l e of f r i c t i o n , <j> , a p p r o x i m a t e l y 1 0 ° , 

o r a c o e f f i c i e n t o f i n t e r n a l f r i c t i o n , y , o f a b o u t 0 . 1 8 . Most d a t a on 

g r a n i t i c r o c k s a t room t e m p e r a t u r e show y t o be a p p r o x i m a t e l y equa l t o 

1 .0 . At h i g h e r t e m p e r a t u r e y d e c r e a s e s a p p r e c i a b l y . C a l c u l a t e d v a l u e s 

o f p f o r t h e W e s t e r l y g r a n i t e a t 800°C ( G r i g g s 1960) a r e o f t h e o r d e r o f 
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simple (rotationa l ) shear \;'a5 the dominant kind of stress. 

The interpretation of conjugate fracture sets in the igneo us 

rocks of the Nayf l ower Mine imp l ies that the stress fie ld under wh i ch 

they were developed was characterized by a nearl y vertically ori ented 

02 that induced the formation of str ike-s l ip faults (Fig. 11 ). Fi eld 

observations i ndicate the ~Iayfl ovler-Pearl fau"lt zone (a NE-trending 

fissure zone) to be a normal fau l t (Quinl an I~ Simas 1968). Therefore , 

th i s fault zone might have been reactivated and abundant fracturing 

occurred under conditions which produced stril~e-slip fault movements 

modifying the earli er norma l fau l ting character of the ~1ayflower-

Pearl fault zone. Post-minera l ization displ acements, although of small 

scale, have been observed in the ~1ayflo\l/er ore zone. l'1oreover. the la t

eral expansion of the Mayflower- Pearl fissure zone to r eceive a 5-meter 

wide are zone may be al so an indi cation of such movements. On the other 

hand, the pinch-and- swe ll nature of this are zone suggests origina l i rre

gular fracture surfaces capabl e of generat i ng the ore zone witho ut any 

l ate r expansion. Also . this a r e zone could have been , at l east partia ll y, 

a result of the dissolution of the host rocks by al teration mi nerals . 

If the Navier-Coulomb criterion of failure (Jaeger 1964) ; s 

used to explain the f racturing of the stocks, the l arge 20 angl e mea

sured (800
) implies a very low angle of fr i ct'ion, 9 , approximate l y 100, 

or a coefficient of internal friction, lJ, of ,:lbout 0 .1 8. Most data on 

granitic rocks at I~oom temperature show ).J to be approximate l y equal to 

1.0. At higher temperature fJ decreases appreC'iably. Calculated values 

of p for the \'Jesterl y granite at BOOoe (Gri gg$ 1960) are of the order of 
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F i g . 1 1 . S t r e s s f i e l d d i a g r a m f o r t h e f o r m a t i o n of s t r i k e - s l i p 
f a u l t s i n Mayflower s t o c k . 
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Fig. 11. Stress fie ld diagram for the formation of strike-slip 
faults in Mayflower stock . 
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0 . 4 c o r r e s p o n d i n g t o c a l c u l a t e d v a l u e s f o r 20 of a p p r o x i m a t e l y 6 8 ° . Ob

s e r v e d v a l u e s d u r i n q h i s e x p e r i m e n t , h o w e v e r , r e v e a l e d l a r g e r 2o a n g l e s 

of t h e o r d e r of 76° t o 82° a t t h e same t e m p e r a t u r e . The l a t t e r v a l u e s 

would a l l o w f o r even l o w e r v a l u e s of u f o r t h e W e s t e r l y g r a n i t e . C a l 

c u l a t e d v a l u e s of y f o r t h e E s k d a l e G r a n i t e ( C u m b e r l a n d , I r e l a n d ) r a n g e 

from 0 . 3 7 t o 1.43 c o r r e s p o n d i n g t o d i h e d r a l a n g e l s of 70° and 34° 

r e s p e c t i v e l y ( A u c o t t 1 9 7 0 ) . T h e r e f o r e , a l t h o u g h l a r g e 20 a n g l e s fo r 

s h e a r f r a c t u r e s a r e n o t v e r y common, t h e y have been s y s t e m a t i c a l l y 

r e p o r t e d in t h e rock m e c h a n i c s l i t e r a t u r e . And, a t l e a s t q u a n t i t a t i v e l y , 

i t i s p o s s i b l e t o e n v i s a g e low c o e f f i c i e n t s of f r i c t i o n when a rock 

f r a c t u r e s a t h i g h t e m p e r a t u r e s . 

The i n t e r p r e t a t i o n of t h e f r a c t u r e p a t t e r n o f t h e Mayflower and 

O n t a r i o s t o c k s b a s e d on Mohr ' s c r i t e r i o n o f s h e a r f r a c t u r e e n t a i l s a 

l a r g e c o n f i n i n g p r e s s u r e ( a 3 ) and e v i d e n t l y , a s h e a r d i f f e r e n c e 

( G X - a 3 ) s u f f i c i e n t l y l a r g e t o c a u s e movement on p o t e n t i a l s h e a r 

p l a n e s . T h i s means t h a t t h e Mohr c i r c l e r e p r e s e n t i n g a x - a 3 a t f a i l u r e 

must be b i g g e r a t h i g h e r c o n f i n i n g p r e s s u r e s , so t h a t 20 a n g l e s s i m i l a r 

t o t h o s e found in t h e p r e s e n t f r a c t u r e a n a l y s i s can be o b t a i n e d . Data 

on t h e Oil Creek S a n d s t o n e (Badg ley 1965) p o i n t t o l a r g e r 20 a n g l e s a t 

h i g h e r c o n f i n i n g p r e s s u r e s ( a t 1,000 atm and 2 4 ° C , 20 = 2 8 ° ; a t 2 , 0 0 0 

atm and 2 4 ° C , 2© = 5 8 ° ; a t 2 , 0 0 0 atm and 150°C, 2© = 5 4 ° ' a t 2 , 0 0 0 atm 

and 300°C, 20 = 6 4 ° ) . 

The h y p o t h e t i c a l d i a g r a m of F i g . 12 shows q u a l i t a t i v e l y how <j> 

d e c r e a s e s as t h e c o n f i n i n g p r e s s u r e i n c r e a s e s . I t a l s o shows t h e - e f 

f e c t s of p o r e f l u i d p r e s s u r e (P^) which r e d u c e s t h e t o t a l r e s i s t a n c e t o 

s h e a r and a l l o w r o c k s a t d e p t h t o f a i l a t d i f f e r e n t i a l s t r e s s e s l o w e r 
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0. 4 correspond i nq to calculated va l ues for 20 of approximate ly 680
, Ob

served values durinq his experiment. however , revea l ed l arger 20 ang l es 

of the orde r of 76° to 82° at the same temperature. The latter values 

\~OU 1 d allow for even lower va 1 ues of lJ for the \·jes terly gran; te . Ca 1-

culated values of u for the Eskda l e Granite (Cumberland, Ireland) range 

from 0 . 37 to 1.4 3 correspondi ng to di hedra l angel s of 70 0 and 34° 

respectively (Aucott 1970) . Therefore , although l arge 20 angles for 

shear fractures are not very conman, they have been systematically 

repo rted in the rock n~chan;cs l iterature. And , at least quantitatively , 

it is possib l e to envisaqe low coefficients of fri ction when a rock 

fract ures at hi gh temperatures. 

The interpretation of the fracture pattern of the Mayflower and 

Ontario s tocks based on Mo hr 's criteri on of s hear fracture entails a 

lar~e confining pressure ( 0 3) and evident ly, a shea r difference 

(0 1 - 03) s uffi c iently large to cause movement on poten tial shear 

pl anes. This means that the f.1ohr ci rc l e representin~ 0 1- 03 at fa il ure 

mus t be biqger at hi gher confi ning press ures , so that 20 angles s imi lar 

to those f ound i n the pres ent fractu re ana lysis can be obta i ned. Dat a 

on the Oil Creek Sandstone (Badg ley 1965) point to 1arger 20 angles at 

hi qhe r confinin g pressures (at 1,000 atm and 24°C, 20 = 2B· ; at 2 ,000 

at:n c1nd 24°C. 20 = 58° ; at 2 ,000 atm and 150 · C, 20 = 54° ' at 2,000 atm 

and 300·C, 20 = 64· ) . 

The hypothetical diagram of Fi g . 12 shovls qualitil tivcl y hON $ 

der.n~ases as the con fi ni n9 pressure i ncreases. It 111 so SIH)""S the· ef

f ects of pore fluid pressure (P f ) \tlhich I'educes the t otal resistance to 

s hear and allo\'/ rocks at depth to fai l at differential st resses l ower 
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F i g . 12 . I d e a l i z e d Mohr ' s d i ag ram of f a i l u r e showing how t h e 
c o n j u g a t e s h e a r a n g l e (28) i n c r e a s e s w i t h d e c r e a s i n g <j> as t h e c o n f i n i n g 
p r e s s u r e ( o 3 ) i n c r e a s e s . L a r g e r c i r c l e s t h a n t h e ones shown on t h e 
d i ag ram would be r e q u i r e d t o c a u s e f r a c t u r e a t a f l u i d p r e s s u r e PL. 
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Fig. 12. Idealized r~ohr's diagram of failure showing hm" the 
conjugate shear anqle (28) increases with decreasing ¢ as the confining 
pressure (03) increases. Larger circles than the ones shown on the 
diagram would be required to cause fracture at a fluid pressure P~. 
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t h a n t h o s e r e q u i r e d f o r f r a c t u r i n g r e l a t i v e l y d r i e r r o c k s . In t h e 

d i ag ram P£ i s g r e a t e r t h a n P ^ . 

The above c o n s i d e r a t i o n s a l l o w t h e s u g g e s t i o n t h a t t h e Mayflower 

and t h e O n t a r i o s t o c k s may have been f r a c t u r e d a p p r o x i m a t e l y a t t h e i r 

s o l i d u s t e m p e r a t u r e (750° ± 5 0 ° ) u n d e r a l a r g e c o n f i n i n g p r e s s u r e i n 

o r d e r t o p r o d u c e t h e o b s e r v e d c o n j u g a t e - s h e a r a n g l e be tween t h e two 

most p r o m i n e n t s e t s of f r a c t u r e s t r a n s e c t i n g t h e r o c k s . They most l i k e l y 

r u p t u r e d a t t h e d u c t i l e - b r i t t l e t r a n s i t i o n when t h e y were b r i t t l e 

enough t o b r e a k b u t a l s o s t i l l d u c t i l e enough t o r e n d e r a low c o e f f i c i e n t 

of f r i c t i o n t o t h e i r r o c k s . 

In t h e a b s e n c e of a more e f f e c t i v e c r i t e r i o n t o a n a l y z e t h e 

f r a c t u r e p a t t e r n of t h e s e p l u t o n s , t h e p r e s e n t p r o p o s i t i o n seems t o be 

u s e f u l t o e x p l a i n t h e o b s e r v e d d a t a w i t h a v a i l a b l e models f o r rock f r a c 

t u r i n g . 

than those required for fra cturing relatively drier rocks. In the 

diagram Pf i s greater than Pf' 
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The above cons iderations allow the sU9gestion that the Mayflower 

and the Ontario stocks may have been fractured approxi ma tely at their 

sol i dus temperature (7500 :!: 50°) under a large confining pressure in 

order to produce the observed conjugate- shear angle be bleen the two 

most nrominent sets of fractures transecting the roc ks . They most l i ke ly 

ruptured at the duct; le-brittle transition vlhen they \'1ere britt l e 

enouqh to break but also stil l ductile enough to render a low coefficient 

of fri ction to their rocks. 

In the absence of a more effecti ve criteri on to analyze the 

fracture pattern of these pl utons, the present propos iti on seems to be 

useful to expl ain the observed data with available mode l s for rock frac

turi n9 . 



CHAPTER V 

FRACTURE CHARACTERISTICS AND HYDRODYNAMIC 

PROPERTIES OF THE ROCKS 

Many o r e d e p o s i t s have been i n t e r p r e t e d a s b e i n g formed from 

h y d r o t h e r m a l s o l u t i o n s f l o w i n g t h r o u g h channe l ways a v a i l a b l e i n r o c k s . 

D e s p i t e t h i s a l m o s t u n i v e r s a l r e c o g n i t i o n , o n l y r e c e n t l y have i n v e s t i 

g a t o r s a t t e m p t e d t o measure some h y d r a u l i c p a r a m e t e r s f o r m o d e l l i n g 

o r e - f o r m i n g p r o c e s s e s . A l l u s i o n s t o t h e s e p a r a m e t e r s may be found in 

t h e l i t e r a t u r e on t h e g e n e s i s of h y d r o t h e r m a l m i n e r a l d e p o s i t s . 

"Plumbing s y s t e m " i s t h e common q u a l i t a t i v e t e r m i n o l o g y used when , i n 

f a c t , p e r m e a b i l i t y i s t h e fundamen ta l q u a n t i t a t i v e p a r a m e t e r r e q u i r e d t o 

f u l l y d e f i n e t h e movements of f l u i d s i n r o c k s . I n d e e d , t o model any 

h y d r o t h e r m a l s y s t e m w i t h r e f e r e n c e t o i t s g e o m e t r y , t e m p e r a t u r e and f l u i d 

d e n s i t y d i s t r i b u t i o n s i n t h e p l u t o n - h o s t r o c k domain , c o o l i n g r a t e of 

t h e h y d r o t h e r m a l e p i s o d e , f l u i d v e l o c i t i e s and mass f low r a t e s (Nor ton 

u n p u b l i s h e d ) , r e q u i r e s a knowledge of rock p o r o s i t y and p e r m e a b i l i t y . 

T h r o u g h - g o i n g f r a c t u r e s a c c o u n t f o r t h e major f low c h a n n e l s in c r y s t a l 

l i n e r o c k s p a r t i c u l a r l y i n m i n e r a l i z e d i g n e o u s r o c k s i n which f r a c t u r e s 

a r e , i n a l e s s e r o r g r e a t e r d e g r e e , a lways p r e s e n t . Because p e r m e a b i l 

i t y must have been r e l a t e d t o f r a c t u r e p r o p e r t i e s a t t h e t i m e of t h e 

h y d r o t h e r m a l s o l u t i o n f l o w , models d e s c r i b i n g f l u i d f low i n f r a c t u r e d 

media s h o u l d i n c l u d e f r a c t u r e p r o p e r t i e s as s i g n i f i c a n t p a r a m e t e r s . 

For t h e Mayflower s t o c k , a t h o r o u g h l y f r a c t u r e d medium, f r a c t u r e 

CHAPT ER V 

FR.~CTURE C~J\RACTERISTICS AND HYDRODYNAfllC 

PROPERTIES OF THE ROCKS 

Hany ore deposi t s have been i nterpreted as be; ng formed f r om 

hydrotherma l soluti ons f l owing through channell-lays ava il ab l e i n rocks. 

Despite this almost universal recognit i on, only recent ly have in vest i

gators attempted to freilsure some hyd"rau l ic parameters for mode l 1 ;ng 

ore- forming processes . A11usions to these parameters may be found i n 

the literature on the genesis of hydrothermal minera l deposits . 

"Plumbing system" is the canmo n qualitative terminology used ~"hen, i n 

fact . permeability ;s the "7undamental quantitativE! pdrameter required to 

full .y define the mo vements of fluids in rocks . Indeed , to model any 

hydrotherm~ l system ~1ith reference to its geometry, temperature and flu i d 

density di stl'ibutions i n the pl uton-host rock domain, coo l ing rate of 

the hydrothermal episode. f l uid ve l ocities and mass f l ow rates (Norton 

unpubl i shed), requires a kllO\'J l edge of rock porosity and permeabil i ty. 

Throu !1 h- go ing fractures account for the major flO\'J channels in crysta l

l ine rocks particularly;n mi neral i zed igneous rock s in whi ch fractures 

are, in a lesser o r gr ea ter deqree, al ways present. Beca use permeab i l 

ity muc;t have been r e l ated to fr;)cture properties at the time of the 

hydrothermal solution floH, models describing f l uid flO\v in fracture d 

media should include fracture propcrtie~, as sifjn; ficJnt parameters . 

For the Mayflowe r stock, a thoroiJ ~Jhly fractured medium, fracture 
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abundance and f r a c t u r e a p e r t u r e were measured and used w i t h t h e model 

d e s c r i b e d below t o e v a l u a t e t h e f low p o r o s i t y and p e r m e a b i l i t y of t h e 

r o c k s . 

P a r a l l e l P l a t e Model f o r 

F r a c t u r e d Media 

Snow (1965) d e v e l o p e d a model f o r f l u i d f low in f r a c t u r e d media 

c o n s i s t i n g of e q u i d i s t a n t , p l a n a r , p a r a l l e l p l a t e s o f i n f i n i t e e x t e n t 

( F i g . 13A) , b u t randomly o r i e n t e d . The model was p r o p o s e d t o p r e d i c t t h e 

r o l e o f g e o m e t r i c v a r i a b l e s c o n t r o l l i n g f l o w , e s p e c i a l l y t h e v a r i a t i o n 

in c o n d u i t o r i e n t a t i o n and a p e r t u r e , and c o n d u i t s p a c i n g . 

E q u a t i o n s (1 ) and (2 ) d e s c r i b e f low i n a s i n g l e p a r a l l e l - p l a t e 

c o n d u i t ( F i g . 13B) and have been d e r i v e d from t h e N a v i e r - S t o k e s f o r m u l a 

t i o n f o r a s l o w , n o n - t u r b u l e n t Newtonian f l u i d ( f o r which t h e r a t e of 

s t r a i n i s p r o p o r t i o n t o s t r e s s ) . V i s t h e a v e r a g e v e l o c i t y o f f l o w , 

b i s t h e h a l f - a p e r t u r e of t h e c o n d u i t , g i s t h e g r a v i t a t i o n a l a c c e l e r a 

t i o n , y i s t h e k i n e m a t i c v i s c o s i t y o f t h e f l u i d , v<±> i s t h e e f f e c t i v e 

p o t e n t i a l g r a d i e n t e x p r e s s e d in t e r m s o f u n i t w e i g h t , and G i s t h e 

d i s c h a r g e p e r u n i t w i d t h of c o n d u i t (Snow 1 9 6 5 ; B i a n c h i & Snow 1 9 6 9 ) . 

V = - ^ v * (1 ) 3y 

Q = . 2 b ^ v # (2 ) 

The t o t a l d i s c h a r g e 0 of a s e t of N p a r a l l e l c o n d u i t s p r e s e n t in a g i v e n 

volume of a c u b i c body may, t h e r e f o r e , be e x p r e s s e d by 

? i 3 

Q = - ~ — g N W v* (3) 
% 3 y J 
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abundance and fra cture aperture were measured and used wi th the model 

described below to evaluate the f l ow porosity and permeability of t he 

rocks . 

Pa rallel Plate Model for 

Fractured Media 

Snow (1965) developed a model for f l uid flow in fractured med ia 

co nsisting of equ i distant . pl anar, para ll e l pl ates of inf i nite extent 

(Fig. 13A) . but ra ndomly oriented. The model was proposed to predict t he 

rol e of geometric variables controlling flow, especiall y the variation 

in conduit orientation and aperture . and condu i t spacing. 

Equations (1) and (2) describe flow in a si ngle parallel -plate 

condu i t (Fig. 13B) and have been derived from the Navier -Stokes formu l a

tion for a slow , non - turbulent Newtoni an f l uid (for which the rate of 

strain is proportion to stress). V i s the average velocity of f l ow, 

b is the half -aperture of the conduit. 9 ;s the gravitationa1 accelera 

tion, \J is the kinemat ic viscosity of the fl uid, vo i s the e ffec tive 

pote ntia l gradient expressed ; n terms of un it \'Jeight, and G ;s the 

di scharge per unit width of conduit (Snow 1965; Bianchi & Snow 1969). 

2 
'I = - !!..JI. •• 

3" 
(1 ) 

3 
Q = - 2 b-.9, •• 

3" 
(2 ) 

The total di scharge Q of a set of N paral l e l conduits present in a g i ven 

vo l ume of iI cubi c body may . therefore, be expressed by 

2 b3 
Q = - "3 u g II W v. (3) 
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F i g . 1 3 . A. P l a n a r D a r a l l e l p l a t e model f o r p e r m e a b i l i t y and 
flow p o r o s i t y — a cube o f edge W ( a f t e r Snow 1 9 6 5 ) . B. P o i s s e u l l e f low 
a l o n g a c o n d u i t o f a p e r t u r e 2 b . 

49 

F;Q. 13 . A. Planar para llel pl ate model for penneability and 
flow porosity--a cube of edge \j (after Snow 1965). B. Poisseulle flow 
along a conduit of aperture 2b. 
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where W i s t h e l e n g t h of t h e u n i t cube e d g e . 

The flow Q t h r o u g h an e q u i v a l e n t c o n t i n u o u s medium i s g i v e n by 

D a r c y ' s Law ( H u b b e r t 1940) 

Q = - M ^ (4 ) 

where k i s t h e p e r m e a b i l i t y , A i s t h e c r o s s - s e c t i o n a l a r e a and d h / d l i s 

t h e p o t e n t i a l g r a d i e n t . Combina t ion of e q u a t i o n s (3) and (4 ) g i v e s 

k = 2 b 3 ^ - (5 ) 
3 W w 

p r o v i d e d t h e n e c e s s a r y a d a p t a t i o n s a r e made f o r t h e cube of F i g . 13A. 

N/W e x p r e s s e s e x a c t l y t h e abundance of c o n d u i t s p e r u n i t of w i d t h . I f 

n r e p r e s e n t s t h i s r e l a t i o n s h i p and 2b = d^ where d . i s t h e a p e r t u r e o f 

t h e i ^ f r a c t u r e , e q u a t i o n (5) may be w r i t t e n a s 

A 3 

k - _ L n (6 ) 
- 1 2 

T h i s e q u a t i o n d e s c r i b e s f low t h r o u g h a s i n g l e s e t of c o n d u i t s composed 

of i f r a c t u r e s and i s a f u n c t i o n a l e x p r e s s i o n f o r t h e p e r m e a b i l i t y i n 

f r a c t u r e d media t h a t can be used a s a f i r s t a p p r o x i m a t i o n , i f t h e f r e 

quency o f t h r o u g h - g o i n g f r a c t u r e s and t h e i r a p e r t u r e s a r e known f o r a 

r e p r e s e n t a t i v e volume of r o c k . W o r t h w h i l e n o t i n g i s t h e d i m e n s i o n a l 

2 
e q u a t i o n f o r t h i s r e l a t i o n s h i p g i v e n by L w h i c h , f o r t h e CGS s y s t e m , 

2 - 8 2 i s e x p r e s s e d in cm , where 10" cm =* 1 d a r c y . 

The f low p o r o s i t y (<b~) p e r u n i t l e n g t h o f f r a c t u r e f o r t h e 

c o r r e s p o n d i n g c a s e of e q u a t i o n (6 ) may be w r i t t e n a s 

<J>f = d ^ (7 ) 
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where W is the length of the un i t cube edge. 

The f1 ow Q through an equ; va 1 en t cont 1 nuous med; um i s gi yen by 

Darcy ' s Law (Hubbert 1940) 

(4) 

where k is the permeability . A is the cross-sectional a)"ea and dh/dl i s 

the potentia l gradient . Combination of equations (3) and (4) gives 

(5) 

provided the necessary adaptations are made for the cube of Fig. 13A. 

N/W expresses exactly the abundance of conduit s per unit of width . If 

n represents this relationship and 2b = d; where d; is the aperture of 

the ;th fracture. equation (5) may be written as 

k 
(6) 

This equation describes flow through a single set of conduits composed 

of i fractures and ;s a functional expression for the permeabi l ity in 

fractured media that can be used as a first approximation . if the fre 

quency of through-going fractures and their apertures are known for a 

representative volurre of rock. Worth\'lhile noting is the dimensiona l 

equation for thi s relationship given by L 2 which, for the CGS system, 

is expre ssed in cm2 , where lO-8cm2 '" 1 darcy. 

The fl ow porosity (of) per unit l ength of fracture for the 

corresponding ca s~ of equation (6) muy be written as 

(7) 
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T h e r e f o r e , f o r e a c h s e t of f r a c t u r e s t h e p e r m e a b i l i t y i s g i v e n by 

In C h a p t e r I I I t h e method used t o d e t e r m i n e t h e f r a c t u r e abun

dance f o r t h e s e v e r a l i n t e r v a l s mapped in t h e Mayflower Mine was d e s 

c r i b e d . The d r i f t and l a t e r a l o r i e n t a t i o n s , m o s t l y a l o n g N-S and ENE-

WSW d i r e c t i o n s , a f f o r d e d a good o p p o r t u n i t y t o s a m p l e a s i g n i f i c a n t v o l 

ume of t h e s t o c k s , so t h a t a r e p r e s e n t a t i v e s t a t i s t i c a l c o u n t i n g of t h e 

f r a c t u r e s was r e a d i l y p o s s i b l e . 

The f r a c t u r e abundance v a l u e s ( T a b l e 2) a r e r e p o r t e d in r e l a 

t i o n t o two p l a n e s r e p r e s e n t i n g t h e main N E - t r e n d i n g and t h e NW-trend

ing f r a c t u r e s e t s t h a t t r a n s e c t t h e Mayflower and O n t a r i o s t o c k s 

(N50°E/80° NW and N50°W/80° SW). F r a c t u r e s l o c a t e d i n t h e NE q u a d r a n t 

o r t r e n d i n g N-S were a s s i g n e d t o t h e f o r m e r p l a n e w h e r e a s t h e f r a c t u r e s 

l o c a t e d i n t h e NW q u a d r a n t o r t r e n d i n g E-W were a s c r i b e d t o t h e l a t t e r 

o n e . 

The f r e q u e n c y o f t h e n v a l u e s ( F i g . 14A) d e s c r i b e s a p o s i t i v e l y 

skewed s a m p l i n g d i s t r i b u t i o n . I t s c o r r e s p o n d i n g c u m u l a t i v e d i s t r i b u t i o n 

( F i g . 1 4 B ) , on t h e o t h e r h a n d , a p p r o a c h e s t h e c h a r a c t e r i s t i c s i g m o i d 

shape of t h e normal d i s t r i b u t i o n . G e o l o g i c a l l y more s i g n i f i c a n t , how

e v e r , i s t h e v a r i a t i o n of n o v e r t h e N-S c r o s s - s e c t i o n of t h e mine 

( F i g . 1 5 ) . T h e r e i s a s u b s t a n t i a l d e c r e a s e in t h e f r a c t u r e abundance 

below t h e 2 , 6 0 0 ' l e v e l and a t d i s t a n c e s from t h e Mayflower v e i n t o t h e 

t o t h e n o r t h and s o u t h . T h i s t r e n d t o t h e s o u t h m i g h t have been e x p e c t e d , 

k = 
(8 ) 

F r a c t u r e Abundance 

iherefore. for each set of fractures the permeability i s given by 

2 
d i*f 

k = 12 

Fracture Abundance 
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(8) 

In Chapter I II the Jrethod used to determi ne the fracture abun-

dance for the severa l intervals mapped in the t~ayf lm"er Mine was des-

cribed. The drift and lateral orientations, mostly along N-S and ENE

WSW directions, afforded a good opportunity to sample a signif i cant vol

ume of the stocks, so that a representative statistical counting of the 

fractures was readily possible . 

The fracture abundance val ues (Table 2) are reported in rela

tion to two planes representing the main NE-trending and the NH - trend

in9 fracture s ets that transect the Mayflower and Onta rio stocks 

(N500E/80° Nil and N50 oll/80° SW) . Fractures 1 eca ted ; n the NE quadrant 

or trending N-S \oJere assigned to the former plane whereas the fractures 

located in the N\~ quadrant or trending E-W were ascribed to the latter 

one. 

The frequency of the n values (Fig. 14A) "escribes a pos iti vely 

ske"'/ed sampling distribution . Its corresponding cumulative distribution 

(Fiq . 148). on the other hand , approaches the characteris tic sigmoid 

shape of the norma 1 di s tri but ion. Geo log i ca 11y more s i gni fi cant, how-

ever, i s the variation of n over the N-S c ros s - section of the mine 

(Fig . 15) . There i s a substantial decrease in the fracture clbunda nce 

bel ow the 2 .600 ' leve l and at di stances from the t4ayflower vein to the 

to the nor th and south. This trend tt) the south might have been expected . 



T A B L E 2 

CHARACTERISTICS OF CONTINUOUS FRACTURES IN MAYFLOWER MINE 

N40E / 80NW *•**• N40W / 80SW 
SAMPLE PEPP EA9ILITY POROSITY ABUNDANCE****PERMEABILITY POROSITY ABUNDANCE 
MF- CM* •2 PER CENT FRCT/CM CM* + 2 PER CENT FRCT /CM 

601 0. 72E -07 .203 0. 98E -01 0. 29E -07 .081 0. 39E -01 
802 0. 42E -07 .118 0. 57E -01 0. 41E -07 .116 0. 56E -01 
803 0. HE -07 .030 0. 15E -01 0. 37E -07 . 105 0. 51E -01 
804 0. ?3t -07 .064 0. 31 E -01 0. 34E -07 .097 0. 47E -01 

1301 0. 28E -08 .054 0. 70E -01 0. 39E -08 .077 0. 98E -01 
1302 0. 3 5E -08 .069 0. 89E -01 0. 42E -08 .082 0. 10E • 00 
1303 0. 39E -08 .078 0. 10E • 00 0. 34E -0 8 .067 0. 85F -01 
1304 0. 35E -08 .069 0. 89E -01 0. 30E -08 .059 0. 75E -01 
130 5 0. 35E -08 .070 0. 89E -01 0. 30E -08 .059 0. 75E -01 
1306 0. 38E -08 .074 0. 95E -01 0. 31E -08 .060 0. 77E -01 
1501 0. 33E -08 .069 0. 93E -01 0. 21E -08 . 044 0. 59E -01 
1502 0. 21E -08 .044 0. 59E -01 0. 31E -08 .066 0. 69E -01 
1503 0. 40E -08 .085 0. HE 400 0. 28E -08 .059 0. 79E -01 
150* 0. 3 11 -08 .066 0. 89E -01 0. 29E -08 .061 c. 81E -01 
1505 0. 4 5 t -08 .095 0. 13E • 00 0. 35E -08 .074 0. 98E -01 
1701 0. ?7E -07 .130 0. 82E -01 0. 13E -07 .062 0. 39E -01 
1703 0. 33E -07 .158 0. 10E • 00 0. 16E -07 .078 0. <i9E -01 
1704 0. 22E -07 .107 0. 68E -01 0. 23E -07 .109 0. 69E -01 
170 5 0. 29E -07 .140 0. 89E -01 0. 2 5E -07 .122 0. 77E -01 
1706 c. 19E -07 .093 0. 59E -01 0. 29E -07 .140 0. 89E -01 
1708 0, 19E -07 .093 0. 59E -01 0. 34E -07 .163 0. 10E • 00 
1709 0. 19E -07 .093 0. 59E -01 0. 32E -07 . 156 0. 93E -01 
1710 c. 19E -07 .091 0. 58E -01 0. 26E -07 .124 0. 79E -01 
1711 0. 22E -07 . 104 0. 66E -01 0. 19E -07 .093 0. 59E -01 
1712 0. 22E -07 .104 0. 66E -01 0. 23E -07 .109 0. 691 -01 
2001 0. 60E -08 .034 0. 23E -01 0. 1 8E -07 .103 0. 71E -01 
2002 0. 31E -08 .017 0. 12E -01 0. 19E -07 .104 0. 72E -01 
2 00 3 0. 63E -06 .035 0. 24E -01 0. 19E -07 .106 0. 73E -01 
2004 c. 94E -08 .053 0. 36E -01 0. 12E -07 .068 0. 47E -01 
2005 0. 15E -07 .086 0. 59E -01 0. 24E -07 .134 0. 92E -01 
2006 0. 28E -07 . 160 c. HE • 00 0. 17E -07 .096 0. 66E -01 
2007 0. 95E -08 .054 0. 37E -01 0. 26E -07 .144 0. 98E -01 
2008 0. 16E -07 . 091 0. 62E -01 0. 20E -07 .115 0. 79E -01 
2009 0. HE -07 .060 0. 41E -01 0. 18E -07 .101 0. 69E -01 
2010 0. 13E -07 .073 0. 50 E -01 0. 20E -07 .114 0. 78E -01 
2011 0. 61E -08 .034 0. 24E -01 0. 21E -07 .117 0. 80E -01 
2012 0. HE -07 .059 0. 41E -01 0. 12E -07 .067 0. 46E -01 
2013 0. HE -07 .062 0. 43E -01 0. 1 IE -07 .062 0. 43E -01 
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F i g . 14 . F r a c t u r e abundance d i s t r i b u t i o n i n t h e Mayflower and 
O n t a r i o s t o c k s . A. Hystogram of f r e q u e n c y d e s c r i b i n g a p o s i t i v e l y 
skewed s a m p l i n g d i s t r i b u t i o n . B. C u m u l a t i v e d i s t r i b u t i o n which a p 
p r o a c h e s t h e c h a r a c t e r i s t i c s i g m o i d s h a p e of t h e normal d i s t r i b u t i o n . 

F i q . 1 5 . F r a c t u r e abundance d i s t r i b u t i o n on a N-S c r o s s s e c 
t i o n of t h e Mayflower Mine showing t h e s u b s t a n t i a l d e c r e a s e of n on t h e 
l ower l e v e l s and zones of h i g h e r f r a c t u r e abundance f r e q u e n c y r e l a t e d 
t o t h e Mayflower v e i n on t h e uppe r l e v e l s . 
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Fig. 14. Fracture abundance di stri bution in the Mayf l ower and 
Onta rio stocks . A. Hys togram of frequency descri bi ng a positive l y 
skev/ed sampl i ng di stri but i on . B. Cumulative distribu t ion which ap
proaches the characteri st i c s;alnoid shape of the nonnal distributi on. 

Fi q. 15. Fracture abundance di stributi on on a N- S cross sec
tion of the May fl ower Mine shOl'li ng the substant i al decrease of n on the 
lower levels and zones of higher frac t ure ab undance frequency re l ated 
to the May fl o\<ler ve i n on the upper l eve l s . 
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c o n s i d e r i n g t h a t t h e c o n t a c t zones ( F i g . 8) r e p r e s e n t e a r l i e r s o l i d i f i e d 

domains in t h e c o o l i n g h i s t o r y of t h e s t o c k , and c o n s e q u e n t l y , have been 

e x p o s e d l o n g e r t o f r a c t u r i n g t h a n o t h e r d o m a i n s . D e c r e a s e s in n w i t h 

d e p t h a r e due t o t h e a v e r a g e s t r e s s e f f e c t s on f r a c t u r i n g . The p r e s e n t 

l e v e l o f e x p o s u r e of mos t p l u t o n s i n t h e Park C i t y D i s t r i c t i s s u g g e s t i v e 

of a s h a l l o w s u b - v o l c a n i c e n v i r o n m e n t and n e a r t h e p l u t o n r o o f s , a s e v i 

denced by t h e p r e s e n c e o f v o l c a n i c s h a v i n g s i m i l a r chemica l c o m p o s i t i o n 

t o t h e p l u t o n s and t h e p r e s e n c e of r o o f - p e n d a n t s (Nash 1 9 7 3 ) . L i t h o -

s t a t i c p r e s s u r e may be a f a c t o r t e n d i n g t o hamper t h e deve lopmen t of 

f r a c t u r e s o r d e c r e a s e t h e i r a p e r t u r e o r c l o s e them c o m p l e t e l y a t g r e a t e r 

d e p t h s . On t h e o t h e r h a n d , on t h e h a n g i n g w a l l s i d e of t h e o r e z o n e , b e 

tween t h e 1 , 3 8 0 ' and 2 , 2 0 0 ' l e v e l , n v a l u e s d e c r e a s e away from t h e May

f l o w e r v e i n , however l a c k of d a t a t o w a r d t h e P e a r l v e i n and p l u t o n c o n 

t a c t does n o t p e r m i t any i n t e r p r e t a t i o n . 

G r e a t e r f r a c t u r e abundances o c c u r on t h e uppe r l e v e l s i n t h e 

v i c i n i t y of t h e Mayf lower v e i n , n o t a b l y be tween t h e 1,380* and 2 , 0 0 5 ' 

l e v e l s whe re t h e y a r e s y m m e t r i c a l l y a r r a n g e d a r o u n d i t . I f t h i s o c c u r 

r e n c e , a l t h o u g h l i m i t e d t o a r e s t r i c t e d e x t e n s i o n of t h e v e i n , i s n o t 

s u f f i c i e n t t o imply a c a u s a l r e l a t i o n s h i p w i t h t h e v e i n s y s t e m , t h e 

apDea rance of t h e Number T h r e e v e i n e x a c t l y i n t h a t r e g i o n may j u s t i f y 

s p e c i a l c o n d i t i o n s o f f r a c t u r i n g t h a t l e d t o more a b u n d a n t c r a c k s i n 

t h a t z o n e . U n f o r t u n a t e l y , i t was p o s s i b l e t o make o n l y a few o b s e r v a 

t i o n s i n t h e v i c i n i t y of t h e Number T h r e e and P e a r l v e i n s , so t h a t any 

i n f e r e n c e r e l a t e d t o f r a c t u r e abundance t r e n d s in t h o s e r e g i o n s may be 

m i s l e a d i ng . 

R e l a t i n g f r a c t u r e s t o rock p e r m e a b i l i t y r e q u i r e s an e s t i m a t e of 
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considerinQ that the contact zones (Fig. 8) rE~present earlier sol idifi ed 

doma ins in the coo 1 i n9 hi s tory of the stack, Cl nd consequently. ha ve been 

exposed longer to fra<;turing than other domains. Decreases in n with 

depth are due to the average stress effects on fra cturing. The present 

level of exposure of most plutons in the Park City Distr;ct i s suggest i ve 

of a shallow sub-vol cani c envi ronment and neaY- the pluton roofs. as evi

denced by the presence of volcanics having similar chemical composition 

to the plutons and the presence of roof- pendants (Nash 1973) . Litho

static pressure may be a factor tending to hamper the development of 

fractures or decrease their aperture or close them complete ly at greater 

depths. On the other hand, on the hanqingwall side of the are zone. be

tween the 1. 380 ' and 2.200' level. n values decrease away from the May

flower vein. however lack of data toward the Pearl vein and pluton con

tact does not permit any interpretation. 

Greater fracture abundances occur on the upper level s in the 

vicinity of the Mayflower vein. notably betweE~n the 1, 380 ' and 2,005 ' 

levels where they are synmetrical1y a rranged clround it. If th i s occur

rence, although li mited to a restricted extension of the vei n, i s not 

sufficient to imply a causa l relationship with the vein system, the 

apoearance of the Number Three vein exactly in that reqion may j ustify 

special conditions of fracturing that l ed to more dbu ndant cracks in 

that zone. Unfortunately. it \ ... as possible to make only a fewobserva

t i ons in tile vicinity of the Number Three and Pearl veins, so that any 

inference re l ated to fracture abundance trends ;n those regions may be 

mis l ea ding. 

Relating fractures to rock perrneabi1i I:y requin::!s an estimate of 
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t h e i r t h r o u g h - g o i n g n a t u r e . O b s e r v a t i o n s i n t h e Mayflower Mine were 

made on 2 . 5 m e t e r h i g h v e r t i c a l w a l l s and r o o f s of d r i f t s and l a t e r a l s , 

so t h a t e x a m i n a t i o n of f r a c t u r e c o n t i n u i t y beyond t h a t l i m i t was n o t 

p o s s i b l e . F i e l d e x p e r i e n c e , i n r e g i o n s where r o c k s e x p o s e l a r g e o u t 

c r o p p i n g a r e a s , has shown t h a t some c r a c k s e x t e n d f o r o n l y some t e n s of 

m e t e r s and s u d d e n l y s t o p o r c o n n e c t t o o t h e r ma jo r c h a n n e l s t h r o u g h l e s s 

p r o m i n e n t c r a c k s o r w i t h m i c r o - f r a c t u r e s . A l though s e l e c t i v e c o u n t i n g 

r e c o r d e d o n l y t h e mos t o b v i o u s f l o w - f r a c t u r e s , t h e n v a l u e s d e t e r m i n e d 

i n t h i s s t u d y a r e most l i k e l y o v e r e s t i m a t e d . 

A p e r t u r e C h a r a c t e r i s t i c s 

The t h r o u g h - g o i n g f r a c t u r e s mapped i n t h e Mayflower Mine we re 

i n v a r i a b l y f i l l e d w i t h a l t e r a t i o n m i n e r a l s . N e v e r t h e l e s s , some s p a c e 

i n s i d e t h e c r a c k s h a s been l e f t o p e n , e i t h e r p r e s e r v e d o r p roduced by 

d i s s o l u t i o n of m i n e r a l s a t l a t e r s t a g e s of t h e h y d r o t h e r m a l e v e n t . What

e v e r t h e c a s e may have b e e n , t h e s e v o i d s a r e t h e o n l y i n d i c a t i o n of t h e 

f r a c t u r e a p e r t u r e s d u r i n g t h e h y d r o t h e r m a l e v e n t . V e i n l e t w i d t h s a r e 

n o t a p p r o p r i a t e i n d i c a t i o n s i n c e t h e y may e x t e n d i n t o t h e e d g e s of h o s t 

r o c k s t h a t have been r e p l a c e d by t h e v e i n l e t m i n e r a l s . A c c o r d i n g l y , 

t h e d a t a o b t a i n e d f o r f r a c t u r e a p e r t u r e of t h e Mayf lower Mine i g n e o u s 

r o c k s e x p r e s s p r e s e n t - d a y a p e r t u r e s which were assumed t o r e p r e s e n t t h e 

f r a c t u r e o p e n i n g d u r i n g t h e h y d r o t h e r m a l e p i s o d e . In t h e a b s e n c e of a 

more a d e q u a t e way t o q u a n t i f y p a l e o - f r a c t u r e a p e r t u r e s , t h i s seems t o 

be a r e a s o n a b l e i n i t i a l e s t i m a t e . 

A p e r t u r e v a l u e s ( T a b l e 3) were o b t a i n e d by t h e method d e s c r i b e d 

in Appendix D. The c a p r i c i o u s n a t u r e of t h e f r a c t u r e , w i d e n i n g and 
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their through-goi ng nature . Observations in the Mayflower Mine were 

made on 2. 5 meter high ve rt ical walls and roofs of drifts and l atera l s~ 

so that examination of fracture continuity beyond that l imit was not 

possible. Field experience, in regions where rocks expose large out

cropping areas , has shown that some cracks extend for on ly some tens of 

meters and sudden ly stop or connect to other major channel s through l ess 

prominent cracks or with micro- fractures. Although se lective cQunting 

recorded only the most obvi ous flow-fra ctures, the n values determined 

in this study are most likely overestimated. 

Aperture Characteri stics 

The through-going fractures mapped in the Mayflower Mine were 

invariably fi ll ed vlith al teration minerals. Neverthe less, some space 

inside the cracks has been left open, either preserved or produced by 

dis so luti on of minera ls at later stages of the hydrotherma l event. What

ever the case may have been, t hese voids are the onl y indication of the 

fracture apertures dul'ing the hydrotheYTnal event. Veinlet widths are 

not appropriate indi cation since they may extend into the edges of host 

rocks that have been replaced by the veinlet minera l s. Accordingly, 

the data obtained for fracture aperture of the Mayflower Nine igneous 

rocks express present-day apertures \'/hi ch were assumed to represent the 

fracture opening during the hydrothermal episode . In the absence of a 

more adequate way to quanti fy paleo-fra cture apertures I thi s seems to 

be a reasonable initial estimate. 

Aperture va lues (Tab le 3) \ ... ere obtained by the lI'ethod described 

in Append; x D. The c:apr i ci ous na ture of the frJ c ture I wi den i ng and 
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TABLE 3 

FRACTURE APERTURES OF THE MAYFLOWER 

AND ONTARIO ROCKS 

Sample A p e r t u r e Sample A p e r t u r e Sample A p e r t u r e 
ym ym ym 

MF- 801 206 MF- 2602 102 MF- 3004 228 
MF- 1303 78 MF- 2603 125 MF- 3005 157 
MF- 1507 65 MF- 2604 188 MF- 3006 197 
MF- 1702 160 MF- 2605 131 MF- 3008 184 
MF- 1711 156 MF- 2606 115 ON- 3001 152 
MF- 2001 189 MF- 2607 223 ON- 3003 109 
MF- 2002 105 MF- 2608 162 ON- 3004 96 
MF- 2004 175 MF- 2610 112 ON- 3005 98 
MF- 2005 101 MF- 2613 98 ON- 3007 78 
MF- 2006 106 MF- 2614 214 DDH- 45 185 
MF- 2007 109 MF- 2617 104 DDH- 162 114 
MF- 2008 197 MF- 2620 224 DDH- 262 101 
MF- 2009 164 MF- 2622 218 DDH- 275 130 
MF- 2010 97 MF- 2624 190 DDH- 304 131 
MF- 2011 195 MF- 2627 122 DDH- 325 123 
MF- 2012 118 MF- 2629 136 DDH- 390 134 
MF- 2013 218 MF- 2631 97 DDH- 438 40 
MF- 2014 84 MF- 2634 156 DDH- 468 166 
MF- 2015 91 MF- 2803 188 DDH- 484 190 
MF- 2016 165 MF- 2805 155 DDH- 506 148 
MF- 2018 218 MF- 2806 121 DDH- 598 72 
MF- 2202 206 MF- 2807 134 DDH- 642 69 
MF- 2204 150 MF- 2808 182 DDH- 668 87 
MF- 2206 196 ON- 2810 102 DDH- 713 112 
MF- 2207 131 ON- 2801 164 DDH- 749 124 
MF- 2209 92 ON- 2802 202 DDH- 767 51 
MF- 2211 268 MF- 2804 137 DDH- 855 123 
MF- 2213 227 MF- 3001 186 DDH- 923 163 
MF- 2601 145 MF- 3003 202 DDH- 953 191 

NOTE: Average p e r l e v e l : 8 0 0 ' , 206 ym; 1 , 3 8 0 ' , 78 ym; 1 , 5 0 5 ' , 
75 urn; 1 , 7 5 5 ' , 158 ym; 2 , 0 0 5 ' , 146 ym; 2 , 2 0 0 ' , 181 ym; 2 , 6 0 0 ' , 151 ym; 
2 , 8 0 0 ' , 154 ym; 3 , 0 0 0 ' , 153 ym. 

Samp le I , 
I 
I 

MF- 801 
MF- 1303 
flF- 1507 
MF- 1702 
MF- 1711 
MF- 2001 
MF- 2002 
MF- 2004 
MF- 2005 
MF- 2006 
MF- 2007 
MF- 2008 
MF- 2009 
MF- 2010 
MF- 20 11 
MF- 20 12 
MF- 2013 
MF- 2014 
MF- 2015 
MF- 2016 
MF- 2018 
MF- 2202 
MF- 2204 
MF- 2206 
MF- 2201 
MF- 2209 
MF- 22 11 
MF- 2213 
MF- 2601 

TABLE 3 

FRACTURE APERTURES OF THE MAYFLOWER 

ANO ONTARIO ROCKS 

Aperture Samp l e Aperture Sample 
"m "m 

206 MF- 2602 102 I~F- 3004 
78 I4F- 2603 125 MF- 3005 
65 MF- 2604 188 MF- 3006 

160 MF- 2605 131 MF- 3008 
156 MF- 2606 11 5 ON- 300 1 
189 MF- 2607 223 ON- 3003 
105 MF- 2608 162 ON - 3004 
175 MF- 26 10 112 ON - 3005 
101 MF- 2613 98 ON - 3007 
106 MF- 2614 214 ODH- 45 
109 MF- 2617 104 DDH- 162 
197 MF- 2620 224 DDH- 262 
164 MF- 2622 218 DDH- 275 
97 MF- 2624 190 ODH- 304 

195 MF- 2627 122 DDH- 225 
11 8 I~F- 2629 136 DDH- 390 
218 MF- 2631 97 DDH- 438 

84 MF- 2634 156 ODH- 468 
91 MF- 2803 188 DOH- 484 

165 MF- 2805 155 DDH- 506 
218 MF- 2806 121 DDH- 598 
206 MF- 2807 134 DDH- 642 
150 MF- 2808 182 DDH- 668 
196 ON- 2810 102 DOH- 713 
131 ON- 2801 164 DO H- 749 
92 ON- 2802 202 DDH- 767 

268 MF- 2804 137 DDH- 855 
227 MF- 3001 186 DD H- 923 
145 MF- 1003 202 DDH- 953 
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Ape rture 
"m 

228 
157 
197 
184 
152 
109 
96 
98 
78 

185 
114 
101 
130 
131 
123 
134 
40 

166 
190 
148 

72 
69 
87 

11 2 
124 
51 

123 
163 

I 
191 

NOTE: Average per leve l: 800 ' , 206 11m; 1, 380 ' , 78 pin; 1. 505 '. 
75 pm; 1, 755 '. 158 )lm ; 2, 005 ' . 146 pm; 2 ,200 ', 181 ~m; 2 ,600 ' . 151 pm ; 
2 ,8c)()'. 154 \lm; 3,000 ' . 153 \lm . 
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n a r r o w i n g o r d i s p l a y i n g i r r e g u l a r and rough w a l l s , c o n t r i b u t e d l a r g e l y 

t o p o s s i b l e i n c o r r e c t e v a l u a t i o n s . An e r r o r o f + 45 ym i s t o be e x p e c t 

ed i n t h e r e p o r t e d v a l u e s . N e v e r t h e l e s s , t h e y a f f o r d a s a t i s f a c t o r y 

e s t i m a t i o n o f t h e c r a c k o p e n i n g s which i s c o m p a t i b l e w i t h t h e d e v i a t i o n 

from t h e n a t u r a l s y s t e m i n h e r e n t t o t h e s i m p l i f i e d model d e s c r i b e d 

e a r l i e r . 

A p e r t u r e v a l u e s r a n g e from 40 t o 268 ym and a v e r a g e 145 ym. 

On t h e l e v e l s where l a r g e r number of s a m p l e s were e x a m i n e d , namely t h e 

2 , 0 0 5 ' , 2 , 2 0 0 ' , 2 , 6 0 0 ' , 2 , 8 0 0 ' , and 3 , 0 0 0 ' l e v e l s , t h e a v e r a g e v a l u e s 

( 1 4 6 , 1 8 1 , 1 5 1 , 154 , and 153 ym r e s p e c t i v e l y ) a r e r e m a r k a b l y u n i f o r m 

e x c e p t f o r t h e 2 , 2 0 0 ' l e v e l which i s , n o n e t h e l e s s , s t i l l w i t h i n t h e 

l i m i t s of t h e i n d i c a t e d e r r o r . No v a r i a t i o n s i n a p e r t u r e w i t h d e p t h 

were found . 

I n d i r e c t f r a c t u r e o p e n i n g measu remen t s o b t a i n e d from d r i l l 

h o l e pump t e s t s i n f r a c t u r e d h a r d r o c k s a t d a m s i t e s , r anged from 75 t o 

400 ym in t h e upper 12 m e t e r s , b u t t h e y d e c r e a s e from 100 t o 50 ym 

i n t h e i n t e r v a l be tween 15 and 61 m e t e r s (Snow 1 9 6 8 ) . B ianch i (1968) 

pe r fo rmed d i r e c t s u r f a c e m e a s u r e m e n t s o f f r a c t u r e a p e r t u r e s and found an 

a v e r a g e v a l u e of 905 ym f o r t h e P i k e s Peak g r a n i t e . The c o m p a r a t i v e l y 

l a r g e r v a l u e o b t a i n e d by B ianch i may be t h e r e s u l t of s u r f a c e c o n d i 

t i o n s ( t o p o g r a p h y , w e a t h e r i n g , e t c . ) as opposed t o s u b s u r f a c e d e t e r m 

i n a t i o n s . Compar ison be tween Snow's work and t h e p r e s e n t r e s e a r c h 

i s more p r o b l e m a t i c c o n s i d e r i n g a l l t h e d i f f e r e n c e s i n v o l v e d in t h e two 

m e t h o d s . D e s n i t e t h e s i g n i f i c a n t o v e r l a p in t h e v a l u e s o b t a i n e d by t h e 

two i n d e p e n d e n t a p p r o a c h e s , Snow's d a t a show a marked d e c r e a s e o f f r a c 

t u r e a p e r t u r e w i t h d e p t h in a r e l a t i v e l y s h o r t e r d e p t h i n t e r v a l , w h e r e a s 
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narrowing or displaying irregular and rough walls. contributed largely 

to possible incorrect eva luations . An error of ~ 45 ~m i s to be expect

ed in the reported values. Nevertheless . they afford a satis factory 

estimation of the crack openings whi ch ;s compatible with the dev i ation 

from the natura l system inherent to the simplified model described 

earlier. 

Aperture values range from 40 to 268 \-1m and average 145 1Jm . 

On the l eve l s where l anle r number of samples "Jere examined. name ly the 

2,005 ', 2 ,200 ', 2,600 ', 2.800', and 3 .000 ' l evels , the average va lues 

(146,181, 151 ,1 54 , and 153"m respe ctively) are rema,-kab1y unifonn 

except fo,- the 2 , 200 ' level "hich i S ,nonethe1ess, still with in the 

li mits of the ind icated error. No variations in aperture with depth 

It/ere found . 

Indirect fracture opening measurements obtained from dril1-

hole pump tests in fractured hard rocks at damsites. ranged from 75 t o 

400 lJm in t he upper 12 meters . but they decrease from 100 to 50 urn 

in the interval beb,een 15 and 61 meters (Sno" 1968)_ Bianchi (1968) 

performed di rect surface meas urements of fracture apertures and found an 

average value of 905 vrn for the Pi kes Peak granite . The compa r ati vely 

larger value obtained by Bianchi may be the re sult of surface condi

tions (topography , weathering, etc.) as opposed to subsurface determ

inations. Comparison betl!leen Snow's \'Iork and the present resea rch 

is more prob l ematic considering all the differences involved in t he two 

methods. Despite the s iqnifi ca nt overlap in the va lues obtained by the 

two independent appro~r.hes. Snow·s ddta show a marked decrease of frac

ture apet'ture \,iith depth in a re l atively shorter de pth interva l. whereas 
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t h e v a l u e s f o r t h e Mayflower r o c k s e x h i b i t a more s c a t t e r e d p a t t e r n o v e r 

a r e l a t i v e l y g r e a t e r d e p t h i n t e r v a l . T h i s d i s p a r i t y may r e f l e c t t h e 

d i f f e r e n c e s of g e o l o g i c a l e n v i r o n m e n t s and d i f f e r e n t p r o c e d u r e s u n d e r 

which t h e measu remen t s were c a r r i e d o u t . A l t e r n a t i v e l y , t h a t d i s c r e p a n 

cy may be t h e r e s u l t of p e r t u r b a t i o n of t h e n a t u r a l s t r e s s f i e l d in 

u n d e r g r o u n d e x c a v a t i o n t e n d i n g t o e n l a r g e t h e f r a c t u r e o p e n i n g . As 

B i a n c h i and Snow (1969) s t a t e d , " F r a c t u r e a p e r t u r e s measured i n u n d e r 

ground e x c a v a t i o n would meet t h e same p rob lems as do s u r f a c e m e a s u r e 

m e n t s . " T h i s s t a t e m e n t i s , h o w e v e r , an o v e r e s t i m a t i o n of t h e s t r e s s 

f a c t o r . U n d o u b t e d l y i t c o n t r i b u t e s t o t h e s e p a r a t i o n of t h e rock w a l l s 

i n t o d i s t i n c t b l o c k s by p u l l i n g t h e f r a c t u r e w a l l s a p a r t , b u t t h e c r a c k s 

measu red in t h e s e b l o c k s showed no a p p a r e n t s i g n s of p o s t - h y d r o t h e r m a l 

e v e n t s e p a r a t i o n . The a v e r a g e v a l u e of t h e f r a c t u r e a p e r t u r e f o r t h e 

P i k e s Peak g r a n i t e b e i n g s i x t i m e s as g r e a t a s t h e a v e r a g e v a l u e of t h e 

f r a c t u r e a p e r t u r e measu red f o r t h e Mayflower Mine r o c k s , i s an i n d i c a 

t i o n t h a t s u r f a c e and u n d e r g r o u n d measu remen t s a r e n o t c o m p a r a b l e . 

P o r o s i t y 

The p o r o s i t y o f a f r a c t u r e d c r y s t a l l i n e r o c k i s a q u a l i t a t i v e 

measu re of i t s p o t e n t i a l i t y t o be a l t e r e d p r o v i d e d s u f f i c i e n t h o t c i r 

c u l a t i n g f l u i d s a r e a v a i l a b l e and a r e in chemica l d i s e q u i l i b r i u m w i t h 

t h e r o c k . The p o r o s i t y geomet ry and d i s t r i b u t i o n d e f i n e s t h e c o n t a c t 

a r e a be tween f l u i d s and r e a c t a n t m i n e r a l s . U n d e r s t a n d i n g of t h e mass 

t r a n s f e r mechanisms be tween r e a c t a n t m i n e r a l s and aqueous s o l u t i o n s 

r e q u i r e s knowledge of t h e p o r e s a v a i l a b l e i n r o c k s . I t i s c o n v e n i e n t , 

t h e r e f o r e , t o d i s c r i m i n a t e t h e ma jo r c o n t r i b u t i n g p a r t s of t h e rock 
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t he values for the Mayflower rocks exhibit a more scattered pattern over 

a relatively greater depth interva l. This di spari ty may re flect the 

differences of geological environments and different procedures under 

wh i ch the meas urements were carr ied out. Alternatively. that di sc repan

cy may be the result of perturbation of the natural stress fie l d in 

underground excavation tending to enlarge the fracture opening. As 

Bianchi and SnOr/ (1969) stated , "Fracture apertures measured in under

ground excavati on woul d meet the same oroblems as do surface measu re

ments . " This staterrent is, however, an overestimation of the stress 

factor. Undoubtedly it contributes to the separation of the rock wa l ls 

into distinct bl ocks by pulling the fra ctu re walls apart. but the cracks 

measured in these blocks showed no apparent signs of post-hydrotherma l 

event separation. The average value of the f racture aperture for the 

Pikes Peak granite being six times as great as the average value of the 

fracture aperture meas ured for the !·layflower ~1ine rocks . i s an indica-

t i on tha t surface and underground me as uremen ts a re not comp'lrab 1 e . 

Porosi t y 

The porosity of a fractured crystalline rock is a qualitative 

measure of its potentiality to be altered provided sufficient hot cir

culating fluids are ava ilable and are "jn chemical disequilibrium with 

the rock. The porosity geometry and distributi on defines the contact 

area between flu; ds and reactant lI\"i nera 1 s. Unders tandi n9 of the mass 

trans fer mechanisms bebleen reactant mineral s and aqueous solutions 

requires knowledge of the pores available in rocks. It i s co nvenient . 

therefore. t~ disc riminate the major contr ibutin(1 parts of the rock 
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p o r o s i t y . Nor ton (1975) r e l a t e s t h e n a t u r e o f t h e p o r e s t o s p e c i f i c 

p o r o s i t i e s a s e x p r e s s e d i n e q u a t i o n 9 , where 4>y i s t h e t o t a l p o r o s i t y 

of t h e r o c k , <j>p, t h e f low p o r o s i t y , 

*T = *F + *D + h ^ 

r e f e r s t o t h e open s p a c e s a l o n g f r a c t u r e s whe re aqueous i o n s a r e t r a n s 

p o r t e d p r i m a r i l y by f l u i d f l o w , <j>p, t h e d i f f u s i o n p o r o s i t y , r e g a r d s 

p o r e s o r d e a d - e n d f r a c t u r e s c o n n e c t e d t o f low c h a n n e l s ; t h e s e f l u i d -

s a t u r a t e d v o i d s c o n s t i t u t e a s t a t i o n a r y medium t h r o u g h which i o n s a r e 

t r a n s p o r t e d p r i m a r i l y by d i f f u s i o n ; and <f>R, t h e r e s i d u a l p o r o s i t y , i s 

t h a t p a r t o f t h e p o r o s i t y a s s o c i a t e d w i t h p o r e s n o t c o n n e c t e d t o f low 

o r d i f f u s i o n v o i d s such as f l u i d i n c l u s i o n s , m i n e r a l g r a i n b o u n d a r i e s , 

e t c . F i g u r e 16 i s a r e p r o d u c t i o n from a s l a b o f a Mayflower rock 

(MF-3003) whe re t h e s e d i f f e r e n t k i n d s o f p o r e s a r e s k e t c h e d from o b 

s e r v a t i o n s u n d e r a b i n o c u l a r m i c r o s c o p e , e x c e p t r e s i d u a l v o i d s t h a t 

have been a r b i t r a r i l y a d d e d . 

Va lue s of t o t a l p o r o s i t y ( T a b l e 4) were o b t a i n e d i n d i r e c t l y 

by u s i n g an e x p r e s s i o n t h a t r e l a t e s t h i s p a r a m e t e r t o t h e bu lk and g r a i n 

d e n s i t i e s o f t h e r o c k s (Appendix C ) . E x t r a p o l a t i n g t h e v a l u e s o b 

t a i n e d from a hand sample a t each i n t e r v a l t o r e p r e s e n t t h e t o t a l p o r o 

s i t y of t h a t i n t e r v a l i s p r o b a b l y i n a d e q u a t e . A b e t t e r e s t i m a t i o n would 

r e q u i r e measu remen t s of some t e n s o f hand s a m p l e s f o r each i n t e r v a l t h a t 

was beyond t h e s c o p e of t h e n r e s e n t r e s e a r c h . Average t o t a l p o r o s i t y 

v a l u e s were c a l c u l a t e d f o r t h e s e v e r a l t r a v e r s e s on t h e s t u d i e d l e v e l s 

o f t h e m i n e . Those o r i e n t e d a l o n g ENE-WSW d i r e c t i o n s , a t a p p r o x i m a t e l y 

15 m s o u t h of t h e Mayflower v e i n , showed t h e h i g h e s t p o r o s i t y v a l u e s 
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porosity. Norton (1975) relates the nature of the pores to specifi c 

porosities as expressed in equation 9, where ~T is the total porosity 

of the rock, ~F' the flow porosity, 

(9 ) 

refers to the open spaces along fractures where aqueous ions are trans

ported primarily by fluid flrM. 4>0' the diffus i on porosity, regards 

pores or dead-end fractures conne cted to fl ow channel s; these fl u; d

saturated voids constitute a stationary medium through which ions are 

transported primarily by diffusion; and I/l R' the residual po rosity , ;s 

that part of the porosity associated with pores not connected to flow 

or di f fusion voids such as fluid inclus i ons , mineral grain boundaries. 

etc . Fi gure 16 is a reproduction from a slab of a Mayflower rock 

(HF-3003) where these different kinds of pores are sketched from ob

servations under a binocular microscope. except residual voids that 

have been arbitrarily added. 

Values of total porosity (Table 4) were obtained indirect ly 

by using an expression that re l ates this parameter to the bulk and grain 

densities of the rocks (Appe ndix C). Extrapolating the values ob

tained from a hand sample at each interval to represent the total poro

sity of that interval is probably inadequate . A better estimation would 

require measurements of some tens of hand samples for each interval that 

was beyond the scope of the oresent research. Average tota l po rosity 

values "Jere c"llcul ated for the several travel~ses on the studied l eve ls 

of the mine . Those oriented along ENE-\.JS\·/ directions, at approximate ly 

15 m south of the Mayflower vein. shm'V'cd the highest poros ity va l ues 
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(3 .24%, 4.50% and 2.72% f o r t h e 2 , 0 0 5 ' , 2 , 2 0 0 ' and 2 , 6 0 0 ' l e v e l s 

r e s p e c t i v e l y ) . N-S t r a v e r s e s f o r t h e l e v e l s e x h i b i t a v e r a g e s of 2 .20%, 

1.93% and 1.25% r e s p e c t i v e l y . The ENE-WSW t r a v e r s e s , as i t w i l l be 

shown l a t e r , c o r r e s p o n d t o s t r o n g l y a l t e r e d zones where c l a y m i n e r a l s , 

among o t h e r s , a r e v e r y a b u n d a n t and r e n d e r t h e r o c k s more p o r o u s . 

F i g u r e 17 shows t h e f r e q u e n c y d i s t r i b u t i o n of t o t a l p o r o s i t y 

f o r t h e Mayflower Mine i g n e o u s rocks which a p p r o a c h e s a P o i s s o n d i s t r i 

b u t i o n , a s opposed t o t h e skewed and normal d i s t r i b u t i o n s of t h e c o r 

r e s p o n d i n g b u l k and g r a i n d e n s i t i e s r e s p e c t i v e l y , shown on t h e same 

f i g u r e . 

When o>j v a l u e s a r e p l o t t e d i n a N-S c r o s s - s e c t i o n o f t h e v e i n s 

( F i g . 18) , t h e o n l y mean ing fu l t r e n d n o t i c e d i s t h e dominan t o c c u r r e n c e 

of h i g h e r v a l u e s below t h e 2 , 0 0 5 ' l e v e l . T h i s may b e a r some s i g n i f i c a n c e 

in t h e a s s o r t m e n t o f c e r t a i n a l t e r a t i o n m i n e r a l s i n t h e m i n e , a s w i l l be 

d i s c u s s e d l a t e r . 

Data f o r f low p o r o s i t y ( T a b l e 2) were c a l c u l a t e d by e q u a t i o n 7 

a n d , s i m i l a r l y t o t h e f r a c t u r e a b u n d a n c e , we re r e s o l v e d i n t o components 

p r o j e c t e d on t h e N50°E/80°NW and N50°W/80°SW s t r u c t u r a l p l a n e s . Hence , 

t h e r e p o r t e d v a l u e s r e f e r t o d i r e c t i o n a l f low p o r o s i t y a l o n g t h o s e 

p l a n e s . A p e r t u r e v a l u e s used i n t h e e q u a t i o n c o r r e s p o n d t o a v e r a g e 

v a l u e s f o r t h e mine l e v e l s r a t h e r t h a n f o r i n d i v i d u a l i n t e r v a l s . I n 

c o m p l e t e n e s s of t h e a p e r t u r e d a t a a s w e l l a s u n c e r t a i n t i e s r e g a r d i n g 

t h e s i g n i f i c a n c e of p r e s e n t - d a y o p e n i n g s r e l a t i v e t o p r e - a l t e r a t i o n 

a p e r t u r e s s u g g e s t t h a t t h e e r r o r i n d u c e d by t h e u se of t h e a v e r a g e v a l u e 

p r o b a b l y do n o t e x c e e d t h e e r r o r i n h e r e n t in t h e l a t t e r a s s u m p t i o n s . 

The c a l c u l a t e d v a l u e s f o r f low p o r o s i t y (civ) f o r t h e Mayflower 
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(3.24%, 4.50% ond 2 .72X for the 2,005',2,200' and 2,600 ' level s 

respective ly). N-S traverses for the l eve l s exhibit averages of 2. 20%, 

1. 93% and 1. 25% r espective ly. The ENE-WSW troverses, as it wi ll be 

sh own later. correspond to strongly al tered zones \·,here clay minera l s. 

among others. are very abundant and render the rocks more porous. 

Figure 17 shows the frequency distribution of total porosity 

for the Mayfl ower r·l; ne igneous rocks wh i ch approaches a Poi sson di s tri

bution , as opposed to the skel-/ed and normal distri butions Cof the cor

r es ponding bu lk and grai n densities respect i ve ly.sho\l/n on the same 

figure. 

When $T values are plotted in a N-S cross-section of the veins 

(Fi g. 18), the only meaningful trend noti ced i s the dominant occurrence 

of higher va l ues below the 2,005' level. This may bear some Significance 

in the assortment of certain alteration minerals in the mine, as will be 

di scussed l ater . 

Data for flow porosity (Table 2) "ere cal culated by eq uati on 7 

and, similarly to the fractUre abundance, were reso l ved into components 

projected on the N50 o E/80 o NI~ and N50Q W/800S\~ structural pl anes. Hence, 

the reported va l ues refer to directional flow porosity along those 

pl anes . Aperture va l ues used in the equation correspond to average 

values for the mine levels rather than for individual intervals . In

compl eteness of the aperture data as wel l as uncertaint i es regarding 

the sign i ficance of present-day openings relati'/e to pre- alteration 

aper t ures suggest that the error induced by the use of the average va l ue 

probab ly do not exceed t he en'or inherent in the latter assumptions. 

The ca l cul ated values for f l ow porosity (~F) for the Mayflower 



72 

F i g . 1 6 . R e p r o d u c t i o n from a Mayflower rock s l a b d e p i c t i n g 
t h e d i f f e r e n t k i n d s o f p o r o s i t i e s r e p r e s e n t e d on e q u a t i o n 9 . R e s i d u a l 
v o i d s were a r b i t r a r i l y a d d e d . 

F i g . 1 7 . Hystogram of f r e q u e n c y o f b u l k d e n s i t y (p ) , g r a i n 
d e n s i t y ( p g ) and t o t a l p o r o s i t y (<f>T) of 131 s a m p l e s o f t h e Mayflower and 
O n t a r i o r o c k s . 

72 

Fig. 16. Reproduction from a Mayflower rock s l ab depicting 
the different kinds of porosit i es represented on equati on 9. Residual 
voi ds were arbitrari l y added. 

Fi g. 17. 
dens i ty (po) and 
Ontario rocks . 

Hystogram of f requency of bulk dens i ty (PR), grai n 
tota l porosity (~T ) of 131 samples of the Mayflower and 
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F i g . 1 8 . D i s t r i b u t i o n of t o t a l p o r o s i t y (<f>T) on a N-S s e c t i o n 
of t h e Mayflower Mine showing o v e r a l l h i g h e r v a l u e s on t h e l ower l e v e l s 
t h a n on t h e uppe r l e v e l s . 
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Fig. 18. Distribution of total porosity (¢T) on a N-S section 
of the Mayflower Mine showing overall higher values on the lower levels 
than on the upper levels. 
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and O n t a r i o s t o c k s r a n g e from a b o u t 0 .05% t o a p p r o x i m a t e l y 0 .4%. The 

s i g n i f i c a n t a s p e c t d e r i v e d from t h e s e f i g u r e s i s t h a t t h e r e s i d u a l p o r o -

s i t h (<j> )̂ a c c o u n t s f o r most o f t h e t o t a l p o r o s i t y (<j>y) o f t h e s e i g n e o u s 

r o c k s , s i n c e t h e c o n t r i b u t i o n of t h e d i f f u s i o n p o r o s i t y (<t>p) seems t o be 

ve ry s m a l l . I n d e e d , p r e l i m i n a r y d a t a on d i f f u s i o n p o r o s i t y of f r a c t u r e d 

g r a n i t i c r o c k s (Knapp, v e r b a l c o m m u n i c a t i o n ) p o i n t t o t h e same o r d e r of 

m a g n i t u d e r e v e a l e d by t h e s e f low p o r o s i t y d a t a . 

An i n d e p e n d e n t t e s t was c a r r i e d o u t i n o r d e r t o f i n d o u t how 

r e a l i s t i c we re t h e r e s u l t s o b t a i n e d by u s i n g Snow's method f o r f low 

p o r o s i t y . The t e s t c o n s i s t e d o f m e a s u r i n g t h e t o t a l p o r o s i t y o f a rock 

s l a b (MF-2601) t r a n s e c t e d by s e v e r a l f r a c t u r e s , which was found t o be 

3.92%. Then a sma l l p i e c e , c o n t a i n i n g no v i s i b l e f r a c t u r e s , was c u t from 

t h e rock s l a b and i t s t o t a l p o r o s i t y was a l s o d e t e r m i n e d and found t o 

be 3.77%. The 0.15% d i f f e r e n c e , e v i d e n t l y , c o r r e s p o n d s t o p o r e s o t h e r 

t h a n r e s i d u a l p o r e s e x i s t i n g in t h e r o c k s , and a g r e e s by t h e same o r d e r 

of m a g n i t u d e w i t h t h e v a l u e s found f o r b o t h t h e f low and d i f f u s i o n p o r o 

s i t i e s . T h i s t e s t a l s o i n d i c a t e d t h e major c o n t r o l e x e r t e d by t h e r e s i 

dual p o r o s i t y o v e r t h e t o t a l p o r o s i t y o f an i g n e o u s r o c k . Scann ing 

e l e c t r o n m i c r o s c o p e s t u d y of p o r e s y s t e m s i n r o c k s (Timur e t a l . 1971) 

r e v e a l s enough d e t a i l s o f t h e a b u n d a n c e , shape and s i z e of r e s i d u a l 

p o r e s , b o t h i n t e r g r a n u l a r and i n t r a g r a n u l a r , i n r o c k s t o make t h e above 

c o n c l u s i o n seem i n e s c a p a b l e . 

P e r m e a b i l i t y 

P e r m e a b i l i t y i s t h e a b i l i t y o f a p o r o u s medium t o t r a n s m i t 

f l u i d s t h r o u g h i t . For a f r a c t u r e d c r y s t a l l i n e r o c k , p e r m e a b i l i t y i s 
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and Onta ri o stocks range from about 0.05% to approximutel y 0 .4%. The 

significant aspect derived from these figures is that the residua l poro

s i th (. R) acco unts for most of the total porosity (.T) of these igneous 

rocks. s ince the contributi on of the diffusion porosity (4l0 ) seems to be 

very small . Indeed. pre li minary data on diffus i on poros i ty of fractured 

graniti c rocks (Knapp, verba l cOrlmun;cation) point to the same order of 

magnitude revea l ed by these flm.,. porosity data . 

An independe nt test was carried out i n order to find out how 

realistic were the resu lts ob t ained by using Snow ' s method for flow 

porosity. Th e test cons i sted of measuring t he total poros i ty of a rock 

s l ab (MF- 2601) transected by several fra ctures, v.jhich was found to be 

3.92%. Then a smal l pi ece, contain ing no vis ibl e fractures , was cut from 

the rock slab and its tota l porosity was al so determi ned and found to 

be 3.77%. The 0 .1 5% difference, ev i dent ly , corresponds to pores other 

than residual pores existing in the rocks, and agrees by the same order 

of magnitude \I/ith the val ues found for both the flow and diffusion poro

sities . Thi s test also indi cated the major contro l exerted by the res i

dual porosity over t he total porosity of an i gneous rock. Sca nning 

el ectron microscope study of pore systems in rocks (Timur et a1. 1971) 

reveals enough detai l s of the qbundance, shape and size of resi dual 

pores, both interyranul ar and intragranu l ar, i n rocks to make the above 

conc 1 us i on seem i nescapab 1 e. 

Penneab il i ty 

Permeability i s the ability of a porous Inedium to transmit 

flui ds th rough it. For a fractured crysTa ll i ne ro ck , permeability i s 
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e s s e n t i a l l y a s s o c i a t e d w i t h flow f r a c t u r e s a n d , t h e r e f o r e , w i t h i t s f low 

p o r o s i t y . The l a r g e s t amount of a l t e r a t i o n p e r u n i t of volume o c c u r r i n g 

a d j a c e n t t o flow f r a c t u r e s i s g e n e r a l l y an i n d i c a t i o n o f t h e amounts o f 

f l u i d s c i r c u l a t i n g t h r o u g h them, a n d , as a r e s u l t , o f t h e p e r m e a b i l i t y 

of t h e r o c k . 

The p e r m e a b i l i t y d a t a f o r t h e Mayflower and O n t a r i o p l u t o n s 

( T a b l e 2) r e f e r t o d i r e c t i o n a l p e r m e a b i l i t y and we re c a l c u l a t e d a c c o r d 

i n g t o e q u a t i o n 6 o f t h e m a t h e m a t i c a l m o d e l . The same c o n s t r a i n t s im

posed on t h e c o m p u t a t i o n of t h e f low p o r o s i t y we re a l s o a p p l i e d on t h e 

p e r m e a b i l i t y c a l c u l a t i o n s . 

Most v a l u e s f o r t h e c a l c u l a t e d p e r m e a b i l i t i e s of t h e s e p l u t o n 

- 7 - 8 2 

r o c k s have an o r d e r of m a g n i t u d e be tween 10" t o 10" cm a l o n g b o t h 

t h e N50°E/80°NW and N50°W/80°SW s t r u c t u r a l p l a n e s , s u g g e s t i n g t h a t t h e 

p e r m e a b i l i t i e s l i e on a p l a n e of a n i s o t r o p y w i t h i n t h e s t o c k s . More 

s i g n i f i c a n t , h o w e v e r , i s t h e i r r a n g e of v a r i a t i o n from 0 . 4 t o 10 d a r c i e s 

w i t h an a v e r a g e v a l u e of a p p r o x i m a t e l y 4 . 0 d a r c i e s . E a r l i e r e s t i m a t e s 

f o r t h e p e r m e a b i l i t i e s of i g n e o u s r o c k s r a n g e d from 0 .01 t o 1.0 m i l l i -

d a r c y . The p r e s e n t c a l c u l a t i o n s i n d i c a t e d h i g h e r r a t e s of f l u i d f l u x , 

i f t h e measu red a p e r t u r e s a r e r e p r e s e n t a t i v e a l o n g t h e whole e x t e n s i o n 

of t h e f r a c t u r e s . The e q u a t i o n below shows t h a t t h e f l u x q v a r i e s a c 

c o r d i n g 
3 

k V<f> d i n / 1 2 V4> (10) 
q , _ , 

t o c h a n g e s in d.. and n i n c a s e b o t h t h e p o t e n t i a l g r a d i e n t (v<f>) and t h e 

v i s c o s i t y (v) a r e h e l d c o n s t a n t . 

At t h e t i m e of t h e h y d r o t h e r m a l e v e n t , t h e p i c t u r e migh t have 
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essentially associated with flow fractures and, ther~fore. with its f l ow 

porosity. The largest amount of alteration per unit of volume occurri ng 

adjacent to flow fractures ;s generally an indicat i on of the aloounts of 

fluids circulating through them, and, as a result, of the permeabil ity 

of the rock. 

The penneability data for the ~'ayflm'ler and Ontario plutons 

(Tab le 2) refer to directional permeability and were calculated accord

ing to equation 6 of the mathemat i ca l model. The same constraints im

posed on the conlputation of the flow porosity \'/ere also applied on the 

permeability calculati ons. 

Most values for the calculated permeabilities of these pluton 

k h d f . d 1 -7 10- 8 2 roc s ave an or er a rr.agn l tu e bebleen a to em along both 

the N50oE/80oNW and N50ol~/80oSW structural planes, suggesting tl'Jat t he 

permeabilities lie on a plane of anisotropy within the stocks. ~lore 

significant, however. is their range of variation from 0.4 to 10 da rcies 

with an average value of approximately 4.0 darcies. Earlier es timates 

for the perllleabi 1 i ti es of i gneous tacks r anged from 0.01 to 1 00 mi 11 i

darcy. The present calculations indi cated higher rates of fluid flux, 

if the measured ape)"tures are representative along the whole ei:tension 

of the fractures ° The equation belmo
/ shows that the flux q varies ac-

cordi ng 

_ k v. 
g > - > 

'J 

(10) 

to changes in d; and n in case both the potential gl'a dient (111') and the 

viscosity (v) are he l d constant. 

At the tilr:c of the hydro ther ma l event. the picture might have 
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been q u i t e d i f f e r e n t . I t i s o b v i o u s t h a t t h e f r a c t u r e a p e r t u r e s v a r i e d 

as m i n e r a l s w e r e r e p l a c e d a n d / o r d e p o s i t e d a l o n g c r a c k s . T h u s , t h e p r e 

s e n t - d a y f r a c t u r e o p e n i n g s may be an o v e r e s t i m a t i o n of t h e p a l e o - a p e r -

t u r e s and most l i k e l y t h e c a l c u l a t e d p e r m e a b i l i t i e s d e v i a t e from more 

r e a l i s t i c v a l u e s . L i k e w i s e , a s p o i n t e d o u t e a r l i e r , some o f t h e f r a c 

t u r e s c o u n t e d f o r d e t e r m i n a t i o n of t h e i r abundance may have n o t been 

c o n t i n u o u s f r a c t u r e s , and have l e d t o an o v e r e s t i m a t i o n of t h e p e r m e a b i l i 

t i e s . However, even a r e d u c t i o n o f 50% i n b o t h t h e f r a c t u r e a p e r t u r e 

and abundance v a l u e s would n o t modify t h e o r d e r o f m a g n i t u d e found f o r 

t h e p e r m e a b i l i t i e s o f t h e Mayflower and O n t a r i o r o c k s t o any s i g n i f i c a n t 

e x t e n t . F u r t h e r m o r e , t h e e x t r a p o l a t i o n o f t h e s e v a l u e s t o r e p r e s e n t t h e 

p e r m e a b i l i t i e s o f t h e r o c k s a t t h e t i m e of t h e h y d r o t h e r m a l e v e n t i s 

meant o n l y t o t e s t t h e model and does n o t r e p l a c e more e l a b o r a t e e x 

p e r i m e n t a l d e t e r m i n a t i o n s . 
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been quite different . It is obvious that the fra cture apertures varied 

as minera l s were rep l aced and/or depos ited al ong cracks . Thus . the pre

sent-day fra ct ure open i ngs may be an overes t i rna t i on of the pa 1 eo- aper

tures and mos t l ikely the ca l cu l ated permeabiliti es devi ate from more 

realistic values . Likewi se, as poi nted out earl ier, some of the f rac

tures counted for de termina tion of their abundance may have not been 

continuous fractures, and have led to an overestimation of the permeabili 

ties . Howe ver, even a reduction of 50% in both t he f racture aperture 

and abundance values wo uld not modHy the orde r of magnitude fou nd for 

the permeabil Hi es of the I~ayflower and Ontario rocks to any s ignificant 

extent. Furthermore, the extrapo l ati on of thesp. values to represen t the 

permeabil i ties of the rocks at the ti me of the hydrotherma l event is 

meant onl y t o t est the model and does not repl ace more el aborate ex

peri mental determinat ions. 



CHAPTER VI 

PETROCHEMISTRY OF THE IGNEOUS ROCKS 

O c c u r r e n c e and Gene ra l P e t r o g r a p h i c 

D e s c r i p t i o n 

The Mayflower s t o c k 

The Mayf lower s t o c k i s t h e p r e d o m i n a n t r o c k u n i t e x p o s e d w i t h i n 

t h e l i m i t s of t h e u n d e r g r o u n d e x c a v a t i o n o f t h e m i n e . I t s c o m p o s i t i o n 

r a n g e s from d i o r i t e t o g r a n o d i o r i t e , b u t g e n e r a l l y f a l l s i n t o t h e q u a r t z -

d i o r i t e c a t e g o r y . The Mayf lower r o c k s a r e p r o p h y r i t i c w i t h l a r g e p h e n -

o c r y s t s embedded i n an a p h a n i t i c t o f i n e - g r a i n e d , and even c r y p t o -

c r y s t a l l i n e , g r o u n d m a s s . These p h e n o c r y s t s c o n s i s t e s s e n t i a l l y o f p l a -

g i o c l a s e and b i o t i t e , and m i n o r q u a r t z , h o r n b l e n d e and K - f e l d s p a r . The 

groundmass e x h i b i t s b a s i c a l l y t h e same m i n e r a l o g y w i t h r e l a t i v e e n r i c h 

ment o f K - f e l d s p a r . 

S u b h e d r a l t o a n h e d r a l p l a g i o c l a s e p h e n o c r y s t s a r e m o s t l y a n d e -

s i n e w i t h an a n o r t h i t e c o n t e n t r a n g i n g from 34% t o 44% ( m i c r o p r o b e a n a l y 

s i s ) . O p t i c a l o b s e r v a t i o n o f t w i n n i n g l a m e l l a e i n combined a l b i t e -

c a r l sbad t w i n s i n d i c a t e a c o m p o s i t i o n r a n g e of 33% t o 48% a n o r t h i t e . In 

most i n s t a n c e s t h e y show z o n i n g b u t t h e e n r i c h m e n t i n a l b i t e c o n t e n t 

does n o t o c c u r in a u n i f o r m way t o w a r d s t h e p h e n o c r y s t e d g e s . They com

p r i s e up t o 80% of a l l p h e n o c r y s t s and show amounts of a l t e r a t i o n r a n g 

ing from 0% up t o 80%. Anhedra l p l a g i o c l a s e c r y s t a l s a r e t h e ma jo r 

CHAPTER VI 

PETRO-CHEI~ISTRY OF THE IGNEOUS ROCKS 

Occurrence and General Petrographi c 

Description 

The t1ayf l Olo/e r stock 

The Mayflower stock ;s the predominant rock unit exposed \'lithi n 

the limits of the underground excavat ion of the mi ne. Its compos iti on 

ranges from diorite to granodiorite, but generally falls i nto the qua r t z-

diorite category . The Mayflower rocks are prophyri tic with large phen-

ocrysts embedded in an aphani tic to fine - grained, and even crypto-

erys ta 11 i ne, groundmas s. These phenocrysts cons i s t essent i a lly of P 1 a

gi ocl ase and biotite , and minor quartz, hornblende and K-feldspar. The 

groundmass exh ibits basicall y the same mineralogy with re l ative enri ch

ment of K-feldspar. 

Subhedral to anhedra l plagioclase phenocrysts are most l y ande

s ine \"lith an anorthite content rang i nq from 34% to 44% (microprobe ana l y

sis). Optica l observation of blinning l amellae in comb i ned a l bite 

carl sbad twi ns indicate a composit i on range of 33% to 48% anorth i te . In 

most instances they shO'.'i zoning but the enrichment in alb; te conten t 

does not occur i n a un; for:1I way towards the phenocryst edges. They com

prise up to Sot of al l phenocrysts and show amounts of alteration rang

ing from 0% up to 80X. Anhedral pl agiQc lase crysta l s are the majo r 
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component of t h e g r o u n d m a s s . The mos t common a l t e r a t i o n p r o d u c t s r e 

p l a c i n g p l a g i o c l a s e a r e k a o l i n i t e , s e r i c i t e , e p i d o t e , c a l c i t e , a n h y d r i t e 

and c h l o r i t e . 

B i o t i t e i s p r e s e n t i n v a r y i n g amounts and c o n s t i t u t e s t h e s econd 

most a b u n d a n t p h e n o c r y s t s i n t h e r o c k s . In t h e groundmass i t o c c u r s a s 

s c a t t e r e d f l a k e s l e s s t h a n 0 . 5 mm i n l e n g t h . I t i s from 10% t o a l m o s t 

100% a l t e r e d e s p e c i a l l y t o c h l o r i t e . In some i n s t a n c e s i t i s found 

r e p l a c i n g h o r n b l e n d e . Most s a m p l e s c o n t a i n c l u s t e r s of f i n e - g r a i n e d b i o 

t i t e , a b o u t 0 . 1 mm l o n g , b e l i e v e d t o be c a u s e d by r e c r y s t a l l i z a t i o n o f 

e a r l i e r b i o t i t e p h e n o c r y s t s . T h e s e c l u s t e r s a r e a l s o c h l o r i t i z e d . Be

s i d e s c h l o r i t e , t h e mos t common a l t e r a t i o n p r o d u c t s of b i o t i t e a r e e p i 

d o t e , f i n e - g r a i n e d c a l c i t e and s p h e n e . 

H o r n b l e n d e has an o c c u r r e n c e s i m i l a r t o t h a t o f t h e b i o t i t e w i t h 

which i t i s u s u a l l y a s s o c i a t e d . G e n e r a l l y i t i s p r e s e n t as an a c c e s s o r y 

m i n e r a l , a l t h o u g h i n a few c a s e s i t c o m p r i s e s up t o 15% of t h e r o c k . I t 

a p p e a r s u s u a l l y i n s u b h e d r a l c r y s t a l s f r e q u e n t l y a l t e r e d t o c h l o r i t e . 

Q u a r t z e x i s t s b o t h a s p h e n o c r y s t s and sma l l g r a i n s in v a r y i n g 

a m o u n t s . Some c r y s t a l s , h o w e v e r , have been i n t r o d u c e d by t h e s e v e r a l 

v e i n l e t s t h a t t r a n s e c t t h e r o c k . In g e n e r a l i t forms sma l l a n h e d r a l 

e q u a n t c r y s t a l s , e s p e c i a l l y i n t h e g r o u n d m a s s . 

K - f e l d s p a r o c c u r s r a r e l y as p h e n o c r y s t s . When p r e s e n t , i t shows 

a n h e d r a l c r y s t a l s s l i g h t l y a l t e r e d t o k a o l i n i t e o r s e r i c i t e . In t h e 

groundmass i t i s more a b u n d a n t , e s p e c i a l l y as a s e c o n d a r y p r o d u c t . 

A u g i t e , a p a t i t e , s p h e n e and z i r c o n o c c u r as a c c e s s o r i e s . 
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component of the groundmass . The most cOITlnon alteration prod ucts re-

pl aci ng plagioclase are kaol inite. seri cite. epidote, calcite. anhydri te 

and ch l orite . 

Biot i te ; s present in varying amounts and const i tutes the second 

most abundant phenocrysts i n the rocks . In the groundmass it occurs as 

scattered fl akes l ess than 0.5 mm i n length . It is from 10% to a l most 

100% altered especially to chlorite. In some instances it is fo und 

replacing hornblende . Most sampl es contain clusters of fine-g)"ained bio

tite. about 0.1 mm l ong, bel ieved to be caused by recrystal li zation of 

earlier biotite phenocrysts . These cl usters are al so chloritized. Be

s i des chlorite , the most CO rTIno n alterat i on products of biotite are epi

dote, fine-gra i ned ca l cite and sphene. 

Hornblende has an occurrence similar to that of the bioti te with 

wh i ch it is usuall y associ ated . Ge~era l ly it is present as an accessory 

mineral. although i n a few cases it comprises up to 15% of the rock. It 

appears usually in subhedra l crystals frequently altered to chlorite. 

Quartz exists both as phenocrysts and small grains in varying 

amounts. Some crysta l s, however, have been introduced by the several 

veinlets that transect the rock. In general it forms small anhedra l 

equant crystals. especially in the gro llndmass . 

K- feldspar occurs rare ly as phenocrysts . \~hen present. it shm-JS 

anhedral crysta l s sl i ght l y altered to kao l inite or sericite. In t he 

nroundmass it is more abundant. especially as a secondary product. 

Augite. apatite. sphene and zircon occur as accessories. 
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The O n t a r i o s t o c k 

The O n t a r i o s t o c k i s e x p o s e d o n l y on t h e 2 , 8 0 0 ' and 3 , 0 0 0 ' l e v e l s 

of t h e Mayflower Mine . The O n t a r i o r o c k s a r e p o r p h y r i t i c a l t h o u g h some 

f a d e s a r e n e a r l y e q u i g r a n u l a r and t h e i r c o m p o s i t i o n r a n g e s from q u a r t z -

m o n z o n i t e t o q u a r t z - d i o r i t e . Rocks o f t h e O n t a r i o s t o c k a r e c o a r s e r 

g r a i n e d t h a n t h e Mayf lower r o c k s , which i n p a r t may be t h e r e a s o n f o r t h e 

l i g h t e r c o l o r of t h e O n t a r i o r o c k s . The O n t a r i o s t o c k may r e p r e s e n t a 

l a t e r p u l s e o f t h e magmat ic e v e n t s w i t h a c o m p a r a t i v e l y s l o w e r r a t e of 

c o o l i n g t h a n t h e f i r s t p u l s e t h a t formed t h e Mayf lower s t o c k . 

No marked d i f f e r e n c e was n o t i c e d i n b o t h t h e p r i m a r y and a l t e r 

a t i o n m i n e r a l o g i e s o f t h e two s t o c k s , b u t K - f e l d s p a r and b i o t i t e seem 

t o be more a b u n d a n t and h o r n b l e n d e l e s s a b u n d a n t i n t h e O n t a r i o p o r 

p h y r y . P e t r o g r a p h i c a l l y t h e s t o c k s look a l i k e , t h e i r m i n e r a l s d i s p l a y 

i n g e s s e n t i a l l y t h e same t e x t u r a l c h a r a c t e r i s t i c s , e x c e p t f o r some p l a 

g i o c l a s e p h e n o c r y s t s h a v i n g e d g e s s t u d d e d w i t h a m y r m e k i t i c i n t e r g r o w t h 

of q u a r t z . 

The Va leo s t o c k 

The Va leo p o r p h y r y r o c k s a r e e x p o s e d on t h e w e s t s i d e o f t h e mine 

be tween t h e 800 ' and t h e 1 , 2 7 0 ' l e v e l s , fo rming a t h i c k s i 1 1 - l i k e body 

be tween s e d i m e n t a r y w a l l s . I t r e a p p e a r s on t h e 2 , 0 0 5 ' l e v e l as sma l l 

d i k e s o r t o n g u e - s h a p e d i n t r u s i o n s c u t t i n g t h r o u g h c a l c a r e o u s u n i t s . 

The Va leo s t o c k d i d n o t s e r v e as h o s t f o r t h e main o r e zones o f 

t h e Mayflower Mine , a l t h o u g h i t c o n t a i n s d i s s e m i n a t e d p y r i t e . In f a c t 

i t s s u b - e c o n o m i c n a t u r e l a r g e l y l i m i t e d t h e w e s t e x t e n s i o n o f some mine 
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The Onta r io stock 

The Ontario stock is exposed only on the 2,800 ' and 3,000' l eve l s 

of the Mayflo\'ler Mi ne. The Ontario rocks are porphyritic although some 

facies are nearly equigranular and their compos i tion ranges from quar tz-

monzonite to quartz- diorite. Rocks of the Ontario stock are coarser 

grained than the Mayflower rocks, which i n part may be the reason for t he 

l i ghter co l or of the Ontario rocks. The Ontario stock may represent a 

l ater pulse of the magmatic events with a comparatively slower rate of 

coo 1 i n9 th an the f i rs t pul s e that fanned the Mayfl al'ler stack. 

No ma r ked difference was noticed in both the primary and alter

ation mi neralogi es of the two stocks, but K-feldspar and bioti te seem 

to be more abundant and hornblende less abundant in the Ontario por

phyry_ Petrographically the stocks look alike , their minerals di splay

ing essentially the same textura l characteristics, except for some pl a

gioclase phenocrysts having edges studded with a myrmekitic intergrowth 

of quartz. 

The Valeo stock 

The Valeo porphyry rocks are exposed on the west side of the mine 

betvJeen the 800 ' and the 1,270 ' l eve l s, form i ng a thick sill-like body 

between sedimentary walls. It reappears on the 2.005' l evel as sma ll 

dikes or tongue-shaped in trusions cutting through calcareous units. 

The Valeo stock did not serve as host for the main ore zones of 

the f1ay flo\'/et' Mine, although it contains di sseminated pyrite. In fact 

its sub-economic nature largely limited the \",cst exte nsion of some mine 
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l e v e l s . 

The Va leo r o c k s have a d i s t i n c t i v e p o r p h y r i t i c t e x t u r e w i t h 

p h e n o c r y s t s o f w h i t e p l a g i o c l a s e and q u a r t z (some w i t h rounded o u t l i n e s ) 

embedded i n a f i n e - g r a i n e d groundmass which l e n d s a g r a y c o l o r t o t h e 

r o c k s . P l a g i o c l a s e p h e n o c r y s t s a r e t a b u l a r r e a c h i n g up t o 1 cm i n l e n g t h . 

Mafic m i n e r a l s , p a r t i c u l a r l y b i o t i t e , a r e p r e s e n t a s s c a t t e r e d s m a l l 

c r y s t a l s b u t a r e n o t a b u n d a n t . K - f e l d s p a r o c c u r s i n l a r g e r amounts t h a n 

i n t h e o t h e r two s t o c k s and some g r a i n s a r e p e r t h i t i c . 

P y r i t e and minor k a o l i n i t e , s e r i c i t e , c a l c i t e and c h l o r i t e a r e 

t h e a l t e r a t i o n m i n e r a l s of t h e Va leo s t o c k . 

Bulk C h e m i s t r y 

Major components 

The v o l u m e t r i c d i s t r i b u t i o n o f t h o s e s t o c k s w i t h i n t h e u n d e r 

ground l i m i t s of t h e mine c o n d i t i o n e d t h e e x t e n s i o n of s a m p l i n g of each 

i g n e o u s body . Of t h e 133 i n t e r v a l s s a m p l e d , a t o t a l of 1 1 7 , 14 and 2 

s a m p l e s we re c o l l e c t e d from t h e w a l l r o c k s o f t h e Mayf lower , O n t a r i o and 

Va leo p o r p h y r i e s r e s p e c t i v e l y . 

Al l ma jo r components i n t h e s e s a m p l e s e x c e p t c h e m i c a l l y bound 

w a t e r were d e t e r m i n e d ( T a b l e 4 ) . C o n s i d e r i n g t h e f a c t t h a t t h e s e s t o c k s 

a r e g e o l o g i c a l l y c o n t e m p o r a n e o u s and have been i n t e g r a l p a r t s o f t h e 

h y d r o t h e r m a l s y s t e m t h a t g e n e r a t e d t h e Mayf lower o r e z o n e , t h e y must 

have i n t e r a c t e d w i t h s i m i l a r aqueous s o l u t i o n s r e s p o n s i b l e f o r t h e i r 

a l t e r a t i o n . T h e i r p r e s e n t - d a y c h e m i c a l c o m p o s i t i o n s h o u l d , t h e r e f o r e , 

r e f l e c t t h e e x t e n t t o which t h e i r r o c k s r e a c t e d w i t h t h e h y d r o t h e r m a l 

f l u i d s . The e x t e n t of t h e s e t h e r m o - c h e m i c a l p r o c e s s e s and t h e 
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l eve l s. 

The Val eo rocks have a distinct i ve porphyritic texture with 

phenocrys ts of white plagioclase and quartz (some with rounded outlines) 

embedded in a fine-grained groundmass whi ch l ends a gray co lor to the 

rocks . Plagioclase phenocrysts are tabular reaching up to 1 em in l ength. 

Mafi c minerals , particul arly biotite. are present as scattered sma ll 

crystals but are not abundant. K-fe l dspar occurs in large r amounts than 

in the other two stocks and some grains are perthitic. 

Pyrite and mi nor kaolinite, serici te , ca l cite and ch lorite are 

the al tera tion minerals of the Valeo stock . 

8u 1 k Chemi s try 

Major components 

The volumetric distribution of those stocks within t he under

ground li mits of the mine conditioned the extension of sampl ing of each 

igneous body. Of the 133 in terva l s sampled, a total of 11 7, 14 and 2 

samp l es were co ll ected from the ~'1all rocks of t he Hayflo\'Jer, Ontar io and 

Valeo porphyri es res pe ctively. 

All major components i n these samples except chemica ll y bound 

water were determined (Table 4) . Considering the fact that these stocks 

are geolog i cally contemporaneous and have been integral parts of the 

hydrothennal system that generated the May fl owe r ore zone , they mus t 

have in te racted Itlith s i milar aqueous solu tions res ponsible for their 

alterat i on . Their present-day chemica l composition should, therefore, 

re fl er.:t the exten t to I'lhich thei r r ocks reacted with the hydrothenna l 

fluid s . The ex tent of these thermo- chemica l processes and the 
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p e t r o g e n e t i c r e l a t i o n s h i p s among t h e s e s t o c k s n e c e s s i t a t e t h e knowledge 

of t h e i r o r i g i n a l c h e m i c a l c o m p o s i t i o n . U n a l t e r e d s p e c i m e n s o f t h e s e 

r o c k s were n o t found i n t h e m i n e . Samples from s u r f a c e o u t c r o p s o f t h e 

Valeo and O n t a r i o s t o c k s have been a n a l y z e d and a r e b e l i e v e d t o r e p r e 

s e n t t h e u n a l t e r e d e q u i v a l e n t s o f t h e s e r o c k s ( N o r t o n , u n p u b l i s h e d ) , 

T a b l e 5 . 

A n a l y s e s o f u n a l t e r e d r o c k s of t h e Mayflower p o r p h y r y were n o t 

a v a i l a b l e , h o w e v e r , e x a m i n a t i o n s of t h i n s e c t i o n s and c a l c u l a t i o n s o f 

m i n e r a l abundance f o r l e s s a l t e r e d i n t e r v a l s of t h e Mayflower rock w a l l s 

( s e e C h a p t e r V I I ) a l l o w e d an e s t i m a t i o n o f what t h e i r o r i g i n a l modal 

c o m p o s i t i o n m i g h t have b e e n . An a p p r o x i m a t i o n o f t h e i r o r i g i n a l 

chemica l c o m p o s i t i o n was t h e n p o s s i b l e , s i n c e t h e i r major p r i m a r y min

e r a l s have been c h e m i c a l l y a n a l y z e d ( s e e n e x t s e c t i o n ) . A l s o , t h e a n a l y 

s i s o f t h e Mayflower i n t e r v a l (MF-2018) t h a t r e v e a l e d t h e l e a s t amount 

of h y d r o t h e r m a l m i n e r a l s was t a k e n t o be a good i n d i c a t i o n of i t s com

p o s i t i o n b e f o r e a l t e r a t i o n ( T a b l e 5 ) . The c a l c u l a t e d c o m p o s i t i o n and 

t h e d e t e r m i n e d l e a s t a l t e r e d Mayflower r o c k c o m p o s i t i o n a g r e e f a i r l y 

w e l l w i t h i n t h e e x p e c t e d marg in o f e r r o r . 

T r a n s i t i o n e l e m e n t s 

Some t r a n s i t i o n e l e m e n t g e o c h e m i c a l a n o m a l i e s i n t h e i g n e o u s 

w a l l r o c k s a t t h e Mayflower Mine we re i n v e s t i g a t e d by A l - S h a i e b ( 1 9 7 2 ) . 

From t r a c e e l e m e n t d i s t r i b u t i o n s he c o n c l u d e d t h a t l e a d and z i n c anoma l 

i e s a r e c o n f i n e d m a i n l y t o t h e v i c i n i t y o f t h e v e i n s , w h i l e t h e a u r 

e o l e s of g o l d , s i l v e r and c o p p e r were more e x t e n s i v e e s p e c i a l l y i n t h e 

e a s t e r n p a r t of t h e m i n e . On t h e 2 , 6 0 0 ' l e v e l , i n a 67 m e t e r i n t e r v a l 
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petrogenetic re lationships among these stocks necess itate the knowledge 

of their original chemi ca l composition. Unaltered specimens of these 

rocks were not found in the mine. Samples from surface outc rops of the 

Valeo and Ontario stocks have been analyzed and are believed to repre

sent the unaltered equivalents of these rocks (Norton. unpubli shed), 

Table 5. 

Analyses of unalte red rock s of the Mayflower porphyry were not 

avai l ab le . however, examinations of thin sections and ca l culations of 

mineral abundance for less altered interval s of the Mayflower rock walls 

(see Chapter VII) allowed an estimation of \vhat their original modal 

composition mi ght have been. An approximation of their original 

chemical composition was then possible, since their major primary min

erals have been cher,lically analyzed (see next section) . Also, the analy

sis of the Mayflower interval (MF-2018) that reve aled the least amount 

of hydrotherma l minerals was taken to be a good indi ca tion of its com

position before al teration (Table 5). The calculated composit i on and 

the determined l east altered Mayflower rock composition agree fairly 

well within the expected margin of error . 

Trans ition elements 

Some tra ns iti on e l ement geochemical anoma lies in the i gneous 

wall rocks at the Mayflower fline "ere in vesti9ated by A1-Shaieb (1972). 

From trace e l ement distributions he concluded tha t lead and zinc anoma l

ies are confined mai nly to the vicinity of the veins , I(/hile the aur

eoles of qo l d, silver and copper were nlore extens i ve especia lly in the 

eJstern part of the mine. On the 2 ,600 ' l eve l, in a 67 meter interval 
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TABLE 5 

ESTIMATED COMPOSITION OF THE UNALTERED 

MAYFLOWER, ONTARIO AND VALEO ROCKS 

V a l e o * 

Mayflov/er 

V a l e o * O n t a r i o * C a l c u l a t e d MF- 2018+ 

s i o 2 
6 0 . 7 0 6 0 . 8 0 5 9 . 4 0 6 1 . 1 1 

A 1 2 ° 3 1 7 . 5 0 1 6 . 7 0 2 0 . 6 0 1 8 . 2 0 

FeO 1.89 1 .20 4 . 3 0 3 . 9 3 

F e 2 0 3 3 . 0 5 3 .96 • • • • 

MgO 2 . 4 9 1.81 1.90 3 . 0 4 

CaO 4 . 1 0 3 . 1 5 5 . 9 0 5 .10 

Na 2 0 4 . 4 6 5 . 3 9 4 . 9 0 3 . 9 4 

K 2 0 2 . 5 4 3 .60 2 . 1 0 2 . 9 5 

S 0 . 0 2 0 . 0 7 • • 0 . 1 2 

H 2 0 + 0 . 6 4 0 . 7 3 0 . 4 5 

H 2 0" 0 . 3 6 0 . 4 4 • • 

c o 2 • • • • • • 0 . 4 8 

S 0 3 0 . 5 8 

MnO 0 . 0 5 0 . 1 0 

T i 0 2 j 0 . 4 0 0 . 8 2 

T o t a l 9 8 . 2 0 % 9 7 . 8 0 % 1 0 0 . 0 0 % 1 0 0 . 3 7 % 

* N o r t o n ' s A n a l y s e s ( u n p u b l i s h e d ) . 
• i-Present r e s e a r c h . 

N o t e : f i g u r e s a r e in w e i g h t p e r c e n t 

-
5102 
A1 203 

FeO 

Fe203 

MgO 

CaO 

Na20 

KzO 
5 

H 0+ 
2 

H
2

O-

CO2 

5°3 

MnO 

Ti02 

Tota l 

TABLE 5 

ESTIMATED COMPOSITION OF THE UNALTERED 

MAYFLOWER, ONT,\RIO AND VALEO ROCKS 

Nay fl m'le r 

I Yaleo* Ontari o* Ca l cul ated , 
I 60 . 70 60.80 

11'.50 16. 70 

1.89 1.20 

3.05 3.96 

2.49 1 .81 

4. 10 3.1 5 

4.46 5.39 

2.54 3.60 

0.02 0 .07 

0 .64 0.73 

0. 36 0.44 

· · · · 
· · · · 
· · · · 
· · · 

98 .20 % 97 . 80 % 

*Norton's Analyses (unpublished). 
+Pr~sent resedrch. 

I 

Note: figures are in weight per cen t 

59.40 

20.60 

4.30 

· · 
1. 90 

5.90 

4.90 

2. 10 

· · 
0.45 

· · 
· 

· 
0.05 

0.40 

100.00 % 
.- -- . 
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MF- 2018+ 

61. 11 

18.20 

3.93 

. · 
3.04 

5.10 

3.94 , 
2.95 

0. 12 

· 
. · 

0.48 

0.58 

0.10 

0.82 

100.37 % 
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TABLE 6 

ORE PRODUCTION, MAYFLOWER MINE 

- A v e r a g e Grade 

Year O p e r a t o r Tons of 
Ore Au 

o z / 
t o n 

Ag 
o z / 
t o n 

Pb 
0/ 10 

7n 

% 

Cu 
0/ 
/o 

Cd 

% 

1870-1932 V a r i o u s ±35 ,000 

1932-1961 New Park 1 , 3 9 7 , 9 1 2 0 . 2 8 6 . 5 5 .6 7 . 0 0 . 7 n . a . 

1961-1967 Heel a 5 6 5 , 7 2 2 0 . 3 9 4 . 1 4 . 5 4 . 3 0 . 7 n . a . 

1968 Heel a* 1 2 2 , 3 5 7 

1969 Heel a** 117 ,452 0 . 4 9 6 . 3 3 5 . 2 3 3 .14 0 . 9 8 n . a . 

1970 Heel a** 1 1 5 , 7 6 2 0 . 4 8 5 .2 4 . 5 1 2 . 8 5 1.01 0 .02 

T o t a l 2 , 3 5 4 , 2 0 5 0 . 3 3 5 . 7 4 5 . 1 8 5 . 8 8 0 . 7 3 0 .02 

SOURCE: Q u i n l a n and S i m o s , 1 9 6 8 . 
*New Park Mining Company f i l e s . 

**New Park Mining Company Annual R e p o r t , 1 9 7 0 . 
n . a . s n o t a v a i l a b l e . 

TABLE 6 

ORE PRODUCTION, flAY FLOWER MINE 

Ye ar Ope rator Tons of 
Al! Ore oz/ 

ton 

1870-1 932 Various ±35 ,ODO . . . 
1932-1 961 Neill Park 1,397 ,912 0 . 28 
1961- 1967 Hecl a 565 , 722 0.39 

1968 Hec l a* 122 ,357 

1969 Heel a** 11 7, 452 0.49 

1970 Hecl a** 11 5,762 0. 48 

Tota l 2 ,354 ,205 0.33 

SOURCE : Qui nlan and Si mos, 1968 . 
*New Park Mining Company f il es . 

Average Gr ade 

Ag Pb 1n 
oz/ • % ton • 

. . . . . 
6.5 5.6 7.0 
4 .1 4.5 4. 3 

6. 33 5.23 3.14 

5.2 4.51 12.85 

5.74 I 
5.18 15.88 

**New Park Ni n; ng Company Annua l Report. 1970. 
n.a. ~ not avai l able. 
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Cu Cd 

% % 

. . . . 
0. 7 n .a . 

0.7 n.a. 

0.98 n. a . 

1. 01 0 .02 

0 . 73 0 .02 
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a l o n g a l o n g i t u d i n a l s e c t i o n 15 m e t e r s s o u t h o f t h e Mayflower v e i n , t h e 

a v e r a g e c o n c e n t r a t i o n s c a l c u l a t e d from A l - S h a i e b ' s t a b l e s were 478 ppb 

Ag, 131 ppb Au, 511 ppm Cu, 43 ppm Pb and 66 ppm Zn. One v e r y anomalous 

c o n c e n t r a t i o n in t h a t i n t e r v a l was n o t compu ted . In a 1 0 0 - m e t e r i n t e r v a l 

a l o n g a N-S s e c t i o n on t h e same l e v e l t h e a v e r a g e s o b t a i n e d were 428 ppb 

Ag, 188 ppb Au, 275 ppm Cu, 44 ppm Pb and 74 ppm Zn. V a lue s f o r l e a d 

and z i n c a r e v e r y un i fo rm a l o n g b o t h i n t e r v a l s , w h e r e a s t h o s e f o r g o l d , 

s i l v e r and c o p p e r show a more p r o n o u n c e d s c a t t e r i n g . S e c t i o n s sampled 

on o t h e r l e v e l s do n o t change t h i s p a t t e r n a p p r e c i a b l y . 

For t h e o r e z o n e , t h e c o n c e n t r a t i o n s of t h e s e m e t a l s were c a l c u 

l a t e d u s i n g a w e i g h t e d a v e r a g e from p r o d u c t i o n f i g u r e s g i v e n on T a b l e 6 

Mine ra l C h e m i s t r y 

P r i m a r y and a l t e r a t i o n a s s e m b l a g e s 

P l a g i o c l a s e , q u a r t z , K - f e l d s p a r , b i o t i t e and h o r n b l e n d e c o n s t i 

t u t e t h e major p r i m a r y m i n e r a l s p r e s e n t in t h e s t o c k s exposed i n t h e 

Mayflower Mine . The a l t e r a t i o n a s s e m b l a g e o f t h e w a l l r o c k s , on t h e 

o t h e r h a n d , i s much more v a r i e d , b u t o n l y a few m i n e r a l s o c c u r i n s i g n i 

f i c a n t q u a n t i t i e s o v e r t h e s t u d i e d v e r t i c a l s e c t i o n o f t h e m i n e . These 

most a b u n d a n t a l t e r a t i o n p r o d u c t s a r e k a o l i n i t e , K - f e l d s p a r , q u a r t z , 

b i o t i t e , c h l o r i t e , a n h y d r i t e , c a l c i t e and p y r i t e . Minor a l t e r a t i o n 

components i n c l u d e a c t i n o l i t e , e p i d o t e , s a l i t e , z e o l i t e s , r h o d o c h r o -

* s i t e , gypsum, s c h o r l i t e , m a g n e t i t e , e t c . which l o c a l l y may become 

a b u n d a n t e s p e c i a l l y as v e i n - f i l l i n g m i n e r a l s . S e r i c i t e , a l t h o u g h u b i 

q u i t o u s , i s n o t a b u n d a n t e x c e p t o c c a s i o n a l l y i n t h e immedia t e v i c i n i t y 

of t h e main v e i n s y s t e m . A l b i t e , l i k e w i s e , i s n o t w i d e s p r e a d b u t becomes 
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along a l ongitudinal section 15 meters south of the ~1ayfl ower ve in, the 

average concentrations ca l cul ated from Al-Sha;eb ' s tables were 478 ppb 

Ag, 131 ppb Au, 511 ppm Cu, 43 ppm Pb and 66 ppm In. One very anoma lous 

concentrati on in that in terval was not comp uted. In a l OO -meter interval 

along a N-S secti on on the same le vel the averages obtained were 428 ppb 

Ag, 188 ppb Au, 275 ppm Cu, 44 ppm Pb and 74 ppm In. Values for lead 

and zi nc a re very unifonn al ong .both i nterva l s, whereas those fo r gold, 

s il ver and copper sho" a more pronounced scattering . Sect ions samp l ed 

on other leve l s do not change th i s pattern appreciab ly. 

For the ore zone, the concentrations of these meta l s were ca l cu

l ated using a \<Jeighted average from product i on f i gures given on Table 6 

Mi nera l Chem istry 

Pri mary and alteration assembla ges 

Pl agioclase, quartz , K-fe ldspar ) biotite and hornblende consti 

tute the maj or pri mary minerals present in the stocks exposed in the 

Nayflolt/er Nine . The alteration assemblage of the wall rocks, on the 

other hand, is much more varied, but onl y a fel.,r minera l s occur in sign i

ficant quantities over the studied vert i ca l section of the mine . These 

mos t abundant alteration products are kaolinite, K- feldspar, quartz , 

biotite, chlori te , anhydri t e, calcite and pyrite . Minor alterat i on 

components incl ude actinolite. epidote, salite . zeolites , rhodochro-

· site, gypsum , s chor"li te, magnetite , etc . which l ocally may become 

Jbundant es peciall y as vein-filling minerals. Sericite, a lthough ubi

quitous, is not abundant except occasionil lly in t he imll'Cdiate vi c inity 

of the IM in vein system. Albite, like\.,rise, is not \.,ridespread hut becomes 
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a major h y d r o t h e r m a l m i n e r a l a few m e t e r s away from t h e Mayflower v e i n . 

M o n t m o r i l l o n i t e was n o t f o u n d , b u t i t has been r e p o r t e d t o o c c u r u b i 

q u i t o u s l y i n sma l l amounts ( W i l l i a m s 1 9 5 2 ) . 

Chemical c o m p o s i t i o n s of t h e 

m i n e r a l p h a s e s 

Only s i l i c a t e m i n e r a l s t h a t u s u a l l y e x h i b i t s i g n i f i c a n t com

p o s i t i o n a l v a r i a t i o n , e . g . , members o f a s o l i d s o l u t i o n s e r i e s , were 

a n a l y z e d . A c c o r d i n g l y , t h e chemica l c o m p o s i t i o n s of b i o t i t e , c h l o r i t e , 

h o r n b l e n d e , a c t i n o l i t e , e p i d o t e , s a l i t e , a u g i t e , p l a g i o c l a s e and K - f e l d 

s p a r g r a i n s were d e t e r m i n e d ( T a b l e s 7 and 8 ) . C o r r e s p o n d i n g s t r u c t u r a l 

f o r m u l a s o f t h e s e m i n e r a l s a r e g i v e n i n T a b l e 9 . 

Gene ra l c h e m i c a l c h a r a c t e r i s t i c s of i n d i v i d u a l m i n e r a l p h a s e s 

a r e as f o l l o w s : 

B i o t i t e . T h r e e d i s t i n c t t e x t u r a l k i n d s of b i o t i t e were r e c o g 

n i z e d in t h e i g n e o u s r o c k s of t h e Mayflower Mine: 1) l a r g e i s o l a t e d 

p h e n o c r y s t s , 2) r e p l a c i n g h o r n b l e n d e and 3) a g g r e g a t e s o f d i m i n u t e 

f l a k e s . The a r r a n g e m e n t o f t h e s e f l a k e a g g r e g a t e s p r e s e r v e d , in many 

i n s t a n c e s , t h e o u t l i n e s of t h e l o n g i t u d i n a l and b a s a l s e c t i o n s of some 

D h e n o c r y s t s so a s t o i n d i c a t e a t h o r o u g h r e c r y s t a l l i z a t i o n of t h e 

p h e n o c r y s t s . I t was t h o u g h t , t h e r e f o r e , t h a t t h e s e t e x t u r a l v a r i e t i e s 

c o u l d r e p r e s e n t d i s t i n c t g e n e r a t i o n s of b i o t i t e ( p r i m a r y and s e c o n d a r y ) 

Chemical c o m p o s i t i o n s of f i n e - g r a i n e d b i o t i t e of f o u r d i f f e r e n t s a m p l e s 

a r e g i v e n below ( T a b l e 1 0 ) . Compar ison o f t h e s e r e s u l t s w i t h t h e 

a n a l y s e s of b i o t i t e p h e n o c r y s t s p r e s e n t in t h e same s a m p l e s ( s e e T a b l e 

7 ) , howeve r , r e v e a l s no d i s c e r n i b l e chemica l d i f f e r e n c e , u n l e s s t h e y 

88 

a major hydrotherma l mi neral a f ew meters away from the Mayflower vein . 

Montmoril l onite \~as not found, but it has been reported to occur ub i

~uitous 1.v in sma 11 amounts (Wi 11 i ams 1952 ) . 

Chemica l comoositions of t he 

minera l ohases 

Only si l icate minerals that usually exh ibit s i gnificant com

posit i ona l var i ation , e.g., members of a solid so l ut i on series. were 

ana lyzed. Accordingly. the chemical compositions of biotite . ch lorite, 

hornb lende, actinolite. epidote, salite, augite, plaq;oclase and K-fe ld

spar grains \-/ere determined (Tables 7 and 8) . Corresponding structural 

formulas of these minerals are given in Table 9. 

General chemical characteristics of individual mineral phases 

are as follows: 

Biotite . Three distinct textura l kinds of biotite were recog-

nized in the i gneous rocks of the Mayflower ~line : 1) large isolated 

phenocryst$, 2) replacing hornb l ende and 3) aggregates of dimin ute 

f l akes. The arrangement of these flake aggregates preserved, i n many 

i nsta nces, the outlines of the l ongitudinal and basa l sections of some 

phenocrysts so as to indicate a thol~ough recrystallization of t he 

phenocrysts. It was thought. therefore , that these textural var i eties 

could represent distinct generations of biotite (primary and secondary) . 

Chemical compositions of fine-grained biotite of four different sampl es 

are !liven below (Table 10). Comparison of these re sults with the 

analyses of biotite phenocrysts pl'esent in the s an~ samp les (see Tab l e 

7). however, revea l s no discern i ble chemical difference. unless they 



T A B L E 7 

CHEMICAL COMPOSITION OF MINERAL PHASES 

MAYFLOWER, ONTARIO AND VALEO ROCKS 

aioTire 
Mf-OICi 31.16 
nr-1536 31.65 
Mf-1 50*. 37, «.2 
MF-1731 38.^4 
Mr-2Cil 31.50 
Mf-2201 39.18 
MF-220-. 37.71 
HT-2236 31.76 

HC-2211 37.19 
rir-263 J 37.10 
Mf-26Ji. 36,31 
HC-2102 39,17 

MP-JQ05 37,30 
OOM-177 37,31 
ODH-112 37.97 
O'«-J0C5 36.31 
VL-2GQ2 37.60 

W E I 
AC203 r"EO MGO 

12. 93 15.50 1*., 11 
12.52 15.50 15.56 
13.67 1*..77 15.69 
12.'#7 15.2U 15.<4<» 
13.59 15.08 16.05 
1<4.31 1«..70 1<».78 
12.11 15.05 15.63 
12.<«i» 15.U3 15.37 
13.(.0 16.23 13.16 
m.13 16.«.0 13.72 
13.0«. 13.51 16.17 
1<«.33 1<*.26 1<*.73 
13.23 16.05 1U.3J 
13.35 12.56 17.38 
1*).58 16. 03 1<».95 
1«..J.> 15.39 1«.,76 
15.12 5.95 23.26 

H T P E R C 
CAO NA20 K20 

.!<• .28 8.19 

.07 .22 9.08 

.18 .19 9.01 

.07 . 15 9.«.9 

. OU .25 1.WS 

.09 .32 9.18 

.17 .29 1.99 

.17 .19 9.16 

.21 .26 9.32 

.09 .3<4 9.17 

.26 .30 8.7<< 

.05 .2*. 9,<.9 
• i*t .2** 9.51 
.19 .22 8.75 
.0<. .33 9.30 
. 0<. . 30 9.11 
.02 .15 9.06 

F. N T 
MNO TI02 F 

,Z<* 5.17 .».6 
.32 3.52 ,<.5 
,31 3,63 ,32 
,2«. 3.16 .50 
.13 3.70 .VI 
.17 i*. 21* .59 
.20 3.28 .16 
.31 3.37 .51 
.29 i.,19 .32 
.27 3.83 .30 
.19 3.62 .37 
.08 1..U5 .63 
.16 3.91 .35 
.19 3.07 .65 
.15 3.60 .83 
.13 <..25 .80 
.16 2.63 1.22 

CL BAO TOTAL 

.19 1.62 97.55 

.27 .39 96.33 

.29 .62 95.93 

.25 .20 96.62 

.33 .23 96.55 

. 35 .15 98.<«3 

.21 .17 9t..33 

.25 .21 95.19 

. 33 1.3*. 97,1.3 

.37 l.lti 97.32 

.25 .31 92.93 

.25 .33 97.66 

.27 .62 95.57 

.20 .37 9<..<.2 

.24 .73 98.36 

.32 .73 96.07 

.10 .08 S*..«2 

'l10 111£ 

"f_~~Ct 

"r'I])" 

~r_15 Q " 

.... _11 ~. 

.. f-lHI 

"r'22U 

""-7Zh 

"r·na .. 

""-2711 

"r_2~31 

""-lbl~ 

""-Z"U2 

"r_JC~5 

00"- 1" 

om'- ,H2 

O!/-JC~5 

Vl-2~Q2 

Sl02 

3~. u; 

3A.~~ 

37.~~ 

la .'lS 

J~.so 

lq. I~ 

J 1.7. 

14.7& 

n. ~'l 

31.10 

3".11 

n. tr 

31. JQ 

Holl 

J1.'lr 

36.11 

,17 . 60 

It.'I3 

12 . ~2 

1 J . &7 

I z. ~7 

lJ.S'I 

1 ~,JI 

12. It 

ll.~" 

11. ~c 

1~.~~ 

13. 0 ~ 

I~. Jl 

1 J. 2~ 

lJ.15 

1~. ~8 

I ~. 3 .. 

1 '1 . 12 

TABLE 7 

CHEMICAL COKPOSITION OF MINERAL PHASES 

MAYFLOWER, 

'" 

1'1 . SO 

t'i.5~ 

1".11 

l~.Z~ 

I'i, 08 

1".70 

IS. OS 

j 5. '" 

I~. 21 

16."0 

13.<;1 

1".2& 

11,. 05 

IZ.S6 

16. OJ 

15.3'1 

'S. 'IS 

, ( 

1'-. II 

1~.5& 

1 $.6'1 

IS ..... 

I b.OS 

1'" 78 

15.61 

I~ . 17 

1]. M. 

1 ,. 12 

16.17 

1".7 J 

I".~J 

17.U 

1".'15 

1".76 

21.20; 

ONTARIO ANO 
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." 

." 

." 

.n 

." 

." 

." 

." 

.. 10 

• Z

." 
•. 13 

• ·10 

." 

'" 

5 . ~q 

'I. 0 ~ 

13.01 

'1."'1 

ft ... q 

q.llI 

1I.'lq 

'l. 1 ~ 

'1.32 

'1 . 11 

11.7" 

'I , "'! 

'l.~1 

a.TS 

'1.30 

q.l1 

Q. 06 

VALEO ROCKS 

""' 

." 

.n 

." 

.,' 

." 

." 

." 

. " 

." 

.n 

." 

.00 

." 

." 

." 

." 

." 

f hlZ 

5. tr 

J.'iZ 

3 . 61 

J • • 6 

3.7Q 

".2" 
1.26 

1.J7 

... t'l 

J . 1I1 

J .62 

..... S 

.I.'II 

J.01 

], 60 

".ZS 

2 . 63 

, 

.. , 

." 

.n 

." 

." 

." 

."' . ., 

.n 

." 

.H 

." 

." 

." 

. " 

.00 

1.22 

." 

.n 

." 

." 

.H 

." 

." 

." 

.H 

.H 

." 

." ., . 

." ... 

." ... 

'" 

1.,,2 

." 

." 

." 

." 

." 

." 

." 
1.h 

101" 

." 

." 

.H 

.n 

.n 

.00 

TOTAL 

'1T . SS 

<16.1. 

QS.ql 

'1",62 

'lb . 'SS 

'l& ... 3 

<I~.ll 

'15.11'1 

'IT ... 1 

'11. Jl 

'1Z.'1l 

~7 .60 

'lS .57 

'1 .. ... 2 

.. a.36 

'1& . 07 

q .. . ftZ 



T A B L E 7 (CONT.» 

W E I G H T P E 9 C F N T 
11M fc A L SI02 A L 203 Ff 0 MGO CAO NA20 K20 UNO TI02 F CL OAO TOTAL 

OL9 = ITE 
if-^Ol 2 7. Hi. 1 6. 83 18.63 20.71 .?<• .10 0.00 . 39 . 0U 8<. . 88 
MF-tHCIV 28,G«. 17. 30 16.67 22.25 .1(« .12 0.00 . 35 0 .00 31. . 37 
MF-C8C 2 7,58 16.<.<. 1<.. 75 2«..03 .15 . 12 0.00 .<»*» .03 33. 5i. 
MF-U06 26.79 16.30 18.90 21.38 .13 .09 0.00 • *»7 .06 8 ...62 

26.32 16.<.0 18.36 21.92 .08 . 09 .05 .21 .15 83.78 
27. 09 16.61. 19.13 20.37 .09 .06 .13 .<«1 .06 31..W8 

Mr-201i 27.<.0 16.97 19. 79 21.36 .12 .11 .0<4 .22 .05 85, 76 
NF-2201 28.01 18.18 20. 56 13.33 .08 .0 5 .05 .9«. . 06 86. 79 
HF-220*. 27.09 15. 8i» 18. 98 20.31 .18 .1*. .02 .37 .09 83.02 
nF-220'i 26.96 16.<.9 19. 83 20.85 .07 .05 .06 .72 .03 85, 11 
nf-2211 27.20 16.56 19. 77 19.97 ,2*i .10 .05 .38 .08 8<.. 35 
HF-26C3 26.91 13.25 17. 38 22.33 .07 .09 .03 .32 .02 85.92 
Mt"-2*>3<. 26. 31. 16.33 19. U8 20.12 .21 .10 0.00 .26 . 06 82.9C 
1T-2102 27.C5 17.17 20.07 20.33 .08 . 0<. .02 .It* • 0*i 6<». 9*» 
^f.30j;«; 26. 89 16.55 20.23 19.16 . 19 .12 ,l*i .26 .07 83.61 
OOM-177 27.08 15.81 19.57 20.58 .16 .07 .09 .21 . 0<. 63.61 
OOH-177V 26.89 15.73 21.99 18.80 .29 .02 0.30 .28 0.00 8*>. C J 
DOH-812 25.97 17.77 19. 70 21.63 .03 .08 .02 .35 .07 85.67 
0N-33C5 25.53 17.26 20. 7*. 20.36 .10 .03 .06 .28 .03 «<.. 39 
VL-2032 27.18 17.26 10.2*. 27.59 • a*. .05 .06 1.00 .07 33.1.9 

• " 
, , 7 " 

, , ,. , 
, , , , • , • , , , 

·H .. r~'L ST." lllfH ~ [O .. GO '" "'''' lO '" ." nOl , 
" '" fO U L 

C"l ~' I1[ 

~ r · .·Jl 11 .~. 1" .• \ 1 >1.(010 20 . 71 ." ." 0 . ;0 ." ." ~~. 8/\ 

.H·t~01'l ll\ • • ~ 11 . U 16.10' 1.2.2S ... ." O . ~G ." a . ~~ ~" . ~ 7 
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• • - ];;;S 2". /1 '1 If> . ~'i lO.ll 1 '1 . 16 ." ." ." ." ." &J. ;'1 

00"'''' 17.0B 15 . ''1 lQ , 57 lO . ~1I ." ." .n ." ." Al.U 

O'l"'~1'11 z .... n H . 1] 21.<''1 1A. II~ ." ." O.~O . " 0 . 00 A~. C • 

Dn"-lIl2 2".<11 11.17 1 q. , D 21 . 65 ." ." ." .n ." ~ S.61 

O~ - J3'-; lS . ~l 1 1.l-' 20 . ' 10 l C. l l> ." ." ... ... ." A~. lq 
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T A II l r 7 Ie o N T. I 

w E G .j T P E ~ C E N 

IIrllfJHL SI02 AL201 FEO MGO CAO NA20 K20 ~NO TI02 F CL BAD TOUL 

ACfI,;aLITE 

.. F - 0 ~ 0 1 5t;.(iQ 2. J~ 10.50 1flo~4 12. j 3 .31> .12 .f>3 .1'1 qS ... C 

/IF-13J& 51." 0;.25 1 J. 76 1~. 10 11.% .117 .52 .55 .~q '1'1.05 

:1F-2011 52. <)2 ".55 11.20 11)."2 11.&2 .1)7 .<.1 .13 ... 1 '1S.53 

""-Z2~" 5Z.F.3 1.&7 12.31 1&.<.& 12.53 .&3 .31 .33 .<'3 '1'1.1 .. 

""-ZZ(;& 53.09 3.'11 11.53 1 f>. as 11.'1~ .0;'1 .28 .57 .27 q~. ~7 

1I"-22L1 52.22 It. 50 12.&B 15.51 11.33 .ijO ... 0 .5~ 1. a 3 qq. uS 

/1"-26.1" 52. '10 3.0'1 12.86 15.~4 12.7'1 .31 .15 .26 .11 '18.35 

IIF-3aos 5".81 3.05 10 .1" 16.8B 12.~R • "0 .2E ..... .35 qa.1I1 

00"-177 52.32 l.~~ 17.20 12 ... 7 12.63 ... & .2S .28 .13 qq.5!t 

EDl nOTE 

MF-L~al 3'1.0;4 21. "'I 13.18 .O~ 23.23 .07 .03 .22 .03 'H.~7 

I1F-13J& 37. ~l 22.3'1 1<..57 .11 22.&2 .07 .12 .37 .21 q~.2q 

1I~-2011 36.'12 22."& 13.114 .0'1 23.06 .Olt .11 .0'1 .28 '10. eq 

11"-22010 38.~5 23.52 11.211 .05 24.~3 .08 O. a a .32 .05 q~. '18 

HF-Zo(iJ 3~.37 2!.2 .. 13. 31 .02 23.115 .0& o.no .08 .06 qq.~l 

I1F-1F,3~ 3'1."6 20.'1'1 1".57 .0" 23.01 .01 .oz- .10 .10 '18.30 

11"-.:602 l6.51 23.1j9 1 ... 16 .0& 23.78 .05 .0'1 .13 .21 '111.110 

OOH-l77 311.6& 21.27 15.C2 .2" 23.07 .01 .02 .10 .CIt '18 ... 3 



T A 0 L F. / «CONT.) 

W E I G H T PER C E N T 
HIIircAL SI02 4L?0' FEO Mf"»0 CAO NA20 K20 UNO TI02 F CL 9A0 TOTAL 

SAL ITt 
i r - ^ J i 52.51 1.08 8.7ft 31 21.9C .<«l .06 .57 .21 99.83 
MF-220*. 52.08 1. 10 7. 73 It.. 03 23. 87 ,1*2 .0 t, .1.7 .10 99.89 

4'jGire 

KF-1738 53.31 1. 19 9. 22 13.80 21.61 .«.9 .0 <. ,<.2 .27 100.35 

MOONILEMOE 
HF-1703 *.2.3i 12.1<» 10.16 16.21 11.30 2.13 1.1*) .2*. 2.13 97.7o 
HF-3005 t.3.26 ll . l t . it,. 16 12.56 11.91 1.35 1.10 .22 1.6*. 97. J*. 

T A 0 L F. 7 Ie o N r.1 

w E G H P f f{ C f N 

04t11 CO AL SIOZ 4L~'" Fr.O r1r.o CAO NAZO K7.0 r1NO TI02 ~ CL 'lAO TOTAL 

'.)ALlrt 

"'-~~J1 5?51 1.0~ R.7R 1<..31 Zl.QC .~1 • Or:. .,)7 .21 'I'l.e3 

.,r·nol" SZ.~R 1.10 7. 7~ 1<..03 ZJ. M 7 .42 • 0,. .<.7 .10 G'j.~q 

A'J:;tfi 

I'\F-17;~ 53.31 1.1'1 'I. ?Z 13.110 <'1.&1 ,"'1 .0" ... 2 .27 10C.H 

H()Q'i'lLElj;)E 

H~-170~ 102.31 12.1" 10.1& 1&.21 11.30 2.13 1.1" .Z" Z.13 '17.70 

HF-JilJS "l.2& 11.1" 1 ... 1& 12.5& 11.91 1.35 1.10 .22 1.&4 "7.JIo 

http://ll.lt


T A B L E 8 

CHEMICAL COMPOSITIONS OF FELDSPARS 

MAYFLOWER, ONTARIO AND VALEO STOCKS 

f ELI)' PA=? CAO W 
NA20 

E I R H 
K20 

T P r. 
ANORT 

« C E 
ALB IT 

N T 
OR T HO TOTAL 

RECALCULATE TO 
MOLE PER 

ANORT ALPIT 
10C •»£•» CENT 
CENT 

OR T HO 
f»LAf.i0CL AS€ 

MC-Q 131, 1.52 6.1.1 .22 42.26 54.79 1.30 91. .6 41. 5i. 57.11 1.21 
* r-i306 1.51 6. 35 .29 42.56 53.69 1.71 97.97 42, J2 56.23 1.69 
*F-15:<. 9.31 6. 13 .23 44. 70 51.13 1.18 97. 71 4V.29 5V.51. 1.17 
MF- 17 33 1.17 6.67 .23 1.3.53 56. VO 1. 36 93.29 39.83 58.81. 1 . 33 
HF-2CH 1.16 6. 63 .24 43.48 56.06 1.42 97.96 39.91 58.69 1.V0 
MF-2206 7.31 7.11 .32 36.26 60.12 1.89 93.27 35.56 62.59 1.85 
ir-2633 7.11 7. 25 .32 35.62 61.33 1.89 98.8 1 3i.. 72 63.<.4 1.84 
1F-2TJ2 7.39 7.35 .29 35.17 62.15 1.71 99.33 3i.. 19 6«..14 1.67 
MF-3005 1.35 6. 53 .22 41.42 55.22 1.30 97.9(. 40.37 57.81. 1.28 
OOH-112 7.1,1 6. 12 .22 37.11 57.67 1.30 96.07 37.21. 61. *»5 1.30 
ON-3 005 7.33 6.73 .29 36.36 56.91 1.71 94.98 36.92 61.34 1.74 
VL-23 J2 6.69 7.56 .29 33. 19 63.93 1.71 98.32 32.29 66. ji. 1.67 

Ox-THOCL ASE 
MF-010<» .26 1. 26 14.09 1.29 10.65 83. 21 95. 15 1.35 11.80 86.15 
MF-13C6 .17 1. 26 lt..5«. .84 10.65 85.86 97.36 . 86 11.5i» 37.60 
HF-1701 .22 1.46 13.«<. 1.09 12.35 81.73 95. 17 1.14 13.*6 35.20 
MF-2C 1 I .17 1.21 13.63 .14 10.12 8Q.<»9 92. 16 .91 12.31 16. 71 
MF-22J6 .11 1.46 IV.29 .19 12.35 8<.. 39 97.63 .91 13. 32 85. 77 
MF-2H02 .10 1.12 13.31 .50 15. 39 79.01 9t».90 .52 17.31. 82.1.1. 
Mtr-fO J-5 .01 1.20 13.10 .40 10.15 81,1.9 92.04 .(.3 11.62 8 7.95 
O,'IH-«I2 .11 I. 29 lw. 7t» .55 10.91 87.05 93.50 .55 11.63 37. 77 
ON-3G05 .13 1. 36 14.63 • 64 11.50 86. <»0 93.54 .65 12.30 37.05 
VL-2032 .06 1. 06 15.10 .30 1.96 89. 17 98.1.3 .30 9.61 93.C9 CO 
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TABLE 8 
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T A B L E 9 

STRUCTURAL FORMULAS OF MINERALS USED IN MASS ABUNDANCE CALCULATIONS 

MAYFLOWER, ONTARIO AND VALEO STOCKS 

G R A M . A T 0 M . 7 M 0 L E 
IrWAL SI A L Ff MG CA N A K UN TI HA 0 s C H20 

•iSLYCf-O WITH THE ELECTION MICR0PR03E 
IOT ne 
MF-Q801 2.837 1.133 ,96t» 1.563 .011 .040 .842 .021 .289 . 3*7 11.0 1.3 
MF-1 306 2.837 1. 103 .963 1.732 .005 .031 .876 .020 .193 .011 11. G 1.0 
MF-150* 2.AGS 1.207 .920 1.751 .014 . 023 . 861 .020 .20* .013 11. G 1.0 
»<F-i7C3 2.898 1. 093 . 9*7 1.710 .004 .018 .902 .013 .214 .004 11.0 1.0 
HF-2311 2.81.2 1.182 ,931 1.765 .0 03 .035 . 799 .003 .205 .007 11.0 1.0 
HF »2? J1 2.852 1.228 . 895 1.604 .007 . 0*5 . 852 .0 10 .232 .024 11. 0 1.0 
MF-220* 2.381 1. 089 .960 1.776 .314 .0*3 .87* .013 .138 . 005 11.0 1.3 
••F-22C6 2.901 1. 098 .966 1.71(. ."013 .028 .8 73 .020 .190 .006 11.0 1.0 
HF-22H 2.832 1.180 1. 014 1.543 .017 .0 33 .888 .018 .235 .039 11.0 1. 0 
HF-2603 2.772 1.303 1.204 1.528 .007 .049 .873 .017 .215 .033 11.0 1. 0 
HtT-2kS3fc 2.793 1. 183 . 869 1.354 .021 . 0*4 .853 .012 .209 .012 11.3 l.G 
MF-2302 2.8*0 1.210 . 356 1.578 . 0*0 .0 35 . 86* .00* .285 .309 11.0 1.0 
MF-3C:5 2.830 1. 180 1.019 1.587 .011 .036 .920 .010 .223 .018 11. G 1.0 
IGH-177 2. 799 1. 198 . 788 1.993 .015 . 032 .837 .012 .173 .011 11.0 1.0 
HCM-812 2. 79 3 1.264 . 986 1.639 .003 . 047 .872 .009 .199 .021 11. 0 1.0 
ON-3335 2.7*0 1.276 .971 1.660 .003 .0*3 .878 .003 .241 .022 11.0 1.0 
VL-20G2 2.727 1.293 .361 2.51* . 001 . 021 . 839 .010 .143 .032 11.0 l.G 
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TABLE 9 

FORMULAS OF ~llNERALS USED IN MASS ABUNDANCE 
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T A n l E 9 (CON T.I 

MINERAL 51 
AC I NOL ITF 

MF-08Q1 7.711 
MF-1306 7.398 
MF-2011 7.5i* 
MF-220* 7.1.38 
MF-2206 7,607 
MF-22U 7.V07 
MF-263* 7.601 
MF-3JQ5 7.711 
OOH-177 7.571 

EPIOOTE 
MF-0801 3.221 
MF-1306 3.099 
HF-2011 3.605 
MF-220* 1.116 
MF-2603 1.099 
HF-26S* 3.221 
MF-2802 3.012 
DOH-177 3.161. 

AL F E MG 

. 38. 1.2*1 3.550 

. 888 1.651 3.015 

. 761 1. 330 l.*7* 

.615 1. *6* 3,*91 

.653 1.366 3,389 

. 752 1. 50* 3,279 

.523 1.5*7 3.392 

.506 1. 193 3,539 

. 65". 2.082 2,690 

2.06t. . 898 ,010 
2.162 .988 ,013 
2.198 .960 ,011 
2. 22* . 756 .006 
2.213 .899 .002 
2. 020 .995 .005 
2.2*2 .975 .007 
2.052 1.028 .029 

•? A M . A T 0 
CA N A K 

1.863 .098 .020 
1.777 .2*2 .095 
1.768 .18* .07* 
1.908 .172 .C5* 
1.819 .162 ,C50 
1.722 .220 .071 
1.969 .086 .026 
1.881 .109 .0*7 
1.958 .129 .0*5 

2.023 .011 .002 
1.985 .011 .013 
2.051 .006 .012 
2.13* .013 O.COO 
2.06* .010 0.000 
2.012 . 001 . 002 
2.007 2.099 .009 
2.023 .002 .C02 

H / S O L E 
MN TI ,,A 0 

•C76 ,019 2>.0 
.067 . C 9 6 2 3.3 
.0*0 .0*3 23.0 
.039 .0*5 23.0 
.063 .029 23.0 
.070 .110 23.3 
.023 .011 23.0 
.052 .037 23.0 
.028 .01* 23.0 

.015 .001 12.5 
,025 .013 12.5 
.006 .017 12.5 
.021 .003 12.5 
.005 .002 12.5 
,0 07 .003 12.5 
,009 .009 12.5 
.007 .002 12.5 

A 'I E 9 Ie 0 N T.I 

G ., A H . A 0 lot I 'I 0 L E 

IIl'HRH 51 AL FE I'IG GA NA K HN TI ,1A 0 G "20 

Ar.'l NOL 1 TF 

'''-o~al 7.711 • J8 ..... 1. 2~1 1.5<;0 1.~"~ .0'18 • U2 U • C 1& .01'1 2l.0 1.0 

~F-IIC" 7. J'~ 8 • A~~ 1.>,51 J. (; 15 1.777 • Z~2 • "'15 .007 .l:q6 n.o 1.~ 

",-2J11 7.51" • 761 1.330 1. "7~ 1.768 .184 • 07~ • o~ 0 .0 .. 3 2J.O 1.i 

I'I,-uo .. 7."~~ • 615 1.4F,,, l.~gl 1.qO~ .172 • C5 .. • a 3'l .045 23. il 1.'; 

~F-22il" 7.&Q7 .&53 1.3>'r, ~ • .1Bq 1.81'1 .162 • t5 0 .oo~ .02'1 23.0 1.0 

!'IF-221l 7.407 • 7~2 1.<;0" 3.27'1 1.722 .220 • 071 .070 .110 Zl.il 1.0 

,",F ... Zb1 .. 7. bu! .523 1.547 1.3')2 1. 'InC) .086 • 026 .028 • 011 23.0 1.0 

MF-'])1'> 7.711 .50" 1.1'1l 1.53'1 I.A~1 .10'1 • 0 .. 7 .052 .037 23.0 1.0 

00 .. ··177 1.571 • &5 .. 2.~82 Z.&C)O 1.'l5~ .12'1 .0"5 • aZ8 .01" 2J.0 1.0 

EPIDOTE 

I'I,-O~OI J.221 2.Cn" • ~'l~ • 010 2.02~ .011 .002 .015 .001 12.5 .5 

H-I Jab J.oqq 2.1&2 · ~~~ .01.1 t.gAS .011 .013 .025 .013 12.5 .5 

HF-ZHI 3.605 2.1'18 • '1,,0 .011 2. 051 • C 06 .012 .00& .017 12.5 .5 

14,-220 .. 1.116 2. 22~ .151'. .oor.. 2.13~ .013 O. GO 0 .021 • 003 lZ.5 .5 

Mf-2(,Ol J.O'l1 7.213 • Sqq .002 2.0&4 • Q 10 0.000 .005 .OOZ 12.5 .5 

I'I,-Zf>h 3.211 2.020 • qq5 .005 Z.012 .001 .Oil2 .007 .00 J 12.-; .5 

",-2~O2 3.012 2.2 .. 2 .'115 .001 2.007 2.0gq .0Oq .OO'l .oeq 12.5 .5 

00>1-177 ].1610 2.052 1.~28 .OZq 2.0ZJ .oaz • ~O2 .001 .ij~Z 12.5 .s 
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G R A N . A T 0 M / M 0 L E 
MINERAL SI A L FF MG CA NA K MN TI •3 A 0 s c H20 
K-FLLOSPAR 

MF-CM:<. 2.916 1. CI* .31* .116 . 868 8.G 0.3 
MF-13 jf, 2.991 1. 009 . C09 .115 .176 8.3 C.J 
MF-17Q8 2.93 9 1.011 .011 .137 . 152 8.C 0.3 
MF-2011 2.991 1.009 .009 . 123 .668 3.0 Co 
MF-2236 2.991 1. 009 .009 . 13* .857 8.0 C.3 
MF-2802 2.995 1. 005 .005 .17G .825 8.0 0.0 
MF-3GG5 2.996 1.004 .004 .117 .879 3.0 0.0 
DDH-812 2.995 1. 005 .005 .117 .878 8.0 o.c 
OH-3005 2.994 1.006 .006 .123 .871 8.0 0.3 
VL-2002 2.997 1. 003 .00 3 .096 .901 8.0 0.0 

ASSUMED TO BE STOICHIOMETRIC 
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+3 
d i f f e r i n t h e Fe c o n t e n t f o r which t h e y were n o t a n a l y z e d . Indeed 

++ ++ 
t h e r e l a t i v e p r o p o r t i o n s o f t h e a n n i t e (Fe ) , p h l o g o p i t e (Mg ) and 

+3 

p r o t o n - d e f i c i e n t o x y - a n n i t e (Fe ) f r a c t i o n s in t h e b i o t i t e s i n e q u i l i 

b r ium w i t h K - f e l d s p a r and m a g n e t i t e , d e f i n e s t h e t e m p e r a t u r e o f fo rma

t i o n of t h e f e r r o - m a g n e s i a n mica s o l i d s o l u t i o n s e r i e s . The f u n d a 

m e n t a l s o f t h i s t e m p e r a t u r e - d e p e n d e n t c o m p o s i t i o n scheme have been s e t 

f o r t h by Beane (1972 and 1974) who i n v e s t i g a t e d t h e s t a b i l i t y of b i o t i t e 

f o r a p a r a b o l i c a t h e r m a l s o l u t i o n m o d e l . T h i s g e o t h e r m o m e t e r c o n s t i t u t e s 

t o d a t e t h e o n l y r e l i a b l e c r i t e r i o n t o d i s t i n g u i s h p r i m a r y from h y d r o -

t h e r m a l b i o t i t e . F e r r i c and f e r r o u s i r o n w e r e n o t d e t e r m i n e d in t h i s 

s t u d y and t h e r e f o r e t h e b i o t i t e g e o t h e r m o m e t e r c o u l d n o t be u s e d . I t 

was a s s u m e d , n o n e t h e l e s s , t h a t t h e r e has been r e - e q u i l i b r a t i o n of t h e 

p r i m a r y b i o t i t e w i t h t h e h y d r o t h e r m a l s o l u t i o n s t h a t a l t e r e d t h e i g n e o u s 

r o c k s of t h e Mayflower Mine . 

The Mayflower s t o c k b i o t i t e s show a un i fo rm c o m p o s i t i o n w i t h a 

p h l o g o p i t e c o n t e n t r a n g i n g from 0 . 6 0 t o 0 . 7 2 ( t h e mean i s 0 . 6 4 ) o v e r a 

7 2 5 - m e t e r o b s e r v e d v e r t i c a l s e c t i o n o f t h e m i n e . Minor components a r e 

l e s s un i fo rm w i t h BaO showing s u r p r i s i n g l y h i g h v a l u e s i n some s a m p l e s . 

The chemica l c o m p o s i t i o n s of t h e O n t a r i o and Va leo b i o t i t e s were 

o b t a i n e d from a n a l y s e s pe r fo rmed i n j u s t one sample from each s t o c k . 

No n o t i c e a b l e chemica l c o n t r a s t was found t o e x i s t be tween t h e Mayflower 

and O n t a r i o b i o t i t e s . The c o m p o s i t i o n of t h e Va leo b i o t i t e , on t h e 

o t h e r h a n d , d e v i a t e s s i g n i f i c a n t l y from t h e c o m p o s i t i o n of b i o t i t e s from 

t h e o t h e r two s t o c k s n o t a b l y i n i t s p h l o q o p i t i c c o n t e n t which i s 0 . 8 7 . 

T h i s chemica l p a r a m e t e r p o i n t s t o a minimum t e m p e r a t u r e of f o r m a t i o n of 

500°C ( F i q . 19) i f a minimum mole f r a c t i o n P D o x y a n n i t e of 0 .001 i s 
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differ in the Fe+3 content for l'I'hich they were not c1na l yzed. Indeed 

the relative proportions of the annite (Fe++), ph1090pite (M9++) and 

proton-defi cient Qxy- annite (Fe+3) fra c tions in the biotites in equil i

brium with K- feldspar and magnetite, defi nes the t emperature of forma

tion of t he ferro-magnesian mica solid solution series. The funda

mentals of this temperature-dependent composition scheme have been set 

forth by Beane (1972 and 1974) who investigated the stability of biotite 

for a paraboli c atherma l solution model. This geothermometer constitutes 

to date the only re li able criterion to distinguish pri mary from hydro

thermal biotite. Ferric and ferrous iron were not determined in th is 

study and therefore the biotite geothermometer could not be used. It 

was assumed, nonetheless, that there has been re-equilibration of the 

primary biotite with the hydrothennal solutions that altered the igneous 

rocks of the f1ayflower Mine. 

The Mayflower stock biotites show a uniform composition with a 

phl o()op ite content ranging from 0.60 to 0.72 (the mean is 0 .64) over a 

725- meter observed vert; ca l section of the m; ne. Minor components are 

less uniform >lith BaD showing surpri singly high values in some samp les. 

Th e chemical compositions of the Ontario and Valeo biotites were 

obtained from analyses performed in just one samp le from each stock. 

No noti ceab le chemi ca l contrast was found t o ex i st between the Mayflower 

and Ontario biotites. The composition of the Valeo biotite. on the 

other hand, dev i Cl:tes siqnificantly from the composition of biotites from 

the other two stocks notably in its phloflopitic content whi ch ;s 0 .87 . 

Thi <; chemical p<1rilme t e r points to a minimum tempprature of fonnation of 

sonne (Fit]. 19) if a minimum mole fr action PDoxYil nnite of 0.00 1 i s 



TOO 

F i g . 1 9 . B i o t i t e g e o t h e r m o m e t e r as a f u n c t i o n of t h e p h l o g o p i t e 
and P D o x y a n n i t e mole f r a c t i o n s ( a f t e r Beane 1 9 7 4 ) . A t e m p e r a t u r e o f 
500°C i s i n d i c a t e d f o r t h e Valeo b i o t i t e (X . , * 0 . 8 7 ) i f a minimum 
X D n of 0 .001 i s a s sumed . p 

PDoxy 

100 

Fig. 19. Biotite geothermometer as a function of the phlogopite 
and PDoxyannite mole fractions (after Beane 1974). A temperature of 
sooDe is indicated for the Va1eo biotite (X h1 x 0.87) if a minimum 
XpD of 0.001 is assumed. p oxy 
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assumed f o r t h e Va leo b i o t i t e . 

F i g u r e s 20 and 21 d e m o n s t r a t e t h e homogeneous c h a r a c t e r o f t h e 

Mayflower b i o t i t e and compare them t o b o t h t h e O n t a r i o and Va leo f e r r o -

maones i an m i c a s . 

C h l o r i t e . T h i s m i n e r a l i s p r e s e n t i n t h e i g n e o u s r o c k s o f t h e 

Mayf lower Mine as a s e c o n d a r y p r o d u c t , e i t h e r r e p l a c i n g maf i c m i n e r a l s 

and p l a g i o c l a s e o r as a v e i n m i n e r a l . I t s most common o c c u r r e n c e i s 

as a r e p l a c e m e n t p r o d u c t o f b i o t i t e . Chemical c o m p o s i t i o n s were d e t e r 

mined f o r a l l v a r i e t i e s , e x c e p t c h l o r i t e fo rming a f t e r p l a g i o c l a s e . 

Those d e r i v e d from b i o t i t e show a r e m a r k a b l y un i f o r m c o m p o s i t i o n w i t h 

Mg0/(Mg0 + FeO) mole r a t i o s r a n g i n g from 0 . 6 2 t o 0 . 6 8 . The r a t i o s f o r 

v e i n - c h l o r i t e s a r e more v a r i a b l e , b u t a r e i n g e n e r a l h i g h e r t h a n 0 . 7 0 . 

T h i s g e n e r a l c o m p o s i t i o n a l homogene i ty may s u g g e s t an e q u i l i b r a t i o n of 

t h e c h l o r i t e s w i t h t h e h y d r o t h e r m a l s o l u t i o n s o v e r d i f f e r e n t domains 

of a l t e r a t i o n of t h e Mayflower s t o c k r o c k s . 

The O n t a r i o c h l o r i t e s a r e c h e m i c a l l y i n d i s t i n g u i s h a b l e from t h e 

Mayflower o n e s , w h e r e a s t h e Va leo c h l o r i t e s c o n s t i t u t e a ve ry d i s t i n c t 

v a r i e t y w i t h a Mg0/(Mg0 + FeO) mole r a t i o of 0 . 8 3 . C o m p a r a t i v e i l l u s 

t r a t i o n of t h e v a r i a b i l i t y o f t h e chemica l c o m p o s i t i o n o f c h l o r i t e s o f 

a l l t h r e e s t o c k s i s g i v e n i n F i g . 20 which r e l a t e s t h e s e p h y l l o s i 1 i c a t e s 

t o t h e i r f o u r ma jo r c o m p o n e n t s , 

A c t i n o l i t e and h o r n b l e n d e . From i n s p e c t i o n o f t h e c o m p o s i t i o n 

of t h e a m p h i b o l e s found in t h e Mayflower s t o c k , i t can be seen t h a t t h e y 

can be e x o r e s s e d in terms of t h e C a - a m p h i b o l e end members s i n c e t h e y 

do n o t show any marked d e v i a t i o n t o w a r d s t h e a l k a l i - a m p h i b o l e g r o u p . 
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assumed for the Valeo biotite. 

Fiqures 20 and 21 demonstrate the homoqeneoLJs character of the 

~1a'yflQ\'ler biotite and compare them to both the Ontario and Valeo ferro

maones;an micas. 

Chlorite. This mineral is present in the igneous rocks of the 

Ma.vfl owe r Mi roe as a secondary product, either rep 1 aci ng rna fi c m; nera 15 

and pla9ioclase or as a vein mineral. Its most common occurrence is 

as a replacement product of biotite. Chemical compositions I-'/ere deter

mined for all varieties, except chlorite fonn;n9 after plagioclase. 

Those derived from biotite show a remarkably uniform composit ion with 

11~O/(M~0 + FeD) mo l e ratios rangin~ from 0.62 to 0.68 . The ratios for 

vein-chlorites are more variable, but are in general higher than 0.70. 

This qeneral compositional homoqeneity may suggest an equilibration of 

the chlorites with the hydrothermal solutions over different domains 

of alteration of the Mayflower stock rocks. 

The Ontario ch lorites are chemically indistinguishable from the 

t~ayflOl'ler ones, whereas the Va l eo ch lorites const itute a very distinct 

variety "ith a M~0/(t1g0 + FeD) mole ratio of 0.83. Comparative illus

tration of the variability of the chemica l composition of ch lorites of 

a ll three stocks ;s yiven in Fig . 20 which relates these phy ll osilicates 

to thei r four major componen ts . 

Actinolite and hornblende. From inspection of the composit ion 

of the amph i bo 1 es found in the r~ayfl ower stock, it can be seen th a t they 

can be exorcssed in terms of the Cll-amphibole end members s ince they 

do not shm'l any marked dev 'iation to\'/urds the alkal i- amphibole group. 
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F i g . 2 0 . C o m p o s i t i o n a l v a r i a t i o n of t h e Mayflower b i o t i t e s 
and c h l o r i t e s a s a f u n c t i o n of t h e Mg0/(Mg0 + FeO) and S i O ^ / t S i O g + 
A ^ O g ) mole r a t i o s . Ana lyzed s a m p l e s were c o l l e c t e d a t d i f f e r e n t 
mine l e v e l s o v e r a 6 7 0 - m e t e r v e r t i c a l s e c t i o n . A n a l y s e s of t h e On
t a r i o and Valeo b i o t i t e and c h l o r i t e a r e shown f o r c o m p a r i s o n . 

F i g . 2 1 . C o m p o s i t i o n a l v a r i a t i o n of t h e Mayflower b i o t i t e s 
as a f u n c t i o n o f t h e i r p h l o g o p i t e mole f r a c t i o n and wt .%Ti02 and t h e i r 
p h l o g o p i t e mole f r a c t i o n and wt.% (F + C I ) . A n a l y z e d samples were 
c o l l e c t e d a t d i f f e r e n t mine l e v e l s o v e r a 6 7 0 - m e t e r v e r t i c a l s e c t i o n . 
Symbols a r e t h e same as f o r F i g . 2 0 . 

Fig. 20. Compositional variation of the Mayflm'ler biotites 
and chlorites as a function of the MgO/(MgO + FeO) and Si02/(Si02 + 
Al?03) mole ratios. Analyzed samples were collected at different 
mine levels over a 670-meter vertical section. Analyses of the On
tario and Valeo biotite and chlorite are shown for comparison. 

Fig. 21. Compositional variation of the Mayflovler biotites 
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as a function of their phlogopite mole fraction and wt.%Ti02 and their 
phlogopite mole fraction and wt.% (F + Cl). Analyzed samples were 
collected at different mine levels over a 670-meter vertical section. 
Sy~bols are the same as for Fig. 20. 
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TABLE 10 

FINE-GRAINED BIOTITE COMPOSITIONS 

MF- 2011 MF- 2603 MF- 2802 MF-3005 

S i 0 o 3 8 . 5 7 3 8 . 1 3 3 9 . 1 4 3 7 . 2 9 

A 1 2 0 3 1 3 . 6 2 1 4 . 6 3 1 4 . 5 4 1 3 . 2 2 

FeO 1 5 . 4 3 1 5 . 5 6 1 4 . 7 4 1 6 . 0 0 

MgO 1 6 . 2 1 1 4 . 9 0 1 4 . 5 0 1 4 . 2 5 

CaO 0 . 0 4 0 . 0 9 0 . 0 6 0 . 1 4 

Na 2 0 0 . 2 4 0 . 2 1 0 . 2 9 0 . 2 4 

K 2 0 8 . 3 1 9 . 2 1 9 . 4 0 9 . 3 0 

MnO 0 . 1 4 0 . 2 4 0 . 1 1 0 . 1 5 

T i 0 2 3 . 3 7 2 . 8 7 3 . 9 5 3 . 5 7 

T o t a l s 9 5 . 9 5 % 9 5 . 8 4 % 9 7 . 0 0 % 9 4 . 1 6 % 

N o t e : f i g u r e s a r e i n w e i g h t p e r c e n t 
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TABLE 10 

FINE-GRAINED BIOTIT E COMPOSITlONS 

MF- 20 11 MF- 2603 MF- 2B02 MF-3005 

S; 02 38 .57 38.13 39 .14 37 . 29 

A1203 13.62 14.63 14.54 13. 22 

FeD 15.43 15.56 14 .74 16.00 

MgO 16.21 14 .90 14.50 14.25 

CaD 0 .04 0.09 0.06 0.14 

Na20 0.24 0.21 0.29 0 .24 

K20 8.31 9.21 9.40 9.30 

MnO 0. 14 0.24 0 .11 0.15 

Ti02 3.37 2.87 3.95 3.57 

Tota l s 95 .95 % 95.84 % 97 .00 % 94.16 % 

Note : f i gures are in wei ght per cent 
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V a r i a t i o n s in t h e c o m p o s i t i o n s of t h e Mayflower a m p h i b o l e s a r e i l l u s 

t r a t e d by H a l l i m o n d ' s (1943) t r i a n g u l a r d i a g r a m ( F i g . 2 2 ) . Most of them 

occupy an a r e a n e a r t h e t r e m o l i t e - f e r r o t r e m o l i t e c o r n e r , b u t two com

p o s i t i o n s a r e d i s p l a c e d t o w a r d s t h e p a r g a s i t e - f e r r o h a s t i n g i s i t e and 

t s c h e r m a k i t e - f e r r o t s c h e r m a k i t e s i d e o f t h e d i a g r a m . The a n a l y z e d 

a m p h i b o l e s , t h e r e f o r e , r a n g e from a c t i n o l i t e t h r o u g h a c t i n o l i t i c h o r n 

b l e n d e t o a h o r n b l e n d e r i c h in a luminum. 

Where a c t i n o l i t e and h o r n b l e n d e a r e p r e s e n t in t h e same s a m p l e , 

t h e fo rmer i s g e n e r a l l y r e p l a c i n g t h e l a t t e r . T h i s may a l s o e x p l a i n 

t h e v e r y inhomogeneous c h a r a c t e r o f t h e a c t i n o l i t e s w i t h r e s p e c t t o 

S i 0 „ and Al^O^ as a n a l y s i s s p o t s w i t h t h e e l e c t r o n m i c r o p r o b e d i s c l o s e d . 

I t seems l i k e l y t h a t s u b m i c r o s c o p i c i n t e r g r o w t h s of a c t i n o l i t e and h o r n 

b l e n d e may g i v e r i s e t o t h i s i n h o m o g e n e i t y . The a c t i n o l i t e a n a l y s e s i n 

T a b l e 7 r e p r e s e n t a v e r a g e s o f inhomogeneous c o u n t s . 

A c t i n o l i t e e x i s t s commonly as a b i o t i t e r e p l a c e m e n t and a s a v e i n 

m i n e r a l , b u t no s i g n i f i c a n t c h e m i c a l d i f f e r e n c e was n o t i c e d among any 

of t h e d i s t i n c t o c c u r r e n c e s of t h i s m i n e r a l , a l t h o u g h t h e sample DDH-

177 r e v e a l e d v e i n a c t i n o l i t e w i t h a much h i g h e r FeO/(FeO + MgO) r a t i o 

t h a n any o t h e r a n a l y s i s . S i m i l a r l y t o t h e c a s e of t h e c h l o r i t e s , a c t i n 

o l i t e migh t have e q u i l i b r a t e d w i t h t h e h y d r o t h e r m a l s o l u t i o n s r e g a r d 

l e s s of i t s s p a t i a l p o s i t i o n i n t h e a l t e r a t i o n s y s t e m . 

The two h o r n b l e n d e c o m p o s i t i o n s , on t h e o t h e r h a n d , show a mark

ed chemica l v a r i a t i o n , b u t r e a s o n s f o r i t were n o t s o u g h t . 

E p i d o t e . T h i s m i n e r a l o c c u r s as an a l t e r a t i o n p r o d u c t o f b i o 

t i t e , h o r n b l e n d e and p l a g i o c l a s e and as a v e i n m i n e r a l . E l e c t r o n -

m i c r o p r o b e a n a l y s e s of e p i d o t e r e p r e s e n t r e l a t i v e l y homogeneous s i n g l e 
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Variations i n the compos iti ons of the Hayflower amphibol es are i llus

trated by Hallimond's (1943) triangular diagram (Fi g. 22). Most of them 

occupy all area near the tremolite-ferrotremolite corner , but two com

positions are di spl aced towards the parQasite-ferrohastingisite and 

tschermakite-ferrotschermak He s; de of the di agram. The anal yzed 

amphiboles. therefore, range from actinolite through actino li t i c horn

blende to a hornblende rich in aluminum. 

Where actinolite and hornblende are ptesent in the same sample, 

the former is genera lly replacing the latter. Thi s may al so explain 

the very inhomogeneous character of the act inolites with respect to 

S;02 and A' 203 as anal ysis spots with the el ectron microprobe disc losed . 

It seems likel y that submi croscopic intergrOl'/ths of actinolite and horn

bl ende may gi ve rise to this inhomogeneity. The actinol ite ana l yses in 

Table 7 represent averages of i nhomogeneous counts . 

Actinolite exi sts cormlOn l y as a biotite replacement and as a ve in 

mineral , but no siqnificant chemical di fference was noticed among any 

of t he di stinct occu r rences of this minera l, a l though the sampl e DDH-

177 revealed vei n actinolite with a much hi gher FeO/(FeO + MgO ) rat i o 

than any other ana lysis. Si milarly to the case of the chlor ites , actin

ali te mi ~ht have equi 1 ibrated vi; th t he hydrothermal sol uti ons I'egard

less of its spatial position in t he alteration system. 

The hlo hornbl ende compos i tions, on the other hand, shO\'l a mark

ed chemica l variation , but reasons for it vJere not sought. 

Epidote . This Mineral occurs as an alteration product of bio

tite. hornblende and plag i oclase and as a ve in mineral . Electron 

microprobe anal yses of epidote represent re l ative ly homo9cneous Singl e 
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F i g . 2 2 . C o m p o s i t i o n a l v a r i a t i o n o f t h e Mayflower a m p h i b o l e s 
r e p r e s e n t e d on a t r i a n g u l a r d i ag ram f o r C a - a m p h i b o l e end members ( a f t e r 
Ha l l imond 1 9 4 3 ) . • = a c t i n o l i t e ; ® = h o r n b l e n d e . 

F i g . 2 3 . C o m p o s i t i o n a l v a r i a t i o n of b o t h t h e p l a g i o c l a s e and 
K - f e l d s p a r from a n a l y z e d s ample s o f t h e Mayf lower , O n t a r i o and Va leo 
s t o c k s . 
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Fiq. 22. Compositional variation of the Mayflower amphiboles 
represented on a triangular diaqram for Ca-amphibole end members (after 
Hallimond 1943). 0 = actinolite; @ = hornblende. 

Fig. 23. Compositional variation of both the plagioclase and 
K-feldspar from analyzed samples of the Mayflower, Ontario and Valeo 
stocks. 
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g r a i n s o r q r o u p s o f g r a i n s w i t h a v e r y un i f o r m p i s t a c i t e c o n t e n t , d e s p i t e 

i t s d i s t i n c t modes of o c c u r r e n c e , 

S a l i t e and a u g i t e . P y r o x e n e s a r e n o t w i d e s p r e a d m i n e r a l s i n 

t h e Mayflower s t o c k r o c k s . However , two p h a s e s were r e c o g n i z e d , each 

h a v i n g a d i s t i n c t mode of o c c u r r e n c e : One e x i s t s as a p r i m a r y m i n e r a l 

w h e r e a s t h e o t h e r o c c u r s a s a v e i n c o n s t i t u e n t . The p r i m a r y p y r o x e n e 

c o m p o s i t i o n p l o t t e d i n a c o n v e n t i o n a l e n s t a t i t e - d i o p s i d e - h e d e n b e r g i t e -

f e r r o s i l i t e d i a g r a m l i e s a t t h e b o u n d a r y be tween a u g i t e and s a l i t e , b u t 

t h e v e i n p y r o x e n e c o m p o s i t i o n s f a l l d i s t i n c t l y in t h e a r e a r e s e r v e d f o r 

s a l i t e . E v i d e n t l y , t h e r e i s no s i g n i f i c a n t c o m p o s i t i o n a l v a r i a t i o n among 

t h e s e m i n e r a l s t o p e r m i t a s h a r p s e p a r a t i o n be tween a u g i t e and s a l i t e . 

However, t h e d i s t i n c t i o n i s m a i n t a i n e d t o s u g g e s t once more t h e r e -

e q u i l i b r a t i o n of a p r i m a r y m i n e r a l w i t h t h e h y d r o t h e r m a l s o l u t i o n s . 

P l a g i o c l a s e . A n a l y s i s s p o t s w i t h t h e e l e c t r o n m i c r o p r o b e i n 

p l a g i o c l a s e p h e n o c r y s t s o f t h e Mayflower r o c k s , show a c o m p o s i t i o n a l 

v a r i a t i o n from o l i g o c l a s e t o l a b r a d o r i t e ( F i g . 2 3 ) . The a v e r a g e o f a l l 

p h e n o c r y s t s f o r each s a m p l e , howeve r , r e p r e s e n t s c o m p o s i t i o n s of t h e 

a n d e s i n e member w i t h an a n o r t h i t e c o n t e n t r a n g i n g from 34% t o 44% 

( T a b l e 8 ) . C o n s i d e r i n g t h e i r zoned c h a r a c t e r , t h i s r a n g e p o i n t s t o a 

f a i r l y homogeneous c o m p o s i t i o n o v e r t h e v e r t i c a l s e c t i o n of t h e m i n e . 

The p l a g i o c l a s e c o m p o s i t i o n o f t h e sample of t h e O n t a r i o s t o c k f a l l s 

w i t h i n t h e r a n g e found f o r t h e Mayf lower p l a g i o c l a s e s , w h e r e a s i n t h e 

Va leo s t o c k t h i s f e l d s p a r i s more a l b i t e e n r i c h e d t h a n t h e p l a g i o c l a s e s 

of t h e o t h e r two s t o c k s . Al l p l a g i o c l a s e p h e n o c r y s t s e x h i b i t low K^O 

c o n t e n t s which r a n g e from 0 . 2 0 t o 0 . 3 2 w e i g h t p e r c e n t . A n a l y s e s f o r 
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grains or qrauns of gra ins with a very uniform pistacite content . despite 

its distinct modes of occu rrence. 

Salite and augite. Pyroxenes are not widespread minerals in 

the Mayflower stock rocks. However , two phases \'ve re recognized. each 

h av ;n ~ a di s tinct mode of occurrence: One exi sts as a primary mineral 

whereas t he other occurs as a vei n constituent. The pri ma ry pyroxene 

composi ti on plotted in a conventional enstati te-diopside-hedenbergite

ferros ilite di agram li es at t he boundary between augite and sa lite, but 

the vein pyroxene compos i t i ons fal l distinctly in the area rese rved for 

salite. Ev idently . there is no s i gnificant compositiona l variation among 

these minera l s to permi t a s harp separation between augite and sa lite. 

HQ\l/ever, the dist i nction is Ma intained to suggest once more t he re

equilibration of a primary mine ral with the hydrothermal soluti ons. 

Plagioc l ase. Ana lysis spots with the electron microprobe in 

plagioc l ase phenocrysts of the Mayflower rocks, show a compositional 

variation from oligoclase to labradorite (Fi g . 23). The average of all 

phenocrysts for each sample, however. r epresents compositions of the 

andesine member wi th an anor thite con tent ranging from 34% to 44% 

(Table 8). ConSide r ing t he ir zoned character, this range poi nts to a 

fair ly homogeneous composition over the vert i cal section of t he mine. 

The plaqi oclase composition of the sampl e of the Ontario stock falls 

within t he range found for the Mayflm'le r p l agioclases, whereas in the 

Va l eo stock this feldspar is more albite enriched than the plagiocl ases 

of the other hlO s tocks . All fJ l agiuclase phenocrysts exh i bit l ow K20 

contents wh i ch range f r om 0. 20 to 0 . 32 weiqht percent. Analyses for 
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F e , Ba and S r , t h r e e mino r b u t f r e q u e n t l y p r e s e n t e l e m e n t s in t h i s f e l d 

s p a r s t r u c t u r e , we re n o t d o n e . A l b i t e c r y s t a l s were o b s e r v e d i n some 

v e i n l e t s t r a n s e c t i n g t h e Mayf lower r o c k s . S e m i - q u a n t i t a t i v e m i c r o p r o b e 

a n a l y s e s showed them t o be e s s e n t i a l l y p u r e a l b i t e g r a i n s . 

K - f e l d s p a r . Both p r i m a r y and s e c o n d a r y K - f e l d s p a r a r e p r e s e n t 

in t h e i g n e o u s r o c k s o f t h e Mayf lower Mine . Most c r y s t a l s a r e o r t h o -

c l a s e , b u t m i n o r amounts o f a d u l a r i a were i d e n t i f i e d i n some v e i n l e t s . 

Only o r t h o c l a s e g r a i n s w e r e examined f o r chemica l c o m p o s i t i o n d e t e r 

m i n a t i o n . P r i m a r y and s e c o n d a r y v a r i e t i e s do n o t d i f f e r a p p r e c i a b l y i n 

t h e K, Na and Ca c o n t e n t s f o r which t h e y were a n a l y z e d . As a c o n s e 

q u e n c e , t h e c o m p o s i t i o n s r e p o r t e d on T a b l e 8 and F i g . 23 r e p r e s e n t t h e 

a v e r a g e c o m p o s i t i o n of a l l o r t h o c l a s e c r y s t a l s a n a l y z e d in each s a m p l e . 

T h e r e i s a c o n s i d e r a b l e amount o f soda i n them--much more t h a n t h e r e i s 

p o t a s h i n t h e p l a g i o c l a s e as seems t o be t h e c a s e in many h y d r o t h e r m a l 

s y s t e m s . Mayflower and O n t a r i o c o m p o s i t i o n s match f a i r l y w e l l , b u t t h e 

Va leo o r t h o c l a s e seems t o be more e n r i c h e d i n Na^O c o n t e n t . 

Ave rage Modes o f t h e U n a l t e r e d 

I g n e o u s Rocks 

E x a m i n a t i o n o f s e v e r a l t h i n s e c t i o n s o f t h e Mayflower and 

O n t a r i o r o c k s i n d i c a t e d a n d e s i n e , o r t h o c l a s e , q u a r t z , b i o t i t e and 

h o r n b l e n d e t o be t h e q u a n t i t a t i v e l y most i m p o r t a n t p r i m a r y i g n e o u s 

m i n e r a l s . P e t r o g r a p h i c o b s e r v a t i o n s of some of t h e l e a s t a l t e r e d rock 

samples o f bo th s t o c k s p e r m i t t e d an e s t i m a t e of what migh t have been 

t h e o r i g i n a l m i n e r a l modes f o r t h e s e r o c k s . For o r t h o c l a s e , in p a r 

t i c u l a r , t h e e s t i m a t e d mode was b a s e d a l s o on K - f e l d s p a r s t a i n i n g 

11 2 

Fe, 8a and Sr, three lTli nor but frequently pr esent e l ements in th i s fe ld

spar structure, were not done . Albite crysta l s were observed in some 

veinlets transecting the Mayf l o~/er rocks . Semi-quanti tative mi croprobe 

analyses showed them to be essential ly pure albite gra ins. 

K- feldspar. Both primary and secondary K-feldspar are present 

in the igneous rocks of the Mayfl olo'/er ~l in e . Most crystals are or tho

cl ase. but minor amounts of adul aria were i dentified in some ve i nl ets. 

On ly orthoclase 9rains were examined for chemica l composition deter

mination. Primary and secondary varieties do not differ appreciably i n 

the K. Na and Ca contents for which they were analyzed. As a conse 

quence, the compos i tions reported on Table 8 and Fig. 23 represent the 

average composition of all orthoclase crystals analyzed in each sampl e. 

There is a considerable amount of soda in them~-much more than t here i s 

potash in the plagioc l ase as seems to be the case in many hydrotherma l 

systems . MayflO\'ler and Ontario compositions match fair ly \'le l l, but t he 

Valeo orthoc l ase seems to be more enr i ched i n Na20 content . 

Average Modes of the Una l tered 

Igneous Rocks 

Examination of severa l thin sections of the r~ayf1ower and 

Ontario rocks indicated andes ine, orthoc l ase, quartz, biotite and 

hornbl ende to be the quantitat i vely most important primary igneous 

minerals. Petrograph i c observations of some of the least alte red rock 

samples of both stocks permitted an estimate of \·/h<lt might have been 

the oriqina l mineral modes for these rocks. For orthoc l ase . in par~ 

t icu l ar , the estimated mode \.'/as based ;:'"150 on K-fe l dspar stain inq 
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t e c h n i q u e s used i n some u n a l t e r e d - l o o k i n g rock s l a b s . 

C o n s i d e r i n g t h e r e m a r k a b l e s i m i l a r i t i e s in b o t h t h e b u l k and 

m i n e r a l c h e m i s t r y o f t h e Mayflower and O n t a r i o p l u t o n s , t h e y were a s 

sumed t o have had e s s e n t i a l l y t h e same modal c o m p o s i t i o n , which was 

e s t i m a t e d as f o l l o w s : 

M a g n e t i t e was i n c l u d e d due t o i t s u n i v e r s a l o c c u r r e n c e i n most i g n e o u s 

r o c k s in s i m i l a r p r o p o r t i o n s . 

In o r d e r t o t e s t t h e v a l i d i t y of t h i s e s t i m a t e , i t was compared 

w i t h t h e c a l c u l a t e d m i n e r a l c o m p o s i t i o n of t h e i n t e r v a l MF-2018 which 

was found t o c o n t a i n t h e l e a s t a b u n d a n t amounts o f a l t e r a t i o n m i n e r a l s 

among a l l i n t e r v a l s . I t s c a l c u l a t e d m i n e r a l modes ( s e e n e x t c h a p t e r and 

T a b l e 19) a g r e e s ve ry r e a s o n a b l y w i t h t h e e s t i m a t e a b o v e , i f some a s 

s u m p t i o n s a r e o b s e r v e d . F i r s t , c a l c i t e and a n h y d r i t e were formed w i t h 

c a l c i u m d e r i v e d from t h e r e a c t a n t p l a g i o c l a s e . T h i s i m p l i e s t h a t 5 wt% 

a n o r t h i t e had t o be d e s t r o y e d , what c o r r e s p o n d s t o 12 wt% of p l a g i o c l a s e 

c h a r a c t e r i z e d by 40% a n o r t h i t e and 60% a l b i t e c o n t e n t s ( t h e a v e r a g e 

Mayflower p l a g i o c l a s e c o m p o s i t i o n ) . A minimum o r i g i n a l mode f o r a n d e s i n e 

c o u l d t h e n be s e t a t 65 wt% (53 wt% + 12 wt%) . S e c o n d , h o r n b l e n d e was 

assumed t o be t o t a l l y d e s t r o y e d f o r p u r p o s e s of c a l c u l a t i o n s o f t h e 

m i n e r a l modes f o r t h e a l t e r e d r o c k s . As a r e s u l t , t h e c a l c u l a t e d mode 

f o r b i o t i t e , t h e o n l y f e r r o m a g n e s i a n m i n e r a l p r e s e n t in t h a t i n t e r v a l , 

s h o u l d be s u b t r a c t e d from t h e e s t i m a t e d h o r n b l e n d e t o r e p r e s e n t t h e 

maximum o r i g i n a l amount o f b i o t i t e , i . e . , 16 wt% (19wt% - 3 w t%) . The 

A n d e s i n e 
O r t h o c l a s e 
Q u a r t z 
B i o t i t e 
Hornb l ende 
M a g n e t i t e 

69% ± 5.0% 
5% ± 2.0% 

10% ± 3.0% 
12% ± 3.0% 

3% ± 1.0% 
1% ± .5% 
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t echni ques used i n some unal te red-l ooki ng rock s l abs. 

Cons i dering t he rema rkab l e simil arities in both t he bu l k and 

mineral chemi stry of the Mayflower and Ontario pl utons, t hey were as

sumed to have had essent i al ly the same modal composit i on, whi ch was 

es t ima ted as fo llows: 

Andesi ne 69% ± 5.0% 
Orthoc lase 5% ± 2.0% 
Quartz 10% ± 3.0% 
Biot i te 12% ± 3.0% 
Hornblende 3% ± 1. 0% 
Magnetite 1% ± . 5% 

Magnetite was i ncl uded due to i ts un i versa l occurrence i n most igneous 

rocks in s imi lar proport ions . 

In order to test the val idity of this estimate . it was compared 

wi th the calculated minera l compos i t i on of the i nterval MF- 2018 whi ch 

was found to contain t he least abundant aroounts of alteration mi neral s 

among all interva l s . Its calculated minera l modes (see next chapte r and 

Table 19) agrees ve ry reasonabl y with the esti mate above, if some as-

sumptions are observed. Fi rst, calcite and anhydrite were forme d with 

ca l c i um derived f rom the reacta nt pl ag i oc l ase . This imp l i es t hat 5 \'It% 

anorth ite had to be destroyed, what corresponds to 12 wt % of pl ag i oc l ase 

charact erized by 40% anorthite and 60% alb i te contents (the average 

Mayflower pl aqioclase composition) . A minimum original mode for andesi ne 

could then be set at 65 wt% (53 wt% + 12 wt%). Second , hornblende was 

assumed to be to t all y destroyed for purposes of calcul ations of the 

mi neral modes for the a ltered rocks. As a res ult , the ca l cul ated mode 

for b; ot i tc. the on 1y ferroma gnes i an m; nera 1 pt'esen tin t ha t in te r va \ , 

shou l d be subtr..:lcted from the estimated hornblende to represent t he 

maximum ori ginal (11lK)unt of hiot; tc , i.e .• 16 Vl U (19wt% - 3 \'1 t %) . The 
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r e c a l c u l a t e d m i n e r a l modal c o m p o s i t i o n o f t h e i n t e r v a l MF-2018, e x c e p t 

f o r q u a r t z , would t h e n be 

A n d e s i n e 65.0% 
O r t h o c l a s e 7.5% 
B i o t i t e 16.0% 
Hornb lende 3.0% 
M a g n e t i t e 1.0% 

which c o r r e s p o n d s t o a p p r o x i m a t e l y 50 wt% b u l k s i l i c a . Inasmuch as t h e 

chemica l a n a l y s e s of u n a l t e r e d s a m p l e s o f t h e i g n e o u s r o c k s o f t h e Park 

C i t y D i s t r i c t a v e r a g e 60 wt% s i l i c a ( T a b l e 5 ) , t h e 10 wt% d i f f e r e n c e was 

c o n s i d e r e d t o a c c o u n t f o r t h e p r e s e n c e o f q u a r t z . 

The two i n d e p e n d e n t m e t h o d s , t h e r e f o r e , g i v e e q u i v a l e n t modal 

a n a l y s e s f o r t h e u n a l t e r e d Mayflower and O n t a r i o r o c k s w i t h i n t h e a s sump

t i o n s i n d i c a t e d . 

P e t r o g e n e t i c R e l a t i o n s h i p s 

Among t h e S t o c k s 

I f t h e a n a l y s e s g i v e n i n T a b l e 5 do c o r r e s p o n d t o t h e o r i g i n a l 

c o m p o s i t i o n o f t h e Mayf lower , O n t a r i o and Va leo p l u t o n s , t h e y s u g g e s t 

t h a t t h e s e r o c k s may have had a common p a r e n t a l magma, each r e p r e s e n t 

ing a d i f f e r e n t f a c i e s of t h e magmat ic e v o l u t i o n . 

The d a t a on t h e chemica l c o m p o s i t i o n of t h e v a r i o u s m i n e r a l 

p h a s e s p r e s e n t in t h e i g n e o u s r o c k s , add more e v i d e n c e f o r t h a t p e t r o 

g e n e t i c l i n k . The chemica l s i m i l a r i t i e s be tween t h e Mayflower and t h e 

O n t a r i o s t o c k s a r e so s t r i k i n g in t e r m s o f bo th t h e i r bu lk c o m p o s i t i o n s 

and c o m p o s i t i o n s of t h e i r m i n e r a l c o n s t i t u e n t s , that , a c o - p a r e n t a l magma 

seems t o be t h e most r e a s o n a b l e e x p l a n a t i o n . A l t h o u g h t h e a n a l y s e s o f 

t h e m i n e r a l s may n o t r e p r e s e n t t h e i r o r i g i n a l c o m p o s i t i o n s ( e x c e p t 
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recalcu lated mineral moda l composition of the i nterval MF-2018, except 

for quartz. I'lould then be 

Andesine 
Orthocl ase 
Biotite 
Hornb lende 
Magnetite 

65 .0% 
7.5% 

16 .0% 
3.0% 
1. 0% 

I'lhich corresponds to approximately 50 \'It% bul k silica . Inasmuch as the 

chemi cal analyses of unal tered samp l es of the igneous rocks of t he Park 

City Distri ct average 60 wt % s ili ca (Tab l e 5), the 10 Vlt% difference was 

cons i dered to account for the presence of quartz . 

The two independent methods , therefore . give equivalent modal 

analyses for the unaltered Mayflower and Ontario rocks I'lithin the assump

t i ons indicated . 

Petrogenetic Relationshi ps 

Amon a the Stocks .' 
If the analyses given in Table 5 do correspond to the origina l 

compos ition of the Ma.yfloltJer , Ontario and Valeo plutons , they s ugges t 

t hat these rocks may ha ve had a cornnon parenta l magma. each represent-

;ng a dif fe re nt facies of the magmatic evo l ut i on. 

The datil on the chemical compos ; tion of the va rious mi nera l 

phases present in the i gneous rocks. add more evidence for that petro 

genetic link . The chemi ca l similarities between the f1ay fl O\'/er and the 

Ontario stocks are so s triking in terms of both their bu l k compositions 

and compos iti ons of their minera l constituents, that a co-parental magma 

s.eems to be the mos t reasonable expla nat ion. 1\1 thoug h the I1nalyses of 

the mineral s may not represent their or'iginJ l con:pasitions (except 
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p l a g i o c l a s e ) , s i n c e t h e y seem t o have been r e - e q u i l i b r a t e d w i t h t h e 

h y d r o t h e r m a l s o l u t i o n s t h a t a l t e r e d t h e s t o c k s , i t i s u n l i k e l y t h a t 

so s i m i l a r c o n d i t i o n s would r e c u r i n r o c k s c o n t a i n i n g m i n e r a l s of q u i t e 

d i v e r s e chemica l c o m p o s i t i o n s . I t i s l i k e l y t h a t t h e p u l s e t h a t gave 

r i s e t o t h e O n t a r i o r o c k s came soon a f t e r t h e Mayflower p l u t o n was c r y 

s t a l l i z e d , b u t l ong b e f o r e t h e c o - p a r e n t a l magma had had t i m e t o u n d e r 

go any a p p r e c i a b l e d i f f e r e n t i a t i o n . The Va leo s t o c k , on t h e o t h e r h a n d , 

shows some chemica l d i f f e r e n c e s , b u t n o t p e t r o g e n e t i c a l l y s i g n i f i c a n t 

as t o p o i n t t o d e r i v a t i o n from a n o t h e r magmat ic c e n t e r . I t s h i g h e r K-

f e l d s p a r and q u a r t z c o n t e n t s and t h e s l i g h t l y more a l b i t i c c h a r a c t e r 

of i t s p l a g i o c l a s e may i n d i c a t e i t t o be a d i f f e r e n t i a t e from t h e same 

magma t h a t g e n e r a t e d bo th t h e Mayflower and O n t a r i o r o c k s . 

P e t r o c h e m i c a l e v i d e n c e , t h e r e f o r e , s u p p o r t s t h e c h r o n o l o g i c a l 

o r d e r o f i n t r u s i o n assumed e a r l i e r , in which t h e Mayf lower , t h e O n t a r i o 

and t h e Va leo s t o c k s were s u c c e s s i v e l y e m p l a c e d . 

plagioclase) , s ince they seem to have been re-equi l ibrated with the 

hydrotherma l solutions that altered the stocks, it i s unli kely tha t 
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so s i mi l ar conditions woul d recur in rocks containing minera l s of quite 

diverse chemi cal composit ions. It is li ke ly that the pu l se that gave 

ri se to the Onta r; a rocks came soon a fter the May flower p 1 utan was cry

stallized, but l ong before the co-parental magma had had time to under

go any apprec i able differentiation. The Val eo stock, on the other hand. 

sho\>/s some chern; ca 1 di fferences, but not petrogeneti ca ll y 51 gn; fi cant 

as to poi nt to der; va t ; on from another ma~mat; c cen te r. Its higher K

feldspar and quartz contents and the sli ghtly more albitic character 

of its plagioc l ase may indicate it to be a differentiate from the same 

magma that generated both the Mayfl ower and Ontario rocks. 

Petrochemica l evidence, therefore. supports the chronol ogical 

order of intrusion assumed earlier. in which the Mayflower, the Ontario 

and the Valeo stocks were success i vely empl aced. 



CHAPTER VII 

MASS ABUNDANCE OF REACTANT 

AND PRODUCT MINERALS 

The q u a n t i t a t i v e e v a l u a t i o n of t h e m i n e r a l s p r e s e n t i n a r e p r e 

s e n t a t i v e volume o f an a l t e r e d r o c k i s fundamen ta l t o u n d e r s t a n d i n g t h e 

p r o c e s s e s r e s p o n s i b l e f o r t h e r o c k a l t e r a t i o n . The f o l l o w i n g c o n s i d e r a -

t i o n s s t r e s s t h i s i m p o r t a n c e . 

Hydro the rmal a l t e r a t i o n i s a p a t h d e p e n d e n t phenomenon and e n 

t a i l s t h e p r o g r e s s i v e r e a c t i o n o f r o c k s and aqueous s o l u t i o n s , i f t h e y 

a r e i n chemica l d i s e q u i l i b r i u m . The n a t u r e o f t h e m i n e r a l a s s e m b l a g e s 

formed and t h e r e l a t i v e amounts o f t h e p h a s e s p r e c i p i t a t e d depend upon 

t h e c o m p o s i t i o n of t h e aqueous s o l u t i o n s which v a r i e s as t h e r e a c t i o n 

p r o g r e s s e s (He lgeson 1 9 7 0 ) . The mos t i m p o r t a n t chemica l changes in t h e 

h y d r o t h e r m a l s o l u t i o n s a r e r e l a t e d t o t h e consumpt ion o r p r o d u c t i o n of 

H + . The H + b a l a n c e d e t e r m i n e s t h e d i s t r i b u t i o n p a t t e r n of t h e a l t e r a 

t i o n m i n e r a l s t h a t i s c o n d u c i v e t o t h e i n t e r p r e t a t i o n of t h e s e q u e n c e 

of h y d r o t h e r m a l e v e n t s t h a t o c c u r r e d i n t h e s y s t e m . Both t h e amount o f 

H + i n v o l v e d i n t h e r o c k - s o l u t i o n i n t e r a c t i o n and t h e d i s t r i b u t i o n of 

p r o d u c t p h a s e s r e q u i r e t h e knowledge o f t h e mass abundance of r e a c t a n t 

and p r o d u c t m i n e r a l s so t h a t t h e e x t e n t o f t h e h y d r o t h e r m a l p r o c e s s e s 

can be e v a l u a t e d in t i m e and s p a c e . F u r t h e r m o r e , t h e abundance o f 

c e r t a i n m i n e r a l s r e f l e c t s t h e p r e v a i l i n g t h e r m o c h e m i c a l c o n d i t i o n s 

g o v e r n i n g t h e e q u i l i b r i u m among t h e c o - e x i s t i n g p h a s e s and s o l u t i o n s . 

CHAPTER VII 

MASS ABUNDANCE OF REACTANT 

AND PRODUCT MINERALS 

The quantitative evaluation of the minerals present in a repre

sentative vo lume of an altered rock i s fundamental to understanding the 

processes responsible for the rock alteratio n. The fo ll owing considera

tions stress this importance. 

Hydrotherma l al teration ;s a path dependent phenomenon and en

tails the progressive reaction of rocks and aqueous so luti ons. i f they 

are in chemical di sequilibrium. The nature of the minera l assemb lages 

fanned and the relative amounts of the phases precipitated depend upon 

the comoosit i on of the aqueous solutions \'Ihich varies as the reaction 

orogresses (He l geson 1970). The most important chemical changes in the 

hydrothermal solutions are related to the consumpti on or production of 

H+. The H+ balance determines the distribution pattern of the altera

tion minerals that is conduc ive to the interpretati on of the sequence 

of hydrotherma l events that occurred in the sys t em. Both the amount of 

H+ invo l ved in the rock-solution interaction and the distribution of 

product phases require the knowledge of the mass abundance of reactant 

and product minerals so that the extent of the hydrothermal processes 

can be evaluated in ti me and space . Furthermore. the abundance of 

certain minerals re flects the prevailing thermochefllica l conditions 

governing the equi li brium among the co-existing phases and sol utions. 
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As a r e s u l t , i m p o r t a n t c o n s t r a i n t s can be imposed upon t h e e n t i r e s y s 

t em. 

As s i g n i f i c a n t as t h e s e t h e o r e t i c a l c o n s i d e r a t i o n s i s t h e f a c t 

t h a t t h e mass abundance o f a l t e r a t i o n m i n e r a l s can be used as a g u i d e 

f o r o r e - p r o s p e c t i n g , c o n s i d e r i n g t h e common o c c u r r e n c e of h y d r o t h e r m a l 

o r e d e p o s i t s i n a l t e r e d r o c k s . T h a t f a c t was found t o be v a l i d d u r i n g 

t h e d e v e l o p m e n t o f t h e p r e s e n t r e s e a r c h . 

Mass Abundance C a l c u l a t i o n s 

Many t e c h n i q u e s have been used t o d e t e r m i n e t h e r e l a t i v e p r o p o r 

t i o n s o f m i n e r a l s i n r o c k s . The mos t common i s t h e p o i n t - c o u n t i n g 

method used w i t h a c o n v e n t i o n a l p e t r o g r a p h i c m i c r o s c o p e . T h i s method has 

been p roven t o be v e r y e f f i c i e n t f o r modal a n a l y s e s o f u n a l t e r e d r o c k s 

i n which t h e m i n e r a l g r a i n s a r e l a r g e enough t o be i d e n t i f i e d . For 

v o l c a n i c and s u b v o l c a n i c r o c k s t h i s t e c h n i q u e becomes q u i t e t i m e - c o n 

suming c o n s i d e r i n g t h e d i f f i c u l t i e s o f e x a m i n i n g a p h a n i t i c g roundmasse s 

even w i t h t h e most powerfu l m i c r o s c o p e . The p r o b l e m i s s i m i l a r f o r 

a l t e r e d r o c k s and a g g r a v a t e d f o r t h o s e r o c k s in which c l a y and o t h e r 

f i n e - g r a i n e d m i n e r a l s a r e w i d e s p r e a d and i n t i m a t e l y a s s o c i a t e d . Good 

modal a n a l y s e s have been o b t a i n e d by t h i s method even i n t h o s e e x t e n 

s i v e l y a l t e r e d r o c k s , b u t f o l l o w i n g long t i m e and t e d i o u s work . In 

g e n e r a l , modal a n a l y s e s o f a l t e r e d r o c k s by t h e p o i n t - c o u n t i n g method 

l e a v e much t o be d e s i r e d b o t h i n t e r m s of t i m e and p r e c i s i o n . 

T h e o r e t i c a l c a l c u l a t i o n s have been l a r g e l y a p p l i e d t o e s t i m a t e 

t h e c h e m i s t r y of r o c k s f o r which t h e m i n e r a l c o n s t i t u e n t s a r e c o n s i d e r e d 

t o be s t o i c h i o m e t r i c and a r e a s s i g n e d a p p r o x i m a t e modes . As e x p e c t e d , 

117 

As a result, important constrai nts can be imposed upon the entire sys

tem. 

As signifi cant as these theoretical considerations is the fact 

that the mass abundance of alteration ~;nerals can be used as a guide 

for ore-prospecting. consideri ng the conroon occurrence of hydrothermal 

ore deposits in altered rocks. That fact was found to be valid during 

the development of the present research. 

Mass Abundance Calculat ions 

~lany techniques have been used to determine the relative propor

tions of mineral s in rocks . The most corrmon is the point-counti ng 

method used with a conventional petrographic microscope. This method has 

been proven to be very effici ent for modal analyses of unaltered rocks 

in which the minera l grains are large enough to be identified. For 

volcanic and subvol cani c rocks this technique becomes quite time-con

suming considering the difficulties of examining aphanitic groundmasses 

even \·lith the most powerful mi croscope. The problem is similar for 

altered rocks and aggravated for those rocks in which clay and other 

fine-Qrained minera l s are widesp)'ead and intimately associated . Good 

modal analyses have been obtained by this method even in those exten

sively altered rocks. but following l onQ time and tedious work. In 

general. modal analyses of altered rocks by the point-counting method 

leave much to be desired both in terms of time and precis i on. 

Theoretical ca l cul ations have bee r. l argely applied to esti mate 

the chemistry of rocks for whi ch the milleral cons tituents are considered 

to be stoichiometric and are a5si~ned approximate modes . As expected, 
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t h e c a l c u l a t e d b u l k chemica l c o m p o s i t i o n g i v e s o n l y a p p r o x i m a t e r e s u l t s 

and d e v i a t e s s i g n i f i c a n t l y from t h e t r u e v a l u e s in most c a s e s . A s i m i 

l a r , somewhat i n v e r s e a p p r o a c h can be used t o c a l c u l a t e m i n e r a l modes 

f o r s o l u t i o n of geochemica l p r o b l e m s i n which more p r e c i s e and r e f i n e d 

d a t a a r e n e e d e d . Mine ra l modes o f a rock can be d e t e r m i n e d i f 1) i t s 

q u a l i t a t i v e m i n e r a l a s s e m b l a g e , 2) i t s b u l k c h e m i c a l c o m p o s i t i o n and 

3) t h e chemica l c o m p o s i t i o n s of t h e m i n e r a l s p r e s e n t in t h a t a s s e m b l a g e 

a r e known. The m a t h e m a t i c a l o p e r a t i o n s i n v o l v i n g t h e s e t h r e e p a r a m e t e r s 

r e q u i r e t h e u se of c o m p u t e r s f o r complex rock s y s t e m s as i t i s t h e g e n 

e r a l c a s e o f h y d r o t h e r m a l l y a l t e r e d e n v i r o n m e n t s . The a c c u r a c y o f t h e 

r e s u l t s o b t a i n e d by t h i s m a t h e m a t i c a l method depends on t h e a c c u r a c y 

of t h e chemica l a n a l y s e s o f r o c k s and m i n e r a l s and on t h e s e l e c t i o n o f 

a r e p r e s e n t a t i v e m i n e r a l o g y f o r t h e r o c k . 

The r e l a t i v e amounts o f r e a c t a n t and p r o d u c t m i n e r a l s c h a r a c t e r 

i z i n g t h e a l t e r e d i g n e o u s r o c k s o f t h e Mayflower Mine were c a l c u l a t e d by 

u s i n g a F o r t r a n IV program (QANMIN) d e v e l o p e d by Norton and Kolvoord 

( u n p u b l i s h e d ) . A b r i e f d e s c r i p t i o n of t h e QANMIN program i s g i v e n i n 

Appendix E. 

The c a l c u l a t i o n s were p e r f o r m e d a f t e r t h o r o u g h l y s c r u t i n i z i n g 

t h e ma jo r m i n e r a l s composing t h e a l t e r e d r o c k s . A c c o r d i n g l y , each rock 

p u l p , r e p r e s e n t i n g 15 m e t e r s of i g n e o u s w a l l s a m p l i n g , was examined 

u n d e r t h e b i n o c u l a r m i c r o s c o p e and s e v e r a l p e t r o g r a p h i c t h i n s e c t i o n s 

p r e p a r e d from s a m p l e s c o l l e c t e d t h r o u g h o u t t h e v e r t i c a l s e c t i o n o f t h e 

mine were a l s o e x a m i n e d . In a d d i t i o n t o t h i s , m ic rop robe i n s p e c t i o n 

h e l p e d i d e n t i f y i n g p h a s e s p r e s e n t in t h e groundmass and v e i n l e t s , a s 

w e l l a s m i n e r a l s n o t r e a d i l y r e c o g n i z a b l e w i t h a p e t r o g r a p h i c m i c r o s c o p e . 
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the calculated bulk chemical composition gives on ly approximate resu l ts 

and dey; ates sign; fi cantly from the true va 1 ues inmost cases. As; mi-

1ar, sOirewhat inverse approach can be used to calcul ate minera1 modes 

for solution of geochemical problems in \'Ihich more precise and refined 

data are needed. l1ineral modes of a rock can be detennined ; f 1) its 

qualitative m;net'al assemblage , 2) its bulk chemical composition and 

3) the chemical compositions of the minerals present in that assemblage 

are known. The mathematical operations involving these three pa rameters 

require the use of computers for complex rock systems as it i s the gen 

eral case of hydrothermally altered environments. The accuracy of the 

results obtained by this mathemat i cal method depends on the accuracy 

of the chemical analyses of rocks and minerals and on the se lection of 

a representative mineralogy for the rock. 

The relative amounts of reactant and product llinera ls character

izing the a ltered igneous rocks of the Mayflovler Nine I'lere calculated by 

using a Fortran IV program (QANtHN) devel oped by Norton and Kolvoord 

(unpub li shed). A brief description of the QANmN prcqram is given in 

Appendix E. 

The calcu l ations were performed after thoroug,ly scrutinizing 

the ma.ior minerals composing the altered rocks. AccGlodi ngly, each rock 

pulp, reoresenting 15 mete rs of igneous wa ll sampl ing, was examined 

Linder the hinocular microscope and several petrogrilptic thin secti ons 

prcpa r'ed from samples col1ected throughout the ve rti cal section of the 

mine were al so exam;r,ed. In addit i on to this, mi croprobe inspection 

he l ped idp.nti fyinq phases present in the groundmass .:nd vein l ets, as 

well as minerals not r eadi1y recogni zabl e wi th a petrographic micl'oscope. 
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Complex s i l i c a t e m i n e r a l s p r e s e n t in t h e r o c k s in amounts l e s s t h a n 1% 

were e x c l u d e d from t h e c a l c u l a t i o n s . The r e a s o n s r e l a t e t o t h e n a t u r e 

of t h e compute r program s o l u t i o n t h a t u t i l i z e s t h e l e a s t s q u a r e method 

as t h e b e s t f i t . I f t h e s e minor m i n e r a l c o n s t i t u e n t s a r e c o n s i d e r e d , 

t h e l i n e a r a p p r o x i m a t i o n of t h i s n u m e r i c a l method t e n d s t o i n c l u d e 

t h e i r c o m p o s i t i o n i n t h e f i t . T h i s t e n d e n c y c a u s e s l a r g e d e v i a t i o n s and 

may a f f e c t h e a v i l y t h e v a l u e s a s s i g n e d f o r t h e amounts o f t h e major min

e r a l c o n s t i t u e n t s . T h i s was p a r t i c u l a r l y t r u e f o r t h o s e mino r m i n e r a l s 

h a v i n g in t h e i r s t r u c t u r e s many of t h e same a n a l y z e d components a s do 

t h e major m i n e r a l c o n s t i t u e n t s . By t h e same t o k e n , manganese was n o t 

computed due t o i t s sma l l amounts i n bo th t h e rock and m i n e r a l c o m p o s i 

t i o n s c h a r a c t e r i z i n g t h e i g n e o u s w a l l s o f t h e Mayf lower Mine . Rho-

d o c h r o s i t e has been r e p o r t e d t o be o n l y v e r y l o c a l l y a b u n d a n t . 

On t h e o t h e r h a n d , m i n e r a l s c h e m i c a l l y d i s t i n g u i s h e d by some o f 

t h e a n a l y z e d components ( b u t n o t p a r t i o n e d among many p h a s e s ) were i n 

c l u d e d in t h e c a l c u l a t i o n s even when t h e i r p r e s e n c e i n c e r t a i n mine 

i n t e r v a l s was found t o be n o t s i g n i f i c a n t . T h i s was t h e c a s e of p y r i t e , 

c a l c i t e and a n h y d r i t e f o r which S , CO,, and SO^ a n a l y s e s were a v a i l a b l e 

as major components i n t h e b u l k chemica l c o m p o s i t i o n s of t h e r o c k s . 

P y r i t e , c a l c i t e and a n h y d r i t e we re t h e o n l y m i n e r a l s t o be c a l c u l a t e d t o 

a c c o u n t f o r t h e a n a l y z e d S , CO^ and S 0 3 r e s p e c t i v e l y . C o p p e r , l e a d and 

z i n c o c c u r i n t h e i g n e o u s r o c k s of t h e Mayf lower Mine i n amounts l e s s 

t h a n 0.06% (600 ppm). These t r a n s i t i o n e l e m e n t s were t h e o n l y ones 

c o n t r i b u t i n g t o t h e s u l f i d e a s s e m b l a g e o f t h e o r e zone in t h e form of 

c h a l c o p y r i t e , g a l e n a and s p h a l e r i t e r e s p e c t i v e l y . O t h e r c a r b o n a t e 

m i n e r a l s ( s i d e r i t e , d o l o m i t e , e t c . ) a r e n e v e r p r e s e n t i n t h e i gneous 
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Camp 1 ex s i 1 ; ca te m; nera 15 present in the rock s ; n amounts 1 eS5 than 1 % 

were excluded from the calcu lations. The reasons relate to the nature 

of the computer program solution that utilizes the l east square method 

as the best fit. If these minor mineral constituents are cons idered, 

the linear approximation of this numerical method tends to incl ude 

their composition in the fit. This tendency causes large deviations and 

may affect heavily the values assigned for the umounts of the major min

eral constituents . This was particul arly true for those minor minera l s 

having in their structures many of the same analyzed components as do 

the major mineral constituents. By the same token. manganese was not 

computed due to its small amounts in both the rock and mineral compos i

tions characterizing the i gneous walls of the Mayflower Mine. Rho

dochrosite has been reported to be only very l oca lly abundant . 

On the other hand, mineral s chemi ca ll y distingui shed by some of 

the anal yzed components (but not partioned among many phases) were in

cluded in the calcula tions even when their presence in certain mine 

intervals was found to be not significant . This was the case of pyrite, 

calcite and anhydrite for which S, CO2 and S03 analyses were available 

as major components in the bulk chemical compositions of the rocks. 

Py r ite, ca1cite and anhydrite were the on ly minera l s to be calculated to 

account for t he ana l yzed 5, CO
2 

and 503 respectively . Copper, lead and 

zinc occur in the igneo us rocks of the Mayflm'/er Mine in amounts less 

than 0 .06% (600 ppm). These trans i t i on e 1 ernen ts were the on 1y ones 

contributing to the sulfide assemb l age of the ore zone in the form of 

cha l copyrite, galena and spha l erite respective ly. Other carbonate 

minerals (siderite, dolomite, etc.) are never present in the igneous 
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w a l l r o c k s i n s i g n i f i c a n t a m o u n t s , even l o c a l l y . B a r i t e has been d e s 

c r i b e d (Nash 1973) o n l y i n t h e main v e i n s e l v a g e , b u t i s n o t q u a n t i t a 

t i v e l y i m p o r t a n t e i t h e r . Gypsum, on t h e o t h e r h a n d , has been found t o 

be l o c a l l y i m p o r t a n t . However, t h e u n a v a i l a b i l i t y of b o u n d - w a t e r a n a l y 

s e s f o r t h e i g n e o u s r o c k s of t h e Mayflower Mine d i d n o t p e r m i t a d i s 

t i n c t i o n be tween a n h y d r i t e and gypsum d u r i n g t h e c a l c u l a t i o n s , which were 

done on an a n h y d r o u s b a s i s f o r a l l m i n e r a l s . As a r e s u l t , f o r some i n 

t e r v a l s , t h e r e p o r t e d amounts of a n h y d r i t e s h o u l d r e p r e s e n t t h e p r o 

p o r t i o n s of b o t h a n h y d r i t e and gypsum. L i k e w i s e , z e o l i t e s we re i n c l u d e d 

in t h e computed amounts f o r a l b i t e s i n c e no c h e m i c a l c o m p o s i t i o n s were 

d e t e r m i n e d f o r t hem. T h i s a p p r o x i m a t i o n migh t have g i v e n s l i g h t l y l a r g e r 

v a l u e s f o r t h e c a l c u l a t e d p l a g i o c l a s e . t h a n r e a l l y p r e s e n t in r o c k s c o n 

t a i n i n g z e o l i t e s . 

The c a l c u l a t e d m i n e r a l modes of t h e a l t e r e d i g n e o u s r o c k s of t h e 

Mayflower Mine ( T a b l e 19) t u r n e d o u t t o be v e r y c o n s i s t e n t w i t h t h e 

f i e l d o b s e r v a t i o n s , e s p e c i a l l y t h e d i s t r i b u t i o n of a l t e r a t i o n m i n e r a l s 

in r e l a t i o n t o t h e v e i n s y s t e m ( s e e n e x t s e c t i o n ) . F u r t h e r m o r e , t h e 

method u s e d r e v e a l e d many p r a c t i c a l a s p e c t s , i n p a r t i c u l a r t h e p o s s i 

b i l i t y o f e v a l u a t i n g m i n e r a l o g i c a l l y a l a r g e volume of r o c k s i n a r e l a 

t i v e l y s h o r t p e r i o d o f t i m e . A l t h o u g h t h e d a t a c o l l e c t i o n i s a s low 

p r o c e s s , i t i s n o n e t h e l e s s i n d i s p e n s a b l e f o r any e l a b o r a t e geochemica l 

r e s e a r c h . The m e t h o d , h o w e v e r , has a few d i s a d v a n t a g e s . I t c a n n o t be 

used e i t h e r f o r r o c k s i n which p o l y m o r p h i c m i n e r a l s o c c u r t o g e t h e r o r 

when t h e e q u a t i o n s d e s c r i b i n g m i n e r a l and rock c o m p o s i t i o n s a r e n o t 

i n d e p e n d e n t . 
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wa ll rocks in s i gnificant amounts. even loca ll y . Barite has been des

cribed (N~sh 1973) only in the main vein sel vage . but ;s not quant i ta

t i vely important either. Gypsum, on t he other hand, has been found to 

be l ocall y i mporta nt. However. the unavail ability of bound-water analy

ses for the i gneous rocks of the r~ayf1ower Mine di d not pennit a dis

tinction between anhydrite and gypsum during t he ca l cul at i ons. which were 

done on an anhydrous basis for all minerals. As a resul t, for some in

tervals. t he reported amounts of dnhydrite shou l d represent the pro

portions of both anhydri te and gypsum . Likewise, zeolites were included 

in the computed amounts for a lb ite since no chemi cal compositions were 

determined for them . This approximation might have given slight ly l a r ger 

va lues for the calcul ated pl ag i oclase than really present in rocks con

taining zeolites. 

The ca l culated mineral modes of the al tered i gneous rocks of the 

Mayflm·/er Mine (Table 19) t urned out to be very consistent with the 

field observations. especia ll y the distributi on of alteration minerals 

in relat i on to the vein system (see next section). Furthermore. the 

method used reveal ed many pl"actica l aspects, in particu l ar the possi 

bi li ty of eva luating mi nera l oqicall y a large volume of rocks in a re l a

tively short peri od of time. Although the data co ll ection is a s l ow ' 

process. it is nonetheless indispensable for any elaborate geochemi cal 

research. The method, however, has a few disadvantages. It cannot be 

used either for rocks in which polymorphic mi nerals occur together or 

when the equations describ;n~ m;nel"a 'l and rock compositions are not 

'j ndepe ndent. 
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D i s t r i b u t i o n 

F i g u r e s 24 t h r o u g h 32 p r e s e n t t h e d i s t r i b u t i o n o f t h e n i n e major 

m i n e r a l s o c c u r r i n g o v e r a n o r t h - s o u t h c r o s s - s e c t i o n o f t h e i g n e o u s w a l l s 

of t h e Mayflower Mine . A n d e s i n e , K - f e l d s p a r , k a o l i n i t e and q u a r t z 

d i s t r i b u t i o n s a r e o b v i o u s l y c o n t r o l l e d by t h e main v e i n s y s t e m w h e r e a s 

b i o t i t e , c h l o r i t e , p y r i t e , c a l c i t e and a n h y d r i t e d i s t r i b u t i o n s seem t o 

b e a r g e n e r a l l y no s i g n i f i c a n t dependency on i t . 

A n d e s i n e d e c r e a s e s in abundance away from t h e Mayflower v e i n 

b o t h n o r t h w a r d and s o u t h w a r d . T h i s z o n i n g was a l s o found a round t h e 

Number T h r e e v e i n w h e r e v e r i t was s a m p l e d . C l e a r l y , a n d e s i n e was more 

t h o r o u g h l y d e s t r o y e d i n t h e v i c i n i t y of t h e main v e i n , b u t p e r s i s t e d a s 

a r e a c t a n t m i n e r a l t o t h e end o f t h e h y d r o t h e r m a l e v e n t . Wi th in t h e 

sampled rock v o l u m e , t h e r e f o r e , t h e aqueous s o l u t i o n s n e v e r e q u i l i b r a t e d 

w i t h a n d e s i n e even i n t h e r e g i o n s where i t was a p p a r e n t l y l e s s d i s -

s o l v e d . 

Q u a r t z , K - f e l d s p a r and k a o l i n i t e show an o p p o s i t e t r e n d . They 

a r e more a b u n d a n t i n t h e zones s u r r o u n d i n g t h e Mayf lower and Number 

T h r e e v e i n s and d e c r e a s e t o w a r d s t h e h o s t r o c k s . F u r t h e r m o r e , k a o l i n 

i t e and K - f e l d s p a r seem t o have been more m a s s i v e l y p r e c i p i t a t e d below 

t h e 2 , 6 0 0 ' l e v e l , w h e r e a s q u a r t z seems t o have been d e p o s i t e d more 

a b u n d a n t l y on t h e u p p e r l e v e l s , e s p e c i a l l y be tween t h e 1 ,380 ' and 1 , 7 5 5 ' 

l e v e l s . 

B i o t i t e and c h l o r i t e , which a r e u s u a l l y a s s o c i a t e d w i t h each 

o t h e r , have no d e f i n i t e p a t t e r n o f d i s t r i b u t i o n o v e r t h e whole n o r t h -

s o u t h c r o s s - s e c t i o n . However , below t h e 2 , 6 0 0 ' l e v e l , a z o n i n g i s 
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Di stri bu t ion 

Figures 24 t hrough 32 present the distribution of the nine major 

mi nerals occurri ng over a north - south cross-section of the igneous wa ll s 

of the Hayf10we r Mi ne. Andesine , K- feldspar, kao l inite and quartz 

di stributions are obvious l y control led by the main vein system whereas 

biotite, chlorite, pyrite, calcite and anhydri te distributi ons seem to 

bear genera ll y no si gnificant dependency on it. 

Andesine decreases in abundance away from the Mayfl ower ve in 

both north\'lClrd and southward. This zon i ng was also found around the 

Number Three vein wherever it \'la$ sampl ed . Cl early, andesine l'Ia5 more 

thoroughly destroyed in the vicin i ty of the main vein . but oers i sted as 

a reactant minera l to the end of the hydrothenna l event. Within t he 

sampled rock vo l ume, therefore, the aqueous solutions never equil i brated 

\'iith andesine even i n the regions where it was apparent l y l ess di s -

sol ved. 

Quartz, K- fe l ds par and kao l in i te show an opposite trend. They 

are more abundant in the zones surr ounding the Mayfl m.,.er and Number 

Three vei ns and decrease towards t he hos t rocks. Furthermore, kao l i n

ite and K-feldspa r seem to have been more mas s ively precipitated bel ow 

the 2,600 ' l evel, II/hereas quart z seems t o have been depos i ted more 

abundantly on the upper 1 eve's , especi ally beb/een the , ,380' and 1, 755 ' 

levels. 

Biotite and chlori te , which are usua ll y associated with each 

othe r , have no defi nite pattern of di stribu tio n over the II/ho l e north 

south cross-sect ion. HOll/ever, below the 2 ,600' l evel , a zoning i s 
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F i g s . 24 t h r o u g h 3 2 . D i s t r i b u t i o n o f t h e abundance of t h e ma jo r 
m i n e r a l c o n s t i t u e n t s found i n t h e i g n e o u s w a l l r o c k s of t h e Mayflower 
and O n t a r i o s t o c k s e x p o s e d o v e r a N-S 6 7 0 - m e t e r v e r t i c a l s e c t i o n of t h e 
Mayflower Mine . 

F i g . 2 4 . A n d e s i n e . 

F i g . 2 5 . K - f e l d s p a r . 

F i g . 2 6 . K a o l i n i t e . 

F i g . 2 7 . Q u a r t z . 

F i g . 2 8 . B i o t i t e . 

F i g . 2 9 . C h l o r i t e . 

F i g . 3 0 . C a l c i t e . 

Fi g . 3 1 . A n h y d r i t e . 

Fi g. 3 2 . P y r i t e . 
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Figs. 24 through 32. Distribution of the abundance of the major 
ll1inera l constituents found in the i gneous "'Iall rocks of the Mayflowe r 
and Ontario stocks exposed over a N-$ 670-meter vertical secti on of the 
~1ayf1ower Mine. 

Fi g. 24 . Andes i ne. 

Fi g. 25. K- fe ldspar. 

Fi g. 26. Kaoli nite. 

Fig . 27. Quartz. 

Fi g . 28. Biotite. 

Fi g. 29 . Chlo";te. 

Fi g. 30. Ca l cite . 

Fi ~. 31. Anhydrite. 

Fi g. 32 . Pyrite. 



800 Lv 

3000 Lv 

s 
ANDESINE 

EZa ~ -< 25 25 -40 40-55 

WEIGHT PERCENT 

123 

a 

100 

200 
meters 

N 

-> 55 



/ 

s 

D 
< 3 

BOO Lv 124 

K - FELDSPAR 

[Z] ~ _ 
3 - 7 7 -II II -15 

WEIGHT PERCENT 

o 

100 

200 
meters 

N 

->15 



800 Lv 

'" 
3000 Lv 

s KAOLINITE 

0 EZl ~ 
< I I - 4 4 - 7 7 -10 

WEIGHT PERCENT 

125 

o 

100 

200 

meters 

N 

> 10 



1 2 - 1 6 16 - 2 0 2 0 - 2 4 > 2 4 

W E I G H T P E R C E N T 

f2J 
12-16 

60 0 Lv 126 

3000 Lv 

QUARTZ 

~ 
16 -20 20-24 

WEIGHT PERCENT 

o 

100 

200 
meters 

N 

> 24 



s 

o 
10-14 

600 Lv 127 

3000 Lv 

BIOTITE 

~ 
14 - 16 16 -2 2 

WEIGHT PERCENT 

o 

100 

200 
meters 

N 

lim 
> 22 



1 - 3 3 - 5 5 - 7 > 7 

W E I G H T P E R C E N T 

s 

<I 

800 Lv 128 

3000 Lv 

CHLORITE 

~ 
I - 3 3 - 5 5 -7 

WEIGHT PERCENT 

o 

100 

200 
meters 

N 

> 7 



< 1.2 1 . 2 - 2 . 5 2 . 5 - 3 . 8 3 . 8 - 5 . 1 

W E I G H T P E R C E N T 

800 Lv 

CALCITE 

IS:] rza ~ 
< I. 2 1.2-2.5 2.5-3.8 3 .8-5. 1 

WEIGHT PERCENT 

129 

o 

100 

200 
meters 

N 

E 
> 5 . 1 



ANHYDRITE 

~ -< 1.0 1.0 - 3. 5 3.5- 6 . 0 

WEIGHT PERCENT 

130 

o 

100 

200 
meters 

N 

-6 . 0 - 0 . 5 



< | . 5 1 . 5 - 3 . 0 3 . 0 - 4 . 5 4 . 5 - 6 . 0 

W E I G H T P E R C E N T 

rz2l 
< I. 5 

" • • 
" 

<. • 
" 

PYRITE 

600 Lv 

~ -1.5-3.0 3.0-4. 5 

WEIGHT PERCENT 

131 

o 

100 

200 
meters 

N 

-4.5- 6 .0 



132 

m a n i f e s t e d and b o t h m i n e r a l s d e c r e a s e i n abundance t o w a r d s t h e major 

v e i n s . 

A n h y d r i t e and c a l c i t e a p p e a r as r e a c t i o n p r o d u c t s o v e r t h e sam

p l e d v e r t i c a l s e c t i o n o f t h e m i n e , b u t v a r y i n abundance and d i s t r i b u 

t i o n . A n h y d r i t e i s more a b u n d a n t t h a n c a l c i t e below t h e 2 , 2 0 0 ' l e v e l 

d e c r e a s i n g u p w a r d s . C a l c i t e becomes more a b u n d a n t t h a n a n h y d r i t e above 

t h a t l e v e l . Such a change r e f l e c t s a d e c r e a s e in t h e a<.Q* / a ^ * 
• 3 

r a t i o i n s o l u t i o n which t e n d s t o f a v o r t h e p r e c i p i t a t i o n of c a l c i t e as 

t h e C 0 2 p r e s s u r e i n c r e a s e s . 

P y r i t e was found t o be most a b u n d a n t below t h e 2 , 6 0 0 ' l e v e l a t 

some d i s t a n c e from t h e main v e i n s y s t e m . The p y r i t e d i s t r i b u t i o n o b 

t a i n e d from i n d i v i d u a l v e i n s a m p l e s was n o t i n c l u d e d i n o r d e r t o b e t t e r 

d e m o n s t r a t e t h e b u l k d i s t r i b u t i o n o f FeS^ i n t h e h o s t r o c k s . 

A more d e t a i l e d v a r i a t i o n o f t h e d i s t r i b u t i o n of t h e n i n e major 

m i n e r a l c o n s t i t u e n t s can be s e e n a l o n g n o r t h - s o u t h t r a v e r s e s on t h e 

2 , 8 0 0 ' and 3 , 0 0 0 ' l e v e l s ( F i g s . 33 and 3 4 ) . The f i g u r e s were i n t e n d e d 

t o p r o v i d e a c o l l e c t i v e p i c t u r e o f t h e v a r i a t i o n a l t r e n d s of t h e s e min

e r a l s and f a c i l i t a t e t h e compar i son be tween r e a c t a n t and p r o d u c t p h a s e s 

w i t h d i s t a n c e from t h e main v e i n s t r u c t u r e . The g r e a t e s t abundance 

o f K - f e l d s p a r , k a o l i n i t e and q u a r t z and t h e l o w e s t abundance f o r a n d e 

s i n e c o i n c i d e w i t h bo th t h e n e a r n e s s o f t h e major v e i n s and t h e c o n t a c t 

be tween t h e Mayf lower and t h e O n t a r i o s t o c k s , and c o u l d be p a r t l y a t 

t r i b u t e d t o t h e e f f e c t s b r o u g h t up by t h e l a t e r O n t a r i o i n t r u s i o n . Ob

s e r v a t i o n s on t h e 3 , 0 0 0 ' l e v e l ( F i g . 3 4 ) , h o w e v e r , i n d i c a t e t h i s i n t e r 

p r e t a t i o n t o be e r r o n e o u s , s i n c e s i m i l a r abundance p a t t e r n s f o r K - f e l d 

s p a r , k a o l i n i t e , q u a r t z and a n d e s i n e r e l a t e t o t h e major v e i n s 

132 

nmnifested and both mi nerals decrease in abundance towards the major 

veins. 

Anhydrite and calcite appear as reaction products over t he sam

pled vertical sec tion of the mi ne. but vary in abundance and distribu

tion . Anhydrite is more abundant than calcite below the 2 , 200' level 

decreasi ng upwards. Calcite becomes more abundant t han anhydrite above 

that leve l . Such a change reflects a dec r ease in the aSO '" I aeo'" 
4 3 

ratio in so l ut i on wh i ch tends to favor the precipit ation of ca l ci te as 

the CO2 pressure increases. 

Pyrite was found to be most abundant be l ow the 2.600 ' l eve l at 

some distance from the main vein system. The pyrite distribut i on ob

tai ned from ; ndi vi dua 1 ve i n sarnp 1 es wa s not i ncl uded ; n order to better 

demonstrate the bulk distribution of FeS2 in the host rocks. 

A more detailed variation of the distribut i on of the nine major 

mineral constituen t s :an be seen al ong north- south traverses on the 

2.800 ' and 3.000 ' levels (Figs . 33 and 34). The fi gures \·,ere intended 

to provide a col lective picture of the variational trends of these min

e)'a l s and facilitate the comparison betv/een reactant and product phases 

with distan ce from the main vein struct ure . The greatest abundance 

of K- feldspilr, kaolinite and qua}·tz and the l O'llest abundance for ande-

sine coincide with both the nearness of the major vei ns and the contact 

between the Hayflo\\ler and the Ontario s1:ocks, and cou ld be partly at

tributed to the effec ts brouqht up by the later Ontario intrusion. Ob-

se rvations on the 3,000' l evel (Fig . 34), hO\,lever. indi cate this in t er-

pretation to be erroneous , c;ince similar abund ance patterns for K- fel d

srar, kaol ini te , quartz Line! andes i ne rel.]te to t he major ve i ns 
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F i g s . 33 t h r o u g h 3 6 . L a t e r a l v a r i a t i o n o f t h e abundance o f t h e 
major m i n e r a l c o n s t i t u e n t s found in t h e i g n e o u s w a l l r o c k s of t h e May
f l o w e r and O n t a r i o s t o c k s e x p o s e d on a 6 7 0 - m e t e r v e r t i c a l s e c t i o n o f 
t h e Mayflower Mine . 

F i g . 3 3 . 2 , 8 0 0 ' l e v e l (N-S c r o s s - s e c t i o n ) . 

F i g . 34 . 3 , 0 0 0 ' l e v e l (N-S c r o s s - s e c t i o n ) . 

F i g s . 35 and 3 6 . 2 , 6 0 0 ' l e v e l (WSW-ENE c r o s s - s e c t i o n ) . 
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Figs . 33 through 36 . lateral variation of the abundance of the 
major minera l constituents found in the igneous wall rocks of the f4ay
flower and Ontari o s tocks exposed on a 670-meter vertica l section of 
the Mayflower Mine. 

Fig. 33 . 2 .800 ' l evel (N- S cross-section). 

Fi g . 34 . 3.000 ' level (N-S cross-section) . 

Fi gs. 35 and 36 . 2 .600' l evel (WSW- ENE cross-secti on). 
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r e g a r d l e s s of t h e c o n t a c t be tween t h e two s t o c k s n e a r b y . 

On t h e 2 , 6 0 0 ' l e v e l 365 m e t e r s o f w a l l rock s a m p l i n g was done 

a l o n g an ENE-WSW l a t e r a l a t a p p r o x i m a t e l y 15 m e t e r s s o u t h of t h e May

f l o w e r v e i n . The d i s t r i b u t i o n o f abundance o f t e n major m i n e r a l c o n s t i 

t u e n t s ( F i g s . 35 and 36) shows a wide v a r i a t i o n a l r a n g e f o r some m i n e r 

a l s , b u t does n o t i n d i c a t e any i m p o r t a n t t r e n d t o e i t h e r ENE o r WSW o v e r 

t h e sampled d i s t a n c e . 

D e s c r i p t i o n of Phase R e l a t i o n s h i p s 

The m i n e r a l a s s e m b l a g e s p r e c i p i t a t e d d u r i n g a h y d r o t h e r m a l 

e v e n t a r e a r e s u l t o f i r r e v e r s i b l e c h e m i c a l r e a c t i o n s be tween r o c k s 

and aqueous s o l u t i o n s . N e v e r t h e l e s s , t h e r e l a t i o n s h i p s be tween c o 

e x i s t i n g p h a s e s can be d e s c r i b e d i n t e r m s o f r e v e r s i b l e chemica l r e a c 

t i o n s r e p r e s e n t i n g t h e i r h y d r o l y s e s (He lgeson 1 9 7 0 ) . A c o n v e n i e n t way 

t o p o r t r a y t h e s e r e l a t i o n s h i p s i s by means of a c t i v i t y d i a g r a m s . These 

d i ag rams d e p i c t chemica l e q u i l i b r i a among m i n e r a l s and aqueous s o l u 

t i o n s and a r e , t h e r e f o r e , u s e f u l t o i n t e r p r e t t h e chemica l e n v i r o n m e n t 

in which p r o d u c t m i n e r a l a s s e m b l a g e s a r e fo rmed . 

The the rmodynamic d a t a f o r m i n e r a l and aqueous s p e c i e s used i n 

t h e c o n s t r u c t i o n of t h e a c t i v i t y d i a g r a m s p r e s e n t e d i n t h i s r e s e a r c h 

were compi l ed from He lgeson ( 1 9 6 9 a ) , e x c e p t f o r a n n i t e , p h l o g o p i t e and 

M g - c h l o r i t e ( c l i n o c h l o r e ) which were o b t a i n e d from Beane ( 1 9 7 2 ) . Thermo-

chemica l d a t a f o r t h e Mayflower p l a g i o c l a s e and b i o t i t e were c a l c u l a t e d 

as d e s c r i b e d i n Appendix G. E q u i l i b r i u m c o n s t a n t s (K) o f h y d r o l y s i s 

r e a c t i o n s n o t p r o v i d e d i n H e l g e s o n ' s p a p e r were c a l c u l a t e d a t d i f f e r e n t 

t e m p e r a t u r e s w i t h t h e a i d o f e q u a t i o n (19) (Appendix G a ) . 
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regardless of the contact between the two stocks nearby. 

On the 2.600 ' l evel 365 meters of wall rock sampling was done 

alonQ an ENE-WSW l ateral at approxi mately 15 meters sout h of t he May

flower vein. The distribution of abundance of ten major mi nera l cons ti

tuents (Figs . 35 and 36) shows a wide variational range for some mi ner

als, but does not indicate any important trend to either ENE or WSW over 

the sampled distance. 

Description of Phase Relat i onsh i ps 

The mi nera 1 assembl ages precipita ted duri n9 a hydrothermal 

event are a result of irreversible chemica l reactions between rocks 

and aqueous soluti ons . Nevertheless. the relation shi ps between co

existing phases can be described in terms of revers ible chemical reac

tions representing their hydrolyses (Helgeson 1970). A conveni ent way 

to portray t hese relationships is by means of activity diagrams . These 

diagrams depict chemical eq uil ibria among mineral s and aq ueous so lu

tions and are . therefore, useful to interpret the chemical environrrent 

i n which product mineral assemb l ages are fanned. 

The thermodynamic data for minera l and aq ueous species used in 

the construction of the act i vi ty diagrams presented in this research 

'rJere compi led f rom He l geson (1969a). except for ann i te . phlogopite and 

Mg-chlorite (cl inochlore) >lhich were obtained f rom Beane (1972). Thenno

chemical data for the NayflQ\'1er plagioclase and biotite were calcul ated 

as des cribed in Appendix G. Equilibrium constants (K) of hydrolysis 

reacti ons not provi ded in He l geson ·s paper were ca l culated at different 

temperatures with the aid of equation (19) (Arrendi x Ga) . 
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All h y d r o l y s i s r e a c t i o n e q u a t i o n s used t o d e t e r m i n e p h a s e boun

d a r i e s were b a l a n c e d on Al^O^ and were c a l c u l a t e d on t h e b a s i s o f q u a r t z 

s a t u r a t i o n a t t h e t e m p e r a t u r e i n q u e s t i o n . Al l d i a g r a m s were c o n s t r u c t e d 

by a CDC 6400 c o m p u t e r (from a program w r i t t e n by T. H. Brown 1970) u s i n g 

a CALCOMP Model 665 p l o t t e r . They were b a s e d on a s t a n d a r d s t a t e o f 

u n i t y a c t i v i t y of t h e s o l i d s a t 1 b a r and t e m p e r a t u r e s of 100°C, 200°C 

and 300°C. E q u i l i b r i u m c o n s t a n t v a l u e s from 1 t o 500 b a r s a t t h e t em

p e r a t u r e s of i n t e r e s t in t h i s r e s e a r c h do n o t show any s i g n i f i c a n t 

c h a n g e , s o t h a t t h e d i a g r a m s can be used f o r p r e s s u r e s up t o a p p r o x i 

m a t e l y 500 b a r s . The a c t i v i t y of w a t e r was c o n s i d e r e d c o n s t a n t w i t h a 

v a l u e o f u n i t y i n a l l c a l c u l a t i o n s , s i n c e i t d e p a r t s i n s i g n i f i c a n t l y from 

u n i t y i n mos t n a t u r a l aqueous s o l u t i o n s a t p r e s s u r e s be low 500 b a r s and 

t e m p e r a t u r e s be low 300°C (He lgeson 1 9 6 9 b ) . 

Thermodynamic d a t a do n o t e x i s t on c h l o r i t e s w i t h a c o m p o s i t i o n 

s i m i l a r t o t h e ones found i n t h e Mayflower i g n e o u s r o c k s . M g - c h l o r i t e 

was t h e n chosen t o r e p r e s e n t t h e Mayflower c h l o r i t e . As a r e s u l t t h e 

p h a s e b o u n d a r i e s w i t h c l i n o c h l o r e a r e o n l y an a p p r o x i m a t i o n of t h e t r u e 

e q u i l i b r i u m r e l a t i o n s h i p s o f t h e Mayflower c h l o r i t e and may be m i s l e a d 

i n g i n c a s e t h e a c c o u n t of i r o n i n t h e t h e r m o c h e m i c a l d a t a c a u s e s c o n 

s i d e r a b l e s h i f t o f t h o s e b o u n d a r i e s . 

I n i t i a l s o l u t i o n 

Nash (1973) r e c o g n i z e d v e i n l e t s w i t h "a d i s t i n c t i v e s t r u c t u r e , 

m i n e r a l o g y and f l u i d i n c l u s i o n s " i n t h e Mayflower s t o c k r o c k s t h a t he 

b e l i e v e d t o be e a r l i e r t h a n t h e Mayflower o r e z o n e . Some f l u i d i n c l u 

s i o n s i n q u a r t z c r y s t a l s from t h e s e v e i n l e t s r e v e a l e d h igh s a l i n i t y 
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All hydrolysis reaction equations used to detennine phase boun

daries were balanced on A1 203 and were calculated on the basi s of quartz 

saturation at the temperature in question. All diagrams were cons tructed 

by a CDC 6400 computer (from a program Vlr i tten by T. H. Brown 1970) using 

a CALCOMP Mode l 665 pl otter. They were based on a standard state of 

unity activity of the solids at 1 bar and temperatures of 100°C , 20DoC 

and 300°C. Equilibrium constant va lues from 1 to 500 bars at the tem

peratures of interest in this research do not s how any s ignificant 

change, so that the diagrams can be used for pres sures up to approxi

mately SOD bars. The activity of water was co nsidered constant with a 

va lue of unity in all calculations, since it departs insignificantly from 

unity in most natural aqueous soluti ons at pressures below 500 bars and 

temperatures below 300°C (Hel geson 1969b). 

Thermodynamic data do not exist on chlori tes with a composit i on 

similar to the ones found i n the HaYflower igneous rocks. f1g-chlorite 

was then chosen to represent the f.1ayflm-.rer chlorite. As a result the 

phase boundaries \·dth c l; nochlore are only an approximation of the true 

equi librium relationships of the Mayflower chlorite and may be mislead

ing in case the account of iron in the thermochemical data causes con

siderab l e shift of those boundaries. 

Initial so lution 

Nash (1973) recognized veinlets with "a di stinctive structure. 

minera l ogy and flu id inclusions" in the Mayfl ower s tock rocks that he 

believed to be earlier than tIle Mayflower ore zone . Some fluid inclu

sions in quartz cryst,l l s from these vein l ets revealed high salinity 
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c o n t e n t ( a p p r o x i m a t e l y 35 wt%) and were found t o c o n t a i n h a l i t e , s y l v i t e , 

a n h y d r i t e and h e m a t i t e as t h e most i m p o r t a n t d a u g h t e r m i n e r a l s . Nash 

e s t i m a t e d 350° ± 50°C as t h e f i l l i n g t e m p e r a t u r e s f o r t h e s e h igh s a l i n 

i t y i n c l u s i o n s . 

H a l i t e - and s y l v i t e - b e a r i n g i n c l u s i o n s we re o b s e r v e d , b u t i n c l u 

s i o n s c o n t a i n i n g t h e s e two m i n e r a l s t o g e t h e r w e r e n o t s e e n . Phase d i a 

gram f o r t h e s i m p l e s y s t e m NaCl-KCl-H^O (Roedder 1971) i n d i c a t e s t h a t a t 

25°C h a l i t e and s y l v i t e c o e x i s t f o r s o l u t i o n c o m p o s i t i o n s of 21 wt% 

NaCl and 11 wt% KC1. These v a l u e s „ e v i d e n t l y , do n o t r e p r e s e n t t h e t r u e 

u n i v a r i a n t p o i n t a t t h a t t e m p e r a t u r e , s i n c e c h l o r i d e complexes were 

e x c l u d e d from t h e i d e a l s y s t e m . In any c a s e , d e p a r t u r e s from t h e u n i -

v a r i a n t c o n d i t i o n s a r e v e r y l i k e l y t o o c c u r in n a t u r a l e n v i r o n m e n t s . 

T h e r e f o r e , i f s o l u t i o n s c a p a b l e of p r e c i p i t a t i n g e i t h e r h a l i t e o r s y l 

v i t e were t r a p p e d i n some Mayflower v e i n l e t s , sma l l d e v i a t i o n s i n t h e 

r e l a t i v e p r o p o r t i o n s of NaCl and KC1 c o u l d a c c o u n t f o r t h i s s e l e c t ! v e -

n e s s . N o n e t h e l e s s , t h e NaCl/KCl r a t i o may n o t have d e v i a t e d s i g n i f i 

c a n t l y from 2 i n t h e o v e r a l l chemica l c o m p o s i t i o n o f t h e aqueous s o l u 

t i o n s a t t h a t e a r l y h y d r o t h e r m a l s t a g e . C o n s e q u e n t l y , f l u i d i n c l u s i o n s 

c h a r a c t e r i z e d by 35 wt% s a l i n i t y s h o u l d c o n t a i n a p p r o x i m a t e l y 5 . 3 mola l 

NaCl and 2 . 2 mola l KC1 i f t h e s e c h l o r i d e s a r e m o s t l y r e s p o n s i b l e f o r 

t h e t o t a l s a l i n i t y . More r e a l i s t i c v a l u e s s h o u l d add an e s t i m a t e d 

e r r o r as t o have 5 . 3 ± 0 . 7 m NaCl and 2 . 2 ± 1 .3 m KC1. 

These m o l a l i t i e s r e p r e s e n t u p p e r l i m i t s f o r t h e c o n c e n t r a t i o n s 

of NaCl and KC1 i n t h e h y d r o t h e r m a l a l t e r a t i o n o f t h e Mayflower Mine 

r o c k s . The r e s u l t i n g h igh i o n i c s t r e n g t h p l a c e s t h i s e a r l y s o l u t i o n 

beyond t r e a t m e n t w i t h t h e a v a i l a b l e models f o r s o l u t i o n c h e m i s t r y . 
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content (approx imately 35 wt%) and were found to contain halite . syl vite, 

anhydrite and hematite as t he roos t i mportant daughter minerals . Nas h 

estimated 3500 ± 50°C as the f il l ing temperatures for these high salin

ity i ncl us i ons . 

Hali te- and sylvite-bearing inclus ions were observed , but inc l u

sions containi ng these two mineral s together were not seen. Phase dia

gram for t he s i mp l e sys tem NaCl-KC1-H20 (Roedde r 1971 ) indi ca tes that at 

25°C hali te and syl vite coex ist for solution compositions of 21 wt% 

NaCl and 11 wt% KC 1 . These va lues. eviden tly , do not represent the true 

uniVdri ant pOint at that temperat ure , since ch l or ide complexes were 

excluded from the idea l system. In any case, departures from the uni

variant conditions are very likely to occur in natural environments. 

Therefore. if so l ut i ons capab l e of preci pitating either halite or syl

vite were trapped in sOllie ~1ayfl ower vei nl et s, sma ll deviations i n the 

relative proportions of NaCl and KCl could account for this selective

ness . Non e the l ess , the NaCl/KCl ratio may not have deviated signifi

cantly from 2 in the oV~ r'all chemi ca l compos i tion of the aqueous sol u

tions at that ear ly hydrothermal stage. Conseq uently. fluid inclus ions 

characterized by 35 wt% salinity shoul d contain approximately 5 . 3 molal 

NaCl and 2 .2 mold l KCl i f these chlori des are mostly respons ible for 

the total sa lini ty . f10re rea l istic va l ues shou l d add fln es timated 

error as to ha 'le 5.3 ! 0.7 m NaCl and 2.2 ± 1. 3 m KC 1. 

These mola l ities r epresent upper li mits for the concentrations 

of NaC l and KCl i n the hydrothennal alteration of tne f.1ayf l ower t1ine 

rocks . Th e ~·es ulting high ionic stt'ength pl aces t hi s ea rl y soluti on 

beyond treatment 'ilith the i.lvailable model s fur solution chemi stry . 
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However , t h e g e o l o g i c a l s e t t i n g of t h e Mayf lower p l u t o n i n d i c a t e s t h a t 

w a t e r s o l u t i o n s in e q u i l i b r i u m w i t h t h e s u r r o u n d i n g c o u n t r y r o c k s f lowed 

i n t o t h e p l u t o n a s i t f r a c t u r e d , c a u s i n g t h e d i l u t i o n o f t h e e a r l y 

b r i n e . Nash (1973) a r r i v e d a t t h e same c o n c l u s i o n b a s e d upon h i s s t u d i e s 

on f l u i d i n c l u s i o n s in q u a r t z and s p h a l e r i t e c r y s t a l s p r e s e n t i n t h e 

Mayf lower , P e a r l and Number T h r e e v e i n s . In s i m i l a r g e o l o g i c e n v i r o n -

18 
m e n t s , oxygen i s o t o p e s t u d i e s ( T a y l o r 1974) have i n d i c a t e d 60 v a l u e s 

18 

w i t h p r o g r e s s i v e 0 d e p l e t i o n from t h e i n t e r i o r t o t h e m a r g i n s o f some 

s t o c k s , s u g g e s t i n g i n t e r a c t i o n o f m e t e o r i c w a t e r s w i t h t h e p l u t o n r o c k s . 

F u r t h e r m o r e , c o n s t r a i n t s imposed by e q u i l i b r i u m r e l a t i o n s h i p s o f t h e 

a l t e r a t i o n a s s e m b l a g e s a t 300°C ( t h e lower f i l l i n g t e m p e r a t u r e l i m i t 

f o r t h e h i g h s a l i n i t y i n c l u s i o n s ) r e q u i r e d a d i l u t i o n of t h e e a r l y s o l u 

t i o n s ( V i l l a s e t a l . i n p r e p a r a t i o n ) . T h e s e chemica l c o n s t r a i n t s l e d 

t o an i n i t i a l s o l u t i o n c o m p o s i t i o n ( T a b l e 11) i n which c h l o r i n e was t h e 

i o n chosen f o r e l e c t r i c a l n e u t r a l i t y a d j u s t m e n t s . D i s t r i b u t i o n o f 

t h e s e s p e c i e s among t h e i r most i m p o r t a n t complexes ( T a b l e 12) was done 

by a compu te r p rogram (DIST) d e s c r i b e d i n Append ix F. The pH of t h e 

s o l u t i o n was assumed t o be 4 . 5 t o p r e v e n t t h e p r e c i p i t a t i o n of mon t -

m o r i l l o n i t e in any a p p r e c i a b l e amount as f i e l d o b s e r v a t i o n s demanded. 

Phase s t a b i l i t y r e l a t i o n s h i p s 

Two b r o a d z o n i n g s were a p p a r e n t from t h e major m i n e r a l d i s t r i b u 

t i o n p a t t e r n s : 1) one l a t e r a l , c h a r a c t e r i z e d by b o t h an i n c r e a s e of t h e 

K - f e l d s p a r , k a o l i n i t e and q u a r t z a b u n d a n c e s and a d e c r e a s e of a n d e s i n e , 

b i o t i t e and c h l o r i t e t o w a r d s t h e main v e i n s and 2) one v e r t i c a l , c h a r a c 

t e r i z e d by major d e p o s i t i o n of K - f e l d s p a r , a n h y d r i t e , p y r i t e and 
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However . the geoloq ical setting of the Mayf l m.,rer plu ton i ndicates that 

water so l utions in equilibrium with the surrounding country rocks flowe d 

in to the pluton as it fractured , causing the dilution of t he early 

bri ne . Nash (1973) arrived at the same conc l usion based upon his studies 

on fluid inclusions i n quartz and sphalerite crystals present in t he 

MayflC1t'ler, Pearl and Number Th ree vei ns. In similar geol ogic environ

ments, oxygen isotope studies (Taylor 1974) have indicated 0018 va l ues 

wi th progressive 018 depl etion from t he interior to the margins of some 

stocks, suggesting interaction of meteoric waters with the pluton rocks. 

Furthermore, constraints imposed by equilibrium relationships of t he 

a l teration assemblages at 30QoC (the lower fil l ing temperature li mi t 

for the high sa l inity inc lusions) required a dilution of the early sol u

tions (Vil l as et a1. in preparation) . These chemical cons traints led 

to an i nitial so lution compos i t i on (Table 11) in whi ch chlorine was t he 

ion chosen for e l ectrical neutrality adjustments. Distr i bution of 

these spec ies among their most i mpo rtant complexes (Table 12) ~'1as done 

by a computer program (OIST) described in Appendix F. The pH of t he 

sol ut i on was assumed to be 4.5 to prevent the prec ipitation of mo nt 

morillonite in any appreciabl e amount as f ield observat i ons demanded . 

Phrtse stability re lati onsh i ps 

Two broad zonings were apparent from the major minera l distribu-

tion patterns: 1) one litteral . characterized by both an increase of the 

K-fe l dspa r . kaolinite and quartz abundances and a decrease of andes ine . 

biotite and chlorite tCMards the main veins and 2) one ve rtica l. charac

ted zed by majtw depos iti on 0 f K- fel dspar. anhydri te. pyrite and 
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TABLE 11 

ESTIMATED INITIAL SOLUTION COMPOSITION OF THE 

MAYFLOWER HYDROTHERMAL SYSTEM 

S p e c i e s T o t a l 
M o l a l i t y 

AL+++ .100000E-08 

K+ 250000E+01 

NA+ 320000E+01 

CA++ 370000E-02 

MG++ 370000E-04 

FE++ 120000E-06 

CU+ lOOOOOE-Ol 

H4SI04 114800E-01 

S— 500000E-02 

S 0 4 - - 500000E-01 

C 0 3 - - lOOOOOE-02 

CL- 440000E+01 

OH- 295121E-06 

H+ 316228E-04 

NOTE: The t a b l e f o l l o w s t h e f o r m a t of a compu te r p r i n t - o u t . 

Species 

AL+++ 

K+ 

NA+ 

CA++ 

MG++ 

FE++ 

CU+ 

H4SI04 

S--

S04--

C03--

CL-

OH-

H+ 

TABLE 11 

ESTIMATED INITIAL SOLUTION COMPOSIT ION OF THE 

MAYFLOWER HYOROTHERI1AL SYSTEM 

• 

• • 

• 

• 
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Total 
Mol ality 

.100000E-OB 

.250000E+Ol 

. 320000E+Ol 

. 370000E-02 

.370000E-04 

.120000E-06 

.1 00000E-Ol 

.114800E-Ol 

.500000E-02 

.500000E-Ol 

.1 00000E -02 

.440000E+Ol 

.295121E-06 

.316228E-04 

NOTE : The table follows the format of a computer pri nt-out. 
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TABLE 12 

INITIAL SOLUTION COMPOSITION AT 300°C AFTER 

PARTITIONING AMONG MOST IMPORTANT COMPLEXES 

S p e c i e s M o l a l i t y A c t i v i t y 

AL+++ .63591E-16 .88007E-19 
K+ .21058E+01 .35548E+00 
NA+ .22653E+01 .53877E+00 
CA++ .36842E-02 .58279E-04 
MG++ .36104E-04 .14082E-05 
FE++ .12000E-06 .18983E-08 
FE+++ . 16941E-18 .23446E-21 
CU+ .31451E-11 .41718E-12 
CU++ .48312E-17 .76424E-19 
H4SI04 .11480E-01 .11480E-01 
S - - .28255E-06 .22872E-08 
S 0 4 - - .46544E-02 .14893E-04 
C 0 3 - - . 30020E-13 .15914E-15 
CL- .43040E+01 .72654E+00 
OH- .14462E-05 .29512E-06 
H+ .65713E-04 .31623E-04 
H20 .55508E+02 .lOOOOE+Ol 
AL(OH)++ .82289E-09 .13017E-10 
AL(0H)4- .17711E-09 .42123E-10 
KCL .37161E+OO .10282E+01 
KS04- .22595E-01 .46109E-02 
NACL .93471E+OO .25862E+01 
CAS04 .15722E-04 .43500E-04 
CUCL2- .23258E-04 .55315E-05 
CUCL3-- .99767E-02 .31923E-04 
H3SI04- .65112E-07 .15486E-07 
HS04- .22735E-01 .54072E-02 
HS- .18601E-04 .37959E-05 
H2S .49811E-02 .13782E-01 
HC03- .44740E-06 . 12072E-06 
H2C03 . 9 9 9 5 5 E - 0 3 .27656E-02 
HCL .14430E-03 . 39926E-03 
MG(OH)+ .89617E-06 .21314E-06 
CA(OH)+ .11461E-06 .27259E-07 

NOTE: The t a b l e f o l l o w s t h e f o r m a t of a compu te r p r i n t - o u t . 

Species 

AL+++ 
K+ 
rlA+ 
CA++ 
MG++ 
FE++ 
FE+++ 
CU+ 
CU++ 
H4SI04 
S--
S04-
C03--
CL-
OH-
H+ 
H20 
AL(OH)++ 
AL(OH)4-
KC L 
KS04-
NACL 
CAS04 
CUCL2-
CUCL3- 
H3SI04-
HS04-
HS-
H2S 
HC03-
H2C03 
HCL 
~IG(OH)+ 
CA(OH)+ 

TABLE 12 

INITIAL SOLUTION COMPOSITION AT 300°C AFTER 

PARTITIONING AMONG MOST 1I1PORTANT COMPLEX ES 

Molality 

.63591E-16 

.21058E+Ol 

.22653E+Ol 

.36842E-02 

. 36104E-04 

.12000E-06 

.1 6941E-1 8 

. 31451E- 11 

. 48312E-1 7 

.11 480E-Ol 

.28255E-06 

. 46544E-02 

.30020E- 13 

.43040E+Ol 

.1 4462E-05 

.65713E-04 

. 55508E+02 

.82289E-09 

.17711E-09 

.37161E+00 

.22595E-O l 

.93471E+00 

.15722E-04 

.23258E-04 

.99767E-02 

.65112E-07 

.22735E-Ol 

.18601 E-04 

.49811 E-02 

.44740E-06 

.99955E-03 

.14430E-03 

. 89617E-06 

.11461E-06 
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Acti vi ty 

.88007E-19 

. 35548E+00 

. 53877E+00 

.58279E-04 

.14082E-05 

. 18983E- 08 

.23446E-21 

. 41718E-1 2 

.76424E-19 

.11480E-Ol 

. 22872E-08 

.1 4893E-04 

.1 5914E -15 

. 72654E+00 

.29512E-06 

.31623E-04 

.10000E+Ol 

.13017E-l0 

.42123E-l0 

.10282E+Ol 

.46109E- 02 

. 25862E+O l 

.43500E-04 

.55315E-05 

. 31923E-04 

.15486E-07 

.54072E-02 

. 37959E-05 

.13782E-Ol 

.12072E-06 

. 27656E-02 

. 39926E-0 3 

. 21314E-06 

.27259E-07 

NOTE: The table follo'r'/s the fonnat of a computer print-out. 
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k a o l i n i t e be low t h e 2 , 2 0 0 ' l e v e l w h e r e a s c a l c i t e , q u a r t z and b i o t i t e 

were more a b u n d a n t l y p r e c i p i t a t e d on t h e u p p e r l e v e l s . 

These z o n i n g s e x p r e s s v a r i a t i o n s in t h e r e l a t i v e p r o p o r t i o n s 

of t h e major m i n e r a l c o n s t i t u e n t s which a r e b a s i c a l l y p r e s e n t a l l o v e r 

t h e sampled v e r t i c a l s e c t i o n o f t h e m i n e . M o r e o v e r , t h e z o n i n g s r e 

f l e c t d i f f e r e n c e s i n t h e chemica l a n d / o r p h y s i c a l c o n d i t i o n s of t h e 

Mayflower h y d r o t h e r m a l e n v i r o n m e n t . The chemica l d i f f e r e n c e s a r e d i f f i 

c u l t t o a s c e r t a i n q u a n t i t a t i v e l y . Changes i n t h e s o l u t i o n c h e m i s t r y 

can be e s t i m a t e d in t e r m s of i n d i v i d u a l aqueous s p e c i e s v a r i a t i o n s b u t 

r e q u i r e i n f o r m a t i o n on t h e f e r r o u s t o f e r r i c i r o n r a t i o i n t h e r o c k s and 

m i n e r a l s as w e l l as computed r e a c t i o n p a t h i n o r d e r t o u n d e r s t a n d t h e 

s o l u t i o n e v o l u t i o n i n t i m e and s p a c e . Such p r o v i s i o n s were n o t s o u g h t 

d u r i n g t h e c o u r s e o f t h i s r e s e a r c h and an i n t e r p r e t a t i o n of t h e z o n i n g s 

ba sed on q u a n t i t a t i v e v a r i a t i o n o f t h e s o l u t i o n c h e m i s t r y was n o t p o s s i 

b l e . Some q u a l i t a t i v e chemica l a s p e c t s , h o w e v e r , c o u l d be d e d u c e d . The 

i n c r e a s e of t h e pH of t h e s o l u t i o n s w i t h d i s t a n c e from t h e major v e i n s 

i s p e r h a p s t h e most e v i d e n t , as i t i s i n d i c a t e d by l a r g e r amounts o f 

a l t e r a t i o n m i n e r a l s i n zones s u r r o u n d i n g t h e v e i n s ( F i g . 3 7 ) . S i m i l a r 

l y e v i d e n t was t h e g r e a t e r a v a i l a b i l i t y of s u l f a t e i o n s in t h e s o l u t i o n s 

c i r c u l a t i n g t h r o u g h t h e r o c k s of t h e l o w e r l e v e l s as opposed t o t h e i r 

g r e a t e r c a r b o n a t e c o n t e n t s w h i l e moving t h r o u g h r o c k s on t h e u p p e r 

l e v e l s . The p h y s i c a l d i f f e r e n c e s , in t u r n , r e l a t e e s p e c i a l l y t o tem

p e r a t u r e and CO,, p r e s s u r e , t h e l a t t e r c o n t r o l l i n g p a r t i c u l a r l y t h e c a r 

b o n a t e d e p o s i t i o n . 

On t h e o t h e r h a n d , an a t t e m p t was made t o e x p l a i n t h e m i n e r a l 

d i s t r i b u t i o n p a t t e r n s b a s e d on p u r e l y t e m p e r a t u r e changes as f l u i d flow 

kaol inite below the 2,200 ' level whereas ca l cite , quartz and bi ot ite 

were more abundantly precipitated on the upper le vels. 

These zonings express variations in the relative proportions 
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of the major minera l constituents which are bas icall y present all over 

the sampled vertica l section of the mine . Moreover, the zoni ngs re

flect differences in the chemica l and/or phys i cal candi t ions of the 

May flower hydrothermal environme nt. The chemica l differences are diffi

cul t to ascerta in quant itatively . Changes in the so l ution chemistry 

can be esti mated in terms of individual aqueous spec i es variations but 

require i nformation on the ferrous to ferric iron rati o in the rocks dnd 

mineral s as well as computed reaction path in order to understand the 

solution evolution in time and space. Such provi s ions \~ere not sough t 

during t he course of this research and an interpretation of the zonings 

based on quantitative vari ation of the soluti on chemi stry vIas not poss i

ble. Some qual itative chemi cal aspects, however , could be deduced. The 

in crease of the pH of t he solutions with distance from the major vei ns 

i s perhaps the most evident, as it is indicated by l arger amounts of 

alteration mineral s in zones surrounding the ve ins (Fig. 37) , Si milar

ly evident was the greater ava il ability of su lfate ions in the so lutions 

Circulating through the rocks of the l ower l evels as opposed to thei r 

greater carbonate contents wh il e mov ing tht'ough rocks on the upper 

l evel s . The physica l di fferences , in turn, relate especially to tem

perature and CO2 pressure, the l atter control ling particularly the car

bonate deposition. 

On the other hand, an attempt \~as made to exp l ain t he minera l 

di s tri but i on pa tterns based on pure 1y tempera ture changes as fl ui d f1 m~ 
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F i g . 37 . D i s t r i b u t i o n of o v e r a l l mass of a l t e r a t i o n p r o d u c t s i n 
r e l a t i o n t o t h e mass o f u n a l t e r e d r o c k s o v e r a N-S 6 7 0 - m e t e r c r o s s -
s e c t i o n o f t h e Mayflower Mine . 
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Fig. 37. Distribution of overall mass of alteration products in 
relation to the mass of unaltered rocks over a N-S 670-meter cross
section of the Mayflower Mine. 
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in t h e Mayflower h y d r o t h e r m a l s y s t e m d e c r e a s e d . The i n t e r p r e t a t i o n 

r e s t e d upon t h e a p p r o x i m a t i o n t h a t t h e sampled volume of r o c k was s u b 

j e c t e d t o a s e q u e n c e o f i s o t h e r m a l c o n d i t i o n s and t h a t changes i n t h e 

complex ion s t a b i l i t i e s were n o t a c c o u n t e d f o r . The e n s u i n g d i s c u s s i o n , 

t h e r e f o r e , d e a l s w i t h t h e e f f e c t s r e s u l t i n g from d e c r e a s i n g t h e t e m p e r a 

t u r e of t h e h y d r o t h e r m a l s y s t e m w i t h p r o v i s i o n s a t each i s o t h e r m f o r 

t h e chemica l changes o f t h e s o l u t i o n s a s t h e i r r e a c t i o n s w i t h t h e r o c k s 

p r o g r e s s e d . T h i s i m p l i e s t h a t , f o r t h e p u r p o s e s of i n t e r p r e t i n g t h e 

a l t e r a t i o n a s s e m b l a g e s , t h e s o l u t i o n c o m p o s i t i o n i s c o n s t a n t . Q u a l i t a 

t i v e chemica l v a r i a t i o n s , h o w e v e r , a r e p o i n t e d o u t wheneve r s u p p o r t e d by 

g e o l o g i c a l e v i d e n c e . 

The s t a b i l i t y r e l a t i o n s o f t h e ma jo r m i n e r a l c o n s t i t u e n t s of t h e 

a l t e r e d i g n e o u s r o c k s of t h e Mayf lower Mine a r e shown i n a s e r i e s o f 

a c t i v i t y d i a g r a m s ( F i g s . 38 t h r o u g h 42) r e p r e s e n t i n g v a r i o u s chemica l 

s y s t e m s a t d i f f e r e n t t e m p e r a t u r e s . The sma l l hexagon drawn on t h e d i a 

grams s t a n d s f o r t h e i n i t i a l s o l u t i o n c o m p o s i t i o n fet t h i s p o i n t no ion 

complex ing was c o n s i d e r e d ) w h e r e a s t h e a r r o w s s u g g e s t p o s s i b l e t r e n d s 

f o l l o w e d by t h e s o l u t i o n s as r e a c t i o n s w i t h r o c k s d e c r e a s e d H+. The 

e n c i r c l e d a r e a s on t h e d i a g r a m s , in t u r n , a r e i n t e n d e d t o e x p r e s s t h e 

u n c e r t a i n t i e s of t h e s o l u t i o n c o m p o s i t i o n i n e q u i l i b r i u m w i t h t h e m i n e r 

a l s i n t h e s t a b i l i t y f i e l d s . 

The s y s t e m M g O - F e O - K 2 0 - A l 2 0 3 - S i 0 2 - H C l - H 2 0 . B i o t i t e , m i c r o c l i n e , 

q u a r t z , a l b i t e , a n h y d r i t e , c a l c i t e and p y r i t e were c o n s i d e r e d t o be t h e 

r e p r e s e n t a t i v e p r o d u c t a s s e m b l a g e of t h e h y d r o t h e r m a l a l t e r a t i o n o f t h e 

i g n e o u s wa l l r o c k s a t 300°C. 
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in the Mayflower hydrothermal system decreased. The interpretation 

rested upon the approximation that t he sampled vo lume of rock was sub

jected to a sequence of isothenna l conditions and that changes i n the 

complex ion stab il ities were not accounted for. The ensuing di scuss i on . 

therefore, deals with the effects resulting from decreasing the tempera 

ture of the hydrotherma l system with provisions at each i sotherm for 

the chemica l changes of the so l ut ions as t hei r reactions with the rocks 

progressed. This impli es t hat. for the purposes of interpreti ng t he 

al teration assemb lages. the so l ution composition ; s co nstant. Qua lita

tive chemica l variations. however, are pOinted out wh enever s upported by 

geological evi dence. 

The stabi l ity relations of the major mineral constituents of the 

altered igneous rocks of the Mayfl moJer Mi ne are s hoNn in a series of 

act i vity diagrams (Figs. 38 through 42) representing various chemi cal 

systems at different temperatures. The small hexagon drawn on the dia

grams sta nds for the in i tial sol ution composit i on ~t this point no ion 

comp lexing was considered)whereas the arrows suggest possible trends 

followed by the so l utions as reactions with rocks decreased H+. The 

encirc l ed areas on the diagrams, in turn, are i nten ded to express the 

un certainties of the so l ution composition in equilibrium with the miner

als in the stabil ity fie l ds. 

The system ~lgO-FeO- K20-A 1 203-Si02-flCl-1I20 . Biotite , microcline, 

quartz, albite, anhydrite , calcite and pyri te were considered to be t he 

r!!presentative product assemblage of the hydroth8t'raal al terati on of the 

i gneous wall rocks at 300n C. 
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The s t a b i l i t y r e l a t i o n s of p h l o g o p i t e , Mayflower b i o t i t e ( h e r e 

a f t e r r e f e r r e d t o a s b i o t i t e ) , a n n i t e , M g - m o n t m o r i l l o n i t e and m i c r o c l i n e 

( F i g . 38A) a r e p r e s e n t e d as f u n c t i o n s of t h e l o g ( a M g + + / a ^ + ) and 

l ° 9 ( a p e + + / a H+^* A d d i t i o n a l m i n e r a l s c o n s i d e r e d in t h e e q u i l i b r i u m c a l 

c u l a t i o n s , b u t n o t a p p e a r i n g i n t h e d i a g r a m a t 300°C, were k a o l i n i t e , 

K - m o n t m o r i l l o n i t e , m u s c o v i t e and M g - c h l o r i t e . The o b s e r v e d a l t e r a t i o n 

m i n e r a l o g y ( m i c r o c l i n e , b i o t i t e , M g - m o n t m o r i l l o n i t e and q u a r t z ) r e q u i r e s 

f l u i d s w i t h t h e i n d i c a t e d c o m p o s i t i o n . E q u i l i b r i u m w i t h q u a r t z i s im

p l i c i t s i n c e t h e d i a g r a m s we re c o n s t r u c t e d a t q u a r t z s a t u r a t i o n c o n d i 

t i o n s . The e q u i l i b r i u m w i t h M g - m o n t m o r i l l o n i t e , h o w e v e r , must have been 

b r i e f as i t s s m a l l amounts as an a l t e r a t i o n p r o d u c t i m p l y . 
+ 

As t h e s o l u t i o n r e a c t e d w i t h t h e r o c k s , H was consumed and t h e 

s o l u t i o n moved toward p o i n t A a t a 45° s l o p e w i t h i n t h e b i o t i t e s t a b i l 

i t y f i e l d . As t h e t e m p e r a t u r e d ropped t o 200°C , t h e fo rmer m i n e r a l a s 

semblage was p r e s e r v e d e x c e p t f o r m i c r o c l i n e which gave way t o m u s c o v i t e 

( F i g . 38B) . Under t h i s new t e m p e r a t u r e c o n d i t i o n t h e s o l u t i o n was i n 

e q u i l i b r i u m w i t h M g - m o n t m o r i 1 l o n i t e and m u s c o v i t e ( s e r i c i t e ) . N e i t h e r 

of t h e s e two m i n e r a l s was p r e c i p i t a t e d i n l a r g e a m o u n t s , a l t h o u g h 

s e r i c i t e was found t o be l o c a l l y a b u n d a n t i n t h e v i c i n i t y o f t h e ma jo r 

v e i n s . S i m i l a r chemica l v a r i a t i o n s f o r t h e s o l u t i o n s may have happened 

a t t h i s t e m p e r a t u r e t o a l l o w f o r t h e p r e c i p i t a t i o n of b i o t i t e as t h e 

s o l u t i o n s r e a c t e d w i t h t h e r o c k s . F u r t h e r d e c r e a s e i n t h e t e m p e r a t u r e 

t o 100°C s t a b i l i z e d k a o l i n i t e o v e r t h e o t h e r p h a s e s ( F i g . 38C) and t h e 

s o l u t i o n s m i g h t have been d i r e c t e d t o w a r d s t h e b i o t i t e f i e l d as H+ was 

consumed. 
F i g u r e 39A r e l a t e s t o t h e same c h e m i c a l s y s t e m b u t i t i s now 
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The stabi li ty relations of phl ogop ite, Mayflower biotite (here

after referred to as biotite), annite, Mg-montmoril1onite and microcline 

(Fig. 38A) are presented as functions 2 
of t he l og(a Mg++/a H+) and 

2 
l og{aFe++/a H+)' Additional minera ls consi dered in t he equilibrium ca l -

culations. but not appeari ng i n the diagram at 300°C, were kaolinite, 

K- montmo ril1onite. muscovite and Mg-chlorite. The observed alteration 

mi neral ogy (mi cr ocl i ne , bi at ; te, Mg- mo ntmo ri 11 oni te and quartz) requ; res 

fluid s with th e indicated composition. Eq uili brium with quartz i s im-

pli cit since the dia grams \'Iere constructed at quartz saturat ion condi

tions. The equ il ibrium with Mg -montmorill onite. however, must have been 

brief as its small amoun t s as an alterat ion product i mply. 

As the soluti on reacted with the rocks. H+ was consumed and the 

solution moved toward point A at a 45° s l ope within the bi ot i te stabil

ity field. As the temperature dropped to 2DDoC , the fanner minera l as-

semblage was preserved except for microc line which gave \'Iay to muscovite 

(Fig. 38B) . Under this ne'N temperature condi tion the solution was in 

equ i 1 i bri urn with Mg-montmorilloni te and muscovi te (seri ci te). Ne i ther 

of these two mi nera 1 s vias precipi tated in 1 arge amounts , a lth ough 

sericite was found to be l ocall y abundant in the vi ci nity of the major 

veins. Simil a r chemical variations for the solutions may have happened 

at this t emperature to a11O\'1 for t he precipitation of biotite as t he 

solutions reacted I'lith t he rocks. Further decrease in the tempera ture 

to 100°C stabilized kaol ini te over t he other phases (Fig . 38C) and the 

solut i ons might have been directed to\·/ards the hi otite field as H+ was 

cons umed. 

Figure 39A relates to thl! same chemical system but it ;s now 
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F i g . 3 8 . Phase s t a b i l i t y r e l a t i o n s i n t h e s y s t e m MgO-FeO-

K^O-A^O^-SiC^-f^O as a f u n c t i o n of t h e l o g (a^ + + / a ^ + ) and l o g 

( S p e + + / a H + ) . A. P h l o g o p i t e - B i o t i t e - A n n i t e - M g - m o n t m o r i 1 l o n i t e - M i c r o -

c l i n e a t 300°C. B. P h i o g o p i t e - B i o t i t e - A n n i t e - M g - M o n t m o r i l l o n i t e - M u s -

c o v i t e a t 200°C. C. P h l o g o p i t e - B i o t i t e - A n n i t e - K a o l i n i t e a t 100°C. 

F i g . 3 9 . Phase s t a b i l i t y r e l a t i o n s i n t h e s y s t e m MgO-FeO-K^O-

A ^ O - ^ - S i C ^ - H C l - ^ O as a f u n c t i o n of t h e l o g ( a M + + / a j ^ + ) and l o g 

( a K + / a ^ + ) . A. C h i o r i t e - P h l o g o p i t e - B i o t i t e - A n n i t e - M g - r n o n t m o r i l l o n i t e 

a t 300°C. B. C h l o r i t e - P h l o g o p i t e - M i c r o c l i n e - M u s c o v i t e - K - m o n t m o r i l l o n -
i t e - M g - m o n t m o r i 1 l o n i t e a t 200°C. C. C h l o r i t e - P h l o g o p i t e - M i c r o c l i n e -
M u s c o v i t e - K a o l i n i t e a t 100°C. 
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Fig. 38. Phase stabi li ty relat i ons in the system MgO - FeO

K20-A120r Si 02-H20 as a function of t he log (al~9++/a~+) an d log 

(a
Fe

++/ a
H
+). A. Ph 1 ogop i te-Bi ot i te-Anni te- I~g-montmori 11 on i te - fli c ro-

c 1 i ne at 30QoC. B. Ph 1 ogop; te- Bi at; te-Anni te -Mg-Montmori 11 oni te-Mus -

cQvi te at 200 °C. C. Ph logop ite-Bioti te-Annite- Kao l inite at 100 0 e. 

Fi g . 39 . Phase stability re l ations in the system HgO - FeO-K20-

A1 203- Si 02-HC1-H20 as a functio n of the l og (aMg++/aR+) and log 

(a
K
'; a

H
+) . A. Ch 1 ori te-Ph 1 ogopite- Bi otite-Anni te-I~g -mon tmo ri 11 onite 

at 30Qoe. B. Ch lor; te-Ph 1 oqop; t e- Mi crocl ; ne-Muscovi te- K-montmor i 11 on-
ite-Mq- montmo ril1onite at 200°C. C. Ch l orite-Phlogopite-M;crocl ine
Mus covite- Kao lini te at 1000e . 
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o 

r e p r e s e n t e d as a f u n c t i o n o f t h e l o g f a ^ + + / a ^ + ) and I o g ( a ^ + / a ^ + ) a t a 
2 

l o g ( a p + + / a ^ + ) e q u a l t o 3 .0 and shows t h a t t h e s o l u t i o n s migh t have 

moved e i t h e r w i t h i n t h e b i o t i t e f i e l d (from 0 t o A) o r t o w a r d s t h e c h l o r 

i t e f i e l d (from 0 t o B) a t 300°C. In t h e f i r s t c a s e t h e consumpt ion of 

H+ due t o r o c k - s o l u t i o n i n t e r a c t i o n s h o u l d have been b u f f e r e d by a d e -
2 

c r e a s e in t h e ^ ^ + + a s t o m a i n t a i n t h e a^ + + / a H + c o n s t a n t a n d , a s a 
c o n s e q u e n c e , r e s t r i c t t h e s o l u t i o n t o t h e b i o t i t e f i e l d . In t h e s econd 

2 

c a s e t h e consumpt ion o f H+ i n c r e a s e d t h e a^ + + / a ^ + r a t i o b u t , a t t h e 

same t i m e , a^,+ must have d e c r e a s e d a t a f a s t e r r a t e t h a n a ^ + i n o r d e r t o 

move t h e s o l u t i o n s t o w a r d s t h e c h l o r i t e f i e l d . Most l i k e l y , h o w e v e r , 

c h l o r i t e was n o t a s t a b l e p h a s e i n t h e Mayflower r o c k s a t 300°C. Mg-

montmori l l o n i t e and m i c r o c l i n e s t a r t e d p r e c i p i t a t i n g t o g e t h e r w i t h q u a r t z 

a t 200°C b u t b i o t i t e was l e f t o u t of e q u i l i b r i u m ( F i g . 39B) . C h l o r i t e 

may have become a s t a b l e p h a s e i f s i m i l a r chemica l v a r i a t i o n s of t h e 

s o l u t i o n s (from 0 t o B) p r e v a i l e d . O t h e r w i s e m i c r o c l i n e k e p t p r e c i p i 

t a t i n g a s t h e s o l u t i o n s r e a c t e d w i t h t h e r o c k s (from 0 t o A) w i t h c o n 

sumpt ion of H+ b e i n g b u f f e r e d by d e c r e a s e of + + . At 100°C a s i m i 

l a r p i c t u r e migh t have e x i s t e d f o r t h e t r e n d of t h e s o l u t i o n s , a l t h o u g h 

k a o l i n i t e and m u s c o v i t e formed a t t h e e x p e n s e o f M g - m o n t m o r i 1 l o n i t e 

( F i g . 39C) . 

The s y s t e m K 2 0 - N a 2 0 - A l 2 0 3 - S i o ? - H C l - H 2 0 . K a o l i n i t e , K-montmor-

i l l o n i t e , N a - m o n t m o r i l l o n i t e , m i c r o c l i n e , low a l b i t e and m u s c o v i t e were 

c o n s i d e r e d i n t h e e q u i l i b r i u m c a l c u l a t i o n s f o r t h i s s y s t e m a t 300°C 

( F i g . 40A) . The c o m p o s i t i o n of t h e s o l u t i o n s was d e s c r i b e d w i t h r e s p e c t 

t o t h e l o g ( a » a + / a H + ) and log ( a K + / a ^ + ) . The f l u i d s in e q u i l i b r i u m w i t h 

m i c r o l i n e and low a l b i t e had t o have a c o m p o s i t i o n i n d i c a t e d on t h e 
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2 represented as a function of the 10n(aMQ++/aH+) and 10q(aK/aH+) at a 

2 lOQ (aFe++/a H+) equal to 3.0 and shm.,.s that the solutions might have 

moved either within the bi otite field (from 0 to A) or tov/ards the ch l or

ite field (from ° to B) at 300"C. In the first case the consumption of 

H+ due to rock-solution i nteraction should have been buffered by a de

crease in the a~lq++ as to maintain the al1 ++/a2 H+ constant and, as a 
9 

consequence. restrict the so l ution to the biotite field. In the second 

case the consumption of H+ increased the aM9 ++/a 2
H+ ratio but . at the 

same time. aK+ must have decreased at c1 faster rate than aH+ in order to 

move the so lu tions towards the ch l orite field. Most like ly. however. 

ch l orite was not a stable phase in the t,layflOl'l'er rocks at 300°C. Mg

montmorillonite and mi croclinE! started precipitating t ogether with quartz 

at 200"C but biotite was left out of equilibrium (Fig. 39B). Chlorite 

may have become a stable phase if s i milar chemical variations of the 

sol utions (from 0 to B) prevailed. Othen·lise microcline kept precipi 

tating as the solution s reacted with the rocks (from a to A) with con-

sumntion of H+ beinq buffered by decrease of aMg++· 

1 ar pi cture mi ght havp. ex; steel for the trend of the 

At laaoe a simi-

solutions, al though 

kaolinite and muscovite formed at the expense of Mq- montmorillonite 

(Fig . 39C) . 

The syste" K20-Na20-Al203-Si02-HCI-HZO. Kaolinite, K-montmor

i ll onite , Na-montmori ll onite, microcline, 101'/ albite and muscovite I'/ere 

considered in the equilibrium ca l cul~tions for this sys tem at 30Q oC 

(Fig. 40A). The composition of the solutions was described wi th respect 

to the 109( a Na+/'H+) and lo~ (.K/aH+)' The flu i ds in equilibrium with 

r.l;crol ine and 10\'/ al bi te had to have a compos ition indicated on the 



157 

d i a g r a m . As t h e s o l u t i o n r e a c t e d w i t h t h e r o c k s i t may have c o n t i n u e d 

d e p o s i t i n g q u a r t z , m i c r o c l i n e a n d / o r low a l b i t e as t h e a r r o w s on t h e 

d i a g r a m s u g g e s t . The t r e n d 0-A i s c h a r a c t e r i z e d by a 1:1 s l o p e and can 

be e x p l a i n e d by t h e s i m p l e consumpt ion o f H+. Q u a r t z , m i c r o c l i n e and 

low a l b i t e would t h e n be t h e e q u i l i b r i u m a s s e m b l a g e . E q u i l i b r i u m w i t h 

o n l y m i c r o c l i n e and q u a r t z o r w i t h o n l y low a l b i t e and q u a r t z would have 

r e q u i r e d t h e s o l u t i o n s t o f o l l o w t r e n d s such as 0 - B , f o r which t h e a^,+ 

i n c r e a s e d a t a f a s t e r r a t e t h a n a ^ a + » o r 0 - C , f o r which t h e a^ + i n 

c r e a s e d a t a f a s t e r r a t e t h a n a K + , r e s p e c t i v e l y . 

At 200°C no s i g n i f i c a n t change was o b s e r v e d , e x c e p t t h a t t h e s o l u 

t i o n c o m p o s i t i o n was a l m o s t t o t a l l y in t h e m i c r o c l i n e s t a b i l i t y f i e l d 

( F i q . 40B) . A g a i n , t h e s u g g e s t e d s o l u t i o n t r e n d s would have p r e c i p i 

t a t e d o n l y q u a r t z , m i c r o c l i n e and low a l b i t e u n d e r s i m i l a r s o l u t i o n 

c h e m i s t r y v a r i a t i o n s i n d i c a t e d f o r 300°C. At t h i s t i m e , h o w e v e r , t r e n d s 

0-A and 0-B would have p r e c i p i t a t e d o n l y q u a r t z and m i c r o c l i n e w h e r e a s 

t r e n d 0-C would have a l s o p r e c i p i t a t e d low a l b i t e . 

As t h e t e m p e r a t u r e f e l l t o 100°C, t h e s o l u t i o n e q u i l i b r a t e d w i t h 

N a - m o n t i m o r i l l o n i t e , m u s c o v i t e and k a o l i n i t e , b e s i d e s m i c r o c l i n e 

( F i g . 40C) . The i n d i c a t e d t r e n d of t h e s o l u t i o n s m i g h t have p r o d u c e d 

t h e same m i n e r a l a s s e m b l a g e s as f o r t h e l a s t c a s e . 

The s v s t e m C a 0 - N a o 0 - S i 0 o - A l o 0 o - H C l - H o 0 . The s t a b i l i t y r e l a t i o n s " 2 2 2 3 2_ 

of k a o l i n i t e , C a - m o n t m o r i l l o n i t e , N a - m o n t m o r i 1 l o n i t e , low a l b i t e , a n o r 

t h i t e and t h e Mayflower p l a g i o c l a s e ( h e r e a f t e r r e f e r r e d t o as p l a g i o 

c l a s e ) a r e d e p i c t e d in t h e s y s t e m a t 300°C ( F i g . 41 A) a s f u n c t i o n s of 

t h e Ion ( a c ++ /a H + ) and l o g ( a N a + / a H + ) . I n c l u d e d in t h e d i a g r a m a r e t h e 

s u r f a c e b o u n d a r i e s of a n h y d r i t e and c a l c i t e c o r r e s p o n d i n g t o t h e 
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di ag r am . As t he so l ut i on reacted with t he rocks it ma'y have cont inued 

depositi nQ quartz , mi cr oc li ne and/or 10vi alb ite as t he arrows on the 

diagram s ug~es t . The trend O-A i s characterized by a 1:1 sl ope and can 

be expl ai ned by the si mple cons umpti on of H+. Qua r tz . m;crocli ne and 

l ow a l bite v/O ul d then be the equ il ib r i um assemb l age. Equil i brium with 

onl y microc l ine and quartz or wi th on ly low albite and quartz would ha ve 

requi red tile so l utions to fo ll ow t r ends such as O- B, for wl1 i ch t he a K+ 

inc reased at a f as t er rate t han aNa+ , a )" O- C, for I'lh ich the 3Na+ in 

creased at a faste r ra t e tha n aK+ , respect i ve ly. 

At 200· C no sign i f i cant chan~e was observed , except that the so l u

t ion composition 'lias a l most totally in the microc l ine stability fie l d 

(F i Q. 4I)B) . A~ain , the suggested sol ution trends woul d have precipi-

tated on ly quartz , mi crocl ine and l ow albite under simil ar so l ution 

chemistry variat i ons i ndicated for 300°C. At this time, hOl,olever , trends 

O-A and 0-8 \'JOu l d have prec i pitated only quartz and microcl i ne wher eas 

trend O-C would have a l so pr ecipitated l ow al bi teo 

As the tempera t ure fe ll to 100°C , t he sol utio n equ i librated wi th 

Na- nlontimoril1oni te , muscov ite and kao lin ite . besi des mi cY'oc line 

(Fi~ . 4GC) . The i ndicated t rend of t he so lu t ions might have produced 

the sar.le minera l assemb l ages as for t he l ast case . 

The system CaO-Na20 -Si02-A1203- HC 1-H20 . The st.bility re lat i ons 

of kao lini te. Ca-Illontmori llonite. Na -montmoril l oftite . 101'11' a l bi te. anor-

thi te and the Mayflower p l a~ioc l ase (hereafter referred to as pl agi o

cl ase; are depi c ted in 'the system at 300°C (Fig. 41f.) as fu nct i ons of 

the loq In c1 udell in t he diagram are the 

surface boundaries of llnhydrite and calcite cOr\'espondi ng to t he 
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F i g . 4 0 . Phase s t a b i l i t y r e l a t i o n s i n t h e s y s t e m K ^ O - ^ O -

Al^O^-SiO^-HCl-H^O as a f u n c t i o n of t h e l o g ( a ^ a + / a ^ + ) and l o g 

( a ^ / a ^ J . A. L o w - a l b i t e - m i c r o c l i n e - N a - m o n t m o r i 1 l o n i t e - K - m o n t m o r i l l o n -
i t e - k a o l i n i t e a t 300°C. B. L o w - a l b i t e - m i c r o c l i n e - m u s c o v i t e - K - m o n t -
m o r i l l o n i t e - N a - m o n t i m o r i l l o n i t e - k a o l i n i t e a t 200°C. C. L o w - a l b i t e -
m i c r o c l i n e - m u s c o v i t e - N a - m o n t m o r i 1 1 o n i t e - k a o l i n i t e a t 100°C. 

F i g . 4 1 . Phase s t a b i l i t y r e l a t i o n s i n t h e s y s t e m C a 0 - N a ? 0 -
2 

SiO^-Al^O^-HCl-H^O as a f u n c t i o n of t h e l o g ( a ^ a + + / a H + ) and l o g 
^ a Na+ ' / a H+ ^ * ^ ' ^ n o r ' t n i " t e - D l agi ocl a s e - 1 ow-al bi t e - N a - m o n t m o r i 11 oni t e -
C a - m o n t m o r i l l o n i t e - k a o l i n i t e a t 300°C. B. A n o r t h i t e - p l a g i o c l a s e - l o w -
a l b i t e - N a - m o n t m o r i 1 1 o n i t e - C a - m o n t m o r i 1 1 o n i t e - k a o l i n i t e a t 200°C. 
C. C a - m o n t m o r i 1 l o n i t e - l o w - a l b i t e - N a - n o n t m o r i 1 1 o n i t e - k a o l i n i t e a t 
100°C. 

Fig. 40. Phase stabi l ity relat i ons in the system K20-Na20-

A1203-Si02- HC1 - H20 as a function of the j og (aNa+/aH+) and log 
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(a K+, a
Ht

) . A. LOI'l- a 1 bi te- m; eroc 1 ; ne- Na-montmori 11 on; te-K- mon tmori 11 on 
i te· kao ; n ite at 30QoC . B. Lo\'/ - a 1 bite- mi eroc 1 ; ne - muscovite- K-mon t
morillonite- Na-mont i mori ll on ite- kaol inite at 200 0 e. C. Low-alb i te-
mi eroc 1 ; ne-musco'li tp.-Na- mo n tmoril l on; te-kao 1; ni te a t 100°C. 

Fig. 41. Phase stability relations in the system CaO-Na20-

Si02-A1203-HC1-H20 as a function of t he l og (aca++/a~+) and l og 
(dNa+/d

H
+) . A. I\narth i te -D 1 aqi ac 1 ase- 1 o\'l-a 1 b; te-Na- montmori 11 on i te

Ca -montmori ll onite-kaolinite at 300°( . B. Anorthi te-pl ag i oc la se- low
alb; te - Na- montmori 11 on ite- C3 - mo ntmor i 11 onite- kao 1 ; ni te at 20Q u e. 
C. Ca - montmori l1onite-lm/-al bi te-Na-f.lontmori 11 0n; te-kaol inite at 
100°C. 
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e q u i l i b r i u m e q u a t i o n s be low: 

CaSO. -* C a + + + SO* 4 <~ 4 

f o r which 

1 0 9 K C a S 0 4

 = l o g ( a C a + + / a 2

H + ) + l o g ( a s o - a 2

H + ) 

and 

CaC0 3 + 2H + t C a + + + C 0 2 + H 2 0 

f o r which 

1 0 9 K C a C 0 , " l 0 9 ( a c + + / a 2 H + ) + 1 0 9 ( Y C 0 „ P C0 } 

2 2 

The a n h y d r i t e bounda ry assumes a v a l u e of l o g ( a$Q = . a ^ + ) equa l t o 

- 1 5 . 5 ( T a b l e 1 1 ) , w h e r e a s t h e c a l c i t e b o u n d a r y i s f o r a C 0 2 p r e s s u r e o f 

10 b a r s . F l u i d i n c l u s i o n s t u d i e s (Nash 1973) i n d i c a t e d 10 b a r s t o be t h e 

p r e v a i l i n g C 0 2 p r e s s u r e i n t h e Mayf lower h y d r o t h e r m a l s y s t e m . For y ^ 

a v a l u e of 2 .29 was used c o r r e s p o n d i n g t o a 3m NaCl s o l u t i o n (He lgeson 

1 9 6 9 a ) . 

Low a l b i t e i s t h e o n l y m i n e r a l in e q u i l i b r i u m w i t h t h e s o l u t i o n s 

c h a r a c t e r i z e d by t h e i n d i c a t e d c o m p o s i t i o n . As more r e a c t a n t m i n e r a l s 

( p a r t i c u l a r l y p l a q i o c l a s e ) were d e s t r o y e d , t h e s o l u t i o n s may have moved 

t o w a r d s t h e a n h y d r i t e b o u n d a r y c a u s i n g t h i s m i n e r a l t o be d e p o s i t e d 

a s i d e w i t h a l b i t e and q u a r t z . S u b s e q u e n t c h a n g e s c o n t i n u e d d e p o s i t i n g 

a n h y d r i t e , q u a r t z and a l b i t e , b u t may have d i r e c t e d t h e f l u i d c o m p o s i 

t i o n t o w a r d s s t a b i l i z a t i o n of c a l c i t e which would t h e n s t a r t p r e c i p i t a 

t i n g . 

The d e c r e a s e of t h e t e m p e r a t u r e fo 200°C b r o u g h t Na-montmor-

i l l o n i t e i n t o e q u i l i b r i u m w i t h t h e s o l u t i o n s t o g e t h e r w i t h a l b i t e and 

q u a r t z ( F i g . 41B) . Changes in t h e s o l u t i o n c o m p o s i t i o n , as i n d i c a t e d 

equil ibri um equations bel ow: 

for whi ch 

log 

and 
+ ~.. ++ + 2H <- C a + CO2 

for whi ch 

log log (yCO 
2 

PCO ) 
2 

( 
_ 2 

The anhydrite boundary assumes a va l ue of l og a50- . 3 H+) equa l 
4 
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t o 

-1 5.5 (Table 11 ). whereas the calcite boundary is for a CO2 press ure of 

10 bars. Fluid inclusion studies (Nash 1973) indicated 10 bars to be th e 

prevail i n!l CO
2 

oressure in the Mayflo'ller hydrotherma l system. For Yen 
2 

2 . 29 \'Jas used correspond; ng to a 3m NaC 1 sol ut i on (He 'geson a va l ue of 

1969a) . 

Low a l bite ;s the only mi nera l in eq uil i brium \'Iith the so l uti ons 

characteri zed by the ind i cated composition . As more reactan t mi neral s 

(particu larl y pl aqi oc l ase) were dest royed, the so l utions may have moved 

towa rds t he anhydrite boundary caus i n9 th i sm; nera 1 to be depos i ted 

aside with albite and quartz. Subsequent changes continued depos iting 

anhydrite . quartz and albite. but may have directed the fl uid compos i

tion to\'/ards stilbilization o f calcite which would then start prec ipita

tin~ . 

The decreas e of the temperature fo 20DoC brought Na -Ino ntnXlr -

i ll onite i nto cCluil i brium \'1ith the sol utions t oge ther wi th a l bite and 

quar tz (F i g. 41(3) . Changes i n the solut i on compos ition, as i nd i cate d 
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on t h e d i a g r a m , would f i r s t e q u i l i b r a t e w i t h c a l c i t e and s u b s e q u e n t l y 

w i t h a n h y d r i t e . A s i m i l a r s i t u a t i o n may have o c c u r r e d a t 100°C, a l 

though t h e s o l u t i o n s a t t h i s t i m e were in e q u i l i b r i u m w i t h k a o l i n i t e , Na-

m o n t m o r i l l o n i t e and q u a r t z ( F i g . 4 1 C ) . 

The s o l e e f f e c t o f t e m p e r a t u r e d e c r e a s e c a n n o t e x p l a i n t h e r e l a 

t i v e p r o p o r t i o n s o f c a l c i t e and a n h y d r i t e on t h e u p p e r and l o w e r l e v e l s 

of t h e Mayflower M i n e , d e s p i t e t h e major d e p o s i t i o n o f a n h y d r i t e a t 

300°C and dominan t p r e c i p i t a t i o n of c a l c i t e below 200°C as i n f e r r e d 

from t h e d i a g r a m s . The r e l a t i v e p o s i t i o n s o f t h e s u r f a c e b o u n d a r i e s o f 

t h e s e two m i n e r a l s a r e a l s o c o n t r o l l e d by CO^ p r e s s u r e , pH and SO^ 

a c t i v i t y . A c c o r d i n g l y , i n c r e a s e s of CO^ p r e s s u r e would b r i n g t h e c a l c i t e 

boundary t o l o w e r v a l u e s of l o g ( a ^ a + + / a ^ + ) . I n c r e a s e s of t h e pH o r 

d e c r e a s e s of SO^ a c t i v i t y would move t h e a n h y d r i t e b o u n d a r y t o h i g h e r 
2 

v a l u e s of l o g ( a ^ a + + / a I n c r e a s e s CO^ p r e s s u r e s i n t h e u p p e r mine 

l e v e l s would c a u s e c a l c i t e t o d o m i n a t e o v e r a n h y d r i t e . C o n v e r s e l y , 

r e l a t i v e l y l ower CO^ p r e s s u r e and pH o r r e l a t i v e l y h i g h e r S 0 | a c t i v i t y 

may have p r e v a i l e d on t h e l o w e r l e v e l s t o a c c o u n t f o r more a b u n d a n t 

p r e c i p i t a t i o n of a n h y d r i t e o v e r c a l c i t e . 

The s y s t e m Cu^S-FeS-H^S-H^SO^-KCl-H^O. S t a b i l i t y r e l a t i o n s o f 

p y r i t e , m a g n e t i t e , c h a l c o p y r i t e , b o r n i t e and c o v e l l i t e a r e r e p r e s e n t e d 

in t h i s s y s t e m a s f u n c t i o n s of t h e l o g ( a ^ u + / a ^ + ) and t h e 
2 

l o 9 ( a p e + + / a H e m a t i t e and t e n o r i t e were a d d i t i o n a l m i n e r a l s i n c l u d e d 

in t h e e q u i l i b r i u m c a l c u l a t i o n s b u t do n o t have s t a b i l i t y f i e l d s in t h e 

d i a g r a m s . Among t h e s t a b l e p h a s e s , p y r i t e was t h e o n l y m i n e r a l t o o c c u r 

i n s i g n i f i c a n t amounts in t h e i g n e o u s r o c k s of t h e m i n e . M a g n e t i t e , 
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on the diagram, would first equilibrate wi th ca l cite and subsequently 

with anhydrite. A similar situation may have occu r red a t 100°C I a l 

though the so lutions at th i s time were in equi l ibrium with kaolin ite , Na

montmoril l onite and quartz (Fig . 41C) . 

The "sol e effect of temperature decrease cannot expl ai n the rela

tive propo rt i ons of ca l cite and anhydrite on the upper and lower l evel s 

of the Mayflm.,.er Mine, despite the major deposition of anhydr ite at 

30QoC and dominant precipi tation of calcite bel ow 20Qoe as inferred 

from the diaqrams. The rela ti ve positions of t he surface boundari es of 

these two minerals are also controll ed by CO2 pressure, pH and so; 

act i vity . Accordingly, increases of CO2 pressure would bring the calcite 

bounda ry to lower va 1 ues of 1 oq (aC a ++ la2 H+ ) . I ncreases of the pH or 

decreases of 504 activity would move the anhydrite boundary to higher 

values of log(aca ++/a2
H+). Increases CO2 pressures in the upper mine 

l evels would cause ca lcite to dominate over anhydrite. Converse ly, 

relatively lm'ler CO2 press ure and pH or relatively higher 504 activity 

may have prevai led en the lower l evels to account fo r more abundant 

pre c; pita t i on of anhydr i te over ca 1 cite. 

The system CU 2S- FeS- H2S- H2S04-i:C1 - H20. Stabil i ty r elati ons of 

pyri te, magnetite. cha l copyrite, bornite and cove lli te are represented 

in this system as functions of the l og(aCu+/aH+) and the 

lOQ(a Fe++/a2
H+) . Hematite and t enorite \I/ere additional minera l s i ncluded 

in the equil i br i um calcu l ations but do not have stability fields in the 

di agrams. J\rno nC] the stab l e phases, pyrite was the only mi nera l to occur 

i n s i qni ri ctlnt amounts in the igneous rocks of the m·ine. r~agnetite , 
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howeve r , was found t o be p a r t i c u l a r l y a b u n d a n t i n some v e i n l e t s t r a n 

s e c t i n g t h e w a l l r o c k s . The s o l u t i o n s p r e c i p i t a t i n g p y r i t e and o c c a 

s i o n a l l y m a q n e t i t e , t h e r e f o r e , s h o u l d have been c h a r a c t e r i z e d by a r e l a 

t i v e l y h i g h H^S a c t i v i t y ( l o g a^ ^ h i g h e r t h a n - 3 . 0 ) t o p r e v e n t hema

t i t e from b e i n g fo rmed . O c c a s i o n a l l y , h o w e v e r , h e m a t i t e i s p r e s e n t i n 

some v e i n l e t s i m p l y i n g t h a t t h e H^S a c t i v i t y migh t have f l u c t u a t e d a t 

t i m e s . 

At 300°C ( F i g . 42A) t h e i n d i c a t e d s o l u t i o n c o m p o s i t i o n was i n 

e q u i l i b r i u m w i t h p y r i t e and m a g n e t i t e . I f o n l y t h e H+ consumpt ion a c 

c o u n t e d f o r t h e s o l u t i o n - r o c k i n t e r a c t i o n , t h e s o l u t i o n s s h o u l d move 

a p p r o x i m a t e l y as shown by t h e a r row OB and would p r e c i p i t a t e p y r i t e and 

m a g n e t i t e . In g e n e r a l m a g n e t i t e was more a r e a c t a n t m i n e r a l t h a n a 

p r o d u c t p h a s e as i n d i c a t e d by i t s a l m o s t c o m p l e t e a b s e n c e in t h e r o c k s 

of t h e l a t e r a l sampled on t h e 2 , 6 0 0 ' l e v e l and i t s r e l a t i v e i n c r e a s e 

away from t h e ma jo r v e i n s . C o n s e q u e n t l y , t h e f l u i d s s h o u l d have p r e 

f e r e n t i a l l y moved t o w a r d s t h e c h a l c o p y r i t e f i e l d (from 0 t o A ) . In 
o 

t h i s c a s e t h e a r , , / a ,,, s h o u l d have i n c r e a s e d a t a s l o w e r r a t e ( c o n -Fe++ H+ 

c o m i t a n t d e c r e a s e of c t p e + + as H+ was b e i n g consumed) t h a n t h e 

a Cu+^ a H+* T i ^ s m a y ^ a v e b e e n P a r t l ' C L J T a r ^ y t r u e ^ n t h e z o n e s s u r r o u n d i n g 

t h e main v e i n s . 

At 200°C ( F i g . 42B) t h e s o l u t i o n s we re i n e q u i l i b r i u m w i t h p y r 

i t e and c h a l c o o y r i t e and may have been d i r e c t e d t o w a r d s t h e b o r n i t e 

f i e l d as s u g g e s t e d by a r row OA. As t h e t e m p e r a t u r e f e l l t o 100°C 

( F i g . 42C) b o r n i t e was t h e o n l y m i n e r a l i n e q u i l i b r i u m w i t h t h e s o l u 

t i o n s . B o r n i t e , howeve r , does n o t o c c u r i n t h e Mayflower i g n e o u s r o c k s 

i n any s i g n i f i c a n t amount . T h i s f a c t i m p l i e s t h a t a t l e a s t a t l o w e r 
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however, was found to be particularly abundant in some ve inl ets tran -

secting the wa ll rocks . The so l utions precipitating pyrite and occa

sionally mdqnetite, therefor"e. should have been characterized by a re l a-

t ive1y h igh H2S activity 

tite from being fonred. 

( l og aH S higher than -3 . 0) to prevent hema-
2 

Occasionally. however. hematite is presen t in 

some veinlets imp ly ing t hat the H2S activity might have fluctuated at 

ti lT'es. 

At 30QoC (Fig . 42A) the indicated so l ution composit i on \'Ia5 i n 

equilibrium with pyrite and magnetite. If on l y the H+ comsumption ac

counted for the solution-rock i nteraction. the solutions should move 

approximately as shown by the arrow DB and \'IDu l d precipitate pyrite and 

magnetite. In general magnetite Na$ more a react ant mi nera l than a 

product phase .as indicated by its almost complete absence in the rocks 

of the lateral sampled on the 2 . 600' level and its relative ;nCt"ease 

away from the major veins. Consequently, the f l uids should have pre

ferentially moved towards the chalcopyrite field (f.·om 0 to A). In 

this case the aFe++/a2 H+ should have increased at a slower rate (con 

comi ta nt decrease of aFe++ as H+ was be i ng consumed) than t he 

dC u+/a
H
+. This may have been particul arly true in the zones surrounding 

the main ve i ns. 

At 20QoC (Fig. 42B) the solutions \"Iere in equilibri um "lith pyr

ite and chalcollyrHe and may have been directed tovlards the bornite 

field as sugges t ed by arrow ~A . As the temperature fell to 100°C 

(Fiq. 42C) bornite was the onl y mineral in equ i librium ",lith the solu-

tions . I3m"nite . howeve r. doce; not occur in the Hayflower i gneous r ocks 

i n any s i gnifi ca nt amount. This fa ct i mpl ies t hat ,1t l east at 1 0\~e r 
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F i g . 4 2 . Phase s t a b i l i t y r e l a t i o n s in t h e s y s t e m 2 

C u 2 S - F e S - H 2 S - H 2 S 0 4 - H C l - H 2 0 as a f u n c t i o n of t h e l o g ( a p e + + / a ^ + ) and 

l o g ( a C u + / a H + ) . A. M a g n e t i t e - c h a l c o p y r i t e - b o r n i t e - c o v e l i t e - p y r i t e a t 

300°C. B. M a g n e t i t e - c h a l c o p y r i t e - b o r n i t e - c o v e l i t e - p y r i t e a t 200°C. 
C. C h a l c o p y r i t e - b o r n i t e - c o v e l i t e - p y r i t e a t 100°C. 

Fig. 42. Phase stability relations in the system 2 
CU2S-FeS-H2S-H2S04-HC1-H20 as a function of the log(aFe++/aH+) and 

r 
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log(aCu+/a H+). A. Magnetite-chalcopyrite-bornite-covelite-pyrite at 
300°C. B. Magnetite-chalcopyrite-bornite-covelite-pyrite at 200°C. 
C. Chalcopyrite-bornite-covelite-pyrite at 100°C. 
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t e m p e r a t u r e s , t h e l o g a^ s m i g h t have been g r e a t e r t h a n - 2 . 5 t o c a u s e 

t h e e x p a n s i o n o f t h e p y r i t e f i e l d o v e r t h e b o r n i t e f i e l d on t h e d i a g r a m s 

and have p y r i t e in e q u i l i b r i u m w i t h t h e s o l u t i o n s a t 300°C, 200°C 

and 100°C. 

The p r o p o s e d p h y s i c o - c h e m i c a l model a s suming H+ ion consumpt ion 

as t h e major chemica l change of t h e s o l u t i o n c o m p o s i t i o n and a s e q u e n c e 

of i s o t h e r m a l c o n d i t i o n s f o r t h e i g n e o u s w a l l r o c k s o f f e r e d , t h e r e f o r e , 

a p r e l i m i n a r y i n t e r p r e t a t i o n f o r t h e o b s e r v e d a l t e r a t i o n m i n e r a l o g y o f 

t h e Mayflower and O n t a r i o r o c k s . L i k e w i s e , t h e s e r i e s of a c t i v i t y d i a 

grams p r o v e d t o be u s e f u l t o c h a r a c t e r i z e t h e chemica l e n v i r o n m e n t i n 

which t h e major a l t e r a t i o n m i n e r a l s were p r o d u c e d . 

Gains and L o s s e s 

An i m p o r t a n t r e s u l t from t h e m i n e r a l abundance d e t e r m i n a t i o n s 

was t h e p o s s i b i l i t y of e x p r e s s i n g t h e a l t e r a t i o n of t h e Mayflower and 

O n t a r i o r o c k s in t e r m s o f g a i n s and l o s s e s o f m i n e r a l s , from which t h e 

t r a d i t i o n a l g a i n s and l o s s e s of components can be a u t o m a t i c a l l y d e d u c e d . 

Assuming no s i g n i f i c a n t mass t r a n s f e r s u b s e q u e n t t o t h e c l o s e of t h e 

h y d r o t h e r m a l a c t i v i t y , a compar i son o f t h e modal c o m p o s i t i o n s be tween 

u n a l t e r e d and a l t e r e d r o c k s a f f o r d s a q u a n t i t a t i v e e v a l u a t i o n of t h e 

r e a c t i o n s t h a t took p l a c e be tween t h e h y d r o t h e r m a l s o l u t i o n s and t h e 

s t o c k s . The e x t e n t of t h e s e r e a c t i o n s i s shown in a c r o s s - s e c t i o n o f 

t h e mine as t h e v a r i a t i o n of t h e r a t i o be tween t h e mass of p r o d u c t 

m i n e r a l s and mass of r e a c t a n t p h a s e s ( F i g . 37) w i t h r e s p e c t t o t h e major 

f l u x of t h e s o l u t i o n s which o c c u r r e d a l o n g t h e M a y f l o w e r - P e a r l s t r u c 

t u r e . T h i s f i g u r e was p r e p a r e d a s suming c o n s t a n c y of volume of t h e 
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temperatures , the l oq d H 5 might have been greater than -2.5 to ca use 
2 

the expansion of the pyrite fie l d over the bornite field on the diagrams 

and have pyrite in equi l ibrium with t he solutions at 300°C , 20QoC 

and lOO·C . 

The proposed physico-chemical model assuming H+ ion consumpt i on 

as the major chemi cal change of the solution composition and a sequence 

of isothermal conditions for t he igneous wall rocks offered, therefore . 

a preliminary interpretati on for t he observed al teration mineral ogy of 

the t1ayflower and Ontario rocks. Likewise, the series of activity di a

grams proved to be useful to characterize the chemical environment i n 

wh i ch the major alteration minerals were produced . 

Gains and Losses 

An important resu l t from the mineral abundance determinations 

was the possibility of expressing the al teration of the Nayf la.<Jer and 

Ontario rocks in terms of gains and losses of minera l s, from \oJhich t he 

tradi tional gains and losses of components can be automatically deduced. 

Assuming no si gnificant mass transfer subsequent to the cl ose of the 

hydrothermal activity. a comparison of the moda l compos itions between 

unaltered and al tered rocks affords a quantitative evaluation of the 

reactions that took place between the hydrothermal so l ution s and t he 

stocks . The extent of these reactions is shown in a cross-secti on of 

the mine as the variation of the ratio between the mass of produc t 

minera l s and Ina5S of reactant phases (Fig. 37) with respect to the major 

flux of the solu tions \'Ih i ch occurred alonq the Mayflower-Pearl struc-

ture. Th i s figure was prepared ass uming constclncy of volume of the 
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s t o c k r o c k s d e s p i t e t h e a l t e r a t i o n t h e y u n d e r w e n t . A p p a r e n t l y , most 

h y d r o t h e r m a l r e a c t i o n s o c c u r u n d e r n e a r l y i s o m e t r i c c o n d i t i o n s and no 

s i g n i f i c a n t change in volume i s a v a l i d a s s u m p t i o n i f d e f o r m a t i o n a l e f 

f e c t s a r e n o t e v i d e n t i n t h e a l t e r e d rock zones (Meyer 1 9 5 0 ) . T h e r e 

f o r e , t h e v a r i a t i o n of d e n s i t i e s found among d i f f e r e n t s a m p l e s of a l t e r e d 

r o c k s was due o n l y t o mass changes i f a un i f o r m d e n s i t y d i s t r i b u t i o n 

c h a r a c t e r i z e d t h e u n a l t e r e d s t o c k s . 

The m i n e r a l o g i c a l and chemica l g a i n s and l o s s e s ( T a b l e 19 ) were 

computed w i t h r e s p e c t t o t h e a s s i g n e d modal and chemica l c o m p o s i t i o n s 

of t h e u n a l t e r e d Mayflower and O n t a r i o r o c k s . The a s s i g n e d b u l k chemi 

c a l c o m p o s i t i o n e n t a i l e d t h e knowledge of t h e c h e m i c a l c o m p o s i t i o n s 

of t h e o r i g i n a l i g n e o u s m i n e r a l p h a s e s , o f which o n l y p r i m a r y b i o t i t e 

was a p p a r e n t l y n o t a v a i l a b l e f o r a n a l y s i s . As a c o n s e q u e n c e , t h e com

p o s i t i o n of t h e p r e s e n t - d a y b i o t i t e c r y s t a l s was used as an a p p r o x i m a 

t i o n o f t h e c o m p o s i t i o n of t h e p r i m a r y m i c a . P r i m a r y o r t h o c l a s e was 

assumed t o be s t o i c h i o m e t r i c . 

For c o n v e n i e n c e of c o m p a r i s o n , t h e s e g a i n s and l o s s e s were e x 

p r e s s e d i n grams of m i n e r a l s o r components p e r c u b i c c e n t i m e t e r o f r o c k . 

E v i d e n t l y , a d e n s i t y v a l u e had t o be a s c r i b e d t o t h e u n a l t e r e d r o c k s . 

A g a i n , t h e l e a s t a l t e r e d Mayflower r o c k s ( i n t e r v a l MF-2018) was t a k e n 

as t h e r e p r e s e n t a t i v e u n a l t e r e d c o u n t e r p a r t and i t s d e n s i t y was found 
3 

t o be 2 . 7 5 g/cm . As i n t u i t i o n demands , p o s i t i v e v a l u e s c o r r e s p o n d 

t o g a i n s w h e r e a s n e g a t i v e v a l u e s c o r r e s p o n d t o l o s s e s . The f i g u r e s 

l i s t e d u n d e r t h e column " r e s i d u a l " i n t h e t a b l e r e f e r t o t h e d i f f e r e n c e 

be tween t h e computed and t h e o b s e r v e d w e i g h t p e r c e n t p r o p o r t i o n s of 

i n d i v i d u a l components i n t h e r o c k s . The r e s i d u a l v a l u e s compare t h e 
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stock rocks despite the a lteration they underwent. Apparently, most 

hydrothermal reactions occur under nearly i sometr i c conditions and no 

significant chanqe in vo l ume i s a valid assumption if deformational e f

fects are not evident in t he altered rock zones (Meyer 1950). There

fore. t he var i ation of densities found among different samples of a1 tered 

rocks was due only to mass changes if a uniform den sity distribution 

characterized the unaltered stocks. 

The Minera logi cal and chemical gains and l osses (Tab l e 19) were 

computed with respect to the assigned moda l and c hemi ca l composi tions 

of t he unaltered MayflmJer and Ontario rocks. The assigned bulk chem i 

cal compos ition entailed the know ledge of the chemical composi t i ons 

of the ori gina l i qneous minera l phases , of which onl y primary biotite 

was apparentl y no t ava i lable for ana lysis. As a consequence , the com

pos i tion of t he present- day biotite crystal s was used as an approxi ma

tion of the compositi on of the pri ma ry mi ca. Pri mary orthoc l ase via s 

assumed to be stoi chiometric. 

For conven i ence of comparison. these qai ns and losses were ex

pressed in !Jran1S of minerals or components per cub i c centi meter of rock. 

Evi dent ly. a dens i ty value had to be ascr ibed to t he unaltered rocks. 

Aga in , the least altered May flower rocks (interva l MF - 201B) was taken 

as t he rep rcsentati ve unal t e red counterpart and i ts dens; ty was found 

to be 2.75 q/cm3. As intu i t ion demands . positive va lues co rrespond 

to ga i ns \'1hereas nega ti VC! va 1 ues cor res pond to 1 asses. The f i gures 

l i sted under the column u res i dua l" in the table refer to the difference 

bet\'Ieen the comouted and the observed weight per cent proporti ons of 

; nd; vi dua 1 componen ts ; n the rocks . The res i dua 1 '1a 1 ues compa re the 
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bu lk chemica l a n a l y s e s o f t h e r o c k s and t h e t o t a l c o m p o s i t i o n s of t h e 

p h a s e s chosen t o r e p r e s e n t t h e i r m i n e r a l a s s e m b l a g e s . 

H o r n b l e n d e was assumed t o be t o t a l l y d e s t r o y e d f o r t h e p u r p o s e s 

of c a l c u l a t i n g t h e modal c o m p o s i t i o n s of t h e r o c k s . As a r e s u l t , a l o s s 
3 

o f 0 . 0 8 2 5 g/cm o f h o r n b l e n d e i s i m p l i c i t i n a l l r e p o r t e d r e s u l t s . L i k e -
3 

w i s e , a l o s s of 0 . 0 2 7 5 g/cm of m a g n e t i t e i s u n d e r s t o o d f o r t h e r o c k s i n 

which t h i s m i n e r a l i s n o t r e p o r t e d . 

From t h e m i n e r a l o g i c a l g a i n and l o s s t a b u l a t i o n , i t can be s e e n 

t h a t g r e a t e r mas se s o f a n d e s i n e were d e s t r o y e d t h a n any o t h e r r e a c -

t a n t m i n e r a l , f o l l o w e d by h o r n b l e n d e and m a g n e t i t e . The o t h e r r e a c -

t a n t p h a s e s were e i t h e r consumed o r r e - e q u i l i b r a t e d w i t h t h e h y d r o t h e r m 

a l s o l u t i o n s . In b o t h c a s e s , t h e y were s u b s e q u e n t l y added t o t h e r o c k s 

c a r r y i n g a t t h i s t i m e , h o w e v e r , t h e s i g n a t u r e o f a l t e r a t i o n p r o d u c t s . 

P r i m a r y q u a r t z may n e v e r have been d e s t r o y e d , b u t i t was p r e c i p i t a t e d a s 

a h y d r o t h e r m a l p h a s e . A n h y d r i t e , c a l c i t e , p y r i t e , k a o l i n i t e , c h l o r i t e , 

and a l b i t e (+ z e o l i t e s ) o c c u r e x c l u s i v e l y as a l t e r a t i o n p r o d u c t s a n d , 

o b v i o u s l y , were computed a s m i n e r a l g a i n s . T a b l e 13 summarized t h e o v e r 

a l l g a i n - l o s s r a n g e of m i n e r a l s v e r i f i e d in t h e sampled volume of t h e 

Mayflower and O n t a r i o s t o c k s . 

F i g u r e s 24 t h r o u g h 32 show t h e d i s t i n c t zones of o c c u r r e n c e of 

t h e r e a c t a n t and p r o d u c t p h a s e s w i t h r e s p e c t t o t h e major v e i n s . 

In t e r m s of g a i n s and l o s s e s of c o m p o n e n t s , t h e mass b a l a n c e 

f o r t h e sampled r o c k s i n d i c a t e s an o v e r a l l l o s s o f S i , A l , Na and Ca and 

an o v e r a l l g a i n of F e ( t o t a l ) , Mg, K, S , C, S0^ and Ti a c c o r d i n g t o 

T a b l e "U. The l o s s v a l u e s f o r components a r e in a c c o r d a n c e w i t h t h e r o l e 

p l a y e d by a n d e s i n e as t h e q u a n t i t a t i v e l y most s i g n i f i c a n t r e a c t a n t 
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bulk chemi ca l analyses of the rocks and the total compos itions of the 

phases chosen to reoresent the ir mineral assemblaqes. 

Hornb lende was assumed t o be totally destroyed for the purposes 

of ca l culating the modal compos i tions of the rocks . As a resu lt, a loss 

of 0.0825 g/cm3 of hornblende is impli cit in all reported res ults. Like

wi se. a l oss of 0 .0275 9/cm3 of magnet ite i s understood for the rocks in 

whi ch t hi s minera l i s not reported. 

From th e minera logica l gai n and loss tabu l at i on, it ca n be seen 

that greater masses of andesine were destroyed than any other reac-

t ant mineral . foll owed by hornblende and magnetite. Th e other reac-

tant phases were either consumed or re-equil ibrated with the hydrothe nn

a 1 sol uti Dns. I n both cases . they \'1ere 5 ubseq uen tly added to the rocks 

carrying at this t i me . however . the s i gnature of alte r ation products . 

Pri ma ry quartz may never have been destroyed, but i t was precipitated as 

a hydrotherma l phase . Anhydrite , calcite. pyrite . kaol inite. chlorite, 

and alb i te (+ zeoli tes) occur exclusive ly as a lteration produc ts and. 

obvious l y . were comp uted as mi neral gai ns. Table 13 s urrrnari zed the ove r

all qa;n-l oss range of minerals ver i f ied in the samp l ed volume of t he 

Mayflo\'1er and Ontario s tocks. 

Fi9ures 24 through 32 shOd the distinct zones of occurrence of 

the reactant and product phases wi th respec t to the major vei ns. 

In tenns of gai ns · and l osses of components . the mas s balance 

for the s<1rt'4> l ed rocks indicates an overall l oss of 5i. Al , Na and Ca and 

an overa ll gain of Fe(total) , Mg, K, S, . C, 503 and Ti acco rdi ng to 

Table 14 . The loss values for cOI'!'4)onents are i n accor dance wi th the role 

pl ayed by andesine as the qUJnt i tative ly most s ignifi ca nt rea cta nt 
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TABLE 13 

RANGE OF MINERAL GAINS AND LOSSES RESULTING FROM THE ALTER

ATION OF THE MAYFLOWER AMD ONTARIO STOCKS 

( g / c m 3 ) 

Ga ins L o s s e s 

A n d e s i n e 0 208 t o 1 .452 

K- f e l d s p a r 0 . 4 6 5 t o 0 . 1 3 7 5 

Q u a r t z 0 . 4 5 4 t o 0 . 0 0 5 

B i o t i t e 0 . 4 0 0 t o 0 . 0 3 4 

Hornb lende 0 . 0 8 7 5 

M a g n e t i t e 0 .003 t o 0 .0275 

Pyr i t e 0 .060 t o 0 .181 

C a l c i t e 0 .014 t o 0 .599 

A n h y d r i t e 0 .000 t o 0 . 2 3 8 

C h l o r i t e 0 .000 t o 0 .289 • 

Kao1i n i t e 0 .000 t o 0 . 4 0 8 

A l b i t e ( + z e o l i t e s ) 0 .000 t o 0 . 4 2 8 

/ 
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TABLE 13 

RANGE OF MINERAL GAINS ArID LOSSES RESULTII1G FROM THE ALTER

ATION OF THE l'iAYFLOHER Aim ONTARIO STOCKS 

Andesine 

K- feldspa r 

Quartz 

Biotite 

Hornblende 

~1agneti te 

Pyrite 

Ca l cite 

Anhydrite 

Ch l orite 

Kao li nite 

Albite (+zeol i tes) 

(g/cm3 ) 

Gains 

0.465 

0.454 

0.400 

0.060 to 0 .1 81 

0.014 to 0.599 

0 .000 to 0 .238 

0 .000 to 0.289 

0 .000 to 0.408 

0.000 to 0 .428 

to 

to 

to 

Losses 

0.208 to 1.452 

0 .1 375 

0 .005 

0 .034 

0.0875 

0.003 to 0 .0275 
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TABLE 14 

OVERALL COMPONENT GAINS AND LOSSES RESULTING FROM THE ALTER

ATION OF THE MAYFLOWER AND ONTARIO STOCKS 

( g / c m 3 ) 

Ga ins L o s s e s 

CO
 

j 
—

 

• • 0 . 0026 

Al • • 0 . 0 5 5 2 

Fe ( t o t a l ) 0 . 0 0 3 6 • • 

Mg 0 . 0 2 5 8 • • 

Ca • • 0 . 0 1 3 8 

Na • • 0 . 0 3 4 5 

K 0 . 0 2 0 5 • • 

GO 0 . 0 3 8 0 • • 

C 0 . 0 0 7 0 • • 

s o 3 0 . 0 3 7 4 • • 

Ti 0 . 0 0 5 2 • • 

i 

Si 

A1 

Fe 

Mg 

Ca 

Na 

K 

S 

C 

S03 

Ii 

TABLE 14 

OVERALL COMPONENT GAINS AND LOSSES RESULTING FROM THE ALTER

ATION OF THE MAYFLOWER AND OMTARIO STOCKS 

(g/cm3) 

Gains Losses 

0.0026 

0.0552 

(tota 1) 0.0036 

0.0258 

0.0138 

0.0345 

0.0205 

0.0380 

0.0070 

0.0374 

0.0052 
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m i n e r a l . L e a c h i n g was an i m p o r t a n t p r o c e s s in t h e a l t e r a t i o n o f t h e 

r o c k s e s p e c i a l l y in t h e v i c i n i t y of t h e main v e i n s . Consumpt ion o f 

a n d e s i n e i m p l i e s t h e removal of l i m e , s o d a , a l u m i n a and s i l i c a which 

w e r e , h o w e v e r , p a r t i a l l y f i x e d as c l a y m i n e r a l s and a l b i t e as w e l l a s 

c a l c i t e and a n h y d r i t e . H ighe r l o s s e s of s i l i c a may have been p r e v e n t e d 

due t o t h e l a r g e d e p o s i t i o n of q u a r t z , p a r t i c u l a r l y a l o n g v e i n s . On 

t h e o t h e r h a n d , t h e c o n s i d e r a b l e g a i n of p h l o g o p i t i c b i o t i t e r e f l e c t s 

t h e i n t r o d u c t i o n of magnesium and p o t a s s i u m i n t o t h e r o c k s , t h e l a t t e r 

e l e m e n t c o n t r o l l i n g a l s o t h e l a r g e d e p o s i t i o n of K - f e l d s p a r in t h e z o n e s 

s u r r o u n d i n g t h e ma jo r v e i n s . The r e l a t i v e l y i n s i g n i f i c a n t a d d i t i o n o f 

i r o n i n d i c a t e s t h a t t h i s me t a l was b a s i c a l l y r e c y c l e d in t h e s y s t e m , 

from e a r l y m a f i c m i n e r a l s and m a g n e t i t e t o l a t e r b i o t i t e , c h l o r i t e , 

p y r i t e , e t c . I f t h e p r i m a r y i g n e o u s b i o t i t e had a h i g h e r i r o n c o n t e n t 

t h a n t h e a l t e r a t i o n b i o t i t e , i r o n g a i n s would have been s t i l l l ower and 

magnesium g a i n s p r o b a b l y even h i g h e r . L a r g e q u a n t i t i e s o f s u l f u r were 

added t o t h e a l t e r e d r o c k s from t h e h y d r o t h e r m a l s o l u t i o n s by r e a c t i o n 

w i t h i n d i g e n e o u s i r o n of t h e w a l l r o c k s and w i t h o t h e r m e t a l s . The 

l a t t e r were a l m o s t e x c l u s i v e l y d e p o s i t e d in t h e o r e zone as s u l f i d e s . 

A p o r t i o n of t h e t o t a l s u l f u r was in t h e form of s u l f a t e which was i n 

c o r p o r a t e d i n t o t h e a l t e r e d r o c k s m a i n l y as a n h y d r i t e . C o n s i d e r a b l e 

a d d i t i o n of ca rbon was a l s o e v i d e n t as t h e w i d e s p r e a d o c c u r r e n c e of 

c a l c i t e i n d i c a t e s . 

A l t e r a t i o n and I t s R e l a t i o n 

To F r a c t u r i n g 
-

The f l u i d flow t h r o u g h t h e rocks e x p o s e d in t h e Mayflower Mine 
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mineral. l eachinq \'la s an important process in the alteration of the 

rocks espec i ally in the vi ci ni ty of the rna; n vel ns . Cons umpt i on of 

andesine imp li es the removal of lime. soda, alumina and si li ca which 

were. however, partially fixed as clay minerals and albite as wel l as 

calcite and anhydr i te . Higher losses of silica may have been prevented 

due to the large deposition of quartz, particularly along veins. On 

the other hand, the considerable gain of phlogopitic biotite reflects 

the intra duct; on of rnagnesi urn and pot ass ; urn in to the rocks I the 1 a tter 

element controlling also the large deposition of K-feldspar in the zones 

surrounding the major veins. The rel ative ly in s i gn i ficant addition of 

iron indi cates that this meta l \,Ias basically recycled in the system , 

from early mafic minera ls and magnetite to later biotite. chlorite. 

pyrite. etc. If the primary igneous biotite had a higher iron content 

than the alteration biotite. iron gains would have been still lower and 

magnes ium qains probably even higher . larqe quantities of su lfur were 

added to the altered rocks from the hydrothermal soluti ons by reaction 

with indi qeneous iron of the wa ll rocks and with other meta l s. The 

l atte)' II/ere almos t exclusivei y deposited in the are zone as sulfides. 

A portior. of the total s ulfur was in the form of sulfate whi ch \'/ as in

corporated into the altered rocks ma inly as anhydrite. Conside rable 

additi on of carbon was a l so evident as the widespread occurrence of 

c(l lcite i ndicates . 

Alteration and Its Relation 

To Fra cturing 

The fluid floltl through the rock s. exposed in the MayflOl·u~r Mine 
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r e q u i r e d t h e e x i s t e n c e o f open c o n t i n u o u s f r a c t u r e s which r e n d e r e d a 

p e r m e a b l e c h a r a c t e r t o t h e r o c k s . Most aqueous s o l u t i o n s s u p p l i e d 

t h r o u g h t h e s e c o n t i n u o u s f r a c t u r e s were c h a n n e l e d by t h e Mayflower and 

P e a r l f i s s u r e s , a l o n g which t h e l a r g e s t f l u i d f low o c c u r r e d . The h y d r o -

t h e r m a l f l u i d s a l s o came in c o n t a c t w i t h i m p e r v i o u s zones be tween flow 

f r a c t u r e s by means of d i f f u s i o n c h a n n e l s . 

The d i s t r i b u t i o n o f t h e a l t e r a t i o n p r o d u c t s was l a r g e l y c o n 

t r o l l e d by flow f r a c t u r e s . D i s c r e t e h a l o s of a l t e r a t i o n (1 -2 cm w i d e ) 

e n v e l o p e most f low f r a c t u r e s b u t a r e n e v e r wide enough t o g i v e a p e r v a 

s i v e c h a r a c t e r t o t h e a l t e r a t i o n , e x c e p t p e r h a p s i n t h e v i c i n i t y o f 

t h e o r e z o n e . These f r a c t u r e s a r e a l s o i n v a r i a b l y f i l l e d w i t h p y r i t e 

and o t h e r gangue m i n e r a l s . As a c o n s e q u e n c e , t h e i g n e o u s w a l l s a r e 

c h a r a c t e r i z e d by b l o c k s of r e l a t i v e l y u n a l t e r e d r o c k s bounded by f low 

f r a c t u r e s . N o n - c o n t i n u o u s f r a c t u r e s , e m a n a t i n g from t h e f low c h a n n e l s , 

c u t a c r o s s t h e s e b l o c k s , b u t se ldom show a p p r e c i a b l e amounts of f i l l i n g 

p r o d u c t s be tween t h e i r w a l l s . I n s t e a d , t h e i r p r e s e n c e i s marked by a 

g e n e r a l l y t o r t u o u s a l t e r a t i o n p a t h o f m i l l i m e t e r w i d t h . T h i s g e n e r a l 

p i c t u r e i m p l i e s t h a t t h e l a r g e s t amount o f a l t e r a t i o n s h o u l d o c c u r i n 

t h e v i c i n i t y of t h e main v e i n s a n d , a l t h o u g h in l e s s e r a m o u n t s , i n t h e 

zones d i s p l a y i n g h i g h e r f r e q u e n c i e s of f low f r a c t u r e s p e r u n i t l e n g t h 

i f t h e i r a p e r t u r e s a r e e s s e n t i a l l y t h e same a l l o v e r t h e sampled volume 

of r o c k s . The fo rmer i m p l i c a t i o n was m a n i f e s t e d i n t h e Mayflower Mine , 

b u t t h e l a t t e r was found o n l y above t h e 2 , 0 0 5 ' l e v e l . On t h e l o w e r 

l e v e l s t h e f r a c t u r e abundance d e c r e a s e s s i g n i f i c a n t l y , b u t t h e a l t e r a 

t i o n zones p e r s i s t w i t h o u t much c h a n g e , e x c e p t t h a t t h e second most 

a b u n d a n t l y a l t e r e d zone i s d i s p l a c e d s o u t h w a r d so a s t o c o n s t i t u t e a 

178 

required the existence of open continuous fractures whi ch rendered a 

penneable character to the rocks. t10st aqueous solutions suppl i e d 

through these continuous frac tures were channe l ed by the Mayflower and 

Pearl fi ss ures. along which the largest fluid f l ow occurred. The hydro

thermal f lui ds also came in contact with impervious zones between f low 

fractures by means of diffusion channels. 

The distribution of the alteration product s was l argely con

trolled by flow fractures. Discrete halos of alteration (1-2 cm "ide) 

envelope most flow fractures but are neve r I>Jide enough to give a perva

si ve character to the alterat ion, except perhaps in the vicinity of 

the ore zone . These fractures are also invari ab ly filled with pyrite 

and other gangue minerals. As a consequence, the igneous \'la 11s are 

characterized by blocks of relatively unaltered rocks bounded by flow 

fractures. Non-continuous fracture s , emanating from the fl ow channe l s, 

cut across these blocks, but se l dom show appreciable amo unts of fill ing 

products between their walls . Instead, their presence i s ma rked by a 

generall y tortuous a l teration path of mil li meter width. This genera l 

picture impli es that the l argest amount of al teration should occur in 

the vicinity of the ma in veins and, althou gh in l esser amounts, in the 

zones displaying higher frequencies of flow fractures per unit length 

if their apertures are essentially the same all over the salilp led volume 

of rocks . The fanner impl ication \'las man ifested in the ~l,)y flo"'ler Mine, 

but the latter was found only above the 2,005' l evel. On the l ower 

l evels the fracture abundance decreases Significantly, but the altera

tion zones persist without much change. except that the second "~s t 

abundantly a 1 tcred zone is displaced so uth\'1ard so as to cons titute a 
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d i s t i n c t r e g i o n be tween t h e 2 , 6 0 0 ' and 3 , 0 0 0 ' l e v e l s ( F i g . 3 7 ) . A 

p o s s i b l e e x p l a n a t i o n c o u l d be t h a t t h e f low f r a c t u r e s on t h e l o w e r l e v e l s 

a t t h e t i m e of t h e h y d r o t h e r m a l a c t i v i t y had a w i d e r a p e r t u r e which i n 

duced h i g h e r f low r a t e s . I f t h e p r e s e n t - d a y f r a c t u r e o p e n i n g s used t o 

d e s c r i b e t h e p o r o s i t y model a r e a r e a s o n a b l e a p p r o x i m a t i o n of t h e p a l e o -

a p e r t u r e s , t h a t e x p l a n a t i o n does n o t h o l d s i n c e no a p p r e c i a b l e a p e r t u r e 

v a r i a t i o n was found t h r o u g h o u t t h e s t u d i e d v e r t i c a l s e c t i o n of t h e m i n e . 

An a l t e r n a t i v e t o t h i s c o u l d be t h a t t h e d i f f u s i o n c h a n n e l s p l a y e d a 

s i g n i f i c a n t r o l e i n t h e a l t e r a t i o n o f t h e m a t r i x be tween f low f r a c t u r e s . 

N e i t h e r f i e l d o b s e r v a t i o n s nor a n a l y t i c a l work were e s p e c i a l l y d i r e c t e d 

t o w a r d s t e s t i n g t h i s a l t e r n a t i v e . However , compar i son be tween F i g s . 15 

and 18 shows t h a t t h e s o u t h w a r d l y d i s p l a c e d a l t e r a t i o n zone m e n t i o n e d 

above c o i n c i d e s f a i r l y we l l w i t h a r e g i o n c h a r a c t e r i z e d by r o c k s w i t h 

r e l a t i v e l y h i g h e r t o t a l p o r o s i t i e s b u t w i t h r e l a t i v e l y l o w e r f low p o r o 

s i t i e s . As e a r l i e r d i s c u s s e d , r e s i d u a l p o r o s i t y i s t h e dominan t f a c t o r 

c o n t r i b u t i n g t o t h e t o t a l p o r o s i t y . L o c a l l y , h o w e v e r , t h e d i f f u s i o n 

p o r o s i t y can be i n c r e a s e d as t h e abundance of d i f f u s i o n c h a n n e l s i n 

c r e a s e s so t h a t i t can p r o v i d e a g r e a t e r t h a n normal c o n t r i b u t i o n t o t h e 

t o t a l p o r o s i t y . As a c o n s e q u e n c e , more r o c k m a t e r i a l i s e x p o s e d t o 

i n t e r a c t i o n w i t h t h e s o l u t i o n s , t h e r e b y a l l o w i n g t h e i o n s t o d i f f u s e 

more p r o f u s e l y i n t o t h e m a t r i x t o a c c o u n t f o r i t s a b u n d a n t a l t e r a t i o n . 

In t h e a b s e n c e of b e t t e r e v i d e n c e , t h e l a s t a l t e r n a t i v e seems t o be a 

s a t i s f a c t o r y w o r k i n g h y p o t h e s i s . 
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distinct region between the 2,600' and 3,000 ' l evel s (Fig. 37). A 

possible expl anat i on cou ld be that the flow fractures on the l ower level s 

at the ti me of the hydrothermal activity had a wider aperture which in

duced hi gher flow rates. If the present - day fracture openin gs used t o 

des cri be the porosity mode l are a reasonable approximat i on of the pa l eo

apertures, that explana t ion does not hold s ince no appreciab l e aper ture 

vari ation was found throughout the studi ed vertical section of the mine. 

An alternat ive to this cou ld be that the diffus i on channe l s pl ayed a 

si gnifi cant role in t he altera t i on of the matrix bet~'/een flow fractures. 

Nei t her field observations nor analyti ca l work were especially directed 

towards testing this alternative. However. comparison between Figs. 15 

and 18 shows t hat the southwardly displaced alteration zone me ntioned 

above coincides fairly well with a region characterized by rocks with 

rel ative l y higher total porosities but with relat i vel y l ()\'ler flo,,"1 poro

sities. As earlier discussed . residua l porosity i s the dominan t factor 

contributing to the total porosity . Loca11 y, however. t he diffusion 

poros ity can be in creased as the abundance of diffusion channel s in

creases so that it can provi de a greater than normal co ntribution to the 

t ota l poros ity. As a consequence . more rock materia l is exposed to 

i ntera ct ion \'lith the solutions . thereby allowing the ions to diffuse 

more profuse ly into the matr i x to account for its abundant alteration. 

In the absence of better evi dence. t he l ast a l ternative seems to be a 

sat i sfactory ,,"Iorki ng hypothesis. 



CHAPTER V I I I 

CONCLUSIONS 

The p r e s e n t r e s e a r c h was p r o p o s e d t o document q u a n t i t a t i v e 

d a t a on i m p o r t a n t p a r a m e t e r s c o n t r o l l i n g o r e - f o r m i n g p r o c e s s e s . Hydro-

t h e r m a l o r e d e p o s i t s a r e a r e s u l t o f h e a t a n o m a l i e s in t h e e a r t h ' s 

c r u s t c a u s e d by i g n e o u s i n t r u s i o n s which i n d u c e f l u i d s t o i n t e r a c t w i t h 

r o c k s w h i l e f l o w i n g t h r o u g h f r a c t u r e s . Data on hydrodynamic p a r a m e t e r s 

o f f r a c t u r e d media and on t h e c h e m i s t r y of a l t e r e d r o c k s a r e , t h e r e f o r e , 

fundamen ta l t o t e s t h y p o t h e s e s o f h y d r o t h e r m a l m i n e r a l d e p o s i t fo rma-

t i o n . 

S e v e r a l s e t s of m i n e r a l i z e d f r a c t u r e s i n t e r s e c t t h e i g n e o u s 

r o c k s e x p o s e d in t h e Mayflower Mine . The most a b u n d a n t s e t s a r e r e p r e 

s e n t e d by two s t r u c t u r a l p l a n e s , N50°E/80°NW and N50°W/80°SW, t h e form

e r c o r r e s p o n d i n g t o t h e M a y f l o w e r - P e a r l f i s s u r e s y s t e m . These s t r u c 

t u r a l p l a n e s were assumed t o form a c o n j u g a t e s e t o f s h e a r f r a c t u r e s 

w i t h an a v e r a g e s h e a r a n g l e of 8 0 ° . The s t r e s s f i e l d was c h a r a c t e r 

i z e d by t h e i n t e r m e d i a t e p r i n c i p a l s t r e s s d i r e c t i o n v e r t i c a l l y o r i e n t e d 

and was c o n d u c i v e t o t h e d e v e l o p m e n t of s t r i k e - s l i p f a u l t s . The p r e s e n t 

day normal f a u l t i n g c h a r a c t e r of t h e Mayflower and P e a r l f i s s u r e s was 

m o d i f i e d by t h e s u b s e q u e n t s t r i k e - s l i p f a u l t i n g a c t i v i t y . More

o v e r , t h e i g n e o u s r o c k s were b e l i e v e d t o have been f r a c t u r e d a t t h e i r 

s o l i d u s t e m p e r a t u r e (750° ± 50° ) u n d e r a h i g h c o n f i n i n g p r e s s u r e t o a c 

c o u n t f o r t h e l a r g e 20 a n g l e r e l a t i n g t h o s e two s t r u c t u r a l p l a n e s . 

CHAPTER VI II 

CONCLUS IONS 

The pl'esent research was proposed to document quanti tati ve 

data on important pararreters contro11ing ore-forming processes. Hydro

thcnnal ore deposits are a result of heat anomalies ;n the earth ' s 

crust caused by i gneous intrus ions \'/hich i nduce flu i ds to interact I'lith 

rocks while flov/ing through fractures. Data on hydrodynamic parameters 

of fractured media and on the chemistry of altered rocks are. therefore , 

fundamental to test hypotheses of hydrothermal mineral deposit forma 

tion. 

Several sets of mineralized fr~ctures intersect the igneous 

rocks exposed in the Nayflower Mine. The most abundant sets are repre

sented by two structural planes, NSOoE/ 80oNW and N50oW/80oSW. the fOl~m

er corres ponding to the t~ayflo;·!er- Pear l fissure system. These struc

tural 91 ~nes were assumed to fonn a conjugate set of shear fractures 

with an overage s hear angl e of 80n
, The stress field \'Ias charact er-

ized by the intermediate principal st ress direction verticall y oriented 

anC: \'Ias condL!c;ve to the developmen t. of stl';ke-s 1ip faults . The present

day nonnal faultinq character of the Mayflower dnd Pearl f i s5ures ... Ias 

modi fied by the subsequent strike-slip faulting acti vity, More-

over. the igneous rocks \'/ere believed to have been fructured at their 

sol idus temperatur e (750n t 50° ) under a high confining pressure to ac

count for the large 2r. <mqlc "'clating th05C two s tructuru l pillnes . 
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F r a c t u r e a b u n d a n c e s and a p e r t u r e s d e t e r m i n e d f o r s e v e r a l 

i n t e r v a l s o f i g n e o u s wa l l r o c k s o f t h e mine were used t o t e s t a model 

f o r d i r e c t i o n a l p e r m e a b i l i t y and f low p o r o s i t y d e v e l o p e d by Snow ( 1 9 6 8 ) . 

The c a l c u l a t e d p e r m e a b i l i t y d a t a r anged from 0 . 4 t o 10 d a r c i e s w h e r e a s 

flow p o r o s i t y v a l u e s r anged from 0 . 0 5 t o 0 .4%. The h i g h v a l u e s found 

f o r t h e s e hydrodynamic p a r a m e t e r s may have been t h e r e s u l t of u s i n g 

p r e s e n t - d a y f r a c t u r e o p e n i n g s t o s i m u l a t e t h e f r a c t u r e a p e r t u r e s a t t h e 

t i m e of t h e h y d r o t h e r m a l a c t i v i t y and o f a p r o b a b l e o v e r e s t i m a t i o n o f t h e 

abundance o f t h e c o n t i n u o u s f r a c t u r e s . N o n e t h e l e s s , t h e i r o r d e r o f 

m a g n i t u d e seems c o m p a t i b l e w i t h more r e a l i s t i c v a l u e s d e s p i t e t h e s i m 

p l i f i c a t i o n o f t h e m a t h e m a t i c a l m o d e l . 

Measured b u l k and g r a i n d e n s i t i e s o f a l t e r e d i g n e o u s r o c k s 

a l l o w e d t h e d e t e r m i n a t i o n of t o t a l p o r o s i t i e s and t h e i r s u b s e q u e n t a p 

p l i c a t i o n t o a model in which t o t a l p o r o s i t y o f a f r a c t u r e d c r y s t a l 

l i n e r o c k i s g i v e n by t h e sum of t h e f l o w , d i f f u s i o n and r e s i d u a l p o r o 

s i t i e s (Nor ton 1 9 7 5 ) . The s i g n i f i c a n t a s p e c t d e r i v e d from t h e s e r e 

s u l t s i s t h a t t h e r e s i d u a l p o r o s i t y a c c o u n t s f o r most of t h e t o t a l p o r o 

s i t y of an i g n e o u s r o c k , even when h i g h l y f r a c t u r e d . V a l u e s of t h e c a l 

c u l a t e d t o t a l p o r o s i t i e s f o r t h e Mayflower and O n t a r i o r o c k s r a n g e d from 

0 . 3 t o 6.0% and i n d i c a t e d t h a t t h e p o t e n t i a l f o r a l t e r a t i o n of t h e s e 

r o c k s was o n l y p a r t i a l l y used s i n c e most a l t e r a t i o n p e r u n i t volume o f 

rock i s c o n f i n e d t o zones e n v e l o p i n g flow f r a c t u r e s . 

The abundance o f bo th r e a c t a n t and p r o d u c t m i n e r a l s making up 

t h e Mayflower and O n t a r i o a l t e r e d r o c k s was o b t a i n e d by means o f a com

p u t e r t e c h n i q u e . N e c e s s a r y i n p u t d a t a i n c l u d e d t h e q u a l i t a t i v e m i n e r a l 

a s s e m b l a g e s and t h e bu lk chemica l c o m p o s i t i o n of t h e r o c k s as w e l l a s 
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Fracture abundances and apertu res detenni ned for severa l 

interva l s of igneous wa ll rocks of the mine were used to test a model 

for directional permeabil ity and flow porosity developed by Snow (1968). 

The calcul ated penneability data ran ged from 0 .4 to 10 darcies whereas 

fl ow porosity values ranged from 0.05 to 0 .4%. The high val ues fo und 

for these hydrodynamic parameters may have been the resul t of using 

present-day fracture openings to simul ate the fra cture apertures at the 

time of the hydrothermal act ivi ty and of a probable overestimation of the 

abundance of the conti nuous fractures. Nonetheless, the ir order of 

magnitude seems compatib le with more realistic values despite the si m

plification of the mathemati cal model. 

Measured bulk and grain densities of altered igneous rocks 

all OI<ed the detenni na ti on of tot a 1 paras iti es and thei r subsequent ap

plication to a model in which total poros ity of a fractured crysta l -

line rock is gi ven by the sum of the flm'l, diffusion and res idual poro

sities (Norton 1975). The significant aspect derived from these re

su l ts is that the res i dual porosity accounts for most of the tota l poro

sity of an ign eous rock, even when highly fractured . Va lues of the ca l

culated total porosities for the Mayflower and Ontario rocks ranged from 

0 . 3 to 6.0% and indi cated t hat the potential f or alteration of these 

rocks was only partia ll y used s ince most a1 teration per un; t volume of 

rock is confined to zones envel oping flo'o'I fractures . 

The abunda nce of both reactant and product minera l s mak ing up 

the Mayflower and Ontario a l tered rocks was obtained by means of a com

puter technique. Necessary input data inc l uded the qualitat i ve mineral 

assemblages (lnd the bulk chemical composition of the rods as wel l as 
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t h e chemica l c o m p o s i t i o n s of t h e m i n e r a l s p r e s e n t in t h o s e a s s e m b l a g e s . 

These t h r e e p a r a m e t e r s c o n s t i t u t e an a r r a y of i n d e p e n d e n t e q u a t i o n s 

which was s o l v e d f o r a v e c t o r m a t r i x r e p r e s e n t i n g t h e modes o f i n d i v i 

dual p h a s e s . The method p roved t o be v e r y p r a c t i c a l and i n e x p e n s i v e i n 

e v a l u a t i n g q u a n t i t a t i v e l y t h e m i n e r a l o g y of l a r g e volumes of r o c k s i n 

a r e l a t i v e l y s h o r t p e r i o d o f t i m e . 

The c a l c u l a t e d m i n e r a l modes o f t h e a l t e r e d i g n e o u s r o c k s o f 

t h e Mayflower Mine t u r n e d o u t t o be c o n s i s t e n t w i t h t h e f i e l d o b s e r v a 

t i o n s , e s p e c i a l l y t h e d i s t r i b u t i o n of a l t e r a t i o n m i n e r a l s i n r e l a t i o n 

t o t h e ma jo r v e i n s y s t e m . A c c o r d i n g l y , two b r o a d z o n i n g s were a p p a r 

e n t from t h e m i n e r a l d i s t r i b u t i o n p a t t e r n s : 1) one l a t e r a l , c h a r a c t e r 

i z e d by bo th an i n c r e a s e o f t h e K - f e l d s p a r , k a o l i n i t e and q u a r t z abun

d a n c e s and a d e c r e a s e o f a n d e s i n e , b i o t i t e and c h l o r i t e t o w a r d s t h e 

main v e i n s and 2) one v e r t i c a l , c h a r a c t e r i z e d by m a j o r d e p o s i t i o n of 

K - f e l d s p a r , a n h y d r i t e , p y r i t e and k a o l i n i t e below t h e 2 , 2 0 0 ' l e v e l 

and c a l c i t e , q u a r t z , and b i o t i t e were more a b u n d a n t l y p r e c i p i t a t e d a b o v e . 

The more a b u n d a n t p r e c i p i t a t i o n of c a l c i t e on t h e u p p e r l e v e l s was most 

l i k e l y c o n t r o l l e d by i n c r e a s e d CO^ p r e s s u r e s a t t h e s e d e p t h s a s s o l u 

t i o n s which were i n e q u i l i b r i u m w i t h t h e c a r b o n a t e h o s t r o c k s f lowed 

i n t o t h e s t o c k s . F i e l d e v i d e n c e i n d i c a t e d t h a t t h e l a r g e s t i n f l o w of 

c a r b o n a t e - r i c h s o l u t i o n s o c c u r r e d above t h e 2 , 2 0 0 ' l e v e l . F l u i d s p r e 

c i p i t a t i n g a n h y d r i t e , on t h e o t h e r h a n d , were p r o b a b l y in e q u i l i b r i u m 

w i t h t h e Cambrian and P r e c a m b r i a n s e d i m e n t a r y f o r m a t i o n s from which 

s u l f a t e may have been d i s s o l v e d . T h e s e s u l f a t e - r i c h f l u i d s may have 

been i n t r o d u c e d i n t o t h e s t o c k a t g r e a t e r d e p t h where more a b u n d a n t 

d e p o s i t i o n of a n h y d r i t e took p l a c e . 
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the chemica l compos ; tions of the mi nera l s present in those assemb l ages. 

These three parameters constitute an array of i ndependent equations 

which was solved for a vector matrix representing the modes of indivi 

dual phases. The n~thod proved to be very practical and inexpensive in 

evaluating quantitative ly t he mineralo9Y of l arge vo lumes of rocks in 

a re l atively short period of time. 

Th e ca l cul ated mi nera l modes of the altered i gneous rocks of 

the Mayfl ower Mine t urned out to be consistent 1'1; th the f i e l d observa 

tions, especial ly the distribution of alteration mi nera l s in re l at i on 

to the major vein system. Accordingly, two broad zon;ngs were appar

ent from the minera l distribution patterns: 1) one lateral, character

i zed by both an i ncrease of the K-feldspar , kaolinite and quartz abun

dances and a decrease of andesine. biotite and chlorite to\'Iards the 

main veins and 2) one vertical , characterized by major deposition of 

K- fe ldspar, anhydrite, pyrite and kaolinite below the 2.200 1 leve l 

and ca lcite , quartz. and biotite were more abundantly precipitated above. 

The more abundant precipitati on of cal ci t e on the upper levels was mos t 

l ikely cont roll eJ by increased CO2 pressures at these depths as solu

tions which \'/ere in equ ilibrium with t he ca rbonate host rocks flO\1ed 

i nto the stocks. Field evi dence indicated that the large st inflow of 

carbonate-rich solutions occurred above the 2.200 1 level . Fluids pre

cipitating anhydl'ite , on the other hand . were probably in equilibrium 

\'Iith the Canbrian and Precambrian sedimentary fonnations from which 

sul fate may have been dissolved. These sul fate-rich fluids may have 

been in troduced "into the stock at greatel" depth where more abundant 

deposit ion of anhydrite took place . 
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The a s s u m p t i o n of a chemica l and a modal c o m p o s i t i o n f o r t h e 

u n a l t e r e d i g n e o u s r o c k s p e r m i t t e d t h e c o m p u t a t i o n of b o t h t h e m i n e r a l 

and component g a i n s and l o s s e s . A n d e s i n e was by f a r t h e q u a n t i t a t i v e l y 

most i m p o r t a n t r e a c t a n t m i n e r a l as i t s l e s s a b u n d a n t o c c u r r e n c e in t h e 

v i c i n i t y of t h e ma jo r v e i n s and t h e o v e r a l l l o s s of S i , A l , Ca and Na 

i n d i c a t e . The o v e r a l l g a i n of K, Mg, F e , SO^, C, S , and Ti was e x p r e s s 

ed by t h e g e n e r a l a d d i t i o n of h y d r o t h e r m a l b i o t i t e , c h l o r i t e , a n h y d r i t e , 

c a l c i t e , and p y r i t e . L o c a l l y , s i g n i f i c a n t amounts o f a c t i n o l i t e , s a l i t e 

and e p i d o t e a s s o c i a t e w i t h t h e o t h e r a l t e r a t i o n p r o d u c t s and c h a r a c 

t e r i z e m i n e r a l a s s e m b l a g e s o f an e n d o s k a r n . 

F l u i d i n c l u s i o n d a t a (Nash 1973) as w e l l as c o n s t r a i n t s imposed 

by e q u i l i b r i u m r e l a t i o n s among c o e x i s t i n g p h a s e s l e d t o an i n i t i a l s o l u 

t i o n c o m p o s i t i o n which t u r n e d o u t t o be c o m p a t i b l e w i t h t h e o b s e r v e d 

o v e r a l l g a i n s and l o s s e s o f c o m p o n e n t s . R e a c t i o n s be tween s o l u t i o n s 

and r o c k s were c o n s i d e r e d t o be e s s e n t i a l l y r e l a t e d t o c o n s u m p t i o n o f 

hydrogen i o n . I n t e r p r e t a t i o n o f t h e a l t e r a t i o n a s s e m b l a g e s r e s t e d upon 

t h e a p p r o x i m a t i o n t h a t t h e sampled volume of rock was s u b j e c t e d t o a 

s e q u e n c e of i s o t h e r m a l c o n d i t i o n s w h i l e a s suming t h e s o l u t i o n compos i 

t i o n c o n s t a n t . The e q u i l i b r i u m r e l a t i o n s be tween s o l u t i o n s and m i n e r 

a l s were t h e n d i s c u s s e d w i t h t h e a i d of a c t i v i t y d i a g r a m s a t 1 0 0 ° , 

200° and 300°C. T h i s chemica l model o f f e r e d a p r e l i m i n a r y i n t e r p r e t a 

t i o n f o r t h e o b s e r v e d m i n e r a l o g y c h a r a c t e r i z i n g t h e a l t e r e d Mayflower 

and O n t a r i o r o c k s i n s p i t e o f i t s s i m p l i f i c a t i o n . 

S i g n i f i c a n t l y , t h e d a t a on abundance of m i n e r a l s p o i n t t o an 

a v e r a g e o f 0 . 3 f o r t h e r a t i o be tween t h e mass of a l t e r e d r o c k s t o mass 

of u n a l t e r e d r o c k s w i t h i n t h e sampled volume o f t h e s t o c k s . Such an 
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The assumpti on of a chemi ca l and a modal composition fo r t he 

unaltered igneous rocks permitted the computation of both the minera l 

and component gains and l osses . Andes i ne \>Ias by far the quantita t ive l y 

most i mportant reactant minera l as its l ess abundant occurrence in t he 

vicin i ty of the major vei ns and the overa l l loss of Si. Al, Ca and Na 

indicate . The overall ga i n of K, Mg, Fe , 5°3 , C, S, and Ti \'la5 express 

ed by the genera l addition of hydrothermal biotite, chlorite, anhydrite . 

ca l cite, and pyrite. Loca l ly, s i gni ficant amounts of actinol i te, sa lite 

and epi dote associate wi t h the other a1 terat i on products and charac

terize mineral assemb l ages of an endoskarn. 

Fluid inclusion data (Nash 1973) as well as const raints i mposed 

by equilibrium relations among coexisting phases led to an init i al sol u

tion composition which turned out to be compatible with the observed 

overall gains and losses of components . Reactions between solut i ons 

and rocks were considered to be essential ly re l ated to consumption of 

hydrogen ion . Interpretation of the alteration assemblages rested upon 

the approximation that the sampled vo l ume of rock I'/as subjected to a 

sequence of isothermal conditions while assuming the solution compos i

tion cons tant . The eq uilibri um re lations between solutions and mine r

als were then discussed with the aid of activ; ty d'iagrams at 1000
• 

2000 and 300°C. This chemi cal model offered a prelimin ary interpreta

ti on for the observed mineralogy characterizing the altered f1ayflower 

and Ontario rocks in spite of its simplification. 

Significantly. the data on abundance of mineral s point to an 

average of 0.3 for the ratio betl'/een the n,ass of al tet"ed rocks to mass 

of una l tered ro cks within t he sampled volume of the stocks. Such an 



amount of a l t e r a t i o n r e q u i r e d t h e i n t e r a c t i o n of l a r g e q u a n t i t i e s o f 

h y d r o t h e r m a l f l u i d s w i t h r o c k s . The f r a c t u r e abundance d a t a s u p p o r t 

t h e e v i d e n c e t h a t t h e s e r o c k s were s u f f i c i e n t l y p e r m e a b l e t o a l l o w t h e 

flow of aqueous s o l u t i o n s i n t o t h e s t o c k s . Once t h e s t o c k s were emplaced 

i n t o w a t e r - s a t u r a t e d r o c k s and f r a c t u r e d , t h e f l u i d f low s t a r t e d and 

c o n t i n u e d u n t i l t h e t e m p e r a t u r e be tween t h e h o s t r o c k s and t h e s t o c k s 

e q u i l i b r a t e d . 

anvunt of alteration required the interaction of large quantities of 

hydrothermal fluids with rocks. The fracture abundance data support 
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the evidence that these rocks were sufficiently permeable to allow the 

flow of aqueous solutions into the stocks. Once the stocks were emplaced 

into water-saturated rocks and fractured, the fluid flow started and 

continued until the temperature between the host rocks and the stocks 

equilibrated. 
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BULK CHEMICAL COMPOSITION OF THE ROCKS 

One h u n d r e d t h i r t y - t h r e e c h i p r o c k s a m p l e s were a n a l y z e d f o r 

t w e l v e major c o m p o n e n t s , n a m e l y , S iO, , , AlgO^, FeO (as t o t a l i r o n ) , MgO, 

CaO, N a 2 0 , ^ 0 , MnO, T i O ^ , S, C 0 2 and S 0 3 > The f i r s t n i n e were d e t e r 

mined by X-ray f l u o r e s c e n c e s p e c t r o s c o p y and t h e l a s t t h r e e were a n a l y z e d 

u s i n g t h e LECO e q u i p m e n t a v a i l a b l e a t t h e D e p a r t m e n t of G e o s c i e n c e s o f 

t h e U n i v e r s i t y o f A r i z o n a . 

X-Ray F l u o r e s c e n c e S p e c t r o s c o p y 

Sample p r e p a r a t i o n 

The c h i p rock s a m p l e s were c r u s h e d , powdered and m i l l e d . In 

t h e l a s t o p e r a t i o n a t u n g s t e n d i s c m i l l (puck m i l l ) was u s e d . A p p r o x i 

m a t e l y 40 grams of t h e p u l p s t h u s o b t a i n e d were t h e n m i l l e d a g a i n w i t h 

a PICA m i l l o r SPEX m i x e r - m i l l t o a s s u r e t h e breakdown of t h e mica f l a k e s 

a n d , as a c o n s e q u e n c e , a un i fo rm g r i n d i n g o f a l l m i n e r a l s p r e s e n t i n 

t h e r o c k . S u b s e q u e n t l y , a b o u t 15 grams o f t h i s un i fo rm m a t e r i a l was 

s i f t e d t o below 325 mesh t o g u a r a n t e e t h e homogene i t y of t h e g r a i n s i z e . 

U t i l i z i n g t h e same methods employed in t h e p r e p a r a t i o n of t h e s t a n d a r d s , 

one gram o f t h e s i f t e d m a t e r i a l was mixed w i t h c e l l u l o s e i n e q u a l p r o 

p o r t i o n s in an a g a t e m o r t a r f o r t w e n t y m i n u t e s . F i n a l l y , t h e two-gram 

m i x t u r e was p l a c e d i n a s p e c - c a p a n d p r e s s e d d i r e c t l y i n t o p e l l e t s u n d e r 
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BULK CHEMICAL COMPOSIT ION OF THE ROCKS 

One hundred thirty-three chip rock samples were ana lyzed for 

h/elve major components, nalre ly, S;02' A1
2
0

3
, FeO (as total iron), MgO. 

Ca!J , Na
2
0. K

2
0, MnO, Ti0

2
, S, CO2 and 503' The first nine were deter

mined by X-ray fluorescence spectroscopy and the 1 ast three were ana lyzed 

using the LECO equipment available at the Department of Geosciences of 

the Un iversity of Arizona. 

X-Ray Fluorescence Spectroscopy 

Sample preparation 

The chip rock samp les ..... ere crushed, po\'Idered and milled . In 

the last operation a tungsten disc mill (puck mil l ) was used. Approxi 

mately 40 grams o f the pulps thus obtained were then mil l ed agai n with 

a PICA mill or SPEX mixer-mill to assure the breakdO\'Jn of the mica flakes 

and, as a consequence. a uniform grinding of all minerals present in 

the rock. Subsequently, about 15 grams of this uniform materi a l \-/as 

sifted to bel ow 325 mesh to guarantee the homogeneity of the grain size. 

Utilizing the salre methods employed in the preparation of the standards, 

one gram 0 f the sifted mater; a 1 i'sas mi xed with ce 11 u l ose in equa 1 pro

portions "in an agate morta r for twenty Ininutes. Finally. the two-gram 

mi.xturc \'1JS placed in a spec-cap and pressed directly into pellets under 
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3.1 t o n / c m w i t h t h e a i d of a RIIC r i n g p r e s s ( h y d r a u l i c p r e s s ) . 

A n a l y s i s 

A P h i l l i p s U n i v e r s a l X-ray S p e c t r o m e t e r was used f o r t h e a n a l y s i s . 

O p e r a t i o n a l c o n d i t i o n s f o r t h e v a r i o u s e l e m e n t s a n a l y z e d a r e l i s t e d on 

T a b l e 1 5 . 

Two s e t s of s t a n d a r d s w e r e employed i n t h e a n a l y s e s . At f i r s t 

a l l unknown s a m p l e s were run w i t h GRLD (Geochemical R e s e a r c h and L a b o r a 

t o r y D i v i s i o n of K e n n e c o t t E x p l o r a t i o n , I n c . ) i g n e o u s rock s t a n d a r d s . 

However, t h e v a l u e s o b t a i n e d f o r S i 0 ^ and Al^O^ were n o t c o m p a t i b l e w i t h 

g r a n i t i c r o c k s and t h e t o t a l s , w i t h o u t C ^ , S0^ and H2O, added t o 8 9 -

93% f o r t h o s e r o c k s v i s i b l y p o o r in c a l c i t e and a n h y d r i t e . Even l o w e r 

t o t a l s were r e c o r d e d f o r samples i n which t h e s e m i n e r a l s were p r e s e n t 

in s i g n i f i c a n t a m o u n t s . Inasmuch as t h e Mayflower r o c k s have been h y d r o -

t h e r m a l l y a l t e r e d and g e n e r a l l y c o n t a i n h igh p r o p o r t i o n s of p y r i t e , c a l 

c i t e and a n h y d r i t e , i t was t h o u g h t t h a t t h e c a u s e o f t h e r e l a t i v e l y low 

v a l u e s f o r S i 0 ^ and Al^O^ was due t o m a t r i x e f f e c t s . To overcome t h e s e 

e f f e c t s f o u r t e e n Mayflower and O n t a r i o s t o c k r o c k s were a n a l y z e d f o r 

S i , A l , F e , Mg, Ca, Na, K and Ti by we t chemica l methods a t t h e Geo

chemica l L a b o r a t o r i e s of K e n n e c o t t E x p l o r a t i o n , I n c . i n S a l t Lake C i t y . 

E i g h t of them were s e l e c t e d f o r s t a n d a r d s : MF-0804, MF-1304, MF-1711, 

MF-2207, MF-2805, ON-3003, ON-3004 and DDH-770. 

Al l s amples were run a g a i n a n d , e x c e p t f o r SiO^ and Al^O^j which 

r e v e a l e d c o n s i s t e n t l y h i g h e r c o n t e n t s , a l l o t h e r o x i d e s showed v a l u e s 

s i m i l a r t o t h e p r e v i o u s r u n s w i t h a d e v i a t i o n o f ±5%. I r o n showed 

d e v i a t i o n s up t o 25%. However, t o be c o n s i s t e n t w i t h o t h e r p u b l i s h e d 
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3.1 ton/cm2 with the ai d of a RIIC ring press (hydraul ic pr ess). 

Analys i s 

A Phi l l i ps Un i versal X-ray Spect rometer was used for the analysis. 

Operational conditions for the various el ements ana lyzed are l isted on 

Table 15. 

T\'IO sets of standards were employed in the analyses . At fi rst 

all unknown samples were run with GRlD (Geochemical Research and Labora 

to ry Divis i on of Kennecott Exploration, Inc.) igneous rock standards. 

Holt/ever, the values obta i ned for S;02 and A1
2
0

3 
were not compatible with 

granitic rocks and the totals, without CO 2 , 503 and H20, added to 89-

93% for those rocks vis i bl y poor in ca l cite and anhydrite . Even l ower 

total s were recorded for sampl es in Ylhich these mine rals were present 

in significant amounts . Inasmuch as the Mayflower rocks have been hydro

thermally altered and generally contain hi gh proportions of pyri te, cal 

cite and anhydrite , it \"ras thought that the cause of the relative l y l ow 

values for 5;02 and A1 203 was due to matrix effects . To overcome these 

effects fourteen t~ayf1ower and Ontario stock rocks \"rere analyzed for 

5i , J\l , Fe, Mg, Ca, Na, K and Ti by wet chemical methods at the Geo

chemical Laboratories of Kennecott Exp l oration. Inc. i n 5alt Lake City. 

Eight of them were selected for standards: MF - 0804 , MF-1304 , MF- 1711, 

tjF-2207, NF- 2805, ON-3003, ml- 3004 and OOH- nO. 

All samples were run again and. except for 5i02 and A1 203 , whi ch 

tcvea l ed conSistently higher contents. all other oxi des shQi"red va l ues 

similar to the previous runs \"r i th a deviation of t5%. Iron showed 

deviations up to 25%. Hm·/ever, to be cons i stent wi Lh other published 
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w o r k s , and c o n s i d e r i n g t h e GRLD s t a n d a r d s as more a c c u r a t e , t h e v a l u e s 

o b t a i n e d d u r i n g t h e f i r s t r u n , e x c e p t f o r Si and A l , were f a v o r e d and 

used i n a l l c a l c u l a t i o n s p e r t i n e n t t o t h i s r e s e a r c h . 

Al l unknowns we re c a l c u l a t e d w i t h e q u a t i o n s o f s t r a i g h t l i n e s 

a p p r o x i m a t e d by t h e l e a s t s q u a r e me thod . 

P r e c i s i o n 

D u p l i c a t e p e l l e t s o f t h r e e s a m p l e s chosen a t random (MF-1501 , 

MF-1712 and MF-2204) were p r e p a r e d f o r an i n d i c a t i o n of t h e p r e c i s i o n 

of t h e a n a l y s i s . A l s o , p e l l e t s of two s a m p l e s t h a t had been a n a l y z e d 

by we t chemica l methods (MF-2610 and MF-2810) were made f o r c o m p a r i s o n 

w i t h t h e XRF method and t h e r e f o r e as an i n d i c a t i o n of t h e a c c u r a c y of 

t h e a n a l y s e s . The r e s u l t s a r e shown in T a b l e 1 6 . The o n l y d i s c r e p a n c y 

was v e r i f i e d w i t h i r o n , s u g g e s t i n g good p r e c i s i o n w i t h t h e XRF method 

b u t p o o r a c c u r a c y be tween t h e two a n a l y t i c a l m e t h o d s . 

The p r e c i s i o n of t h e XRF a n a l y s e s was d e t e r m i n e d by seven r e p l i 

c a t e r u n s o f a s ample which had been a l s o a n a l y z e d by wet chemica l 

methods (MF-2605) . The a r i t h m e t i c means and s t a n d a r d s d e v i a t i o n s o f 

t h e s even a n a l y s e s a r e l i s t e d b e l o w : 

Oxide A r i t h m e t i c Me a n , % S t a n d a r d D e v i a t i o n , % 

S i 0 2 5 8 . 6 0 1.29 

A 1 2 0 3 1 7 . 2 8 0 . 4 3 

FeO 5 . 3 2 0 . 2 3 

MgO 3 .29 0 . 1 6 

CaO 4 . 5 3 0 . 2 4 

Na 2 0 3 .72 0 . 2 9 

K 2 0 2 . 6 2 0 . 0 3 

T i 0 2 0 . 7 8 0 . 0 5 

MnO 0 . 0 7 0 .01 
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works . and cons i der; n9 the GRLD standards as more accurate. the I/a 1 ues 

obtained during the first run , except fo r 5i and Al, were favored and 

used in all calculati ons perti nent to this research. 

All unknowns \'1ere calcul ated with equations of stra i ght lines 

approximated by the least square method. 

Precis i on 

Dupl i cate pe l lets of three samples chosen at random (MF- 1501 , 

MF- 1712 and MF-2204) "ere prepared for an indication of t he precis i on 

of the ana l ysis . Also, pellets of tl'lO samples that had been ana l yzed 

by wet che~ica l ""'thods (MF-2610 and 11F- 2810) were made for comparison 

with the XRF method and therefore as an indication of the accuracy of 

the analyses . The results are shown in Table 16. The only discrepancy 

I'/as veri fi ed with i ron. 5 ugges t i n9 good prec i 5 i on wi th the XRF method 

but poor accuracy between the biD analytical methods. 

The pre ci sion of the XRF analyses \oJas determined by seven repl i

cate runs of a sample which had been also analyzed by wet chemica l 

methods (HF-2605) . The a ri thme ti c means and standards deviat i ons of 

the seven analyses are l i sted bel ow: 

Oxide Arithmet i c t1ean, % Standard Deviat i on . % 

5;0
2 

58_60 1.29 

A-1
2
0

3 
17 . 28 0.43 

FeO 5.32 0.23 

M90 3. 29 0. 16 

CaO 4.53 0.24 

Na20 3.72 0 . 29 

K20 2. 62 0.03 

TiO 
2 

0.78 0.05 

MnO 0 .07 0.01 
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TABLE 15 

OPERATIONAL CONDITIONS FOR ROCK CHEMICAL ANALYSIS 

WITH XRF INSTRUMENTATION 

Element D e t e c t o r T a r g e t A n a l y z i n g 
C r y s t a l 

Amperage 
MA 

V o l t a g e 
KV 

Time 
(Sec ) 

Vacuum 

Si F . P . C . Cr EDDT 40 40 20 X 

Al F . P . C . Cr Gypsum 40 40 20 X 

Fe S c i n t W LiF 40 40 10 • 

Mg F . P . C . Cr Gypsum 40 40 20 X 

Ca F . P . C . Cr EDDT 40 40 20 • 

Na F . P . C . Cr Gypsum 40 40 20 X 

K F . P . C . Cr EDDT 40 40 20 • 

Ti S c i n t W LiF 40 40 20 • 

Mn S c i n t w LiF 40 40 
1 

10 • 

NOTE: F . P . C . = f low p r o p o r t i o n a l c o u n t e r ; s c i n t = s c i n t i l l a t i o n 
c o u n t e r . 

El ement 

Si 

Al 

Fe 

I~g 

Ca 

Na 

K 

Ti 

Mn 

counter . 

TABLE 15 

OPERATlONAL COND IT IONS FOR ROCK CHEMICAL ANALYS IS 

WITH XR F INSTRUI·:ENTATlON 

I Detector Target Analyz ing Amperage Voltage Time 
Crys t al MA KV (Sec) 

F. P.C. Cr EDDT 40 40 20 

F. P.C. Cr Gypsum 40 40 20 

Stint W LiF 40 40 10 

F. P. C. Cr Gyps um 40 40 20 

F. P.C. Cr EDDT 40 40 20 

F. P. C. Cr Gyps um 40 40 20 

F. P.C. Cr EDDT 40 40 20 

Sci nt W LiF 40 40 20 

Stint W LiF 40 40 I 10 
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I 
VacuuJI) 

X 

X 

. 
X 

. 
X 

NOTE: F.P .C. = f l m'/ proport i ona l cou nter; sc i nt = sci nt ill at ion 



TABLE 16 

INDICATION OF THE ACCURACY OF THE ANALYSES FOR THE MAJOR OXIDES (EXCEPT H 2 0) 

COMPOSING THE ALTERED MAYFLOWER AND ONTARIO ROCKS 

Sample 
S x 0 2 A L 2 0 3 FeO MgO 

Sample 
Wet Ch. 1 s t PLT 2nd PLT Wet Ch. 1 s t PLT 2nd PLT Wet Ch. 1 s t PLT 2nd PLT Wet Ch. 1 s t PLT 2nd PLT 

MF- 2610 
MF- 2810 
MF- 1501 
MF- 1712 
MF- 2004 

5 8 . 1 0 
5 2 . 6 0 

5 9 . 3 0 
5 2 . 6 9 
6 0 . 7 5 
5 9 . 2 9 
5 9 . 8 3 

6 0 . 4 3 
5 8 . 9 2 
5 8 . 0 0 

1 7 . 1 0 
1 4 . 9 0 

* 

1 7 . 3 3 
1 5 . 2 2 
17 .11 
1 7 . 2 4 
1 7 . 2 5 

1 7 . 6 5 
1 7 . 7 6 
17 .21 

4 . 4 9 
6 . 0 0 

6 .61 
7 .06 
3 .72 
4 . 3 4 
4 . 9 7 

3 ."71 
4 . 1 5 
4 . 7 9 

3 . 3 8 
4 . 8 5 

3 .52 
4 . 9 7 
2 . 7 8 
3 . 1 7 
3 .86 

2 . 6 8 
3 .11 
3 .64 

Sample 
CaO NA 20 K 20 T i 0 2 

Sample 
Wet Ch. 1 s t PLT 2nd PLT Wet Ch. 1 s t PLT 2nd PLT Wet Ch. 1 s t PLT 2nd PLT Wet Ch. 1 s t PLT 2nd PLT 

MF- 2610 
MF- 2810 
MF- 1501 
MF- 1,712 
MF- 2004 

, 

•t • 
3 .20 1 3 .07 
6 . 9 7 5 .99 

. . 4 . 8 7 

. . 1 5 . 8 3 

. . I 3 .96 
I 

4 . 8 2 
5 .86 
2 , 8 8 

3 .00 
2 . 7 2 

3 .32 
3 .09 
3 .10 
3.41 
2 . 1 6 

2 . 9 9 
3 . 3 5 
2 . 2 6 

3 . 4 5 
2 . 8 9 

3 .32 
2 . 7 8 
3 . 1 5 
2 . 9 9 
3 .86 

3 . 0 8 
2 . 8 9 
3 .79 

0 . 8 2 
0 . 8 3 

0 . 8 6 
0 . 8 8 
.072 
0 . 7 7 
0 . 7 4 

0 . 7 0 
0 . 7 3 
0 . 6 6 

MnO 
Sample I —j 

I Wet C h - | 1 s t PLT 2nd PLT NOTE: PLT = P e l l e t ; Wet Ch. = Wet C h e m i c a l . 

MF- 2610 ! . , I 
MF- 2810 ! . . | 
MF- 1501 | . . 0 .11 0 . 1 0 
MF- 1712 j . . | 0 . 1 0 0 . 1 0 
MF- 2004 . . j 0 . 5 2 0 . 4 5 

Sampl e 

11F- 2610 
~:F- 2810 
I·IF- 1501 
I~ F- 1712 
NF- 2004 

TABLE 16 

INDICP.TION OF THE ACCURACY OF THE ANALYSES FOR THE MAJOR OXIOES (EXCEPT H20) 

COMPOSING THE ALTERED MAYFLOWER AND ONTARIO ROCKS 

S 10, 
.-,.----~--_,----._--_.~--_.----,_--_,----r_--_.----

I'!et Ch. l lst PLT 2nd PLT Wet Ch. 

AL , O, FeO MgO 

58.10 59.30, 
52 .60 I 52 .69 . I 60 .75 
.. 59 .29 
.. i 59.83 

CaO 

60.43 
58.92 
58.00 

17 . 10 
14. 90 

1 s t PLT 2nd PL T ,let Ch. 1 s t PL T 2nd PL T Wet Ch . 1 s t PL T 2nd PLT 

17.33 
15.22 
17.11 
17. 24 I 
17. 25 I 
NA ,O 

17.65 I 
17.76 
17. 21 i 

4.49 
6.00 

6.61 
7.06 
3.72 
4.34 
4 . 97 

3.71 
4.15 
4.79 

3.38 
4 .85 

3.52 
4.97 
2.78 
3 . 1 7 
3.86 

2.68 
3.11 
3.64 

Sample 
Wet Ch. 1st PLT 2nd PLT! I~et Ch. 1st PLT 2nd PLT I~et Ch. 1s t PLT 2nd PLT l wet Ch. " st PLT!2nd PLT 

.----+_--~--_r--_+--_+,--_1--~r_--r_--+_--+_--~--_r----
MF- 2610 
flF - 2810 
~IF- 1501 
11F- 1712 
/1>- 2004 

Sample 

MF- 2610 
!·IF- 2810 
MF- 1501 
,·IF- 1712 
MF- 2004 

3. 20 
6.97 

3 .07 
5 .99 
4.87 
5 . 83 ' 
3.96 I 
finO 

4.82 
5.86 
2.88 

'~et Ch . 1st PLT 2nd PLT 

0 .11 
0 .1 0 
0.52 

0 . 10 
0 .1 0 
0 .45 

3.00 I 3.32 .. 3.45 3.32 . . 0 . 82 0.86 . 
2 .. 72. I 3. 09 . 2.89 2.78 . 0.83 0.88 .. 

3.10 2 .99 .. 3. 15 3.08 .. .072 0 .70 
'. '. 1' 3.41 3.35 .. 2.991 2.89 .. 0.77 0.73 

2.162.26 . . 3.863.79 .. 0 .740.66 

NOTE: PLT = Pellet; Wet Ch. = Wet Chemical. 

-'" o 
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LECO Equipment 

A LECO a u t o m a t i c s u l f u r t i t r a t o r , model DB-64, was used f o r s u l 

f u r d e t e r m i n a t i o n s . S u l f u r - b e a r i n g m i n e r a l s a r e decomposed by combus

t i o n in an i n d u c t i o n f u r n a c e , s u l f u r d i o x i d e i s e v o l v e d and a b s o r b e d 

by a s o l u t i o n c o n t a i n i n g h y d r o c h l o r i c a c i d , p o t a s s i u m i o d i d e and s t a r c h 

i n d i c a t o r . P o t a s s i u m i o d a t e i s added t o t h i s s o l u t i o n i n s u f f i c i e n t 

amount t o p r o d u c e a b l u e c o l o r i n d i c a t i v e of t h e a n a l y s i s end p o i n t . 

T h i s i n d i c a t o r c o l o r t e n d s t o f ade as t h e s u l f u r d i o x i d e i s a b s o r b e d . 

A p h o t o c e l l , s e n s i t i v e t o t h e b l u e c o l o r c h a n g e , a c t u a t e s a b u r e t t e 

which r e l e a s e s p o t a s s i u m i o d a t e t i t r a n t t o m a i n t a i n t h e i n t e n s i t y o f 

t h e b l u e c o l o r . A f t e r a p r e s e t t i m e has p a s s e d , bo th t h e f u r n a c e and 

t h e t i t r a t o r a r e a u t o m a t i c a l l y s h u t o f f . No more s u l f u r d i o x i d e i s 

a b s o r b e d ; n e i t h e r i s p o t a s s i u m i o d a t e a d d e d . D i r e c t r e a d i n g on t h e 

t i t r a t o r pane l g i v e s t h e amount of s u l f u r a b s o r b e d , p r o v i d e d t h e c o r 

r e c t sample w e i g h t and t i t r a n t n o r m a l i t y a r e u s e d . 

For c a r b o n d i o x i d e a n a l y s e s a s e l e c t i v e c o l l e c t i n g - g a s s y s t e m 

was c o n n e c t e d t o t h e LECO i n d u c t i o n f u r n a c e . Oxygen, a f t e r p a s s i n g 

t h r o u g h a p u r i f y i n g t r a i n , was m a i n t a i n e d a t c o n s t a n t f low t h r o u g h t h e 

s y s t e m . As s u l f u r d i o x i d e , w a t e r v a p o r and ca rbon d i o x i d e e v o l v e d 

from t h e s amp le unde r c o m b u s t i o n , t h e y w e r e c a r r i e d away by t h e oxygen 

flow and we re s u c c e s s i v e l y a b s o r b e d i n a s e r i e s o f t r a p s . The f i r s t 

t r a p c o n s i s t e d o f a 5% w/v s o l u t i o n o f p o t a s s i u m p e r m a n g a n a t e w i t h 3% 

v / v s u l f u r i c a c i d and was used t o c o l l e c t s u l f u r d i o x i d e . A f r i t 

g l a s s b u b b l e r was immersed in t h i s s o l u t i o n t o keep w a t e r and c a r b o n 

d i o x i d e from b e i n g r e t a i n e d . T h i s t r a p was f o l l o w e d by a t u b e c o n t a i n i n g 

191 

LECO [qui pment 

A LECa automatic sulfur titrator. model 08-64. \'Ia5 used for sul

fur detenninat;ons. Sulfur-bearing mi ne ral s are decomposed by combus 

tion in an induction furnace, sulfur dioxide is evol ved and absorbed 

by a solution containing hydrochloric acid, potassium iodide and starch 

indi ca tor. Potassium iodate is added to this solution in suffi cient 

amount to produce a blue eaicr indicative of the analysis end point. 

This indicator color tends to fade as the sulfu r dioxide i s absorbed. 

A photo cel l. sensitive to the blue color change, actuates a burette 

which releases potassium iodate titrant to maintain the intensity of 

the blue co lor. After a preset time has passed, both the furnace and 

the titrator are automatically s hut off. No mOt'e sul fur dio xide is 

absorbed; ne i ther is potassium i odate added . Direct reading on the 

titrator panel gi ves the amount of sulfur absorbed. provided the cor

rect sample weight and titrant normality are used . 

For carbon dioxide analyses a selective coll ecting-gas system 

was connected to the LECO induction furnace. Oxygen, after pass ing 

through a puri fyi n9 trai n. was ma i ntai ned at cons t ent f low through the 

system. As sulfur dioxide, \'1ater vapor nnd carbon dioxide evo lved 

from the sample under combust ion, they were carried arJay by the oxygen 

flow and were succpssively absorbed ~n a series of traps. The first 

trap consisted of ,J. 5% w/v solution of potassium perm(lnganate \"ith 3Z 

v/v s ulfuric acid and was used to co ll ect su lfur dioxide. A frit 

glass bubbler was i r.lnerse d ill this solution to keep rJatcr and ca rbon 

dioxide from beinq re tained . This trap l'IilS fo l1 owc l.l by oJ tube contili ning 
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a n h y d r o n e (magnesium p e r c h ! o r a t e ) i n t e n d e d t o a b s o r b w a t e r . Carbon 

d i o x i d e was t h e n c o l l e c t e d i n t h e n e x t a b s o r p t i o n t u b e f i l l e d w i t h 

a s c a r i t e . Al l a b s o r b e n t s were changed e v e r y day o r a f t e r a t w e n t y -

sample run t o g u a r a n t e e a d e q u a t e a b s o r p t i o n of g a s s e s . 

A n a l y s e s o f s u l f i d e - s u l f u r and 

s u l f a t e - s u l f u r 

M i n e r a l o g i c a l o b s e r v a t i o n s i n d i c a t e d t h a t s u l f i d e s , e s s e n t i a l l y 

p y r i t e , and a n h y d r i t e , gypsum and b a r i t e we re t h e o n l y s u l f u r - b e a r i n g 

m i n e r a l s p r e s e n t in t h e i g n e o u s w a l l r o c k s of t h e Mayflower Mine . 

T h e r e f o r e , t h e s u l f u r a n a l y s e s were r e s t r i c t e d t o t h e s u l f i d e and s u l 

f a t e v a r i e t i e s . 

The p u l p s were k e p t i n an oven a t a t e m p e r a t u r e of a p p r o x i m a t e l y 

105°C f o r o v e r t w e n t y - f o u r hour s t o e l i m i n a t e p o s s i b l e m o i s t u r e a b s o r p 

t i o n from t h e e n v i r o n m e n t . I n i t i a l l y a l l s a m p l e s we re a n a l y z e d f o r 

t o t a l s u l f u r . They were t h e n s t i r r e d w i t h d e i o n i z e d w a t e r f o r a b o u t two 

m i n u t e s t o a l l o w f o r t h e d i s s o l u t i o n of t h e s u l f a t e m i n e r a l s . A f t e r 

a p p r o x i m a t e l y e i g h t h o u r s t h e m i x t u r e was d e c a n t e d . T h i s p r o c e d u r e 

was r e p e a t e d a t l e a s t f o u r t i m e s . The s u l f a t e - f r e e s a m p l e s were t h e n 

p l a c e d back i n t o t h e oven f o r a b o u t t w e n t y - f o u r h o u r s and r e - a n a l y z e d 

f o r s u l f u r . Assuming t h a t t h e d i s s o l u t i o n of t h e s u l f a t e m i n e r a l s was 

c o m p l e t e , t h i s s e c o n d t o t a l s u l f u r would r e p r e s e n t , i n c o n s e q u e n c e , t h e 

c o n t e n t o f s u l f i d e s u l f u r i n t h e s a m p l e . S u l f a t e s u l f u r was d e t e r m i n e d 

by s u b t r a c t i n g t h e v a l u e s o b t a i n e d f o r s u l f u r in t h e two r u n s fo r c o r 

r e s p o n d i n g s a m p l e s . 

anhydrone (magnesium perchl orate) in t ended to absorb water. Car bon 

dioxide was then coll ected ir. the next absorption tube f ill ed \,/ith 

ascarite. All abso rbents were changed every day or af ter a hventy

sample run to guarantee adequate absorption of gasses. 

Ana l yses of sul fide -sul fur and 

sulfate- su lfur 
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Mineraloq;ca l observat i ons indi cated that sulfi des, essentia ll y 

pyrite, and anhydrite, gypsum and bari te were t he on ly sul fur-bear ing 

minera l s present in the i gneous wall rocks of the Mayfl ower Mine. 

Therefore, the sul fur ana l yses were restricted to the sulfide and su l

fate varieties . 

The pulps \'/ere kept in an oven at a temperature of approximate l y 

105°C for over twenty- four hours to e l iminate possible moisture absorp

tion from the environment. Initi a lly all samples were anal yzed for 

total s ulfu r. They were then sti rred with deionized water for about t ",10 

minutes to an ow for the di ssolution of the s ul fate minera l s . Af ter 

al)proximate ly e i ght hours the mi xture was decanted. This procedure 

was repeated at least four times . The su l fa t e-free samp l es were t hen 

pla ced bad into the oven for about b /enty-four hours and re-ana l yzed 

for sulfur. Assumi ng t hat the dissolution of t he sulfate mi nera l s was 

comDlcte. th i s second total sul fur ",/oul d represent, in consequence, t he 

content of sulfi de su I fur in t he sample. Sulfate s ulfur was detenni ned 

by subtracting the values obtai ned for sulfur in the two runs fo r cor

responding sampl p.s . 
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Carbon d i o x i d e a n a l y s e s 

C a l c i t e , r h o d o c h r o s i t e and s i d e r i t e we re t h e o n l y c a r b o n - b e a r i n g 

m i n e r a l s i d e n t i f i e d in t h e Mayflower i g n e o u s r o c k s . T h e r e f o r e , a l l 

c a r b o n was assumed t o be p r e s e n t a s c a r b o n a t e . 

Al l s a m p l e s we re i n i t i a l l y a n a l y z e d s e m i - q u a n t i t a t i v e l y . Hydro

c h l o r i c a c i d was used t o s e p a r a t e t h e s a m p l e s a c c o r d i n g t o a l o w , medium 

and h igh c a r b o n a t e c o n t e n t . T h i s was done t o c o n t r o l t h e amount o f 

sample t o be w e i g h e d . L a r g e s t amounts were used f o r c a r b o n a t e - p o o r 

s a m p l e s and v i c e - v e r s a . A c c o r d i n g l y , l a r g e a n a l y t i c a l e r r o r s were 

a v o i d e d and a c o n t r o l on t h e s t a t e of s a t u r a t i o n of t h e a b s o r b e n t s was 

p o s s i b l e . 

As i n t h e c a s e of s u l f u r a n a l y s e s , t h e p u l p s , were k e p t i n an 

oven a t 105°C f o r o v e r a d a y . A c e r t a i n amount o f t h e sample was 

we ighed and t h e n b u r n t d u r i n g f i v e m i n u t e s . The d i f f e r e n c e in w e i g h t 

of t h e CO,,- a b s o r p t i o n t u b e a f t e r and b e f o r e t h e c o m b u s t i o n was a d i r e c t 

measu re of t h e amount of c a r b o n d i o x i d e p r e s e n t i n t h e s a m p l e . 

P r e c i s i o n 

C a l i b r a t i o n o f t h e s u l f u r a u t o m a t i c t i t r a t o r was done by r u n n i n g 

LECO-s tee l r i n g s t a n d a r d s . For m o n i t o r i n g t h e p r e c i s i o n of t h e e q u i p 

ment e i t h e r o f t h e t h r e e GRLD s t a n d a r d s ( 1 0 5 , 1 1 4 , 115) was run b e f o r e 

and a f t e r e v e r y f i f t e e n a n a l y s e s . S t a n d a r d s t o e v a l u a t e t h e p r e c i s i o n 

o f t h e c a r b o n d i o x i d e a n a l y t i c a l method we re p r e p a r e d by u s i n g c h e m i c a l 

l y p u r e c a l c i u m c a r b o n a t e o r i t s m i x t u r e w i t h q u a r t z . As b e f o r e , t h e y 

were run once f o r e v e r y f i f t e e n s ample s a n a l y z e d . 
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Carbon dioxide ana lyses 

Calcite, rhodochrosi te and siderite were the only ca rbon-bearing 

mi nera 1 s i dent; fi ed in the f·layflower i gneous rocks. There fore, al l 

carbon was as sumed to be present as carbonate. 

All sampl es were initia ll y analyzed semi-quantitatively. Hydro

chloric ac i d was used to separate the samples accord ing to a l ow, medium 

and high carbonate content. This was done to contro l the amount of 

sample to be weighed. Largest amounts I'/ere used for carbonate-poor 

sampl es and vice - versa. According ly . l a rge ana lytical errors were 

avoided and a control on the state of saturat i on of the absorbents was 

poss i ble. 

As in the case of sulfu r analyses . the pulps , were kept in an 

oven at 105°C for over a day. A certai n amount of the sample was 

we i ghed and then burnt during five minu tes. The difference in we i ght 

of the CO2- abso rption tube after and before the combustion was a di rect 

measure of the amount of carbon dioxide present in the sample. 

Ca l ibration of the sulfur automatic titrator was done by running 

LECO-steel ring standards. For monitoring the preci s ion of the equi p

ment either of the three GRLD standards (lOS. 114 . 115) was run before 

,,!lei a fter e very fift een analyses. Standards to e valuate the precision 

of t he carbon dioxide unalytical me thod were prepa red by us ing chemica l

ly pure calcium carbonate or its mixture h!ith quartz . As before. they 

were run once for every fi fteen samples analyzed. 
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The p r e c i s i o n o f t h e s u l f u r and ca rbon d i o x i d e a n a l y s e s was 

d e t e r m i n e d by s i x r e p l i c a t e r u n s of a randomly s e l e c t e d s a m p l e . The 

p u l p s MF-1304 and MF-2627 were chosen f o r s u l f u r and ca rbon d i o x i d e 

r e s p e c t i v e l y . The a r i t h m e t i c means and s t a n d a r d d e v i a t i o n s of t h e s i x 

a n a l y s e s a r e shown b e l o w . 

Compound A r i t h m e t i c Mean, % 

1.18 

S t a n d a r d D e v i a t i o n 

c o 2 

S 
t o t a l 

0 . 1 4 3 

0 . 9 0 0 . 0 1 6 
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The precision of the sulfur and carbon dioxide analyses was 

determined by six replicate runs of a randomly selected sample. The 

pulps MF-1304 and MF-2627 were chosen for sulfur and carbon dioxide 

respectively. The arithmetic means and standard deviations of the six 

analyses are shown below. 

Compound 

CO2 
Stotal 

I', 

Arithmetic Mean, % 

1. 18 

0.90 

• c.,: , 

Standard Deviation 

0.143 

0.016 
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CHEMICAL COMPOSITION OF MINERALS 

G r a i n s o f b i o t i t e , c h l o r i t e , h o r n b l e n d e , a c t i n o l i t e , a u g i t e , 

s a l i t e , p l a g i o c l a s e , K- spa r and e p i d o t e i n c a r b o n - c o a t e d , p o l i s h e d 

t h i n s e c t i o n s were a n a l y z e d w i t h an ARL EMX-SM e l e c t r o n m i c r o p r o b e . 

A n a l y s e s i n c l u d e d d e t e r m i n a t i o n s of n i n e ma jo r e l e m e n t s f o r mos t m i n e r a l 

p h a s e s , n a m e l y , S i , A l , F e , Mg, Ca , Na, K, Mn and T i . B i o t i t e a n a l y s e s 

a l s o i n c l u d e d F , CI and Ba, w h i l e Ca, Na and K were t h e o n l y e l e m e n t s 

f o r which p l a g i o c l a s e and K-spa r g r a i n s were r u n . G e n e r a l l y e i g h t t o 

t w e l v e p o i n t s p e r g r a i n were a n a l y z e d f o r t h r e e e l e m e n t s a t a t i m e . 

For p l a g i o c l a s e g r a i n s , h o w e v e r , b e c a u s e t h e y were i n v a r i a b l y z o n e d , 

t w e n t y - f i v e t o t h i r t y p o i n t s w e r e a n a l y z e d a l o n g d i a g o n a l s of each 

p h e n o c r y s t . An a v e r a g e of t e n g r a i n s of each m i n e r a l were examined . 

Count i n t e r v a l s we re f i x e d by beam c u r r e n t t e r m i n a t i o n . Raw c o u n t d a t a 

were c o r r e c t e d f o r b a c k g r o u n d , and c a l c u l a t e d i n t o p e r c e n t a g e s and a v e r 

aged w i t h t h e a i d of a F o r t r a n IV compute r p r o g r a m . 

AP PENDI X B 

CHEM ICAL COMPOS ITION OF 11INERALS 

Grai ns of biot i te. ch l ori te . hornb lende , act inol ite , aug i te , 

sa l ite , pl agi oc lase , K-spa r and ep idote i n carbon- coated, po li shed 

t hi n sections were analyzed with an ARL EMX- SM el ect ron mi crop robe . 

Anal yses inc l uded det ermi nations of ni ne major e l ements for most mi ne r al 

phases, namel y . Si , Al, Fe , Mg, Ca , Na, K, Mn and Ti . Bioti te ana l yses 

a l so inc luded F, Cl and Ba, whil e Ca . Na and K \'Ie r e the on l y e l ements 

for \'I hich plag iocl ase and K- spar gra i ns \'/e re run. Genet~ally eight to 

blelve points per grain were analyzed for three e l ements at a t i me. 

For plagioclase gra i ns, hOI'/ever, because t hey I'lere i nvariably zoned . 

blenty- f i ve to th irty pOi nts were ana l yzed along diagonals of each 

phenocrys t . An average of ten gra i ns of each minera l vlere exami ned . 

Count i nte)'va l s we r e f i xed by beam cur r ent tenni nat i on . Raw cou nt data 

vlere co r rected f or baCkground , a nd ca l cu l ated in t o percen tages and aver

aged 'llith the a i d of a Fo r t r an IV comput er pr og r alll . 
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BULK AND GRAIN DENSITIES 

OF THE ROCKS 

One o f t h e hand s p e c i m e n s c o l l e c t e d a t each i n t e r v a l was used 

f o r t h e d e t e r m i n a t i o n of t h e b u l k and g r a i n d e n s i t i e s o f t h e r o c k s . 

The methods employed were b a s e d on A r c h i m e d e s ' p r i n c i p l e . 

For b u l k d e n s i t y d e t e r m i n a t i o n s , t h e s a m p l e s we re we ighed 

t w i c e w i t h a c o n v e n t i o n a l b a l a n c e . The s e c o n d t i m e , h o w e v e r , t h e y 

were immersed i n w a t e r . The b u l k d e n s i t y was c a l c u l a t e d by t h e formu

l a : 

where w, i s t h e a c t u a l w e i g h t of t h e sample and w^ i s i t s w e i g h t when 

immersed i n w a t e r . 

G r a i n d e n s i t i e s were d e t e r m i n e d w i t h t h e a i d of p y c n o m e t e r s . A 

s m a l l s l a b of t h e rock spec imen used f o r b u l k d e n s i t y d e t e r m i n a t i o n s 

was c u t , t h e n c r u s h e d and p u l v e r i z e d . The g r i n d i n g was t o t h e e x t e n t 

t h a t m i n e r a l g r a i n s we re i n d i v i d u a l l y s e p a r a t e d i n o r d e r t o e l i m i n a t e 

i n t e r g r a n u l a r p o r e s p a c e s i n t h e r o c k s ( g r a i n s i z e i s l e s s t h a n t h e 

minimum p o r e d i a m e t e r ) . The d e t e r m i n a t i o n o f t h e g r a i n d e n s i t y of e ach 

sample i n v o l v e d f o u r w e i g h i n g o p e r a t i o n s of a p y c n o m e t e r as f o l l o w s : 

1 . Empty (w-j); 

2 . F u l l w i t h d e i o n i z e d w a t e r ( w 9 ) . Then t h e pycnome te r was 

APPENDIX C 

BULK AND GRAIN DENSITIES 

OF THE ROCKS 

One of the hand specirrens collected at each interval wa s used 

for the dete rmination of the bulk and grain dens i ties of the rocks. 

The methods employed \IJere based on Archimedes l princi pl e. 

For bu l k density determinations, the sampl es were weighed 

twi ce ~"ith a convent; ana 1 ba 1 ance . The second ti rre, hmvever. they 

were i r.me r sed in "'later. The bulk density vias ca l cu l ated by the fomu-

1 a: 

p~ • 

w, - w2 

where VI, i s the actua l weight of the samp le and '.'12 ;s ; ts "'/e i ght when 

i nme rsed i n water. 

Grain dens ities were determined with the aid of pycnometers. A 

sma ll s lab of t he rock speci mE~ n used for bu l k density determinations 

~'I as cut , then crus hed and pulveri zed. The grinding 1'135 to the extent 

that minera l gra ins \'/e re i ndividua ll y separated in order to eliminate 

intergranular pore spaces in the rocks (grain size i s l ess than the 

mi ni mum pore diameter). The determinat i on of the grilin dens ity of each 

sample involved fou r weighing opera ti ons of a pycnolflete l" as follol'/s: 

1. Empty (w 1); 

2. Full with de i oni zed \'/atll r (w2). Then the pycnomete r was 
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e m p t i e d and l e f t t o d r y ; 

3 , With a sma l l amount ( a p p r o x i m a t e l y 1 g) o f t h e p u l v e r i z e d 

sample ( w ^ ) ; 

4 . With t h a t amount of sample b u t a l s o f i l l e d w i t h d e i o n i z e d 

w a t e r ( w ^ ) . 

Be fo re t h i s l a s t w e i g h i n g o p e r a t i o n t h e p y c n o m e t e r was p l a c e d 

in a vacuum chamber f o r a b o u t t h r e e m i n u t e s t o e l i m i n a t e p o s s i b l e t r a p 

ped a i r b u b b l e s . 

P G Tw"3 - W j J - - ( w 4 - w^T 

From d a t a on b o t h d e n s i t i e s i t i s p o s s i b l e t o d e t e r m i n e t h e 

t o t a l p o r o s i t y (<j>T) o f a rock a c c o r d i n g t o t h e e x p r e s s i o n 

G r a i n d e n s i t i e s were c a l c u l a t e d by t h e f o r m u l a : 

w 3 - w 

(13) 
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emptied and l eft to dry; 

3. 1·/ith a small amount (approximately 1 g) of the pulverized 

samp l e (w3); 

4. With that amount of sample but also f ill ed with deionized 

water (w4). 

Before this l ast we i ghing operation the pycnometer W,J.$ pl aced 

in a vacuum chamber for about three minutes to eli mi nate possible trap-

ped air bubb l es. 

Grain densities !'-Jere calculated by the formula: 

From data on both densities it ;s possible to determine the 

total porosity ($T) of a rock according to the express ion 

$T • 1 _ Pe ( 13) 
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FRACTURE APERTURE DETERMINATIONS 

L a r g e b l o c k s of r o c k s ( a p p r o x i m a t e l y 30 cm x 20 cm x 15 cm) 

d i s p l a y i n g t h e most s i g n i f i c a n t s e t s of m i n e r a l i z e d f r a c t u r e s were c o l 

l e c t e d f o r a p e r t u r e d e t e r m i n a t i o n s . 

The method chosen r e q u i r e d t h e use of f l u o r e s c e n t l i q u i d p e n e 

t r a n t s which have been l a r g e l y employed i n t h e i n d u s t r y f o r d e t e c t i o n of 

c r a c k s o r f l aws in c e r a m i c o r m e t a l l i c p a r t s . T h e s e p e n e t r a n t s a r e 

s o l d by Magna - f lux C o r p o r a t i o n , C h i c a g o , I l l i n o i s , u n d e r t h e commerc ia l 

name o f " Z y g l o . " 

The i n s t r u c t i o n s recommend s p r a y i n g t h e s u r f a c e t o be i n s p e c t e d 

w i t h a p e n e t r a n t , a s o l v e n t and a d e v e l o p e r s u c c e s s i v e l y . The s o l v e n t 

c l e a n s t h e s u r f a c e b u t does n o t remove t h e p e n e t r a n t t h a t i n f i l t r a t e d 

i n t o c r a c k s and o t h e r open s p a c e s . When t h e d e v e l o p e r i s s p r a y e d , i t 

forms a p o r o u s w h i t e c o a t i n g ; t h i s c a u s e s t h e p e n e t r a n t i n s i d e t h e c r a c k s 

t o r a i s e due t o c a p i l l a r y a c t i o n s o a k i n g t h e d e v e l o p e r f i l m . Under 

u l t r a - v i o l e t l i g h t t h e dyed d e v e l o p e r f l u o r e s c e s and r e v e a l s t h e p r e s 

ence o f f r a c t u r e s , c r a c k s and p o r e s . 

T h i s t e c h n i q u e was used t o d i s c l o s e open s p a c e s in t h e m i n e r a l 

i z e d c r a c k s p r e s e n t i n s l a b s c u t w i t h a diamond saw from t h e b l o c k s o f 

r o c k s . A p e r t u r e measu remen t s we re made a f t e r r emoving t h e d e v e l o p e r 

c o a t i n g w i t h a new a p p l i c a t i o n of s o l v e n t . The s l a b s were t h e n e x 

posed t o u l t r a v i o l e t r a d i a t i o n and examined u n d e r a b i n o c u l a r m i c r o s c o p e 

APPEND I X 0 

FRACTURE APERTURE DETERfIlNATlONS 

Large bl ocks of rocks (approximate ly 3D em x 20 em x 15 em) 

displaying the most s ignificant sets of mineralized fra ctures \'/ere col

l ected for apert ure determinat ions. 

The method chose n required the use of fluorescent liquid pene

trants which have been largely employed in the industry for detection of 

cracks or f l aws in ceramic or meta lli c parts. These penetrants are 

sold by Magna- flux Corporation . Chicago, III inois, under the commerci al 

name of UZygl o. II 

The instructions recommend sprayi ng the surface to be inspected 

\"ith a penetrant, a solvent and a devel oper successively . The so l vent 

cleans the surface but does not remove the penetrant that infil trated 

into cracks and other open spaces . When the devel oper i s sprayed, it 

forms a porous I'lhite coati ng; th i s causes the penetrant ins ide t he cracks 

to raise due to capi ll ary acti on soaking the developer f il m. Under 

ultra- violet li ght the dyed devel oper f luoresces and revea l s the pres

ence of fractures, cracks and pores. 

Th is technique Vias used to disclose open spaces in t he mineral 

ized cracks present in s l abs cut I"ith a diamond S,1\'I from the blocks of 

rocks. J\perture measurements were made after remov i ng the deve l oper 

coating with a nel'J ilppl ication of solvent . The s l abs were then ex

posed to ul trav; olet radi a t; on cnd eXfl l!1"i ned under a bi nocul ar IIli croscope 
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p r o v i d e d w i t h a m i c r o m e t e r . A f t e r c a l i b r a t i o n , each d i v i s i o n o f t h e 

m i c r o m e t e r was found t o c o r r e s p o n d t o 182 m i c r o n s a t f o c u s p o s i t i o n . 

A p p r o x i m a t e l y e i g h t measu remen t s we re t a k e n on each c r a c k , a lways norm

a l l y t o t h e c r a c k w a l l s . The a v e r a g e of a l l measu remen t s was i n d i c a t e d 

as t h e a p e r t u r e f o r each s l a b . 

The poor p r e c i s i o n of t h e i n s t r u m e n t used i n t h e measurement 

( f r a c t i o n s of t h e m i c r o m e t e r d i v i s i o n we re v i s u a l l y e s t i m a t e d ) added 

some i n c o r r e c t n e s s t o t h e r e s u l t s , s o t h a t an e r r o r o f 45 mic rons i s t o 

be e x p e c t e d . 
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provided \'l ; t h a mi crometer . After cal ibration, each divis i on of the 

micrometer \1a$ found to correspond to 182 microns at focus posit i on. 

Approximatel y eight meas urements were taken on each crack. alw3ys no rm

ally to the crack \1311 5. The average of all measurements was indi ca t ed 

as the aperture for each s l ab . 

The poor preci s i on of the instrume nt used in the measurement 

(fractions of the micrometer division \'Jere visually estimated) added 

some i ncorrectness to the res ults. so that an error of 45 microns is to 

be expected . 
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QANMIN PROGRAM FUNDAMENTALS 

( N o r t o n , U n p u b l i s h e d ) 

The q u a n t i t a t i v e abundance o f t h e m i n e r a l p h a s e s in a rock can 

be d e t e r m i n e d i f t h e c h e m i c a l c o m p o s i t i o n o f t h e rock and m i n e r a l 

c o n s t i t u e n t s i s known. A knowledge o f t h e s e two q u a l i t i e s p e r m i t s c a l c u 

l a t i o n of t h e i n d i v i d u a l p h a s e a b u n d a n c e s by s o l u t i o n of a s e t o f e q u a 

t i o n s d e s c r i b i n g t h e p r o p o r t i o n s i n which c o n s t i t u e n t m i n e r a l s must be 

mixed t o y i e l d t h e o b s e r v e d b u l k c o m p o s i t i o n . 

t h 

The c o n c e n t r a t i o n , X . , o f t h e i e l e m e n t in a rock i s d e t e r 

mined by t h e r e l a t i o n s h i p be tween t h e mass a b u n d a n c e s of t h e n m i n e r a l 
t h t h 

p h a s e s , m . , and t h e c o n c e n t r a t i o n s of t h e i e l e m e n t in t h e j " m i n e r -
3 

a l . C V . . 

n 
X. - I m.C. . (14) 

1 j = 1 3 1 , J 

A s e t of such e q u a t i o n s can be w r i t t e n t o r e p r e s e n t t h e k r o c k - f o r m i n g 

e l e m e n t s where n <_ k i s a r e q u i r e d c o n d i t i o n . The s e t of e q u a t i o n s 

has t h e form: 

+ nuC T12 + M.C 
j l j 

X 

+ nuC '2"22 + m.C 
3 23 

(15) 

+ m0C '2"k2 +m.C J k j X k 

APPEND I X E 

QANr1 IN PROGRAM FUNDAMENTALS 

(Nor ton. Unpublished) 

The quanti tat ive abundance of the mineral phases in a rock can 

be detennined if the chemical compositi on of the rock and mine ral 

constituents i s knovtn. A knowledge of these two qualiti es permits cal cu

l ati on of the i ndividual phase abundances by solution of a set of equa-

tions describi n1 the proporti ons in \'Ihich const ituent m; nera 1 s mus t be 

mixed to yield the observed bulk compos ition . 

The COncen tra ti on. Xi' of the i th e l ement in a rock is deter-

mined by the relationsh ip between the mass abundances of t he n minera l 

phases . rn
j

, and t he concentrations of the i th el ement in the j t.h mi ner

al. C .. • 
1 .J 

m.C .. 
J , ,J 

(14 ) 

A set of s uch equa tions can be ",witten to represent the k rock-fonning 

e l ements vlhere n < k ;s a r equi red condition . Th e se t of equat i ons 

has the form : 

+ M C = Xl j I j 

(15 ) 
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In m a t r i x n o t a t i o n (15) becomes 

m . C = X (16) 

where C c o n t a i n s t h e chemica l c o m p o s i t i o n of t h e m i n e r a l p h a s e s , X t h e 

chemica l c o m p o s i t i o n o f t h e rock and m t h e m i n e r a l o g i c a l c o m p o s i t i o n 

o f t h e s a m p l e . I f t h e number of m i n e r a l s i s e q u a l t o t h e number of e l e 

ments a n a l y z e d , i . e . , i f n = k , t h e r e w i l l u s u a l l y be a un ique s o l u t i o n 

t o ( 1 6 ) . H y d r o t h e r m a l l y a l t e r e d r o c k s a r e g e n e r a l l y d i s e q u i l i b r i u m 

a s s e m b l a g e s , t h u s t h e number o f p h a s e s i s n o t c o n s t r a i n e d by t h e Phase 

Rule t o be <_ t o t h e number of c o m p o n e n t s . However , t h e number of major 

p h a s e s i s commonly o b s e r v e d t o be l e s s t h a n t h e c o m p o n e n t s , and 

e q u a t i o n (16) i s o v e r d e t e r m i n e d . The s o l u t i o n t o (16) may be o b t a i n e d 

by a l e a s t s q u a r e s a p p r o x i m a t i o n i n which t h e sum of t h e s q u a r e o f t h e 

d i f f e r e n c e be tween a c t u a l whole rock chemica l d a t a and t h e v a l u e o f X. 

computed from (16) i s m i n i m i z e d . 

A d d i t i o n a l c o n s t r a i n t s a r e imposed whereby Em.. = 1 . 0 , n e g a t i v e 

v a l u e s o f rn.. a r e n o t a l l o w e d and t h e s o l u t i o n i s we ighed a c c o r d i n g t o 

t h e e s t i m a t e d a b s o l u t e e r r o r i n t h e a n a l y t i c a l d a t a . 

i 

In matrix notati on (15) becomes 

m. C=X 
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(16 ) 

whe re C con tains the chemica l composition of the minera l phases . X the 

chemical compos ; tion of the rock and m the mineralogi cal compos ition 

of the sampl e . If the nurrber of minera l s i s equal to the number of ele

me nts ana l yzed . i.e. 1 if n = k , there \'Iill usually be a unique solution 

to (16) . Hydrothenna lly altered rocks are generally disequ ili brium 

assemb l ages. t hus the number of phases is not constrained by the Phase 

Rule to be ~ to the nUnDe r of cemponents . However, the numbe r of major 

phases i s corrmonly observed to be less than the components. and 

equation (16) is overdetermined . The solut i on to (16) may be obtai ned 

by a l east sq uares approximation in which the sum of the square of the 

difference between actua l whole rock chemica l data and the value of Xi 

computed from (16) is min i mi zed. 

Additional constraints are imposed whereby Emi = 1.0) negative 

val ues of ffi i are not allm.,red and the sol ution i s weighed according to 

the esti mated absolute error in the ana lytical data. 
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APPENDIX F 

DIST PROGRAM FUNDAMENTALS 

( K n i g h t , U n p u b l i s h e d ) 

The DIST program i s used t o s o l v e f o r t h e m o l a l i t i e s and a c t i 

v i t i e s i n an aqueous s o l u t i o n g i v e n t h e pH and a chemica l a n a l y s i s o f 

t h e s o l u t i o n . 

The e q u i l i b r i u m c o n d i t i o n s in an aqueous s o l u t i o n a r e u n i q u e l y 

d e f i n e d by t h e laws of mass b a l a n c e and mass a c t i o n : 

w h e r e : v = moles o f t h e e e l e m e n t i n t h e s aqueous s p e c i e s . 

Law of Mass B a l a n c e : 

(17) 

th 
e ,S 

m = t o t a l moles o f t h e e t h e l e m e n t . 
£ 

m s 
m o l a l i t y of s p e c i e s s . 

Law o f Mass A c t i o n : 

w h e r e : K. = e q u i l i b r i u m c o n s t a n t f o r t h e j d i s s o c i a t i o n 
3 

r e a c t i o n . 

n . = s t o i c h i o m e t r i c c o e f f i c i e n t f o r t h e s s p e c i e s 
5 

in t h e j r e a c t i o n . 

t h 

Y s = a c t i v i t y c o e f f i c i e n t f o r t h e s s p e c i e s . 

a s = a c t i v i t y of t h e s ^ s p e c i e s . 

APPEND IX F 

DIST PROGRAM FUNDAMENTALS 

(Knight, Unpubl ished) 

The OIST program i s used to solve fo r the mo l al ities and ac ti

vi ties i n an aqueous sol ution given the pH and a chemical analys i s of 

t he solution . 

The eq ui li brium co nditi ons in an aqueous solu tion are uni quely 

defined by the l aws of mass bal ance and mass act i on: 

\'1he re: 

where : 

Law of Mass Bal ance: 

V £,s 

E m v 
~ S E . 5 

(17 ) 

= moles of the Eth el ement in the 5th aqueous species. 

JOT = tota l rroles of the E: t h el ement . 
£ 

IDS = mola l ity of species s. 

Lml/ of ~'ass Act; on: 
n " 

S ,J = lI(y m )ns,j 
s s s (18 ) 

K
j 

= equ ili brium consta nt for t he jth dissoci ation 

react ion. 

n . = stoichiometric coefficient for the 5
th speci es 

S ,J 
" th "t h t" 1n e J reac 10n. 

Ys = activity coefficien t for the 5
th 

spec i es . 

c\ = activity of t he s t h species. 
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The m o l a l i t y o f an uncomplexed i o n can be i n t r o d u c e d i n t o 

e q u a t i o n (17) s o as t o o b t a i n r a t i o s o f t h e m o l a l i t y of a s p e c i e s and 

t h e m o l a l i t y o f an uncomplexed i o n s . These r a t i o s may be g rouped i n t o 

t h r e e t y p e s : ( a ) t h e r a t i o o f an uncomplexed i o n and i t s e l f ; (b ) t h e 

r a t i o of two d i f f e r e n t uncomplexed i o n s c o n t a i n i n g t h e same e l e m e n t b u t 

i n d i f f e r e n t o x i d a t i o n s t a t e s ; ( c ) t h e r a t i o be tween a complex and an un

complexed s p e c i e s . 

E q u a t i o n (18) can be used f o r bo th complexed and uncomplexed 

s p e c i e s and be r e l a t e d t o t h e above m e n t i o n e d r a t i o s by a l g e b r a i c means . 

The r e s u l t i n g e q u a t i o n s a r e s o l v e d i n a i n t e r a t i v e f a s h i o n . The 

p rogram s t a r t s by a s suming a l l e l e m e n t s a r e p r e s e n t as uncomplexed 

i o n s and t h e a c t i v i t y c o e f f i c i e n t s a r e e q u a l t o o n e . E v i d e n t l y e r r o r s 

a r e i n t r o d u c e d b u t t h e y a r e l owered by i n t e r a t i o n . The program s o l v e d 

t h e e q u a t i o n t o o b t a i n an i n i t i a l g u e s s a t an uncomplexed ion (m, ) , and 

uses t h i s v a l u e t o r e s o l v e t h e e q u a t i o n s and g e t a new m^. These two 

v a l u e s a r e a v e r a g e d and t h e p r o c e s s r e p e a t e d u n t i l t h e new v a l u e i s 

c l o s e l y a c c e p t a b l e t o t h e o l d v a l u e . The program t h e n s o l v e s f o r m o l a l i 

t i e s o f t h e o t h e r s p e c i e s i n t h e s y s t e m . T h e s e m o l a l i t i e s a r e com

p a r e d t o p r e v i o u s l y c a l c u l a t e d m o l a l i t i e s . I f t h e y a r e c l o s e l y a c c e p t 

a b l e , i o n i c s t r e n g t h and a c t i v i t y c o e f f i c i e n t s a r e c a l c u l a t e d , o t h e r w i s e 

t h e c y c l e i s r e p e a t e d . A f t e r comput ing i o n i c s t r e n g t h , t h e p rogram 

c h e c k s for i o n i c s t r e n g t h c o n v e r g e n c e . I f n o t f o u n d , t h e c y c l e i s r e 

s t a r t e d . 
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The mo lality of an uncomplexed i on can he introduced into 

equation (17) 50 as to obta in rati os of the mol al ity of a spec ies and 

the mo l a l ity of an uncomplexed i ons. These ratios may be grouped i nto 

three types: (a) the rati o of an uncomp 1 exed i on and itse If; (b) the 

ratio of two di fferEnt uncomplexed i ons cont ai ning the same e l ement but 

in different oxidation states ; (c) the ratio between a complex an d an un

compl exed spec ies. 

Equation (18) can be used for both complexed and un comp l exed 

species and be r elated to the above menti oned ratios by al gebra i c means. 

The res ul t ing equations are solved ;n a interative fashion. The 

program starts by assumi ng all el ements are present as uncomp lexed 

ions and the activi ty coefficients are equal to one. Evi dent ly errors 

are i ntraduced but they are 10\<lered by i ntera ti on . The program so 1 ved 

the equation to obtain an i nitial guess at an uncompl exed i on (m~), and 

uses th i s va l ue to r esol ve the equations and get a new "b' These blO 

va l ues arc averaged and the pr ocess repeated until the new value is 

cl osel y acceptable to t he ol d value. The program then sol ves fa)' mol ali

ties of the other spec ies in the system . These mola li ties are com-

pared to previously calcul ated mo l al i ties. If they are c l osely accept

able, ionic strength and activ i ty coefficients are ca l cul ated, otherwi se 

the cycl e is repeated . After computi ng ioni c s trength, the progrdm 

checks for ioni c stre ngth conver gence . If not found , t he cycle is re

sta r ted. 
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APPENDIX G 

THERMODYNAMIC DATA FOR BIOTITE AND PLAGIOCLASE 

COMPOSITIONS FOUND IN THE MAYFLOWER STOCK 

B i o t i t e 

A c c o r d i n g t o Beane (1972) t h e the rmodynamic p r o p e r t i e s o f f e r r o -

magnes i an b i o t i t e s can be c a l c u l a t e d by t h e f o l l o w i n g e q u a t i o n s : 

H ' s s , 2 9 8 " - 1 ' 2 2 9 ' 3 0 0 X a n n " M 9 9 , 7 6 0 X p h l - 1 , 1 6 9 , 2 0 0 X p 0 o x y 

S s s , 2 9 8 " 1 0 0 - 3 X a n n + 7 5 - 2 X p M + 7 3 J X P D o x y " 4 " 5 7 7 ( X a n n l o 9 X a n n + 

X p h l l 0 9 X p h l + XPDoxy l Q 9 XPDoxy> " ° - 5 1 X a n n X p h l + 1 Z 6 - 3 X a n n 

XPDoxy + 3 0 . 5 X p h l X P D o x y 

C P S S

 = 1 0 0 - 8 8 X a n n + 9 6 - 3 8 X p h l + 8 7 - 5 8 X P D oxy + < 3 7 - 8 7 X a n n + 

26.53Xph1 • 4 9 . 2 7 X p [ ) o x y ) x 1 0 " 3 T - { 5 . 6 1 X a n n • 2 7 . 2 3 X p h l * 

2 8 . 1 2 X p 0 o x y ) x 1 0 5 T " 2 

- 1 5 4 - 3 X a n n + 1 4 9 " 9 X p h l + 1 3 6 - 0 X P D o x y 

Where H s $ , X $ s , C p s $ and V s s a r e t h e e n t n a - j p y o f f o r m a t i o n , t h e e n t r o p y , 

t h e h e a t c a p a c i t y and t h e m o l a r volume r e s p e c t i v e l y o f t h e s o l i d - s o l u t i o n 

o f t h e f e r r o m a g n e s i a n m i c a s , X a n n X . 1 and X p [ ) o x y a r e t h e mole f r a c t i o n s 

of a n n i t e , p h l o g o p i t e and p r o t o n - d e f i c i e n t o x y a n n i t e r e s p e c t i v e l y i n t h e 

b i o t i t e m o l e c u l e and T i s t h e a b s o l u t e t e m p e r a t u r e . 

APPENDIX G 

THERMODYNAMI C DATA FOR BIOTITE AND PLAGIOC LA SE 

COMPOS ITI ONS FOUND IN THE MAYFLOWER STOCK 

Bi otite 

According to Beane (1972) the thermodynamic properties of ferro

magnes i an b;otites can be ca l culated by the follow i ng equations: 

H' Ss,298 = -1 ,229 ,300Xann - 1,499,760Xphl - 1,1 69,200XpDOXy 

S~S,298= 100 . 3Xann + 75.2Xphl + 73 .1XpDOXy - 4.577(XannlOg Xa nn+ 

xph ll og Xphl + XpDoxy log XpDoxy ) - 0.61XannXphl + 126.3 Xann 

C~ss = 100.88Xann + 96 . 38X ph1 + 87.58X pO oxy + (37.87Xann + 

26.53Xphl ,. 49 .27XpDoxy ) x 1O-3T - (5.61Xann + 27.23Xphl + 

5 -2 
28 .1 2XpDOXy) x 10 T 

V' = 154 . 3X + 149.9Xph1 + 136 OX ss ann . PDoxy 

~!here II' X I C I and V I 55 ' 5S ' pSS S5 are t he entha l py of formation, the entropy , 

the neat capacity and the mo l ar volume res pe-:: ti ve ly of the solid-sol ution 

of the ferromagnesia n micas. X X 11 and ann. p i 

of ann; teo phl ogopite and proton-defi cient 

XPO are the mo l e fractions oxy 
OXYllnnite respecti vely i n the 

b"ioti tc molecule and T i s the abso lute temperature. 
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The Mayflower b i o t i t e i s c h a r a c t e r i z e d by an a v e r a g e c o m p o s i 

t i o n of 0.64Xp^.j and 0 . 3 6 X g n n . No f e r r i c and f e r r o u s i r o n d e t e r m i n a t i o n s 

were d o n e , howeve r . As a r e s u l t , t o t a l i r o n was t r e a t e d a s f e r r o u s and 

t h e Xpp Q was assumed t o be z e r o f o r p u r p o s e s of t h e c a l c u l a t i o n s . The 

s u b s t i t u t i o n o f t h e mole f r a c t i o n s found f o r t h e Mayflower b i o t i t e i n t o 

t h e e q u a t i o n s above a f f o r d s : 

H ' b i o t , 2 9 8 = " 1 , 4 0 2 , 3 9 4 . 4 c a l / m o l e 

S b i o t 298 = 8 5 . 3 9 5 c a l / m o l e - d e g r e e 

C* = 9 8 . 0 + 30 .61 x 1 0 " 3 T - 1 9 . 4 5 x 1 0 5 T ~ 2 ( c a l / m o l e - d e g r e e ) 
p b i o t 

V b i o t = 1 5 1 * 4 8 c m 3 / m o l e 

The e q u i l i b r i u m c o n s t a n t f o r t h e h y d r o l y s i s of t h e Mayflower b i o 

t i t e was t h e n c a l c u l a t e d a t d i f f e r e n t t e m p e r a t u r e s and a t 1 b a r p r e s s u r e 

( T a b l e 17) u s i n g t h e e q u a t i o n below (He lgeson 1 9 6 9 a ) : 

logK(T) - l o 9 K ( T r ) - ^ ( 1 - 1 ) - A C p , r ( T ) d T 
r J \ 

1 
2.303R AC° ( T ) d l n T (19) 

T H » ' 
'R 

The the rmodynamic p r o p e r t i e s f o r t h e aqueous s p e c i e s a r e a l s o found i n 

H e l g e s o n , 1969a . 

P l a g i o c l a s e 

The s o l i d s o l u t i o n s e r i e s o f t h e p l a g i o c l a s e s was assumed t o 

behave i d e a l l y . T h e r e f o r e , o n l y mix ing e f f e c t s were c o n s i d e r e d i n t h e 

c a l c u l a t i o n s of t h e the rmodynamic p r o p e r t i e s of t h e Mayflower p l a g i o 

c l a s e which i s c h a r a c t e r i z e d by an a v e r a g e of 60% a l b i t e and 40% 

211 

The Mayflower biotite is characterized by an average composi-

ti on of O.64Xph1 and O.36Xann No ferric and ferrous iron determinations 

we re done, however. As a res ult . tota l iron was t reated as ferrous and 

the XpDoxy was assumed to be zero for purposes of the ca l cula tions . The 

subs tituti on of the mo l e fra ctions found for the Mayflowe r biotite into 

the equati ons above affords: 

H'biot.298 = -1. 402.394.4 ca l /mo le 

Sbiot. 298 = 85.395 cal/mole-degree 

Cp' = 98 .0 + 30.61 x 1 0-~ - 19.45 x 105T- 2 (cal/mole-degree) 
biot 

Vbiot = 151 .48 cm3/mole 

The equilibrium constant for the hydro lysis of the Mayflowe r bio

t ite was then ca l cu l ated at different temperatures and at 1 bar pressure 

(Tab le 17) us in g the equati on below (Helgeson 1969a): 

_ 6H~(Tr) 1 1 
10gK(T) - logK(\) - 2 . 303R (f - f r ) 

1 (T6Co (T)dT 
- T303RTJT p . r 

r 

2.363R (:AC~ .r(T)dlnT 
J 'R 

(19 ) 

The ther'lllodynamic properties for the aqueous species are al so found in 

He 1geson. 1969a . 

Pl agiocl ase 

Th e so li d solut ion ser ies of the plagioc l ases was assumed t o 

behave ideally. Therefore . only mi xing effects \'Jcre considered in t he 

ca l cu1at ions of the t hemodynalllic propC!rties of t.hE' May flower pl ag iO

cla se 'flhi ch i s c!wr()ctet'ized by an average of 60 ?', albite and 40% 
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TABLE 17 

EQUILIBRIUM CONSTANT (LogK) OF THE AVERAGE MAYFLOWER 
• 

BIOTITE (X = 0 . 6 4 ; X - 0 . 3 6 ; X D n - 0 . 0 ) AT 
phi ann PDoxy ' 

TEMPERATURES FROM 25°C TO 350°C. 

T°C Log K(T) 

25 2 8 . 2 0 

50 2 4 . 7 0 

75 2 1 . 7 0 

100 • 1 9 . 2 0 

125 1 7 . 0 0 

150 1 5 . 0 0 

175 1 3 . 4 0 

200 • 1 2 . 1 0 

225 1 0 . 9 0 

250 • 9 . 7 2 

275 8 . 6 8 

300 . 7 . 7 3 

325 6 . 8 7 

350 6 . 0 7 
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TABLE 17 

EQUILlBRlUf1 CONSTANT (LogK) OF THE AVERAGE flAY FLOWER 

BIOTITE (X hl • 0 .64; X • 0 . 36; XPO • 0 .0) AT p ann oxy 

TEI~PERATURES FROM 25°C TO 350°C . 

TOC Log K(T) 

25 • 28.20 

50 24 . 70 

75 21.70 

100 19 . 20 

125 • • • 17 .00 

150 • 15.00 

175 • 13.40 

200 • 12. 10 

225 10 .90 

250 9.72 

275 8.68 

300 • • • 7. 73 

325 6.87 

350 6 .07 
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a n o r t h i t e c o n t e n t s . 

The e n t r o p y os m i x i n g (AS . ) and t h e Gibbs f r e e e n e r g y o f mix-
III I A 

i n g ( A G

m i - x ) o f a n i d e a l s o l i d s o l u t i o n a r e g i v e n b y : 

A S m . x = - R ^ l n X ] + X 2 l n X 2 ) (20 ) 

A G m i x - R T ^ l n X 1 + X 2 l n X g ) (21) 

where X-j and X 2 a r e t h e mole f r a c t i o n s of t h e two components in a b i n 

a r y s y s t e m , R i s t h e gas c o n s t a n t and T i s t h e a b s o l u t e t e m p e r a t u r e o f 

t h e s t a n d a r d s t a t e ( 2 9 8 . 1 5 ° K ) . The s u b s t i t u t i o n of X-, and X 2 f o r 0 . 6 

( a l b i t e c o n t e n t ) and 0 . 4 ( a n o r t h i t e c o n t e n t ) r e s p e c t i v e l y i n t h e e q u a 

t i o n s (20) and (21) a f f o r d s : 

and 

A $ _ . 3 1-337 c a l / m o l e . d e g r e e mi x 3 

A G m i x = ~ 3 9 8 - 7 1 c a l / m o l e 

The e n t h a l p y of f o r m a t i o n (AH°-) o f t h e s o l i d s o l u t i o n can be 

w r i t t e n a s : 

AH° = AG° + TAS° (22) 

o r f o r t h e Mayflower a n d e s i n e : 

A H f , a n d " A G m i x + ° - 6 A G f , a b +

A G f , a n + T ( A S m i x + 

0 . 6 A S ° ; a b + 0AtS°f>J ( 23 ) 

where AG^ and AS° s t a n d f o r t h e Gibbs f r e e e n e r g y and t h e e n t r o p y o f 

f o r m a t i o n of t h e end members o f t h e s e r i e s . Data on AG£ f o r a l b i t e and 

a n o r t h i t e a r e a v a i l a b l e (Robie e t a l . 1 9 6 8 ) , b u t A S ° v a l u e s needed t o 

be c a l c u l a t e d by t h e e x p r e s s i o n : 
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anorthite conten ts. 

The entropy as mi xing (65 . ) and the Gibbs free energy of mix
mlX 

ing (6Gmix ) of an ideal solid solution are gi ven by: 

oSmix = - R(X11n Xl + X21n X2) 

OGmix = RT(X11n Xl +X21n X2) 

(20) 

(21) 

where Xl and Xz are the mo l e fractions of the blO components i n a bin

ary system , R is the gas constant and T i s the absolute temperatu )"e of 

the standard state (298 .1 5°K) . The substitution of Xl and X2 for 0.6 

(a l bi te content) and 0.4 (anorth i te content) respectively in the equa

tions (20) and (21) affords: 

oSmi x = 1. 337 ca1/mo1e.degree 

and 

OGmix = - 398.71 ca1/n~le 

The entha l py of formation (OHf) of the so l id solution can be 

written as: 

(22 ) 

or for the Mayf l ower andesi ne: 

hHf,and z AGmix + O . 6~Gf,ab +6Gf ,an + T(6Smi x + 

(23 ) 

\.,.here 6Gf and 6S} s tund for the Gibbs free energy and the entropy o f 

formation of the end meroers of the series. Data on AGf for albite and 

anorthite are available (Robie et a1 . 196B), bllt ~Sf v.]1ues needed to 

be calculated by the expression: 
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AS° 2 g g ^ ( m i n e r a l ) = S ( m i n e r a l ) - £ S ( e l e m e n t s ) 

( 24 ) 

where S i s t h e a b s o l u t e e n t r o p y . For a l b i t e and a n o r t h i t e e q u a t i o n 

(24) g i v e s : 

A S f 298 i 5 ( a l D 1 * t e ) = " 178 .294 c a l / m o l e . d e g r e e 
• 

A S f 298 ] 5 ( a n o r t n i ' t e ) = " 1 8 0 . 0 2 4 c a l / m o l e . d e g r e e 

The a b s o l u t e e n t r o p y of t h e a n d e s i n e can be e x p r e s s e d b y : 

S . _ S . + 0 . 6 S . + 0 . 4 S (25) and = mix ab an v ' 

so t h a t : 

^and = c a l / m o l e , d e g r e e 

The s u b s t i t u t i o n of t h e unknowns i n e q u a t i o n (23) f o r t h e i r c o r r e s p o n d 

i n g v a l u e s a f f o r d s : 

A H £ - j 5 ( a n d e s i n e ) = - 9 6 6 , 0 8 8 . 0 c a l / m o l e 

Heat c a p a c i t y c o e f f i c i e n t s f o r a n d e s i n e can be c a l c u l a t e d by : 

a = 0 . 6 a . + 0 . 4 a _ ab an 

b = 0 . 6 b . + 0 . 4 b (26) ab an 

c = 0 . 6 c . + 0 . 4 c ab an 

where a , b and c o f t h e end members a r e known (Robie e t a l . 1 9 6 8 ) , so 

t h a t : 

a a n d = 6 2 - 7 9 

b a n d - 1 3 . 8 2 x 1 0 - 3 

c a n d - - 1 5 . 7 6 x 1 0 5 
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6Sf.298.15(minera1) : S(mi nera1) - E S(e1ements) 

(24) 

where S i s the abso lute entropy. For albite and anor'thite equation 

(24) gives: 

so that: 

6Sf.298 .15(a1bite) : - 178 .294 ca1/mo1e .degree 

6Sf ,298. 15 (anorthite) : - 180 .024 ca1/mo1e .degree 

The absolute entropy of the andesine can be expressed by: 

(25) 

Sand: 50.84 ca1/mo1e.degree 

The substituti on of the unknowns in equati on (23) for their correspond-

ing values affords: 

6Hf.298 .1 5(andesine) : - 966 .088.0 ca1/mo1e 

Heat capacity coefficients for andesine ca n be calcul ated by: 

a • 0.6 aab + 0. 4 aan 

b = 0.6 bab + 0.4 ban 

c : 0.6 cab + 0.4 can 

(26 ) 

where a, band c of the end members are known (Robie et a1. 1968) . so 

that ; 

aand = 62.79 

b : and 13.82 x 10- 3 

cand = - 15.76 x 105 
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The o b t a i n e d v a l u e s f o r H£ ^93 15* ^» a n c * a » D a n c * c ^ o r a n c ' e -

s i n e a l l o w e d t h e use o f e q u a t i o n (19) f o r c o m p u t a t i o n o f t h e e q u i l i b r i u m 

c o n s t a n t of t h e a n d e s i n e h y d r o l y s i s a t d i f f e r e n t t e m p e r a t u r e s ( T a b l e 1 8 ) . 
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The obtained values for Hf ,298.15' S, and a, band c for ande

sine allowed the use of equation (19) for computation of the equilibrium 

constant of the andesine hydrolysis at different temperatures (Table 18). 
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TABLE 18 
i 

EQUILIBRIUM CONSTANT (LogK) OF THE AVERAGE 

( 0 . 6 Ab and 0 . 4 An) AT TEMPERATURES FROM 

FROM 25°C TO 350°C 

T°C l o g (K) 

25 . . . . . . . . . . . . . . . . . . . . . 1 2 . 0 0 

50 9 . 8 3 

75 8 .01 

100 . . . . . . . . . . . . . . . . . . . . . . . . 6 . 4 6 

125 5 .09 

150 . . . . . . . . . . . . . . . . . . . . . . 3 .86 

175 2 . 8 7 

200 2 . 0 3 

225 . . . . . . . . . . . . . . . . . 1.32 

250 . . . . . . . . . . . . . . . . . . . . 0 . 5 1 3 

275 . . . . . . . . . - 0 . 1 6 9 

300 . . . . . . . . . . . . . . . . . . . . . . . . - 0 . 8 0 1 

325 - 1 . 3 9 

350 . . -1 . 96 

25 

50 

75 

100 

125 

150 

175 

200 

225 

250 

275 

300 

325 

350 

. . . . . 

TABLE 1B 

EQUILIBRIUM CONSTANT (LogK) OF THE AVERAGE 

(0.6 Ab and 0.4 An) AT TEMPERATURES FROM 

FROM 25°C TO 350°C 

. . . . 

-------------------------------------

.J 
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log (K) 

12.00 

9.B3 

B.Ol 

6.46 

5.09 

3.B6 

2.B7 

2.03 

1. 32 

0.513 

-0.169 

-0. BOl 

-1.39 

-1.96 
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TABLE 19 

MINERAL ABUNDANCE AND GAINS AND LOSSES IN THE ALTERED 

MAYFLOWER AND ONTARIO ROCKS 

APPENDIX H 

TABLE 19 

MINERAL ABUNDANCE AND GAINS AND LOSSES IN THE ALTERED 

~V\yFLOHER Arm ONTARIO ROCKS 



-C301 WE IGHT GAIN OR LOSS MF-0 8 03 HEIGHT GAIN OR LOSS 
MINF&AL PER CENT G/CN»»3 G/CM»»3 MINERAL PER CENT G/CM»»3 C/CH»»3 
PLAGICCLAS *.7.97 1.3 3*. 56i. PLAGIOCLAS 51. 70 1.<.17 - .Mi 
K~ FELDSPAR 10.59 • 29*. . 157 K-FF.LD3PAR <..70 • 129 -.009 
QUART? 16.37 -H55 . ISO QUARTZ 15.55 . 1.26 . 151 
BIOTITE 15. 82 .*>*»0 .110 BIOTITE 17.60 • *>82 . 152 
PYOITE 1.0ft .030 .030 PYRITE .6*. .017 .017 
CALCITE 2.96 .082 .082 CALCITE 2. 75 .075 .075 
ANHYORITE .32 .309 .009 ANHYDRITE .37 .010 .010 
CHLORITE *>.80 .133 .133 CHLCRITE 5.98 .16*. .IS*. 
TOTALS 99.92 2.778 .138 TOTALS 99.29 2.721 .031 

WT.PERCENT GAIN OR LOSS WT.PERCENT GAIN OR LOSS 
COMPONENT COMPUTEO RESIDUAL G/CM»»3 COMPONENT COMPUTED RESIDUAL G/CMJ 
SI 2 7.5 69 .363 -.0071 SI 26.921 .510 -.0397 
AL 9.*,69 .629 -.05*.! AL 9.668 .352 - . 0*i«.5 
F £** 3.3<»5 . 0«.2 -.0001 FE + + 3.363 -. 0 80 .0025 
MG 2.132 -•0*>5 . 0290 MG 2.625 .026 .0397 . 
CA *>.239 .206 -.00*t7 CA *>.368 .023 .0331 
NA 2.*.*.2 -.281 -,02*>3 NA 2.561. -.077 -.0276 
< 2.693 -.021 . 0275 K 2.109 -. 0C8 . 0 ICC 
S .579 -.001 .0161 S • 3*>1 .001 . 0093 
0 <»&.<.21 -.966 .039** O *>6. 209 -1.*.57 . 0270 
c .355 -.005 .0100 C .330 -.000 . 0090 
S03 .190 -.000 . 0053 S03 . 220 -.000 .0060 
T I .516 .001 . 0077 TI .57*> .005 . 0090 

SUM OESIOUALS»»2 1.587 SUM RESIOUALS»«,2 2.520 
STANDARD OEVIATION .630 STANDARO DEVIATION .79*. 

-08 J2 WEIGHT GAIN OR. LOSS 
MINFOAL PER CENT G/CM»»3 G/CM» »3 
PL A GICCL *S *.9. 33 1.376 -.522 
K-FELQSPAR 6.3*. .177 . 039 
QUARTZ Ik.Ot .391 .116 
BIOTITE 17.39 .1.85 .155 
PYRITE 1. 72 , 0*.« . G*i6 
CALCITE J..31 • 120 . 120 
4SHYOSITE .37 .010 .010 
CHLCRITE 5.67 .158 . 155 
TOTALS 99.11 2. 765 .125 

WT.PERCENT GAIN OR LOSS 
COMPONENT COiPUTED RESIOUAC G/CM»»3 
SI 25.959 .529 -.0539 
AL 9. "4 *) g .2 37 -. 0'.23 

3.990 .220 .0 133 
MG 2. <.02 -.119 . 0388 
CA **.3*.5 -.165 . 0238 
NA 2.*»6*J .016 -.0317 
K 2.290 -.009 .0162 
S .913 -. 0 12 . 0259 
c *.5.*»90 -1.591 .03*>6 
c .517 .006 • 01*.2 
S03 .223 .000 . 0061 
T I .567 -.002 .0093 

SUM RESIOUALS»»2 2.957 
STANDARD DEVIATION .860 

-080*. HEIGHT GAIN OR LOSS 
MINFRAL PER CENT G/CH»"3 G/CM»»J 
PL AG ICCL AS 51.61 1.*.19 -.*»7S 
K-FELDSPAR 5.36 . 1W .010 
QUART Z 15.<.8 . *-26 .151 
OIOTITE 17.3*i .*>77 .1<.7 
PYRITE 1.53 . 0<»2 .Q<.2 
CALCITE J.3J .092 .092 
CHLORITE *».97 .137 .137 
TOTALS 99.6'. 2.7*.0 . 100 

WT.PERCENT GAIN OR LOSS 
COMPONENT COMPUTEO RESIOUAL G/CM»»3 
SI 26.861 .215 -.03 06 
AL 9.596 .068 -.0373 
FE»* 3.609 -.25*. . Cl«.3 
MG 2.*»26 .07*. . 0 332 
CA **.*.87 .220 .0013 
NA 2.567 -.119 -.0261 
K 2.171 .005 .0116 
S .820 .010 .0223 
O *>6.137 -.581 . 0057 
C .i.00 -.0 06 .0112 
TI .566 .004 .0087 

SUM RESIOUALS"2 .521 
STANDARD DEVIATION .361 
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M7-1531 CUW OR toss K?~lJOS GMT C<» LOSS 
•>£S CENT G/C*t*s3 MINERAL C£MT C/CH»»3 
•»2„29 1.-1*2 • . /'JO ."LAC! CCL AS 35. C .612 •1.035 

K-f ft. ÔP*̂  s?. •••*. „ S 5 0 .213 K-fFCOSPAR 13. ft »# . 37(, .234 
21. ?0 .5 72 . £•? 7 QUART 2 it. 3 1 .729 SI0T2 T£ I ** »<» 9 * «, S 5 .115 BIOTITE IJ . 79 .372 .$«>? 

P Y » « f E . R 8 • S2H g 0 2 "« PYRITE J. IS .086 .8*1 
c * L c • r r « , ft 5 .07? . C 7 .* CAlC I Tt 2. 77 .061 . Chi 
»..•.« o»i rc . 0 I .031 1. fS7 .0<,5 • 0S5 
KAOLi fcltfi i. 6» .0 72 .8/2 KAOL htTC ».. >>Z . 172 .522 Htc.i ; trt lOtl - . 0 ! CJ TOTALS 99. 3 0 ?.6«1 . om 

99. ft/ «f. 696 .020 WT.Pf «CEKT CAIH OR LOS1 
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cn P 0 lit M T kiS:DU*i fir/C* * • J SI 29. <. 76. .727 .0126 
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-1306 WEIGHT GAIN OR LOSS 
HI NEPAL PER CENT G/CM»»3 G/CM»»3 
PLAGICCLAS 1.9. 75 1.31.3 -. 55t. 
K-FELOSPAR 7. 81 .211 .073 
CUA3T 2 19.99 .5*.0 .265 
BIOTITE 16.92 .*>57 .127 
PYRITE 1.12 .030 .0 30 
CALCITE 2.51 .063 .0 68 
ANHYDRITE .59 .016 .016 
MAGNETITE .60 .016 -.011 
TOTALS 99.3 0 2.681 .011. 

WT.PERCENT GAIN OR LOSS 
COMPONENT COMPUTED RESIDUAL G/CM»»3 
SI 28.292 . 665 -.0175 
AL 9.071 .231 - . 0611 
ft** 3. 112 .003 -.0080 
MG 1.673 .153 . 0095 
CA H.289 .272 -.0076 
HA 2.1.57 -.199 -.0283 
K 2. <«53 .00*. .0181 
S .600 -.000 .0162 
0 <.6. 322 -1.767 .0191. 
C .301 -.005 .0083 
S03 ,3*.9 -.001 . 00 9H 
T I .381 -.057 . 0052 

SUM »ESIOUALS"»2 3.759 
STANOARO DEVIATION .969 

-1501 WEIGHT GAIN OR LOSS 
MINE°AL PER CENT G/CM»»3 G/CM»*3 
PL AG ICCLAS 1.2. 06 1. 169 -.728 
•C-FELOSPAR 9.33 .259 .122 
QUARTZ 22.37 .622 . 31.7 
BIOTITE 17.75 .*>93 • 163 
PYSITE .37 .010 .010 
CALCITE 2.65 .07*) .07N 
ANHYDRITE .27 .008 .008 
KAOLINITE 3.62 .101 . 101 
MAGNETITE .76 .021 -.006 
TOTALS 99. 19 2. 757 . 090 

WT.PERCENT GAIN OR LOSS 
COMPONENT COMPUTED RESIOUAL G/CM»»3 
SI 28.895 .660 .0215 
At 9.105 .053 -.0*82 
F E 2.89H .002 -.0115 
MG 1.730 .103 .0151 
CA 3. 712 . 231 -.0192 
NA 2.178 -.122 -.0361 
< 2.629 .01*. ,02*>? to .200 -.000 . 00 56 
0 •.6.915 -1.719 .0730 
C .313 -. a 06 .0090 
S03 .160 -.000 .oou 
TI . WSi -.031 .0054 

SUM RESI0UALS»»2 3.H72 
STANDARO OEVIATICN 1.076 

*.F 

-1502 WEIGHT GAIN OR LOSS 
MINERAL PER CENT G/CN'M G/CM» »3 
PLAGICCLAS H2. 66 1.173 - . 72*. 
K-FELDSPAR 9.HH .260 . 122 
QUARTZ 22.55 .620 . 3*5 
BIOTITE 16.58 .H56 .126 
PYRITE 2.2H .062 .062 
CALCITE 2.31 .063 .063 
KAOLINITE 3.02 .083 .083 
TOTALS 98.81 2.717 .077 

WT.PERCENT GAIN CR LOSS 
COMPONENT COMPUTED RESIOUAL G/CM'»3 
SI 28.809 .901 ,C3H1 
AL 8.96*. .071 -.0552 
EE 3. 07H .136 -.0111 
MG 1. 663 .028 .0135 
CA 3.530 .292 -.0270 
NA 2.209 -.19<» -.0339 
K 2.551 . 019 .0216 
S 1.200 -.020 . 0 336 
O ••6.159 -2.395 . 0562 
c .277 -.007 .00 78 
TI .3 7H -.021 .001.3 

SUM RESIOUALS»"2 6.699 
S T ANDARO DEVIATION 1.29*. 

-1 5 0 3 WEIGHT GAIN CR LOSS 
MINERAL PER CENT G/CM»»3 G/CM»»3 
PLAGIOCLAS 37, 35 1.026 -.872 
K-FELOSPAR 11.60 .31*. .177 
QUART Z 2H.06 .652 .377 
BIOTITE 16.H5 ..*.-*> 4 .116 
PYRITE 1.53 .0*.2 .0H2 
CALCITE 1.95 • 053 . 053 
ANHYORITE .29 .008 .038 
CHLORITE .55 .015 . 015 
KAOLINITE H.13 .112 .112 
TOTALS 98.H0 2.667 .027 

WT,PERCENT GAIN OR LOSS 
COMPONENT COMPUTEO RESIOUAL G/CM»»3 
SI 29.208 1.019 . 0 0 0 5 
AL 8.8 13 .076 -.0631 
FE*» 2.820 -. 150 -.011*. 
MG 1.737 . 0 5*. • 01H1 
CA 3.177 .376 - . CHOI 
NA 1.992 -.308 -.0377 
K 2.802 .038 .0 269 
S .320 .010 .0220 
O t.6.265 -2.700 • 0*>80 
c .23*. -.009 . 0066 
S03 .169 -.001 .00H6 
TI .371 -.0 00 .0035 

SUH RESI0UALS»»2 8.599 
STANDARD DEVIATION 1.693 o 
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-150i» WEIGHT GAIN OR LOSS MF-1506 WEIGHT GAIN OR LOSS 
KINFPAL PER CENT G/CM»»3 G/CM*»3 MINERAL PER CENT G/CM"3 G/CM»»3 
PL t- G1 OCL AS 37.01 1.007 - . 891 PLAGICCLAS 20.00 .522 -1.375 
K-FELOSPAR 13.41 . 3 65 .227 K-FELOSPAR 8.14 .212 .075 
QUA»TZ 2*.23 .660 .385 QUAPTZ in.91 .339 .114 
BIOTITE 16.98 .462 .132 BIOTITE li.35 .296 -.034 
PYRITE 1. 59 .043 .0*3 PYRITE 2.07 .054 .05<« 
CALCITE 1.93 .054 .054 CALCIIE 22.95 .599 .599 
ANHYORIT E .25 .007 .00 7 ANHYDRITE 3. 70 .097 .097 
KAOLIUTE 3.18 .036 .086 KAOLINITE 5.07 .132 .132 
MAGNETITE .56 .015 -.012 EPIOOTE 11.1.6 .299 . 299 
TOTALS 99.2H 2. 699 .032 TOTALS 99.6* 2.601 -.039 

W f.PERCENT GAIN OR LOSS WT.PERCENT GAIN OR LOSS 
COMPONENT COMPUTED RESIOUAL G/CM»»3 COMPONENT COMPUTED RESIDUAL G/CM»»3 
SI 29.<.t0 .661 .0196 SI 20.307 -.028 -.2 3 27 
AL 8.621 .046 -.0666 AL 7.143 -.003 -.1133 
FE»* 3.221 .003 - . 00 -.4 FE*-* 3.631 .063 .0012 • 
MG 1.703 .062 .0131 MG 1.138 .088 -.0041 
CA 3.129 .320 -.0396 CA 13.1.58 -.650 ,2522 
NA 1.969 -.21.2 -.0399 NA 1.073 .005 -.0721 
K 3.063 .038 . 03k<. K 1.9<.l -.001 . 00 27 
S .850 -.0 00 . 0231 S 1.105 -.005 . 0290 
0 46.1.96 -1.625 . 0299 0 1.4.656 .117 -.1166 
c .238 -.COS . 0067 C 2. 753 .076 .0699 
S03 .150 -.000 .0041 S03 2.178 .008 . 0566 
TI . 583 -.018 .0043 TI .256 -.032 .0009 

SUM PESIOUALS»»2 3.2*4 SUM RESIDUALS»»2 .1.56 
STANDARD OEVIATION 1.040 STANDARO DEVIATION .390 

-1505 WEIGHT GAIN OR LOSS MF-1701V HEIGHT GAIN OR LOSS 
MI NEPAL PER CENT G/CM»»3 G/CM*»3 MINERAL PER CENT G/CM»»3 G/CM»»3 
PL AG ICCL AS 5 2.26 l.*37 -. H6Q PL AGIOCL AS 22.li. .602 -1.295 
K-FELOSPAR 5.61 .154 .017 K-FELOSPAR 9.77 .266 .123 
QUARTZ 17.53 .433 . 208 QUARTZ 29.44 .801 . 526 
BIOTITE 21.92 .603 .273 BIOTITE 11.29 .307 -.023 
PYRITE .H5 .0 12 .012 PYRITE 10 .64 .289 .239 
CALCITE .96 .026 . 026 CALCITE 4.74 .129 .129 
ANHYDRITE .22 .006 . 006 ANHYDRITE 2.39 .065 .065 
MAGNETITE .73 .020 -.007 KAOLINITE 9.18 .250 .250 
TOTALS 99.7 3 2, 71.3 .075 TOTALS 99.59 2.709 .069 

WT.PERCENT GAIN OR LOSS WT.PERCENT GAIN OR LOSS 
COMPONENT COMPUTED RESIOUAL G/ C M » » 3 COMPONENT COMPUTED RESIOUAL G/CM"3 
SI 28 . 1H0 .372 . 00 02 SI 27.243 .61.5 -.0399 
AL 9.626 .363 - .0H51 AL 7.075 .035 -.10 83 
F E 3.*22 .0 02 . 00 22 F£*>* 6.361 .508 . 0673 
MG 2. 198 .196 . 0236 MG 1.104 .055 -o 0030 
CA 3.6*3 -.138 -.0107 CA 3.921 .762 -.0301 
NA 2.6*7 .0 36 -.0282 NA 1.231 -.179 - . 0617 
K 2.511 -.021 . 0216 K 2.156 . 0 39 . 03 96 
S .2*3 -.0 00 . 0066 S 5.687 -. 1.93 .1681 
0 46.567 -.957 . 0279 O 42.561. -1.557 -.0789 
C .115 .001 .0032 c .569 -.119 .0187 
S03 .130 .000 . 0036 S03 1.405 -.085 .0405 
TI .495 -.069 .0069 TI .267 -.027 .0014 

SUM RESI0UALS»»2 1.266 SUN RESIDUALS»»2 3.962 
STANDARO DEVIATION .563 STANOARO OEVIATION .998 
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MF-1702 HEIGHT GAIN OR LOSS MF-170* WEIGHT GAIN OR LOSS 
MINERAL PER CENT G/CM»*3 G/CM»*3 MINERAL PER CENT CCM»»3 
PL AG ICCLAS 29.91 .325 -1.072 PL AG ICCL AS 46.11 1.263 -.634 
K-FELDSPAR 15.55 . 429 .292 K-FTLOSPAR 8.20 .225 .08 7 
QUARTZ 19. 84 .5*8 .273 QUARTZ 17.23 .472 .197 
BIOTITE 20.21 .558 .228 BIOTITE 21.05 .577 .247 
PYPITE 2. 64 .073 .073 PYRITE . 75 .021 .021 
CALCITE 2.16 .060 .060 CALCITE 1.63 . 045 . 045 
AN H YO RIf £ .56 .015 .015 ANHYORITE .34 .009 .009 
CHL C* ITE .73 .020 . 020 CHLORITE 1.20 .033 .033 
KAOLINITE 7.25 .200 . 200 KAOLINITE 2.72 .075 .075 
TOTALS 98.85 2.728 .038 TOTALS 99.23 2.719 .079 

NT.PERCENT GAIN OR LOSS WT.PERCENT GAIN OR LOSS 
COMPONENT coHPureo RESIOUAL G/CM»»3 COHPONENT COMPUTED RESIOUAL 
SI 27.962 . 756 -.0125 SI 27.986 .499 -.0103 
AL 8.956 .063 -.05** AL 9.521 .046 -.0402 
FE*» 3. 88* -.127 .0188 FE + * 3.190 -.129 -.0010 
MG 2.083 .0*3 .02*9 MG 2.2*0 .068 . 0280 
CA 2.312 .182 -.0*34 CA 3.502 .114 -.0232 
N A 1.691 -.097 -.0507 NA 2.422 -.070 -.0317 
K 3.609 . 0*0 . 0505 K 2.807 .010 . 0287 
S 1.414 .01* .0386 S .402 .002 .0110 
0 ••5. 371 -2.012 . 0288 0 46.263 -1.313 . 0246 
c .2 59 -.006 . 00 73 c .195 -.001 . 0054 
S03 .3 29 -.001 . 0091 S03 .230 -.000 .0055 
TI .473 -.002 .0066 TI .493 .000 . 0070 

SUM RESIOUALS»»2 4.687 SUM RESIOUALS*»2 2.014 
S T AN0 ARO OEVIATION 1.250 STANDARD OEVIATION .819 

NF-1703 WEIGHT GAIN OR LOSS MF-1705 WEIGHT GAIN OR LOSS 
MI NEPAL PER CENT G7CM»«3 G/CM»»3 MINERAL PER CENT G/CH»»3 G/CM»»3 
PLAGiCCLAS H1 . 75 1.136 - . 762 PLAGIOCLAS 41.04 1. 124 -. 773 
K-FELOSPAR 8.87 .2*1 .104 K-FELOSPAR 11.36 .311 .174 
QUARTZ 17.26 .470 .195 QUARTZ 18.31 .502 .227 
SIOTITE 21.06 ,573 .2*3 BIOTITE 19.59 .537 .207 
PYRITE .51 .01* .014 PYRITE .92 .025 . 025 
CALCITE 2.23 .062 .062 CALCITE 1.53 .042 .042 
ANHYDRITE 1.13 .031 .031 ANHYORITE .56 .015 .015 
CHLCRITE .83 .024 .02* CHLCRITE 2.0* .056 . 056 
KAOLINITE 4.98 .136 . 136 KAOLINITE 3.2* .089 .089 
TOTALS 93. 73 2.685 .0*5 TOTALS 98.53 2.701 . 061 

WT.PERCENT GAIN OR LOSS WT.PERCENT GAIN OR LOSS 
COMPONENT COMPUTED RESIDUAL G/CM»»3 COMPONENT COMPUTED RESIDUAL G/C<»»3 
SI 2 7.549 .717 -.0336 SI 28.055 .802 -.0167 
AL 9.491 .069 -.0*35 AL 9.228 .071 -.0439 
FE».> 3.0 21 -.368 . 00 03 FE*«- 3.23 7 -.214 . 0027 
MG 2.192 .160 . 0238 MG 2.223 .100 . 0267 
CA 3.736 .3 34 -.0235 CA 3.22* -.007 -.0275 
N A 2.210 -. 193 -.03*6 NA 2.203 .007 -.0398 
K 2.83* .028 .0297 K 3.064 .001 . 0359 
S .272 .002 . 00 73 S ,49* .004 .0134 
0 45.936 -2.008 , 0251 0 45.873 -2.188 . 0379 
c .2 7* -.007 . U076 C .183 .000 . 0050 
S03 • 66* -.006 .0182 SOS .330 .000 .0093 
TI ,498 .000 .00 69 TI .463 .002 .0060 

SUM RESIOUALS»»2 4. 361 SUM RESIOUALS»»2 5.491 
STANDARD OEVIATION 1.273 . STANDARD OEVIATION 1.353 
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-1706 HEIGHT GAIN OR LOSS MF-1708 WE IGHT GAIN OR LOSS 
MI NEPAL PER CENT G/CM»»3 G/CM'*3 MINERAL PER CENT G/CM»»3 G/CM»*3 
PL AGICCLAS 32. 32 .889 -1.00 3 PLAGICCLA3 40.73 1.116 -.78 1 
K-FEL3"PAR 13. 76 .373 .235 K-FELOSPAR 5.36 .147 .03 9 
OU AST? 17. 28 .468 .193 QUARTZ 19.53 .534 . 259 
BIOTITE 14.36 .389 . 059 BIOTITE 19.33 .543 .213 
PYPITE 3.10 . 0 84 . 084 PYRITE 1.54 ,042 .042 
CALCITE 10.18 .276 .276 CALCITE 6.22 .170 . 173 
CHLORITE 1. 51 .041 , 041 ANHYORITE 1.23 .035 .035 
KAOLIMTE 6.33 .185 .185 CHLORITE .23 .006 .036 
TOTALS 99.83 2. 706 .066 KAOLINITE 3.47 ,095 .095 

TOTALS 98. 16 2.690 . 050 
HT,PERCENT GAIN OR LOSS 

COMPONENT COMPUTED RESIDUAL G/CM*»3 WT.PERCENT GAIN OR LOSS 
SI 25.900 .330 0704 COMPONENT COMPUTED RESIOUAL G/CM»»3 
AL 6 .764 .0 30 -.0631 SI 26.531 .821 -.0589 
EE** 3.504 .317 -.0055 AL 8.435 .069 -.0692 
MG i. 6.32 -.111 .0157 FE*» 3.230 -.050 -.0320 
C A 6.033 .4 59 . 0351 HG 1.973 .025 . 0219 
NA 1.317 -.0 60 -.0491 CA 5.297 -.270 . 0365 
K 2.912 .015 .0305 NA 2.118 .048 -.0433 
S 1. 658 -.0 82 . 0472 K 2.353 -.005 .0166 
0 46.053 -.980 -. 0044 S .823 .003 .0225 
c 1.221 -.030 .03 53 0 45.385 -2.499 . 0330 
TI . 340 -.002 . 0027 c .746 .018 .0200 

SUM BESIOUALS*»2 1.410 S03 .753 .003 . 0206 
STANDARD OEVIATION .686 TI .469 .001 . 00 62 

SUM RESIOUALS»»2 7.0 02 
STANDARD DEVI AT ION 1.52 3 

-1707 WEIGHT GAIN OR LOSS 
MINERAL PER CENT G/CN»»3 G/CM«»3 
PL A GICCL AS 44.06 1.212 -.556 MF-1709 WEIGHT GAIN OR LOSS 
K-FELOSPAR 6.31 . 173 .036 MINERAL PER CENT G/CM»»3 G/CM»»3 
QUARTZ 17.39 .478 . 203 PLAGICCLAS 49.70 1.357 -.541 
BIOTITE 23.90 .575 .24 5 K-FELDSPAR 4.69 .128 -.009 
PYRITE .81 .022 .022 QUARTZ 17.69 .483 .208 
CALCITE 3.82 .105 .105 BIOTITE 21.77 . 594 .264 
*NH YORITE .51 .014 .014 PYRITE .41 .0 11 .011 
CHLCRITE .70 .019 .019 CALCITE 2.22 .061 .061 
KAOLINITE 4.13 .114 .114 ANHYORITE .41 .011 .011 
TO TALS 9 8.61 2. 712 .072 CHL CRITE .7 7 .021 .021 

KAOLINITE .60 .016 .016 
WT.PERCENT GAIN OR LOSS TOTALS 98.27 2.683 .043 

COMPONENT COMPUTED RESIDUAL 
S I 27.176 .671 -.0345 WT.PERCENT GAIN OR LOSS 
AL 9. 327 .064 -.0451 COMPONENT COMPUTED RESIOUAL G/CM**3 
EE •• 3.109 -.226 -.0002 SI 27.643 .763 -.0296 
MG 2. 149 .104 . 0247 AL 9.173 .068 -.3512 
CA 4.307 -.124 . HO 59 FE 3.047 -.366 . 0013 
NA 2.297 . 042 -.0380 MG 2.246 .165 . 0253 
K 2.561 -.0 04 . 0225 CA 3.975 -.356 . 00 22 
S .433 .033 . 0118 NA 2.563 .137 -.0338 
c 46.002 -1.924 . 0390 K 2.445 -.012 .0191 
C .453 .005 .0125 S .221 .001 . 0060 
S03 .300 .000 .0083 0 45.933 -2.144 . 0335 
TI .494 .003 . 00 69 c .267 .005 . 0072 

SUM RESIOUALS"»2 4.236 S03 .241 .001 .0066 
STANDARO DEVIATION 1.133 TX .515 .005 . 0073 

SUM RESIOUALS»»2 5.491 
STANDARD DEVIATION 1.353 
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-1710 HEIGHT GAIN OR LOSS MF-1712 WEIGHT GAIN OR LOSS 
MINERAL PER CENT G/CH»*3 G/TM»»3 MINERAL PER CENT G/CM»»3 G/CM»»3 
PL A G I CCL AS 47.97 1. 324 -.573 PL A GICCL AS 46.67 1.265 -.5 33 
K-FELDSPAR 5.45 .150 .013 K-FELOSPAR 6.66 . 180 .043 
OUAPTZ 19.50 .538 .253 QUARTZ 18.62 .505 .230 
BIOTITE 21.42 .591 . 261 BlOf ITE 19.49 .528 .198 
PYBITE .92 .025 .025 PYRITE 1.8 4 .050 .050 
CALCITE 1 .58 .044 . 044 CALCITE 3.8 8 .105 .105 
ANHYDRITE .02 .000 .000 ANHYDRITE .19 .0 35 .005 
CHLORITE 1.06 .029 .029 CHLCRITE .18 .005 .005 
KAOLINITE .61 .0 17 .017 KAOLINITE 2.25 .061 . 061 
TOTALS 98.53 2.719 . 079 TOTALS 99. 78 2.704 .06 4 

WT.PERCENT GAIN OR LOSS WT.PERCENT GAIN OR LOSS 
COMPONENT COMPUTEO RESIOUAL G/CM»»3 COMPONENT COMPUTED RESIOUAL G/CM»»3 
SI 28.230 . 790 -.0060 SI 27.750 .216 -.0172 
AL 9.011 .066 - . 0529 AL 9.123 .0 18 -.0531 
FE*» 3.290 -.169 . 00 36 FE*» 3.320 -.053 -.0005 
MG 2.254 .0 83 . 0234 MG 1.9 33 .321 . 0203 
CA 3.501 -. 201 -.0138 CA 4.392 .225 -.0331 
NA 2.484 .103 -.0343 NA 2.433 -.097 -.0314 
K 2.506 -.010 .0214 K 2.491 .009 .0193 
S .493 .003 .0135 S .984 .004 . 0266 
0 46.054 -2. 139 .0511 0 46.322 -.549 -.0388 
c .190 .002 .0052 C .465 -.010 .0129 
SOI .0 10 .000 . 0003 S03 .110 -.000 .0030 
TI .507 .003 . 0073 TI .461 -.001 . 03 59 

SUM RESI0UALS"2 5.29C SUM RESI0UALS"2 .412 
STAND ARO O E VI A1ION 1.328 STANDARD OEVIATION . 371 

-1711 WEIGHT GAIN OR LOSS MF-2001 WEIGHT GAIN OR LOSS 
MI Hi Oil PER CENT G/CM»*3 G/CM»*3 MINERAL PER CENT G/CM»»3 G/CM»»3 
PL AG ICCL AS 52.21 1.420 -.47 7 PL AGICCLAS 35.35 .944 -.954 
K-FELOS<»AR 8.37 .228 . 090 K-FELOSPAR 13.88 .371 .233 
OUASTZ 17.72 .482 .207 QUARTZ 19.26 . 514 .239 
BIOTITE 19.34 .526 ,196 BIOTITE 13. 78 .368 .038 
PYRITE .51 .0 14 . 014 PYRITE 2.02 .054 .354 
CALCITE .91 .025 .025 CALCITE 2.74 .073 .073 
ANHY0»IT£ .29 . 0 08 .008 ANHYORITE 1.41 .038 .038 
KAOLINITE o.co 0.000 O.G0C KAOLIMTE 9.99 .267 .257 
MAGNETITE .92 .025 -.003 TOTALS 98.43 2.628 -. 012 
TOTALS 1C0.26 2.727 .060 

WT.PERCENT GAIN OR LOSS 
WT.PERCENT GAIN OR LOSS COMPONENT COMPUTEO RESIOUAL G/CM »•3 

COMPONENT COMPUTED RESIDUAL G/CM»»3 SI 28.296 .668 -.0258 
SI 28.729 -.067 .0193 AL 9.6 44 .063 -.0 4 40 
AL 9.493 .124 -.0450 FE*-* 1. 620 -1.077 -.0199 
FE** 3.311 -.000 -.00 18 MG 2,075 .440 .3121 
MG 1.891 .106 .0171 CA 3.207 .276 -.0378 
CA 3.563 .061 -.0207 NA 2.119 -.136 -.0393 
NA 2.732 -.079 -.0235 X 2.981 .017 .0311 
K 2. 696 -.002 . 0254 S 1.079 .119 . 0256 
s .270 .000 . 00 73 O 46.031 -1.755 -.3031 
0 46.841 .156 -.0091 C .329 -.012 . 0091 
c .109 -.000 . 0030 S03 .829 -.011 . 3224 
S03 .170 -.000 . 00 46 TI .227 -.157 .0036 
TI .457 -.034 .0068 SUM RcSIOUALS»»2 5.020 

SUM RESIDUALS*̂  .066 STANDARO OEVIATION 1.120 
STANDARD DEVIATION .149 
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-2006 HEIGHT GAIN OR LOSS MF-2008 WEIGHT GAIN OR LOSS 
MINERAL PER CENT G/CM»*3 G/CM»»3 MINERAL PER CENT G/CM"»3 G/CM»M 
PLAGICCLAS 47. 14 1.301 -.597 PL AG IOCLAS 43. 77 1.217 -.631 
K-FELO>PAR 2.02 .056 -.082 K-FELOSPAR 3.24 .090 -.047 
QUART 7 17.02 .470 . 195 QUART Z 16.86 .469 . 194 
610 TITE 2 6.46 .730 .400 BIOTITE 23.03 . 640 .310 
PYRITE 1.23 .034 .034 PYRITE 1.99 .055 .055 
CALCITE .91 .025 . 025 CALCITE 1.55 .043 .043 
ANHYDRITE 1.9'* .053 . 053 ANHYDRITE 4.28 .119 .119 
CHLCRITE .91 .025 . 025 CHLCRITE .89 .025 .025 
KAOLINITE 1.10 .030 .030 KAOLINITE 2.31 .078 .378 
TOTALS 95. 72 2.725 .085 TOTALS 98.41 2.736 . 096 

WT.PERCENT GAIN OR LOSS WT.PERCENT GAIN OR LOSS 
COMPONENT COMPUTEO RESIOUAL G/CM»»3 COMPONENT COMPUTEO RESIOUAL G/CM»»3 
SI 26.791 .753 -.0443 SI 25.952 .868 - . 0661 
AL 9. 176 .072 -.0485 AL 8.978 .035 -.0526 
FE*» 3. 986 .169 .0134 FE»* 3.917 .225 .0107 
MG 2.833 -.114 . 0497 MG 2.478 -.127 . 0409 
CA 3. 746 . 0 16 -.0130 CA 4.490 -.020 . 0094 
NA 2.401 -.003 -.0337 NA 2.244 .011 -.0379 
K 2.276 .00 1 .0148 K 2.167 .000 .0122 
S .656 -.004 .0132 S 1.063 -.017 . 0300 
0 45.011 -2.169 . 0232 0 4 3.8 99 -2. 620 .0142 
c .109 .000 . 0030 C .186 .000 . 00 52 
S03 1.140 -.000 .0315 S03 2.515 .005 . 0698 
TI .600 .000 .0 099 TI .522 .000 .00 79 

SUM RESIDUALS»»2 5.320 SUM RESIOUALS»»2 7.693 
STANOARO OEVIATION 1- 332 STANOARO DEVIATION 1. 601 

-20 07 WEIGHT GAIN CR LOSS MF-2 0 09 HEIGHT GAIN OR LOSS 
MINERAL PER CENT G/CM»»3 G/CM»»3 MINERAL PER CENT G/CM»»3 G/CM»»3 
PL AGICCL AS 4 3.66 1.205 -.693 PL AGICCLAS 40.96 1. 122 -.775 
K-FELOSPAR 4.25 .118 -.019 K-FELOSPAR 4.62 .127 -. 011 
QUARTZ 14.75 .407 . 132 QUARTZ 17.57 .481 .23 6 
BIOTITE 24.34 .672 . 342 BIOTITE 15.92 .436 .106 
PYRITE 1.65 ,051 . 051 PYRITE 3.51 .096 . 096 
CALCITE 1.71 .047 . 047 CALCITE 2.56 .070 .070 
ANHYDRITE 4.33 .121 .121 ANHYORITE 6.74 .185 .135 
CHLORITE .83 .023 .023 CHLORITE 1.49 .041 . 041 
KAOLINITE 3.23 .090 .090 KAOLINITE 4.12 . 113 .113 
TOTALS 99.07 2.734 . 094 TOTALS 97.48 2. 671 . 031 

WT.PERCENT GAIN OR LOSS WT.PERCENT GAIN OR LOSS 
COMPONENT COMPUTEO RESIOUAL G/CN»»3 COMPONENT COMPUTED RESIOUAL G/CM»»3 
SI 25.611 .565 -.0721 SI 25. 020 . 978 -.1047 
AL 9.270 .060 -.0456 AL 8.5 64 .095 -.0677 
FE»» 4.000 .215 .0126 FE*» 3. 360 .821 -.0086 
MG 2.60 3 -.130 . 0 439 MG 1.843 -. 672 . 0374 
CA 4.576 .0 31 . 00 95 CA 5.452 -.451 . 0458 
N A 2.2 50 -.006 -.0373 NA 2.117 .069 -.0439 
K 2.392 .0 02 .0133 K 1.806 -.004 .0016 
S .937 -.0 13 .0 276 S 1. 873 -.402 . 0625 
O 44.0*7 -1.650 -.0178 O 42.313 -3.058 -.0358 
C .205 -.000 . 0056 C .307 .005 . 0383 
S03 2.576 -.004 , 07i2 S03 3.961 .101 .1058 
TI .552 .000 .0086 TI .361 .001 .0033 

SUM RESIOUALS»*2 3.103 SUM RESI0UALS»»2 11.823 
STANOARO OEVIATION 1.018 STANOARO OEVIATION 1.985 

O!' - lOQ~ ~ E I r,O!T GAl" " lOSS Mf - 1008 liE I GM T GAl" " LOSS 
"1"rg_L '" CE NT G/CI'I"3 G/ [. .... ) M'N rD'l '" CE NT G/CI'I ·· 3 CO/C .... ' 
PlHI O<';l I S "'.1" 1 .3 01 -.5 '11 PLIf,ICCl ,l.S "l.7I 1. 211 - .6 \1 
o::-rElO~pu: l . O 2 . , S6 -. n~2 K- fElO5P411 l . l .. . 0'10 -. 0 .. 7 
r.: UlDTl 11. 02 ... 70 .1 '15 QlJA~T2 l Eo . &Eo ... Eo'< .1 '1 " 
BIOT IT E 2f"H, • TlO ... 0 0 a I DTlT( l).OJ .6~' • 1I ~ 
P,"'lTE 1. ~; • t 3 .. .on PY ll liE 1.'IQ • O~5 • a 5 S 
CllCII( ." .025 . 02'> CALCITE 1. 55 • Q .. J .O~ 1 
, .. • .. OQITE I.'i '• • 053 .0 5 3 ANKT OR tTE ".2e • I! <j 011 'I 
C"lCDITE ." • 025 .025 COIlCRITE ." • a 2':> .025 
~I O ltNIH 1.1 0 • GJO .030 KIOLINITE 2 . H • a 1& .H! 
l O UlS 9~.7l 2.12"> . 0~5 I OIA lS '18 . "1 2.13Eo .0 '16 

"". D[QC[ '1T '.lUI " lOSS III .P[<!CE'I1 '''11j " l OSS 
CO IHO~E" T CI..oKP lJI EO il{(StOUA l G/C"I"j COt1PONE Nt COI1 J'IHEO Rt:S I OUA L G/ CII ' · J 

" 26 . I'll .(5 ) - . 0 .... " " 25.'1">2 • ~ 68 - .0661 

" -1 .116 • a 72 -. 0" 8S " !. 'H8 . OH - .0 526 
r [ • • J.'I86 . 1Eo'l • a 13" FE· · 1.'117 . 225 .DlH 

" l. ~JJ -.11" • 0"97 " 2 ," '8 -. I 21 _ G .. 0 '1 

" 3. ,~~ . 016 - .0130 " ... "'10 ·. 020 • a 0 'I " 

" Z," OI - .~D3 -. OH7 " l.t .... .011 - . ~37'1 , 2.27& • a a 1 • C t "8 , 2.161 .000 • Olll , . 6<;& -. a Q .. • a 1 ~z , I. a& ) -. 017 .GH~ , " 5 . ~ Il -2.16'1 .aZJ2 , " 301\ '1'1 oZ. HO . 01 "2 , . 10'1 . 000 • DOlO 
, .1&& .ooa • a a 'i ~ 

SO' 101,,0 - . 000 .e HS :;0 1 2 . 5lS • ~C5 • Cb'lS 

" .&00 .0 a 0 .00'1'1 " . '>22 .000 • 00 1'1 
SO' IIfSIDUAlS·'2 5 . 32 0 '" ~(SIDUALS " 2 1. 6'1 3 
S U 'IOAIID Or.V!lIlO~ 1 . 332 SUNOAIIO DEV U HON 1. 6 at 

Mr- 2H7 W(l~K r (; AtN " lOSS Mf- ZOO'l ~E1C.KI CAl N " lOSS 
II! tI( I> II ". C(N T C/CM "J C/CM " J H! NE""l ." CE NT G/C~ ·· J CO/ C" ·' J 
I'L Ard eCl AS " 1 . 66 1. Z a 5 - . 6U PLAGI CClA S loa . 'H. 10122 - .n5 
l(-rfl O~ Plll ... 2~ .1 1~ - .01'1 ",·'ElO$P' 1I ".62 0127 - . all 
(lU A~I Z I". I S . .. 01 • il2 OU'~ll 11 . S7 ."~1 .H& 
Broli lE 2 ... 3" .612 . 1 .. 2 BIOIITE 1 5 . lf2 . "36 .IH 
P'''!T[ 1. 85 • a 51 • ~S 1 P' RIIE J . 5l .0'110 • Q<j6 
CALCiTE 1 . 71 • a .. 7 • 0" 7 CALCIIE 2.56 • cIa .0' a 
u"~TIJ~iTE ".H • 121 01 21 'Hl1l01l l r E 6 .1 .. . us • 1 ~., 
C" lMITE ." .021 • a 2 J C"lO'l.I1E 1." 'I . O~l .0 .. 1 
~~O llNITE 3. 2 ~ . 0'10 . HO KAOLIN ITE ... 12 .Ill • Ii) 
l OTUS ~<j.nr 2.7Jo, . O'l " TOT AlS '17 ." 8 2.611 . Oll 

wr.p[QCE 'I T GUN " LOSS IIT.i> E'l.C( Hl 'Allj " CO,. 
COI'IPO" EU r CO "l ~U IEO RESI OU Al GII: .. · · J COHPON[ IH C!lMPUTED IIE '> IO UAl G/C .. ·· ) 

" 25.611 • ~ 65 -. a Tn " 25 . ~lO . 91 ~ -ol D'" 

" '1 . 210 .0&0 _ .0~56 " & _ 56 .. .0'15 _. Ob1 7 

rE·· ~. Q O ~ .21S .012" FE·· 3.~60 .821 -. 00 ~6 

" Z. bO l - .UO • a I. J'I " 1. " ~ J - . 612 • OHio 

" Io.SU, . 03 1 . OO'!S " 5 ... 5~ -. "Sl • 0"5& 

" 2. 2~0 -. 006 - .0318 " 2.111 . 0 Eo'l - .~~J'I , 2. l'l2 . ce 2 . H6 J , l.~ C 6 -. Oll lo . 0,16 , _ '1~7 - . ~ ! J .nf6 , 1. a n - . " 02 .O~2S , \". O ~1 - ! . 6~ O - . Olla , "2 . $1 J - 3 . 0'>8 -. OlS& 
N , .2as - . 000 . 00 56 , .30 7 . 005 .O.lU N 

'" 2 . 576 -, 00 .. .O 7 l2 '" 3.'1&1 0101 .10 s a '" " • 5S2 . 000 .0086 " . H,1 .001 .COlJ 

SO ' ~ESIOU~lS - ' Z 3 . 1 ~<l SUt1 ~ESIOUALS ·· ~ 11.62l 
ST ' .. O ~II O OEvutI~N 1 . 0U S U NOAII.O onU TI O", 1 . '165 
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MF-2014 HEIGHT GAIN OR LOSS MF - 2 0 1 6 WEIGHT GAIN OR LOSS 
Hi HER fit PER CENT G/CW3 G/CM»»3 MINERAL PER CENT G/CH'»3 G/CM»*3 
PL AG ICCLAS 42.23 1.150 -.748 PL AGICCLAS 46.93 1.281 -.616 
K-FELOSPAR 12.12 .330 . 192 K-FELOSPAR 5.34 .146 . 00 3 
QUARTZ 18.06 .492 .217 QUARTZ 18.40 .502 .227 
BIOTITE 20.10 .547 .217 BIOTITE 23.57 .643 .313 
PYRITE 1.37 .037 .037 PYRITE . 30 .008 .008 
CALCI TE 2.55 .069 . 069 CALCITE 2.22 .061 . 061 
ANHYDRITE .60 .016 .016 ANHYDRITE 1.14 .031 .031 
CHLCRITE .23 .006 .006 CHLORITE .25 .007 .007 
KAOLINITE 1.43 .039 .039 KAOLINITE 1.43 .039 .039 
TOTALS 98.75 2.686 . 046 MAGNETITE .34 .009 -.018 

TOTALS 99.91 2.728 .060 
HT.PERCENT GAIN OR LOSS 

COMPONENT COMPUTED RESIDUAL G/CM»»3 WT.PERCENT GAIN OR LOSS 
SI 27.M7 .761 -. 0272 COMPONENT COMPUTEO RESIOUAL G/CM»»3 
AL 9.011 .065 -.0565 SI 27. 628 .013 -.00 41 
FE*» 3.148 -.016 -.0058 AL 9.264 .001 -.0469 
MG 2.031 . 0 12 . 0248 FE*> 3.327 .000 -.00 11 
CA 3.716 .021 -.0155 MG 2.437 .000 . 0350 
NA 2.2 64 -.006 -.0363 CA 4.024 -.114 -.0030 
K 3.0 41 .003 . 0346 NA 2.426 .045 -.0350 
S .731 .001 .0199 K 2.470 -.004 .0195 
0 45.8 17 -2.094 . 0242 S .160 -.0 02 .00 44 
c .305 -.030 . 0083 0 46.504 -.033 -.0085 
S03 .350 -.0 00 . 00 95 c .266 .002 . 03 72 
TI .456 .000 . 00 58 S03 .671 .001 .0163 

SUM RESI0UALS»»2 4.969 TI .534 .001 . 0080 
STANDARD OEVIATION 1.287 SUM RESIOUALS»»2 .016 

STANOARO OEVIATION .090 
-20 15 WEIGHT GAIN OR LOSS 
MlNER AL PER CENT G/CM"3 G/CM»»3 NF-20 17 WEIGHT GAIN OR LOSS 
PL A GICCL AS 49. 09 1. 355 -. 543 MINERAL PER CENT G/CH"»3 G/CM»»3 
K-FELOSPAR 4.77 .132 -.006 PLAGICCLAS 49.40 1.339 -.559 
QUARTZ 17.42 .481 .206 K-FELOSPAR 7.13 .193 .056 
BIOTITE 23.93 .660 . 330 QUARTZ 16.72 .453 .178 
PYRITE .52 .014 .314 BIOTITE 21.61 .586 .256 
CALCITE 2.01 .056 .056 PYRITE .41 .011 .011 
CHLCRITE .65 .018 .018 CALCITE 3.04 . 0 82 .03 2 
KAOLINITE .54 .0 15 .015 KAOLINITE 1.06 .029 .029 
TOTALS 93.91 2.730 .090 MAGNETITE .65 .018 -.010 

TOTALS 100.03 2.711 . 043 
WT.PERCENT GAIN OR LOSS 

COMPONENT COMPUTED RESIOUAL G/CM»»3 WT.PERCENT GAIN OR LOSS 
SI 2 7.683 .523 -.0138 COMPONENT COMPUTEO RES I DUAL G/CM»»3 
AL 9.364 .048 -.0427 SI 27.761 -.053 -.0096 
FE»» 3.299 -.074 .00 12 AL 9.523 -.005 -. 04 16 
MG 2.531 .052 . 0369 FE*.> 3.319 -.000 -.0020 
CA 3.734 -. 361 -.0030 MG 2.201 .132 . 3246 
NA 2.529 .148 -.0343 CA 4.165 -.223 .0329 
K 2.428 -.013 .0194 NA 2.570 .085 -.0327 I/I .280 -000 . 0077 K 2.549 -.008 .0213 
O 46.280 -1.417 . 0374 S .220 .000 . 0060 
c .242 .004 . 0066 O 46.864 .132 -.0126 
TI .542 .002 . 0063 c .365 .005 .0098 

SUM RESI0UALS*»2 2.445 TI .490 -.038 .0077 
STANOARO OEVIATION .903 SUH RESIOUALS»»2 .096 

STANOARO OEVIATION .179 

>4~ · lH \ li E I::;'" G_I t> Oot lOSS ","· 201& lOEl G" , GUM 011. lOSS 

'oI "EII '" Pi: II. CE .. T G/ ~" " 3 GII; ~ "3 MIOI fll'l 1' ('1 C( 'n G/CM "J G/C""3 
Pl,l.G I CCL H <..Z . Z ~ 1. 1 '>0 -. r ~ a PL~ G I(CL I S ~ 6.<il i . H I - . &1& 

C- HlO'''U 1l.1Z .He .1'12 l( - rtl OS P _1I: 5.l~ 01"" • O~& 
Clll lt ll a. a • ~'1Z . l17 a U •• ll 18. \11 . 50l .ll1 
1I1 0 TPE c t . l 0 .~ .. r . 217 81tH ITE ZJ.H . 6103 • JI3 
" I ~ ITE I . P • II J7 • 031 PI'!:I T E ." . 00 & . ou 
CALC ITE ~ .5S .0&'1 . 0"'1 ca l CIlE l. ll . 061 . 0~1 

' " .. ' OilITE ... . Ufo . 01 f, i"HICIIHE 1. I ~ • II 11 . 011 

C"LC"ITE . n . 0 Of> .00& C" l OIl ITE ." • II 07 . 0)1 

~ 4a U "' ''E 1 • ~ 1 . 03'1 • a J'I I(A OLI ~IfE 1." J . OH .Ol'l 
10 III S q~.,~ Z.68& . O~f. !\A GH EfITE .H . 00'1 -.0 1 B 

TOI HS '1'1.'Il Z. 126 . 0ltO 
1I '." r~CfN T GAlH Ol!: l OSS 

C O"PO t.l~ M' CO'l p""( O II; [S t OU~ \. C/C" " J IIl. p(IIC( OI' GU" M l OS'S 

" 11.8U . 161 - .Dzr z COH pOOlEM' CO'l pU TEO RfS tOUl l G/ C ~ " , 

" '1.011 .U.5 -. o ~" s $I Z l .8Z8 • II 13 -. O~ ~I 

FE " J.I" II -.Uf, - . 0058 " '1 .2&~ • ~ D 1 -. 0 ~ ~'1 ., 1. ~ ~ I .HZ . Ol~8 r E·· l . ur . 000 -. ODtI 

C ' l . 116 .0 2 1 - . O! SS ., l.Ul . 000 · ~ no ., Z.Z "~ -. o~, -. 038l " 1o . 0l" -. 1110 -. 11; lO , 1. 0 " 1 • II Q,\ • ~1~6 "' l . loH> • o,,~ -. ClS~ 

S .111 • CD1 . 01 '1 '1 , 2 . <.10 -. 00 10 • 01~S , ~ '>.81 r - Z. O'l ~ . OHZ S • 1&0 -. 0 ~ ~ • O""~ 
C . JJ'> - . 0 ~ 0 . OJU , .. ~.~ O .. - .O U - .C Oa<; 

'" .1'>0 -. 000 • 00'15 
, . Z& , .~OZ • O~ 12 

" ."56 . 000 · usa SO> .& 11 .001 . a U3 

5U ~ Q(StOUA LS "" 2 10. '16'1 " • 51~ . 00 1 . 0080 

$1' .. 0.110 Of VIU 1 0 .. 1. 2 87 SU H I!:ESIO UA\.S ··Z .at" 
S T ~NO A1I: 0 OEvttT l OH .0'10 

!IF-IU5 li E tG"" GUH O~ l OSS 
" I 'lEO : \. 1'[ 11 CEH' G/C~"l G/C"" ] IV- 201r liE I GHT GI I M Oil LOSS 

PL i(.t ~CL A S ~ '1. C'f I . J55 -. ""3 "INEIIAl P El!: C[ OI I G/C~ ·· J G/C'" ' J 
IC- HU),;pAIt ... n • III -. G06 PlAGI(Cl AS 10 '1 ," 0 1 . 1H -. H'I 
QUlg I l IT , " Z • "81 . Z06 (-(ElOSP&II; 1 .U .1'11 . QH 

810 11T~ Zl .'1) . 6~G • JlO QU I g n 16.12 • .. 5l . 176 

" f~lf( ." • 0 1'. . u .. BIOTITE 2 1 . f>I . 5 8 6 . Z~" 

CHC II ( l. a 1 . 05& .os" P l'lI I E ." • C 11 . 011 

C" l CIII I ( ." . OU .018 CILCItE 3.0" . 0 82 .HZ 
(I OU,,!TE ." .01 5 • 0 15 UO LI"Il E 1 . O!> • II 2'l .on 
' OlllS '18 . '11 2.1JD • C'I D ,u GOiE TlI( ." . 018 - . 0 I 0 

TOULS 10 0.03 Z. HI . 0,,3 

II' . p ( g e EM ' GU M OQ lOSS 
CO "POM( MT COI\P UT[{1 Illes toU ll G/C" '" IIr .pr.I!: C[H' GU OI 01: lOSS 

" U. ';! J . 523 - . 011,\ COHPO I'IEHT COI\ PU I[O IIlE S I DUl l G/ C ~--J 

" '1.J .. .. . Oloft -. Q .. zr " 27. r 5 1 - . C 5J -. Q~'11t 

'E·· J. Z'l'l -. 0 '" • C~ lZ " 'I . 5Zl - . 00., -. 0"11> ., l.SlI . 0 ~2 • OJ6'1 FE " ' . 31 'I -. 000 - .0010 

" 3 . ' llo -. H I -. U1O ., l. lO I olH • J 2 " " 

" Z. Sl'l . 1 .. 8 - . 03" ) " ~. 1"~ - .223 . Ollq , Z." l ll -. 0 1J . 01'1" " Z. 5'0 .065 -.0l11 
S . 280 .ooe .c ~n , l.H'I - . 00 8 .Glll , "".l'l~ - 1."11 • Oll .. S .Z20 . aGO . 00&0 

C . hZ . OB<. .00&6 , "6.8"" .13 2 - . ;\26 '" " . S .. z . OU .OU1 C .J65 . 00 0; . GO'l & '" SI} M IIrSfOUI LS " Z Z ,"~S " ." '10 -. Oll .00l1 '" SU .. DUD DEWlH10H .'1n SUM RESIOU AlS · ·Z .0'1& 
5' 1010.'10 CUUlIOM .11'1 



-20 18 WEIGHT GAIN OR LOSS 
MI H(. OAL PER CENT G/CH*»3 G/CH'»3 
PLAGICCLAS 52.80 1.452 -.446 
K-FELOSPAR 7.64 .210 . 073 
QUARTZ 17.33 .477 .202 
BIOTITE 19.46 .536 .206 
P YR I TE .22 .006 . 006 
CALCITE 1.0 8 .030 . 03 0 
ANHYDRITE ,93 .027 .027 
MAGNETITE .77 .021 -.006 
TOTALS 103.30 2. 758 . 091 

WT.PERCENT GAIN OR LOSS 
COMPONENT COMPUTED RESIDUAL G/CM«»3 
SI 28 .453 -.109 . G221 
AL 9.633 -.001 -.0349 
FE*> 3.054 -.000 -.0079 
KG 1.984 .150 .0189 
CA 3. 372 .227 -.0158 
NA 2.747 -.176 -.0196 
K 2.459 .0 10 .0193 
S .120 .000 . 00 33 
0 46.332 .255 . 0018 
C .130 -.001 . 00 36 
S03 .577 -.003 . 0160 
TI .442 -.050 . 0069 

SUM RESIOUALS»"2 .185 
ST.4NOARO OEVIATION .215 

-2202 WEIGHT GAIN OR LOSS 
MINERAL PER CENT G/CM»*3 G/CM»»3 
PL AG ICCL AS 30.74 .815 -1.033 
K-FELDSPAR 11.47 .304 . 166 
QUARTZ 18.67 .495 .220 
BIOTITE 13.93 .369 .039 
PYRITE 1.43 .038 .0 38 
CALCITE 1.21 .032 .032 
ANHYDRITE 1.11 .029 .029 
CHLORITE 1.81 .048 . 043 
KAOLINITE 7. 82 .20 7 .207 
ALBITE 11.61 .308 .33 8 
TOTALS 99.79 2.645 .005 

WT.PERCENT GAIN OR LOSS 
COMPONENT COMPUTEO RESIOUAL G/CM»»3 
SI 29.396 .169 .0106 
AL 9.687 .016 -.0 4 35 
FE»* 2.662 .330 -.0301 
MG 1.531 -.278 .0165 
CA 2.416 .000 -.0520 
NA 2.812 .001 -.0255 
K 2.532 .000 . 0204 
S .766 -. 0 34 . 0212 
O 4 6.783 -.434 -.0277 
c .145 .000 .00 38 
S03 .650 -.00 0 .0172 
TI .363 .003 .0029 

SUM RESIOUALS»»2 .412 
STANOARO OEVIATION .454 

KF-2201 WEIGHT GAIN OR LOSS 
HI NEPAL PER CENT G/CM»»3 G/CM»»3 
PLAGICCLAS 25.25 0.000 -1.898 
K-FEL OSPAR 13.15 o. oca -.138 
QUACTZ 23.68 0. Q00 -.275 
8I0TITE 11.32 0.000 -.330 
Pv R ]T£ 2.61 0.000 e.ooo 
CALCITE 4.63 0.000 0.000 
ANHYDRITE 1.28 0.000 0.000 
CHLORITE .73 0. 000 0.000 
KAOLINITE 11.44 0.000 0.000 
TOTALS 99.0 7 0.000 -2.640 

WT.PERCENT CAIN OR LOSS 
COMPONENT COMPUTEO RESIDUAL G/CM»»3 

SI 28.776 . 774 -.7634 
*L 8 . 954 .061 -.2998 
FE*» 2. 697 .268 -.0919 
MG 1.146 -.108 -.0315 
CA 3.542 .219 -.1160 
NA 1.575 -.049 -. 1000 
K 3.174 .020 -.0480 
S 1. 394 -.096 0.0000 
0 46.236 -2.016 -1.2790 
c .552 -.321 0.0000 
SOI .754 -.0 06 0.0000 
TI .295 .001 -.0066 

SUM RESI0UALS*»2 4.324 
STANOARO OEVIATION 1.266 

MF-2203 WEIGHT GAIN OR LOSS 
MINFRAL PER CENT G/CM»»3 G/CM»"3 
PLAGICCLAS 35.06 .926 -.972 
K-FELOSPAR 7. 92 .209 .072 
QUARTZ 12.30 .325 .050 
BIOTITE 21.07 .556 .226 
PYRITE 2.73 .072 .072 
CALCITE 1.14 .030 .030 
ANHYORITE 2.11 .056 .056 
CHLORITE 1.61 .043 .043 
KAOLINITE 3.05 .081 .081 
ALBITE 12.56 . 332 .332 
TOTALS 99.56 2.629 -.011 

WT.PERCENT GAIN OR LOSS 
COMPONENT COMPUTEO RESIDUAL G/CM'*3 
SI 26.959 .347 -.0608 
AL 9.189 .0 32 -.0580 
FE *• 4.211 .176 .0146 
MG 2.373 -.077 . 0 3 33 
CA 2.910 .031 -.0392 
NA 3.088 .001 -.0185 
K 2. 748 .00 1 . 0245 
S 1.459 -.021 . 0391 
O 44.772 -.896 -.0734 ro 
C .136 .0 00 . 03 36 ro 
S03 1.240 .030 . 0327 
TI .473 -.300 . 0059 

SUM RESIOUALS»»2 .962 
STANOARO OEVIATION .693 
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-2204 WEIGHT GAIN OR LOSS MF-2206 WEIGHT GAIN OR LOSS 
MINERAL PER CENT G/XM'M G/CM»»3 MINERAL PER CENT G/CM»»3 G/CM-»3 
PL AGICCL AS 49.96 0.000 -1.898 PLAGICCLAS 54.21 1.485 -.412 
K-FfLOGPAR 2.82 0. 000 -.136 K-FELOSPAR 1. 33 .0 37 -.101 
QUARTZ 16. 19 0. 000 -.275 QUARTZ 14.20 .33 9 .114 
810 TI IE 20.16 0. 0 0 0 -.330 BIOTITE 21.09 .578 . 243 
PYRITE 1.17 0. 000 0.000 PYRITE 1.0 7 .029 .029 
CALCITE 1.66 0.000 0. 000 CALCITE 1.29 .0 35 .035 
ANHYORITE .71 0. QUO 0.000 ANHYORITE 3.33 .093 .093 
C«LCRITE 3.80 0.000 0.000 CHLCRITE 1.65 .045 . 045 
KAOLINITE 3. 71 0.000 0.000 KAOLINITE 1.70 .046 . 046 
TOTALS 100.06 0.000 -2.64C TOTALS 99.92 2.738 .098 

WT.PERCENT GAIN OR LOSS WT.PERCENT GAIN OR LOSS 
COMPONENT COMPU TED RESIOUAL &/CH»»3 COMPONENT COMPUTEO RESIOUAL G/C*»»3 
SI 27.643 .016 -.7634 SI 26.795 .103 -.0320 
AL 9.741 .002 -.2998 AL 9.533 .010 -.0387 
FE** 3.760 .247 -.0919 FE** 3.466 -.040 . 0342 
KG 2. 609 -. 190 -.0315 MG 2.30 7 .021 .0311 
CA 3.446 .323 -.1160 CA 4.346 .258 -.0040 
N A 2. 731 -.295 -.1000 NA 2.944 -.142 -.0154 
>C 2.C97 .013 -.0480 K 1.993 .006 . 0066 
S .623 -.007 0.0000 S .571 .001 .0156 
0 46.351 -.040 -1.2790 0 45.363 -.263 -.0283 
C .187 -.004 0.0000 c .154 -.001 .00 43 
S03 .417 -.003 0.0000 S03 1.989 -.031 . 0553 
TI .453 -.003 -.0066 T I .449 -.001 . 00 57 

SUM RESIQUALS»*2 .291 SUM RESIDUALS*"2 .170 
STANDARD OEVIAT ION .311 STANOARO OEVIATION .238 

-2205 WEIGHT GAIN OR LOSS MF-22Q7 WEIGHT GAIN OR LOSS 
MI NEPAL PER CENT G/CM»»3 G/CM*»3 MINERAL PER CENT G/CM»»3 G/CM»»3 
PL AGICCLAS 38.19 1.035 -. 862 PL AGIOCL AS 50.79 1.381 -.516 
K-FELOSPAR 8.14 .221 .08 3 K-FELOSPAR 2.70 .073 -.064 
QUARTZ 15.99 .433 . 158 QUARTZ 15.24 .415 . 140 
BIOTITE 19.80 .537 .207 BIOTITE 22.10 .601 . 271 
PYR T T E 2.23 .062 .062 PYRITE 1.20 .033 .033 
CALCITE 1.92 .052 . 052 CALCITE 1,23 .033 . 0 33 
ANHYDRITE 1.50 .341 .041 ANHYORITE 3.46 . 0 94 .094 
CH LCRITE 4.62 .125 .125 CHLORITE .30 .000 .030 
KAOLINITE 6.41 .174 . 174 KAOLINITE 3.0 7 . 0 84 .064 
TOTALS 96.85 2. 679 .039 TOTALS 99.78 2.714 .07 4 

HT.PERCENT GAIN OR LOSS WT.PERCENT GAIN OR LOSS 
COMPONENT COHPU TED RESIOUAL G/CM»»3 COMPONENT COMPUTED RESIOUAL G/CM»»3 
SI 2b.6 54 .616 -.3578 SI 27.0 32 .199 -.0336 
AL 9.373 .362 -.0473 AL 9.441 .0 19 -.0435 
FE** 4,331 .370 .0168 FE** 3.356 . 014 -.0310 
MG 2. 693 -.232 . 0H73 MG 2.161 .056 . 0256 
C* 3.209 -.301 -.0209 CA 4.167 . 0 36 -.0036 
NA 2.153 .103 -.0443 NA 2.775 -.0 15 -.0241 
K 2.682 -.016 . 0251 K 2.234 .001 .0127 
S 1.219 -.031 .0339 S .640 -.000 .0174 
0 44.921 -1.736 -.0146 0 45.321 -.510 -.0324 
C .231 .004 . 0061 c .147 -.000 .0040 
S03 .879 .009 .0236 S03 2.036 -.004 . 0555 
TI .445 .001 . 00 54 TI .470 -.0 15 .0066 

SUM RESIOUALS**2 3.690 SUM RESIDUALS**̂  .306 
STANOARO OEVIATION 1.109 STANDARD OEVIATION .319 
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-2208 WEIGHT 
MI HiRAL PER CENT 
PLAGICCLAS 42.31 
K-FELCGPAR 2. 73 
QUARTZ 19.99 
BIOTITE 18.57 
PYPITE 1.84 
CALCITE 1.76 
ANHYDRITE 5.35 
CHLCRITE 1.34 
KAOLINITE 4.98 
TOTALS 99.17 

WT.PERCEN1 
COMPONENT COMPU TEO 
S I 26.976 
AL 8.671 
FE** 3.493 
MG 2.045 
CA 4 .493 
NA 2.317 
K 1.956 
S .986 
0 44.473 
c .212 
sc., 3.144 
T I .431 

SUM RESI0UALS**2 
STANOARO OEVIATION 

-2209 KEIGHT 
MINERAL PER CENT 
PLAGICCLAS 40.37 
K-FELOSPAR .41 
QUARTZ 19.43 
81CTITE 15,69 
PYRITE 1.92 
CALCITE 4.52 
ANHYORITE 7.98 
CHLCRITE 4.37 
KAOLINITE 4. 9 4 
TOTALS 94.29 

WT.PERCENT 
COMPONENT CQMt'UTEO 
SI 25.244 
AL 3.116 
FE** 3.633 
KG 2.189 
CA 6.297 
NA 2.212 
K 1.418 
s 1.025 
0 43.537 
c .5 42 
S03 4.695 
TI .334 SUM RESIOUALS*"2 

STANDARD DEVIATION 

• 

! 

GAIN OR LOSS MF-2210 WEIGHT GAIN OR LOSS 
G/-CM»»3 G/CM*»3 MINERAL PER CENT G/CM"3 G/CM»»3 
1.168 -.730 PLAGICCLAS 52.78 1.425 -. 472 
.075 -.062 K-FELOSPAR 1.13 . 0 30 -.107 
.552 .277 QUARTZ 14.31 .386 .111 
.521 . 191 BIOTITE 21.42 .578 .248 
.051 , 051 PYRITE 1.09 .030 . 030 
.049 .049 CALCITE 2.35 .063 . 063 
. 148 .143 ANHYORITE 1.36 .037 .037 
.337 .037 CHLORITE 3.99 .108 .108 
.137 .137 TOTALS 98.44 2.658 .018 

2.737 .097 
WT.PERCENT GAIN OR LOSS 

GAIN OR LOSS COMPONENT COMPUTEO RESIOUAL G/CM**3 
RESIDUAL G/CM**3 SI 26.239 .625 -.0705 

.515 -.0331 AL 9.293 .138 -.0540 

. 343 -.0617 FE** 4.097 . 241 .0122 

.182 - . 0005 MG 2.463 -.142 . 0389 
-.090 . 0274 CA 4.103 -.857 .0179 
-.195 .0134 NA 2.864 .216 -.0285 
.047 -.0373 K 2.034 -.017 . 00 74 

-.003 . 0061 S .585 -.005 .0159 
-.0 14 . 0276 O 45.053 -1.831 -.0132 

-1.364 -.0139 C .282 .009 . 0074 
.001 . 0058 S03 .801 .811 .0213 
.044 . 0856 TI .576 .000 . 3089 

-.000 . 0045 SUM RESI0UALS»»2 4.638 
2.215 STANOARO OEVIATION 1.077 
.359 

HF-2211 WEIGHT GAIN OR LOSS 
GAIN OR LOSS MINERAL PER CENT G/Cri»*3 G/CM»*3 

G/CM»»3 G/CM»*3 PLAGIOCLAS 53.42 1.410 -.437 
1. 165 -.733 K-FELOSPAR 0.00 0.003 -.138 
.012 -.126 QUARTZ 14.60 .335 . 110 
.555 .28 0 BIOTITE 19.80 .523 . 193 
.447 .117 PYRITE 1.11 .029 .029 
.055 .055 CALCITE 1.24 .033 .033 
.129 .129 ANHYORITE 1.2 3 .033 .033 
.228 .228 CHLORITE 5.0 1 .132 .132 
.125 .125 KAOLINITE .67 .018 .018 
.115 . 115 TOTALS 97.0 8 2.563 -.077 

2.330 . 190 
WT.PERCENT GAIN OR LOSS 

GAIN OR LOSS COMPONENT COMPUTEO RESIOUAL G/CM»* 3 
RES I DUAL G/CM*»3 SI 26.273 .847 -.0920 

.216 -.0501 AL 9.417 .260 -.0530 

.0 18 -.0690 FE** 4.0 74 .335 . 0068 

.597 -.00 40 MG 2.467 -. 223 . 0395 
-.592 . 0477 CA 3.656 -2.040 . 0344 
-.450 . 0763 NA 2.885 .341 -.0328 
.046 -.0383 K 1.766 .131 -.QC61 

-.002 -.0075 S .592 -.008 .0158 
-.0 65 . 0311 O 44.535 -2.544 -.0361 
-.589 -.0214 C .149 .034 . 0038 ro 
.010 .0152 S03 .726 .016 .0167 CO 
.105 . 1303 TI .532 -.091 .0099 —•* 

-.002 . 0030 SUM RESI0UALS»*2 11.738 
1.320 STANOARO OEVIATION 1.976 
.663 
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HF-26 06 WE IGHT GAIN OR LOSS MF-2608 WEIGHT GAIN OR LOSS 
MINE=41 PER CENT G/CM*»3 G/CM»»3 MINERAL PER CENT G/CM*V3 G/CM**3 
PLAGI CCLas 32.79 .882 - i . C 1 5 PL A CICCLAS 36.63 .996 -. 90 1 
K-FELOS»AR 9.14 .246 .106 K-FELOSPAR 7.19 .196 .053 
QUARTZ 17 . 82 .479 .20 4 QUARTZ 21.83 .595 .320 
BIOTITE 15.47 .416 . 036 BIOTITE 17.83 .466 .156 
PYRITE 3.80 .102 . 10 2 PYRITE 3.36 .091 . 091 
CALCITE 1.07 .029 .029 CALCITE .64 .017 .017 
INHYQRITE 2.53 . 0 70 .070 ANHYDRITE 1.94 .053 .053 
CHLCPITE 2.23 .061 . 061 CHLORITE 3.14 .036 .066 
KAOLINITE 4. 30 .116 .116 KAOLINITE 3.39 .092 .092 
ALBITE 10.73 .239 .239 ALBITE 3.81 .104 .104 
TOTALS 99.93 2.690 . 050 TOTALS 99.86 2. 716 .076 

WT .PERCENT GAIN OR LOSS WT.PERCENT GAIN OR LOSS 
COMPONENT COMPUTED RES I DUAL G/CM*»3 COMPONENT COMPUTEO RESIDUAL G7CM*M 
SI 2 7.832 .194 -.0186 SI 28.360 .265 . 33 08 
AL 9.062 .016 -.0565 AL 6.759 .020 -.0621 
FE** 4.211 .612 . 0049 FE** 4.«.64 .689 . 0 354 
MG 1.713 -.162 .0190 HG 2.062 -.417 . 0 359 
CA 2.952 .001 -.0366 CA 2.795 .001 -.0400 
NA 2.*12 .001 -.0244 NA 2. 382 .001 -.0352 
K 2.416 .300 .0170 K 2.391 .000 .0170 
S 2.033 -.207 . 06G3 S 1. 796 -.254 . 0558 
c 44.390 -.456 -.0692 O 45.209 -.620 -.0325 
c .123 .000 . 0035 c .076 .000 . 0021 
S03 1. 520 -.coo .0409 S03 1. 140 -.000 . 0310 
T I .364 -.014 . 0036 TI .420 -.029 . 0056 

SUM RESIQUALS*"2 .690 SUM RESIOUALS»»2 1.484 
STANDARD DFVIATION .587 STANOARO DEVIATION .862 

MF-26 ",7 WEIGHT GAIN OR LOSS MF-2609 WEIGHT GAIN OR LOSS 
MINERAL PER CENT G/TH**3 G/CM*»3 MINERAL PER CENT G/CH»*3 G/CM»»3 
PLAGIOCLAS 16.36 .445 -1.452 PLAGICCLAS 29.36 .796 -1.102 
K-FELOSPAR 5.60 .152 .015 K-FELOSPAR 8.50 .230 . 093 
QUART 2 21.13 .575 . 300 QUARTZ 21.57 . 584 .309 
BIOTITE 16.92 . 460 . 130 BIOTITE 17. 87 .484 .154 
PYRITE 4.13 .114 .114 PYRITE 4.41 .120 . 120 
CALCITE 1. 57 .043 .043 CALCITE .82 .022 .022 
ANHYQ»IT£ 3.52 .096 . 096 ANHYORITE .66 .018 .018 
CHLORITE 2.67 . 0 73 . 073 CHLORITE 3.66 .099 .099 
KAOLIMTE 12,55 .3 36 . 336 KAOLINITE 5.60 .152 . 152 
AL 0 IT E 15. 75 .423 .428 ALBITE 7.41 .201 . 201 
TOTALS ICQ.06 2. 722 . 082 TOTALS 99.66 2.706 .066 

WT .PERCENT GAIN OR LOSS WT.PERCENT GAIN OR LOSS 
COMPONENT COMPUTEO RESIOUAL G/CS»*3 COMPONENT COMPUTEO RESIOUAL G/CM»»3 
SI 2 7.711 .154 -.0119 SI 28.395 .319 -.0025 
AL 9.107 .013 -.0524 AL 8.859 .025 -. 0604 
F £ •• 4.643 . 694 .0155 FE** 5.035 .791 . 0231 
MG 1.903 -. 190 . 0 254 MG 2.145 -.244 . 0332 
CA 2 .545 .300 -.0468 CA 2.102 .001 -.0591 
N A 2.330 .000 -.0366 NA 2.330 .001 -.0369 
K 2.06 7 .000 . 00 32 K 2.524 .000 . 02C4 
S 2.234 -.236 . 0672 S 2.3 53 -.262 .0710 
0 44.794 -.360 -.0506 O 45.206 -.751 -.0336 
c . 133 .000 . 0051 C .098 .000 . 0027 
S03 2.0 70 -.000 .0563 S03 .390 -.000 .0106 
TI .393 -.016 . 0047 TI .420 -.018 . 0353 

SUM RESI0UALS**2 .727 SUM RESIOUALS*»2 1.420 
STANOARO OEVIATION .603 STANOARO DEVIATION .642 

HF - 2 6 JIJ Pf[[r,HT GAIN OR U)$S HF-2&UR WEIGHT GA 1~ O~ LOSS 
MPH Q ~L ;' E~ CUH G/C>i"J G/CH"l t1Irlf.'HL PER cun GIG""'] GIG ~".J 
f'LAGICCLAS 32.7 g .Q2 -1. Cl ~ PLAG! (CLAS 30. &3 .gg& -. gO 1 
I(-FELO,<>AR <j.i" .2~b .1 a 8 I(-FELOSPAR 7.19 .19& .05 ~ 

QUA~rZ 17.82 • "7"1 .20 .. QUARTZ ZI.fiB .595 .l2o 

a lOT I TE 15 ... 7 •• 1" .o~& BIOTITE 17.88 ."~6 .15& 
P'( ~ ~ T E J.ftO .102 (0102 PY R I' E 3.36 .0 'l1 .0'11 
CALCITE ~. 07 .02q .OZg CALCITE .&. • a 17 .017 
p,,; YOPlfE 2.!)f) .070 .0 7 a ANHYORITE l.g .. • a 53 .053 

C"LC"ITE 2. C ~ • C (, 1 .~bl C"'LORITE 3.1 .. .OH .O~6 

I(A')UNITE "t. J 0 .11E> .116 I(AOLINITE 3.3'1 .0'12 .OQ2 
HerrE 10.73 .2a9 .2~9 AL 8 IT E 3.Rl .10" .10" 
Tor AL S gg.q~ 2.&90 .05 a TO TAlS 9'l.R& Z.71& .07f. 

>IT .Pf.PCE"IT GUN L1~ l.OSS WT.PERCENT lOAIN O~ LOSS 
CQMPONEHT CO~PuTEI) RES!ClUAI. G/CM,03 COHPO~ENT COMPIITEO RESIDUAl. G/CM" J 

5 i 21.B~2 .1'3" -.OHf> SI 26.3~D .265 .000 S 
AL 9.062 .01& -.0565 AL 8.759 .020 -.0621 
FEt. ".211 .b12 .00 .. 9 FE·· ... ~O" .S~9 .C~5" 

HCi 1.7U ·.162 .01'30 HG 2. a &2 • •• 17 .0 15q 
CA 2.952 .001 ·.0366 CII 2.7'15 .001 ·.0.00 
Nl 2."12 .001 -.0241, NA 2.3~2 .001 ·.0352 
I( 2.416 • JaG .0170 K 2.3<)1 .000 • a 170 
S 2. U 31 -.2 a 7 .0(,01 S 1.796 -.25" .a558 
c " •• ~ gO -.~5(; -.o~n 0 "5.20'1 -.620 -.QJ2S 
C .12-l .000 .0035 C .076 .00 a .0021 
SO 1 1.520 -.coo .0 .. 09 S03 1.1"0 -.0 a 0 .0310 
TI d6" -.01" .0036 T I •• 20 -. 029 .0050 

SU~ RE5rOUALS"Z • 5'30 ~UH RESIOUALS··2 1 ... 8 .. 
SU"OAQD nfvrATIO~ .5~7 ST ANOARO OEVIATIO~ .~&2 

HF - ~ 607 io/ fl G HT GAIN 0'1 lOSS t1F-260Q WEIGHT GAIN OQ LOSS 
I'1!N[PAL P[~ CENT Ci/e.,·· 3 GICH"3 t1INfRAL PER CE~T G/C'i··3 G/C~"l 

PUr,ICClAS 16. H: ." .. 5 -1. ~5Z PLAGI (eLAS 29.30 .7g& -1.10 Z 
I(·FELO~P4'1 5.60 .. 152 .015 K- i'ELO,PAR 5.50 .230 .093 
OJ l. OJ 2 21.13 .575 • 30 a QUAQTZ 21.57 .5 e .. .lO 9 
BIOTITE H.a2 • .. 60 • 130 RIoT! TE 17. A 7 •• e .. .15" 
PY PIT;:: 4.l~ .11" .11" PY ~ rr E " •• 1 .120 .12 a 
CA~CITE 1. 57 .0,,3 .0 .. 3 CALCITE .R2 .022 .022 
A"'~'(DQITE' 3.52 .ag6 • 0 'l6 ANH YDRIT <: .66 .OH .018 
CHLQ~lf;: 2.67 .07;) .073 CHLORrTE J.&b .O'lq .099 
(~OLl ~rTE 12.55 • ,13 (, • 3;- 6 KAOUNITE 5.60 .152 .152 
AL~ITE 15.15 ."26 ,"~8 ALBITE 7.41 .201 • 20 1 
TOUI.S lCo.Ob 2.722 • 082 TOTALS 99.86 2.706 .0&6 

14T .PfoCENT GAIN O~ LOSS WT.PEoCENT GAIN O~ LOSS 
CO>lPONENT C[:~PUTEO RESIDUAL G/C""i"'·l COt1POHEtH COHPU TEO RESIOU~L Ci/C~"3 

51 2 7. 7 H .15~ -.0 II g SI 28 • .JQ5 .J1'l -.0025 
At g. 107 .013 -.052" Al 8.859 • 025 -. Db 0 .. 
FE •• ... 64J .bq~ .OlS5 FE·· 5.0J5 .rgl • 0231 
HI; l.gJ3 -. 1 g 0 .0254 HG 2.1" 5 -.2"" .0132 
CA 2.5"5 • 0 a a -.0"66 CA 2.102 .001 -.05g1 
Nl 2.330 • a 0 G -.0306 ~A 2.330 .OCI -. 03&9 
i( 2.0", 7 .COO • \J J az K Z.52~ • 000 .oze .. 
S 2.234 -.236 .0672 S 2.35.' -.262 .0710 
0 ..... r9~ -.360 -.a5Ge 0 "5.206 -.751 -.0336 N 
C .1~~ .000 .0051 C .Og~ • a 00 • DC 27 eN 

SOl 2. HO -.000 .0563 SOl .390 -.DOC .0106 ~ 

TI .39~ -. alb • GO .. 7 Ti ... 20 -.0 IS .OOSJ 
SUK OIi'SrOIJHS"Z .721 SUH RESIDUALS"2 1. "2a 
STANOA'lO OEVTAnol'l .&03 STANDARD OEVIATIali .8 .. 2 



HE IGHT GAIN OR LOSS 
M INERAL PER CENT G/CH**3 G/CM»»3 
PL »r, i CCL as 29.60 .814 -1.064 
K-FELOSPAR 4.85 .133 -.00 4 
QUARTZ 19.06 . 524 .249 
BIOTITE 16.05 .496 .166 
PYPITE 4.09 .113 .113 
CALCITE .52 .014 .014 
ANHYDRITE 1.67 .G51 .051 
CHL C°IT£ 3.61 .099 .099 
KAOLIMTE 3.69 .101 . 101 
ALBITE 14.63 .402 . 402 
TOTALS 99.97 2. 749 .109 

WT.PERCENT GAIN OR LOSS 
COMPONENT COMPUTED RESIDUAL G/CM»»3 
SI 23.032 .185 . 00 24 
AL 8.323 . . 0 14 -.0576 
F£»* 4.903 ' .379 . 0325 
MG 2.153 -.091 . 03 02 
C A 2.352 .0 00 -.05 13 
NA 2.924 .001 -.0196 
K 2.139 .000 .0100 
S 2.187 -. 0 83 . 0624 
0 44.900 -.430 -.0324 
c .063 .000 .0017 
S03 1.100 .000 . 0303 
T I .424 -.007 . 0053 

SUM RESIDUALS»*2 .379 
STANOARO OE VI AT ION .435 

-2610 WEIGHT GAIN OR LOSS 
MINERAL PER CENT G/CM**3 G7CM»*3 
PLAGICCLAS 28.32 . 745 - 1 . 153 
K-FELDSPAR 9.66 .254 .117 
QUARTZ 18.29 .48 1 . 236 
BIOTITE 20 . 44 .538 . 206 
PYRITE 6.00 .158 .158 
CALCITE .30 .021 .021 
ANHYORITE 1.51 .040 .040 
CHLORITE 1.07 .028 .028 
KAOLIMTE 7.40 .195 . 195 
ALBITE 6.66 .175 .175 
TOTALS 100.16 2.634 -.006 

WT.PERCENT GAIN OR LOSS 
COMPONENT COMPUTEO RESIOUAL G/CM»»3 
SI 27.234 .0 74 -.0491 
AL 9.111 .007 -.06C4 
FE** 5.711 .573 . 0432 
MG 1.951 -.088 .0221 -
CA 2.287 .000 -.0559 
NA 2.226 .000 -.0415 
K 2.864 .000 . 02 73 
S 3.203 -.222 . 0902 
0 44. 102 -.173 -.1146 
c .096 .000 . 0025 
S03 .893 -.000 . 3234 
TI .481 -.011 . 0063 

SUM RESIOUALS»»2 .421 
STANOARO OEVIATION .459 

-2613 WE IGHT GAIN OR LOSS HF-2611 WEIGHT GAIN OR LOSS 
HI N E ° AL PER CENT G/CM»»3 G/CM»»3 MINERAL PER CENT G/CM*»3 G/CM**3 
PL AGICCL AS 36.56 .994 -. 933 PLAGICCLAS 20.41 .543 -1.355 
K-f ELO-PAR 7.17 .195 .057 K-F f I. OS PAR 7.30 .194 .057 
QUARTZ 18.35 .499 .224 QUARTZ 19.52 .519 .244 
BIOTITE 1 5.95 .434 .104 OIOTITE 13.31 • .487 .157 
PY»ITE 4.23 .115 .115 PYRITE 4.32 .115 .115 
CALCITE 1.30 .035 .035 CALCITE 1.11 .030 .030 
ANHYDRITE 4.93 .134 .134 ANHYDRITE 1.19 .032 .032 
CHLCRITE 3.62 . 0 99 .099 CHLORITE 5.13 .138 .138 
KAOLINITE 1. 73 .047 .047 KAOLINITE 9.15 . 243 .243 
ALBITE 6.55 .178 .178 ALBITE 13. 62 .362 . 362 
TOTALS 1C0.38 2.730 . 090 TOTALS 100.11 2.663 .023 

WT.Pf t?CENT GAIN OR LOSS WT.PERCENT GAIN 0* LOSS 
COMPONENT COMPUTED RESIOUAL G/CM»»3 COMPONENT COMPUTED RESIDUAL G/CM*» 3 
SI 2b.360 -.131 -.0292 SI 27.793 . 133 -.0276 
AL 6.523 -.0 10 -.0677 AL 9.227 .012 -.0547 
FE** 4.634 .494 . 0221 FE** 5.291 .632 . 0307 
KG 1.971 -.122 . 0254 MG 2.423 -.220 . 0339 
C A 3.937 -.001 -.0089 CA 1. 394 .000 -.0656 
NA 2.618 -.000 -.0263 NA 2.332 .300 -.0367 
K 2.233 -.000 .0127 K 2.391 .000 .0156 
S 2.259 -. 141 . 0653 S 2.303 -.172 . 0660 
O 43.864 .300 -.0941 O 45.129 -.315 -.0702 
C .156 -.000 .00 42 C .134 .300 . 0336 
S03 2.900 .300 . 0789 S03 .700 .000 .0186 
TI .375 -.009 . 00 38 TI .430 -.013 .0052 

SUM »ESI0UALS»*2 .386 SUM RESIOUALS*»2 .660 
STANDARD OEVIATION .440 STANDARD OEVIATION .574 

ro 

HF-2~~2 HE rr.HT GAIN OR. lOSS HF-2 r, 1 a WEIGHT GAUl O~ lOSS 
., r" r PA PER. CENT G/C~··3 G/CM··j HI~ERAL PER Cf.N' G/C .. ··] G/C M" J 
PLAr.IC LAS 2<;. [, a .111" -1.0n4 PLAGrCClAS 28.32 ,1"'5 -1.153 
I(-FF.LO PAR 4.~S .133 -.OU" K-FELOSPA~ q.6E. .25" • 117 
~UtR!Z l'l.Cr:. .52" .2"9 QUARTZ 18.2Q ... 81 .20 [, 
BLOT ITE 1 ~. a 5 .4Q& .166 BiOTITE 20 ..... .5.18 .208 
PY~ITE ".O~ • 113 • 113 PY R rTE 0.00 .1511 .1 511 

CAL<:!TE .52 .01" .01" CALer Tt: • ~ 0 .021 .021 
4NHYORlTf 1.fi7 .051 .051 ANHYiJRITE 1.51 .0"0 • 0 .. a 
CHL C" IfE 3.bl .0<)03 .0'19 CHLOPIrE 1.07 .028 .028 
I(AaLl~ITE 3.69 .iOl .10 1 KAOLHITE 7."0 .195 .195 
AlRIrE 1 ... &3 ... 02 • .. 02 Al.BITE f,.o& .17S .175 
TO TiL S 9C;.g7 2.1"9 .lC9 TO T Al S 10 0.16 2.bJ" -.000 

~T. PERCENT GA I N OR. LOSS WT.PERCENT GAIN 0'< LOSS 
COHPONENT CO><PUTEO RESIDUAL (;1 C,"," 3 COHPONENT CONPUTED RESIOU4l G/C .. ··] 
sr 2.~.032 .185 • 00 24 SI 27.23" .07" -.0.91 
AL a. ~2J .01" -.0576 Al 9.111 .007 -. 0" C .. 

~E·· ''.903 .379 .0325 FE •• 'j.7 it .573 .04032 

~G 2.1 5 3 -.O'll .0302 HG 1.951 -. a sa .0221 
CA 2.352 • a a a -.0513 CA 2.287 • a a a -.0559 
NA 2.'l2" • a a 1 -. 01% NA 2.22& .000 -.0"15 
~ 2.1J9 • a a a .0100 I( 2.8"~ .OOC • 0273 
S 2.1 ~ 7 -. a a3 .062" s 3.2aa -.222 .0902 
0 ..... gOC - ... ]0 -. 032 .. a ..... 102 -.173 -.li 40 
C .063 .000 • 00 17 C .0gE. .000 .0025 
<;03 1.100 .000 .0303 S03 .A90 -.0 C C .0<3" 
I I .42" -. 007 .OC53 TI • .. 81 -. a 11 .00 &3 

SU~ RES10UALS"2 .37g SU~ ~fsrOUALS"2 ... 21 
STA'lDA'!O OE~IATION ... 35 STANOAR.D OEV IA T I ON ... 59 

HF-2~1J wEIGHT GAIN OR LOSS HF-2S11 WEIGHT GAIN oq lOSS 
HI~E°I.L PER C£NT G/C>1··3 G/CH"J HI N[R .Il PE'< CENT G/CIi··3 G/eM"J 
PL A G: eel AS 36.156 .g9" -.g03 PLAGI CCLAS 20.41 .~43 -1.355 
K-'(LO~PAR 7.17 .195 .057 K-Ffl.OSPAR 7.30 .19" .057 
r'JLJ.lQTi 1~ ,3'; ."'1') .224 QUARTZ 1Q.52 .5i'l .2"~ 

8 r :) T r T':: 15.15 ... J .. .104 OIOTIIE 18.31 .~a7 .157 
PY PiT £ ... 23 .115 .115 PYRI IE 4.32 .115 .115 
CALelTF i.30 .035 .035 CALCITE 1.11 .030 • a 3 a 
~"~YJ~ITE ".'lJ .11~ .13'+ ANHYDQlTE 1.19 • a 32 .032 
CHLCQIfE 3.62 .Og9 .O~'I CHLORITE 5 .1 ~ .138 .138 
~AOLINlTE 1. 73 • 0" 7 • 0 .. 7 KAOLIN1 TE 'l.15 .2"3 .2 .. 1 
AL'lITE &.55 .178 .17A ALBITE 13.62 .JE.Z .362 
TOULS lCO.38 2.710 .0gO TOTALS 100.11 2.6 b3 .023 

WT.PERCENT GAIN O~ lOSS IH.f'ERCENT GAIN O~ lOSS 
CO~PONENT CDMPUrt:::o RESIDUAL G/Ct1··3 COHPONENT CO~"UTEO RE51DU4l G/CIioI •• ] 

51 2".~"a -.131 -.0292 51 27.7.,J • 133 -.027& 
AL 11.523 -.OlG -.0;'17 Al 9.227 .01l -.05'" 
FE.~ ~.b8" ."94 • 022t FE •• 5.291 • 6 ~2 .0107 
~G 1.171 -.122 .025" HI> 2."28 -.220 .OH~ 

CA 1,937 -.001 -.OO~9 CA 1.~g" .000 -.00~6 

rHo 2.618 -.0 a a -. a 2 fI ~ NA 2.J~l .JOO -.0367 
>( 2.233 - .. 000 • a 127 K 2.39i • a a a .0156 
S 2.25'l -.141 .065] S Z.30~ -.172 .0660 
(j .. 3.Bo .. .100 -.0""1 0 .. 5.129 -.115 -.0702 N 

C .15& -.000 .00"2 C .13" .000 • Oil 36 
(.oJ 
(.J1 

S03 2. Q co .coo .0789 SOl .700 .OCO .11186 
TI .175 -.009 • aD 111 TI • .. 30 -.013 .DOH 

SUM QESIOUALS··Z .180 SUM RESIOUALS··Z .&60 
STA~DARD [JEVUlION ..... 0 STANOARD OEVIA TI ON .~7" 



-2614 WEIGHT GAIN OR LOSS MF-2616 WEIGHT GAIN OR LOSS 
MI MERiL PER CENT G/CN**3 G/CM»»3 MINERAL PER CENT G7CN»»3 G/CM*»3 
PL A 01 CCL AS 3 0.71 . 642 -1.056 PLAGICCLAS 37.41 1.029 -.669 
K-FELCSPAR 10.45 .2 36 .149 K-FELOSPAR 8.26 .227 .090 
QUA»T7 17.93 . 493 .218 QUART Z 16. 32 .449 .174 
BIOTITE 15.90 .436 .106 BIOTITE 16.28 .448 .116 
PTOITE 3.53 - 097 .097 PYRITE 3.45 .095 .095 
CALCITE .96 .027 .027 CALCITE .75 .021 . 021 
ANHYORITE 4.93 .135 .135 ANHYDRITE 4.46 .123 .123 
CHLORITE 1.67 .046 . 046 CHL CRITE 2.59 .071 .071 
KAOLINITE 2.5 5 .078 .078 KAOLINITE 4.41 .121 .121 
ALBITE 11.16 .306 .306 ALBITE 6.21 .171 .171 
TOTALS 1C 0. 1 6 2.745 .105 TOTALS 100.13 2.754 .114 

WT.PERCENT GAIN OR LOSS WT.PERCENT GAIN OR LOSS 
COMPONENT COMPUTEO RESIOUAL G/CM»»3 COMPONENT COMPUTEO RESIOUAL G/CM»»3 
SI 27.548 .0 24 -.0092 SI 26.956 .077 -.0242 
AL 8.5 56 .002 -.0651 AL 9.270 .007 -.0451 
EE •• 4.046 .423 . 00 74 FE 4.206 .530 . 0092 
KG 1.652 -.097 .0164 MG 1.8 34 -.151 . 0231 
C A 3.495 .000 -. 0202 CA 3.624 .000 -.0164 
NA 2. 760 .000 -.0244 NA 2.649 .000 -.0272 
K 2.593 .000 . 0232 K 2.391 .000 .0177 
S 1.383 -. 112 . 0548 S 1.346 -.134 . 0545 
0 44. 231 -.055 -.0656 O 44.262 -.185 -.0567 
c .117 .000 . 0032 c .090 .000 .3025 
S03 2.900 -. 000 . 0795 S03 2. 620 .300 . 0721 
TI .374 -.010 . 0039 T I .383 -.0 13 .00 43 

SUM RESIOUALS»»2 .205 SUM RESIOUALS»»2 . 362 
STANDARD OEVIATION .320 STANOARO OEVIATION .425 

-2615 WEIGHT GAIN OR LOSS MF-2617 WEIGHT GAIN OR LOSS 
MINERAL PER CENT G/CM»»3 G/CN»M MINERAL PER CENT G/CM»M G/CM»»3 
PLAGICCLAS 42.52 1.169 -.728 PLAGI CCLAS 32.40 .901 -. 997 
K-FELCSPAR 8.60 .236 . 099 K-FELOSPAR 8.90 .247 . 110 
QUARTZ 15.53 .427 . 152 QUARTZ 17.60 .489 .214 
BIOTITE 15. 73 .433 .103 8I0TI TE 16.66 . 463 .133 
PY'ITE 4.0 2 .111 . i l l PYRITE 2.20 .061 . 061 
CALCITE .91 .025 .025 CALCITE 1.43 .040 .040 
ANHYORITE 5.44 .150 . 150 ANHYORITE 2.84 .079 .079 
CHL ORITE 3. 75 .103 .103 CHLORITE 2.65 .074 .07 4 
AL3IT£ 3.59 .099 .099 KAOLINITE 3.13 .087 .037 
TOTALS 100.09 2.753 .113 ALBITE 12.27 .341 . 341 

TOTALS 100.09 2.782 .142 
WT.PERCE NT GAIN OR LOSS 

CCMFONENT COMPUTED RESIOUAL G/CM»»3 WT.PERCENT GAIN OR LOSS 
S I 2 6.219 . 1 34 -.0461 COMPONENT COMPUTEO RESIOUAL G/CM»»3 
AL 3.749 .121 -.0625 SI 28.070 .092 .0144 
FE 4.579 .459 . 0214 AL 9.001 .007 -.3498 
M G 1.973 -.120 . 0261 F£.+ 3. 685 .475 -.0027 
CA 4.253 -.035 . 00 19 MG 1.876 -.193 . 0263 
NA 2.696 -.0 12 -.0255 CA 3.152 .000 -.0284 
K 2.402 -.006 .0182 NA 2.923 .000 -.0167 
S 2. 149 -.121 . 0624 K 2.432 .000 . 0210 
C 43.393 -.331 -.0766 S 1.178 -.062 . 0345 
c .109 .000 .0030 0 45.487 -.217 —.3 3 84 
S03 3.203 .Q10 . 0877 c .172 .000 . 0346 
TI .370 -.008 .0038 S03 1.670 .0 30 . 0464 

SUM RESIDUALS»»2 .384 TI .392 -.016 .0347 
STANDARD DEVIATION . 358 SUM R£SIDUALS»»2 .322 

STANOARO DEVIATION .401 

.. r _ l'6 , " WEtG'" 'UN OR. l OSS ",,- aI!, WE I{.HT 'Ulf O~ lOSS 

"I'I ( ~~l pt 'l. C[ NT " t .. · · J r;/c .. •• ) I'IlN F.'f6l P['I. C[ II' (; / C .. ·· 1 (; / C '" ' J 

pll:'ICC!.lS J~ . I! .~ "" · !.aS6 Pll r;J(Cl6S 31. " 1 I. H'I - .U'l 
O:; .f£lC';P ' '1 10."5 . z, r, . 1 " '1 o:; - r nosp,'1 e . zlo . lll . 010 
O'l' ~11 11. 14 ... ·u . 2111 ouUTl 16.n ."\ ' • I 1 ~ 
81 0 lffE 15 . 'Iii . "36 .U~ 8HIT ITE l 6 . le . .... 8 • II e 
1' , g!T E l . S J .0 q r • C'I7 PlR.l rE 1,"5 .0 .. 5 .0'15 

C · lC !T ~ ... . n 21 . Q21 C'let IE ." . all . 011 
A'.~lOD!TE \. 'IJ • I Jo; • \.~s :'N'I ' O"I T[ ... 1,& .l l J .\2$ 

'>c l aQ UE 1 . ~7 . 0 " 6 . 0"10 CHl (IHT [ 2 . 5<l . 0 11 . O7l 

~ ~ OLI tHf[ 2. H .Dl8 . 0 18 ~AOllNITE .. ... I .lU • I 2 1 

'UHI E 1101 ~ .3 06 .J ab UO ITE 6.21 .171 .\11 

1 1'1 " l S HO.!~ 2. 1\5 .1 05 TOUlS leO. 13 2.75\ 011" 

IoIr. PE~CE"T 'AI N " LOSS WT . Pt R.CE ll r ' 'I N O~ LOSS 

CO" PO No. r CO" Pl,I l £O II ES I OU U &/CN" J COHP ONENT CO"pU l EO ItfStOUll Cf C .. •• J 

" ll . S "~ . 02 1, - .O~q2 " l6 . <l56 . 071 -. 02 " l 

" ~. ,610 . O:l -. 0 &0; 1 " '1 . 270 • ~c 1 - . ~"S1 
r ( • • ...C 1, 6 • 1, 21 • ca, .. rE .. lo . lg6 . 5JO • con 

"' 1.6Sl - . 0'1 1 . 016" "' 1 .8"- - . I 51 . Hli 
C. 3.<0 15 . 000 -. 0202 " 3 . r.2" . 000 -. 016 \ 

"' l . 16O • 300 - . 02 .... " 2 . h'l . 000 - . 0212 , 2 . 5'1 4 .0 0 0 . 0Z32 , 2 . 1 '11 .G OO • C11 7 , 1.~8. -.: 12 . 05"8 , 1 . '''' _.1 1 <0 • ~~ .. 5 , ..... ~Jl ~ . 055 - . 0&056 , .... . Z .. z - .IAo; -. G~I>1 

C .11f . 000 . 00l2 C . 0'10 . 000 · "'25 
'" 2 . '100 ~. oeo . 01'15 'OJ 2 . 6H .: 00 . 0 711 

" .31 .. - . a 10 . 0aJ9 " . 38) -. 01 3 • a 0"3 
SU .. ~E S fOU ' lS"2 • 205 SUM RES 1 0UAlS " Z • 3&2 
S T.l ~OAltO O[V!AT I OU .3Z0 ST.lNO lIID OtvlAfiON . <02 5 

.. r · llo IS W[ ! ~." CiA: .. 011: LOSS I'Ir - 21o" 1010'''1 ' GH N 011: LOSS 

": !"P"L IOU. C[NT (;/C .. .. ' GICI'I' " "'N E" 'L PE~ CCN T (;/CIt"j C/C'\"3 

PL ' GlCr.l'S ~ l . 52 1.1 6'1 -. 128 pl~G!CCL 'S 32."0 • ~g 1 -. qqr 

<· rELc,p AlI 8.6~ . 236 .O 'l'J o:;- rElO'i p,1I; 8 . '10 . l .. 7 .110 

O l,l '~Tl !S.U • .. 21 . 152 OU~QIl 17 . 1>0 ."S'I .ll " 
8! OT! IE 1~. 13 · .. n o1U OlOlJre: 1 6 . 66 ." 6 3 dll 

PlO I I E .. • Ol . 111 • ~ ~ 1 Pl lI I I E 2.20 • ~ 6 1 • 0'> 1 
CALC IT E ." . HS . 02S CAl CI IE 1 . :01 .0 .. 0 . 0"0 
A ';>c ' O~ II[ ....... • 150 . 150 ANH ) OR. I t [ Z . h .01'1 .on 
C" lC~ !T( 1.7, d Ol .U3 CHLO~ ITE 2.65 . 01" • or I, 

' l~ITE J. 5 '1 . Q'I 'J • Oqq I(AOLI "IT[ J. 1 J .081 . 0 41 

TOI ALS 1D~. 0'1 2 . 75 J .1 13 'l81f[ I l . ? 1 • 3 .. 1 • 3"1 
f OULS 1 00.0'1 Z. 1 &2 01 " 2 

101' . p [PCE rn GUN O~ LOSS 
CC 'l ~O NENT CO .. f> l,IIEO 1I£ 510U'1. (; /C .. ··) WI. P[RCE NT ' AI " OQ LOSS 

" 2& . l: q • I II, -.0" &1 COIIPOI<I£", CU"PU I(O II[ S I OU'L CfC~ " 3 

" 
, . ,..q . 111 -. 0,,25 " H . 07D . D~2 .01 .... 

F{ ." ... 51'1 • 1, 5~ • C2 J" " '1.001 .GG1 -. D ~ q S ., I.H] -. 1 20 . 0261 r E ' " J.6~S ... 15 - .Hl1 

" " . l5 1 -. QJ5 . 001 '1 "' 1 . 81& - . 1 '1 J • ~l6G 

" 2 . 6'1t. - . 0 I Z - .~ 25S " J .1S2 • DOG - .~H ~ , l.~H -. 0" 6 . 0182 "' 2.~21 • 0 ~ 0 - . 0167 , 2.110'1 - . tZl . 06Z" , 2 . .. ~Z . COO • Ol IO , "J.l'll -. H1 -. 071>& , 1.116 -. 062 • 03105 

C .I 0'J • 000 • g030 , .. 5." R 7 -. Z I1 -. 010&" N 

'" 3 . 2Q~ . 0 10 . 0877 C . 112 . 000 • O~ .. & W 

" . HO -. OU . 0038 ,OJ 1 . 670 . 0 :;c • O~&~ '" Sl,l .. I1[SIO UAlS " Z • J ~ ~ " .lQZ -. 0 11> • O~ ~1 
SIl~OAR.O nEvUr:OIl · na '"' RES I OU'LS · ·Z .m 

STA"O'~O DEV I ATION . .. 0 1 



-2613 HEIGHT GAIN OR LOSS MF-2620 WEIGHT GAIN OR LOSS 
MI NEPAL PER CENT G/CM**3 G/CM»*3 MINERAL PER CENT G/CM»»3 G/CM»»3 
PL A M CCL *S 32.23 .351 - 1 . 047 PL AGICCLAS 37.55 1.010 -. 937 
K-FELOSPAR 14.57 .335 .247 K-FELOSPAR 14.72 . 396 .258 
GU A R 7 Z 20,05 .529 .254 QUARTZ 20.47 .551 .276 
BIOTITE 14.15 .374 .044 BIOTITE 15.50 .417 ,03 7 
PYRITE 1.21 .032 .032 PYRITE 2.50 .067 .067 
CALCITE .96 .025 .025 CALCITE 1.29 .0 35 ,035 
ANHYDRITE 1.37 .049 , 049 ANHYORITE 2.19 .059 .059 
KAOLIMTE 7.07 .16/ . 137 CHLORITE 1.17 .031 .031 
AL 8 I TE 7.74 .204 ,20 4 KAOLINITE 4.29 .115 .115 
TOT 4LS 99. 84 2.636 -.00 4 TOTALS 99.69 2.682 .042 

WT .PERCENT GAIN OR LOSS WT.PERCENT GAIN OR LOSS 
COMPONENT COMPUTEO RESIOUAL G/CM»"3 COMPONENT COMPUTED RESIOUAL G/CM»»3 
SI 29.594 . 19 0 . 0129 SI 28.537 .279 -.0033 
AL 9.517 .0 16 -.0490 AL 9.031 .022 -.3575 
F E 2.464 ,078 - . 0289 FE* * 3.434 -.056 . 00 20 
KG 1.231 .000 .0010 MG 1. 537 .011 .0096 • 
CA 2. 666 .001 -.0456 CA 3.181 .358 -.0401 
NA 2.597 .000 -.0315 NA 2.204 -.261 -.0331 
K 2.947 .000 .0296 K 3.090 .051 . 0337 
S . 645 -.005 .0172 S 1.337 .007 . 0 356 
0 46.635 -.428 -.0366 O 45.532 -.654 0366 
C .115 .000 .0031; C .155 -.004 . 00 43 
SOS 1.100 -.0 00 . 029C S03 1. 290 -.040 . 0358 
T I .3 35 -.009 .0024 TI .365 -.QC1 . 0032 

SUM RESIDUALS**? .225 SUM RESI OUALS»*2 .721 
STANOARO DEVIATION ,274 STANDARD OEVIATION .490 

KF-2619 WEIGHT GAIN OR LOSS MF-2621 WEIGHT GAIN OR LOSS 
MINERAL PER CENT G/CM*»3 G/CM*»3 MINERAL PER CENT G/CM»"3 G/CM»*3 
PLAGICCLAS 2 7. 71 . 726 -1.172 PL A GI OCL AS 37.63 1.050 -.64 8 
K-F tLDSPAR 13.23 ' .347 .209 K-FELDSPAR 13.34 .372 .235 
QU 4̂  I I 21.10 .553 .278 QUARTZ 21.95 .612 .337 
BIOTITE 15.97 .418 .088 BIOTITE 13.45 .375 .045 
PYPITE 2. 78 .073 .073 PYRITE 3.14 .0 38 .088 
CALCI TE 1.07 .028 .028 CALCITE .85 .024 .024 
ANHYDRITE 1.21 . 0 32 .0)2 ANHYDRITE 2.84 .0 79 .079 
CHLORITE 1.19 .031 . 031 CHLCRITE 1.00 .028 .028 
KAOLIMTE 8.99 .235 .235 KAOLIMTE 5.74 . 160 . 160 
AL 8 IT E 6.3 3 .167 .16 7 TOTALS 99.94 2.788 .148 
TOTALS 99.62 2.610 -.030 WT.PERCENT GAIN OR LOSS 

WT.PERCENT GAIN OR LOSS COHPONENT COMPUTEO RESIOUAL G/CM"»3 
COMPONENT COMPUTEO RESIOUAL G/Ctf**3 SI 23.793 .231 . 03 35 
SI 23.9*1 .3 49 -.0132 AL 9.073 .0 16 -.0473 
AL 9.377 .029 -.0549 F£** 3.427 . 271 -.03 39 
FE** 3.629 .092 . 0 0 0 8 MG 1.331 -.050 . 0370 
MG 1.581 -.0 18 .0104 CA 3. 202 .286 -.0346 
CA 2.273 .001 -.0565 NA 2.133 -.193 -.0336 
NA 2.219 .001 -. 0419 K 2.762 .031 .0262 
« 2.923 .031 . 0286 S 1.677 -.073 . 0483 
S 1.466 -.0 14 . 0393 O 45.399 -.524 . 0323 
0 45.939 -.317 -.0540 c .103 -.001 . 0329 
c .128 . 0 00 . 00 34 S03 1.670 -.050 . 0480 
S03 .710 -.000 .0136 TI .316 -.007 . 0024 
TI .376 -.002 .0033 SUM RESI OUALS*«2 .532 

SUM RESIOUALS*»2 .798 STANDARD OEVIATION .421 
STANOARO OEVIATION .632 
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- 2 6 2 2 HE IGHT GAIN OR LOSS 
MI NER Al PER CENT G/CM*»3 G/CM*»3 MF-2624 WEIGHT GAIN OR LOSS 
PLAGICCLAS H9. 13 1.32 3 -.575 MINERAL PER CENT G/CM»»3 G/CN'M 
K - FELO~PAR 11.03 .297 .159 PLAGICCLAS 40.02 1.053 -.34 5 
OUA»T 2 20.52 .552 .277 K-FELOSPAR 9.61 .253 .115 
BIOTITE 14-20 .382 .052 QUARTZ 21.02 .553 .278 
PVP ITE 1.35 .036 . 0 36 BIOTITE 13.49 .355 .025 
CALCITE .32 .022 .022 PYRITE 1.53 .042 .042 
ANHYORITE 1.46 .039 .039 CALCITE 1.45 . 0 38 .038 
CMlCR ITE . 0 6 .002 .002 ANHYORITE 5.64 .148 .148 
KAOLIMTE .69 .019 .019 CHLORITE 1.34 .035 .035 
TOTALS 99. 32 2.672 .0 32 KAOLIMTE 5.39 .142 .142 

TOTALS 99.34 2.618 -.022 
WT.PERCENT GAIN OR LOSS 

COMPONENT COMPUTEO RESIOUAL G/CM»»3 WT.PERCENT GAIN OR LOSS 
SI 29.335 .633 . 00 87 COMPONENT COMPUTED RESIOUAL G/CM»»3 
AL 9.154 .050 -.0549 SI 27.849 .502 -.0442 
EE** 2.552 .274 -.0306 AL 8.938 .042 -.0645 
MG 1.247 -.092 . 03 45 FE** 2. 761 .421 -.0304 
CA 3.400 .127 -.0279 MG 1.389 -.186 . 00 99 
NA 2.769 -.095 -.0230 CA 4.393 .219 -. 0062' 
K 2.584 .010 . C?12 NA 2.262 -.067 -.0337 
S . 724 -.026 . 0202 K 2.333 .009 .0131 
0 46.269 -1.542 . 00 71 S .846 -.054 . 0237 
c .098 -.000 . 0026 O 44.939 -1.257 - . 0648 
S03 ,656 -.004 . 02 31 c .173 -.001 . 00 46 
TI .334 -.0 14 . 00 26 S03 3.319 -.071 . 0892 

SUM RESI3UALS»»2 2.839 TI .317 -.019 . 03 22 
STANOARO OEVIATION .901 SUM RESIOUALS»»2 2.106 

STANOARO OEVIAT I ON .638 
-2623 HEIGHT GAIN OR LOSS 
MINERAL P£P CENT G/CM»«3 G/CM»»3 MF-2625 WEIGHT GAIN OR LOSS 
PLAGICCLAS 35.25 .952 -. 946 MINERAL PER CENT G/CM»*3 G/CM»»3 
K-FtlDGPAR 7.09 .192 .054 PLAGICCLAS 36.60 ,988 -.90 9 
QUAOTZ 17.26 .466 .191 K-F EL DSP AR 11.82 .319 .132 
3I0TITE 14 . 0 >, .379 . 049 QUARTZ 18.35 .495 . 220 
PYRITE 2.3 7 .064 . 064 BIOTITE 13.10 .354 .324 
CALCITE 1.0 2 .028 .0 23 PYPITE 1.57 . 0 42 .042 
ANHYQ»IT£ 2.58 .0 70 .070 CALCITE 1.30 .0 35 .0 35 
CHLCRITE 2.21 . 060 , 360 ANHYORITE 2.55 .069 .069 
KAOLIMTE 3.65 .0 99 .0 99 KAOLIMTE 6.47 .175 .175 
AL 0 I TE 14.48 . 391 . 391 ALBITE 7.99 .216 .216 
TOTALS 99.96 2.699 .059 TOTALS 99.74 2.693 . 053 

WT.PERCENT GAIN OR LOSS WT.PERCENT GAIN OR LOSS 
COMPONENT COMPUTEO RESIDUAL G/CM*»3 COMPONENT COMPUTEO RESIOUAL G7CM»»3 
S I 2 B . 4 J .133 . 00 03 SI 28.946 .150 . 0141 
AL 9.301 .012 -.0490 AL 9.541 .0 13 - . 0425 
FE** 3.339 .2 30 -.0030 FE *• 2.236 -.204 -.0260 
MG 1.573 -. 0 62 .0128 MG 1.394 .121 . 00 29 
C A 3.067 .001 -.0332 CA 3.233 .001 -.0286 
H A 3.242 .00 1 -.0125 NA 2.812 .000 -.0241 
K 2.067 ,000 . 0078 K 2.540 .000 . 0206 
S 1.265 -.0 35 . 0351 S .840 .020 . 0221 
0 45.632 -.320 -.0370 O 46.224 -. 344 -.0217 
C .123 .000 . 00 33 C .156 .000 . 0042 
S03 1.520 .000 . 0410 S03 1.500 -.000 .0405 
TI .330 -.006 . 0025 TI .312 -.016 . 0023 

SUM RESI0UALS**2 .180 SUM R£SICUALS*»2 .198 
STANOARO DEVIATION .300 STANOARO DEVIATION .257 

04f-2<;,22 WE1CHf G~IN OR LOSS 
~I ~~EqAL PE~ C£'H (;/C'1"3 G/C'1"J Mf-2f>2~ WEIGHT GAIN OQ LOSS 
pl.Ar;rCCLAS .. 9. 1 ~ 1. ~ 2 3 -.575 HI tH:R AL PER CErH G/(;'1"] G/C~"J 

~-~f.LO~PA~ 11.33 .2'17 .15'! PLAG! ceLloS lta.02 1.053 -.8~5 

'l1J~DTI ZO.S2 .5':iZ .277 K-fELDSPAR q.6i .253 .115 
'1 r D T 1 TE 1'-·2Q • 3 ~ 2 .052 QUAfHZ 21. Q 2 .553 .278 
P';"PITE 1.35 • ~ 36 .036 flIOTJTE 11.4Q .355 .025 
CALC! iE .~2 • " 22 .02~ prR ifE 1. 5,~ .0'02 .0'oZ 
'''''fO''! iE 1.46 0-"0 · ~. .039 C~LCITE 1.'05 .0 H .0 3 ~ 
C104 LCQITE .0 B .DO;> .002 ANf1YORHf S.h~ .11,6 ..~8 

>::,1) L: ~rrE .69 .019 .019 CHLO~ITE 1.3'- .035 .035 
TO T Al S '19.32 Z. I; 72 .Ol2 KAOLHITE 5.H .10,2 .142 

TO T ALS 99.)~ 2.&111 -.022 
WT .PE~C~NT CAIN OR LOSS 

COMPO!jfNT COHP~r£D RESICUAL G/CM"3 WT.PE~CENT GAIN O~ LOSS 
51 29. J JS • .,33 .DO~7 CO!1FO~ENT COMPUTED RESIOUAL G/C~"J 

AL 9.154 • a 5 a -.054'1 51 ?7.84'1 .502 -.a~~2 

f E.~ 2.552 .27'- -.330& Al 6.g~8 .0~2 -. C·~Lt5 
Me; 1.247 -.OqZ .0 J 45 FE" 2.761 • '021 -.OH .. 
CA j, 4:; 0 .127 -.O271l HG 1.3R'l -.H& .OO9'! 
~ ... 2.7bQ -.095 -.0230 CA 1,.3Q3 .219 -.0062 
I( 2.<;~~ .Cl0 .0712 NA 2.262 -. a &7 -. OH7 
S .72~ -.02& .0202 K 2.333 .00g .0131 
0 1,6.26g -1.5'02 .00 71 S .8~6 -. 0 S~ .0237 
C .098 -.000 .002& 0 'o4.90g -1.2~7 -.g6~8 

SOl .656 -.00'- .02 J1 C .173 -.001 • 00 ~& 
Tl .33~ -,Gilt .00211 SOl 3. Jig -.071 .OS<;2 

SU:1 RE5IOUALS"2 2.609 Tl .317 -.019 .D02Z 
STA~O/,'W OE~!ATIO~; .cH1 SUM "!ESIDUALS"2 2.10& 

STANDARD OEVI ATlON .83e 

MF-262l ~E1GHT GUN OR LOSS 
"'r~[QAL PE~ rENT G/CH"J C/CH"J HF-2F)25 HEIGHf GUN O~ LOSS 
PLAGICCLAS 35.25 .952 -.9"& HIN[I'lAL PER CE NT G/CH"J G/C ... ··J 
(-FELDSPAR 7.0'1 .1 qz .051, PL HI eCL AS 36.60 .'H6 -.909 
QUl.°Tl 17.2& .4&6 • 1.91 K-F fLOSPAR 11. 82 .319 • B2 
BIOTITE:' 14. 0 .. ."519 .a49 (lUA RTZ 18.35 .495 .22 a 
?YR:rE Z.3; • 0' 6~ .06'0 BIOTITE 13.1 a .35~ • a 2~ 
(;ALCITf 1. G 2 • a 26 .Q2~ py PIT E 1. 57 .O~2 .0 .. 2 
'~HYJ"ITE 2.S~ .010 • a 7 a CALCITE 1.30 .0 J 5 .O.H 
C"'LC~lTE 2.21 .0hO .~60 ANH YORIT E 2.55 .D6'l .Of>'l 
~AGU~rrE J.~5 .O~g .lJ9q KAOLINITE Eo.47 .175 .175 
Al n IT E 1".4~ • J'H • I'll AUIITE 7.QQ .216 .21f> 
TO TALS 99.9r, 2.r,gg .OSq TOT AL S '39.7~ Z.&'ll .D5J 

IIT.PFRCENT GUN 0:( LOSS WT.PERCENT CAIN O~ lOSS 
COMPONENT CC<1PUTEO RESIDUAL GlCH··3 COMPONENT CO'1PUTED RESIDUAL G/C~"J 

S I 2n.!tt..1 .1 J 6 .0006 SI 28.g'of> .150 • 0141 
At 9.1Ct • a 12 -.C4QO AL 9.541 .013 -.0 .. 25 
FEt. 3. J J 9 .? 3 a -.QO·~O FE •• 2.236 -.20 I, -.0260 
HG 1. 57~ -. a f, 2 .Jl?~ HG 1.3q'o .121 • 0029 
CA 3.;;07 .:JQl -.0 J 32 CA J. 23~ .001 -.02~& 

NA 3.2~2 .001 -.0125 NA 2.812 .000 -.0241 
[( 2. an 7 .0 JG .C075 K 2.5~0 .000 .0200 
S 1.2&5 -. a J S .0351 S .8" 0 • 0 20 .0221 
0 1,5.0~2 -.320 -. 0370 0 ~6.22~ -.3"1, -.0217 
C .123 .000 .0033 C .15 & .OOC • 00 1,2 
S03 1.520 .000 .C~!O SOJ 1.500 -.000 .0"05 N 

T I .330 -.OOb .0025 Tl .312 -.01& .002l eN 
CO 

SUOi RESIOUALS"2 • i 60 SUM RESIOUAlS··2 .19& 
s r A'iO A>(O DEVIATION .300 STANDARD OEVI A TI ON .257 



-2628 WEIGHT GAIN OR LOSS MF-2626 WEIGHT GAIN OR LOSS 
MINERAL PER CENT G/CM»»3 G/CM»»3 MINERAL PER CENT G/CM**3 G/CM»»3 
PLAGICCLAS 2 7.77 '.73 6 - 1 . 162 PLAGICCLAS 52.0 1 1.420 -.476 
K-FEL03PAR 19.35 .526 . 389 K-FELOSPAR 4.80 .131 -.006 
QUARTZ 21.90 .580 .305 QU ARTZ 15.17 .414 .139 
BICTITE 11.76 . 312 -.018 BIOTITE 16.52 .451 . 121 
PYRITE 2.47 .065 . 065 PYRITE 2.23 .061 . 061 
CALCITE 1.33 .0 49 . 049 CALCITE 1.0 6 .029 .029 
ANHYORITE 3.05 .081 . 031 ANHYORITE 6.33 .165 .165 
KAQL IMTE 11.53 .306 .306 CHLORITE 1.54 .0 42 .042 
TOTALS 100.17 2.654 .014 TOTALS 99.38 2. 713 .073 

WT.PERCENT GAIN OR LOSS WT.PERCENT GAIN OR LOSS 
COMPONENT COMPUTEO RESIOUAL G/CM*»3 COMPONENT COMPUTEO RESIOUAL G/CM»»3 
SI 29. 0 3<b .057 . 0059 SI 26.180 .563 -.0641 
AL 9 . 4 Z 7 .0 05 -.0501 AL 9. 122 .176 -.0556 
FE** 2.501 .076 -.02 76 FE** 3.504 .224 -.0023 
MG 1.252 .0 63 -.0000 MG 1.686 -.064 .0163 
CA 3.127 .297 -.0410 CA 4.999 .282 .0128 
NA 1.757 -.135 -.0499 NA 2.831 - . 144 -.0138 
K 3.354 .050 . 0396 K 2.046 .004 . 00 78 
S 1.320 -.020 . 0355 S 1.193 -.027 .0 333 
0 46.051 -.126 -.0553 O 43.755 -1.544 -.0423 
c .223 -.006 . 0060 c ,123 -.001 . 0035 
S03 1.796 -.064 . 0493 S03 3.548 -.082 .0991 
T I .260 -.026 . 03 15 TI .388 -.007 . 0042 

SUM RESIDUALS»*2 . 143 SUM RESIOUALS**2 2. 895 
STANOARO OEVIATION .189 STANOARO OEVIATION .851 

-2629 WEIGHT GAIN OR LOSS MF-2627 WEIGHT GAIN OR LOSS 
MINERAL PER CENT G/CH*»3 G/CM"»3 MINERAL PER CENT G/CM**3 G/CM»*3 
PLAGICCLAS 34. 49 .945 -.952 PLAGI CCLAS 35.17 .957 -.941 
K-FFLOSPAR 12.21 .334 .197 K-FELOSPAR 15.20 .414 .276 
QUARTZ 19.25 .528 .253 QUARTZ 21.80 .593 . 315 
BIOTITE 14.74 .404 .074 BIOTITE 11.38 .323 -.037 
PYRITE 1.91 .052 .052 PYRITE 2.27 .062 . 062 
CALCITE 2.94 .0 81 .03 1 CALCITE 2. 61 .071 .071 
ANHYORITE 8.67 .238 .238 ANHYORITE 3.65 .099 .099 
KAOLINITE 5.79 .159 . 159 KAOLIMTE 7.91 .215 .215 
TOTALS 10 0.00 2. 740 . 100 TOTALS 100.49 2.733 .093 

WT.PERCENT GAIN OR LOSS WT.PERCENT GAIN OR LOSS 
COMPONENT COMPUTEO RESIOUAL G/CM»»3 COMPONENT COMPUTEO RESIDUAL G/CM*»3 
SI 26.471 .153 -.0423 SI 28.731 -.112 . 0211 
AL 8.429 .0 12 -.0692 AL 9. 201 -.009 -.0493 
FE** 2.532 .227 -.0274 FE** 2.654 .268 -.0270 
MG 1. 563 -.115 . 01 46 MG 1.0 33 . 0 38 - . 0 3 44 
CA 5.585 .568 .0215 CA 4.003 .356 -.0167 
N A 2.005 -.101 -.0423 NA 2.0 84 -.134 -.0397 
K 2.710 .020 . 0257 K 2. 843 .026 . 0268 

1. J20 -.040 . 0290 S 1.213 -.067 . 0343 
O 43.828 -.379 -.0677 O 45.983 .246 -.0350 
C .353 -.010 . 00 95 c .313 -.309 . 0038 
S03 5.098 -.332 . 1488 S03 2.145 -.065 .0601 
TI .351 -.003 . 00 31 TI .279 -.044 . 0022 

SUM RESI0UALS**2 .677 SUM RESI0UALS**2 .303 
STANOARO OEVIATION .412 STANOARO OEVIATION .275 

ro 

H,-2~2~ ',of EIGHT GAIN O~ LOSS HF-2&2& IIEIG.n GUN O~ LOSS 
HINEQAL PfQ CENT G/CM··3 G/CH"l HIr'E~4L PER CENT G/C>t·,] G/C>t"J 
PL At;! Gr L AS 27.77 .736 -1.162 PLAGICCLAS 52.01 1.1020 - ... 78 
~-rELO~PAq 10, • .1<; .526 .Ja9 K-FELDSPAR ... 80 .131 -.006 
Ju"nZ 21. q a .5~0 .305 au AP1 1 15.17 • '01" 0139 
Bl C r I TS 11.76 • H2 -. :liS BlOT JTf 16.52 .1051 .121 
PYO/ITE 2.107 .C6S .065 py ~ ITE 2.23 .061 • OF, 1 
(.ALCITE 1.~3 .010 'l .04G CALCITE 1.0(, .029 .02 0 

A~"Y8;H TE 3.05 .061 • O~ 1 ANf1YOQIfE 6.03 .165 .1&5 
OOUr.ITE 11.53 .306 .30" CHLORITE 1.510 • 'J 102 .0102 
TCHLS 1(;0.17 2.F>54 .014 TOTALS Q9.H 2.713 .073 

~T .P[PCOH GAIN OR LOSS WT. PERCENT GAlN O~ LOSS 
COPIFONENT COMPUTEr) RESIDUAL G/C~"] COHPONENT COHPUTED RESIDUAL (;1 C~" 3 

51 29.G~" .057 • 00?9 SI 2&.180 .553 -.0041 
AL 9. '. 2 7 .CG5 -.0501 AL 'l.122 .176 -.055& 
FE •• 2.501 .076 -.0276 FE •• 3.504 .22" -.0023 
""'Go 1.252 .063 -,0000 HG 1.686 -.0 b .. .0153 
CA 3.127 .2'l7 -.01010 CA 4.9QQ .282 .0128 
NA 1. 7S 7 -.135 -.0499 NA 2.831 -.1 .... -.0188 
K 3.3SIo .u50 .O3~6 I( 2.0106 .00" .0:; 75 
s 1.320 -.020 .0355 S 1.1'l3 -. U 27 .0333 
0 .. b.OSl -.12& -.05S3 0 "3.755 -1.5~" -.0.23 
C .22J -.006 .00 60 C .12~ -.001 .0 J 35 
SoJ 1.796 -.06" • 01t'l3 S03 3.5"8 -.082 .0""1 
Tl .2~0 -. a 2 & • O~ 15 TI .H8 -.00 1 .00"2 

su~ Q[~IOU~LS"2 • 1''] SUH QESIOUALS"2 2.895 
STA'iDIlRO OEVIATIO~ .18., STA'lOARO DE V I A TI ali .351 

"F -2& 2q wEIG HT GAIN O~ LOSS "F-2&27 WEIGHT GAIN O~ LOSS 
"I N f._L PER CENT G/C~"] G/C~' '3 Ml NERAL PER CENT G/C>1"3 G/C~"3 

PLAr.I CCLAS 3~."9 .9"5 -.9S2 PLAGICCLAS 35.17 .Q57 -. ').1 
i(-f"FLG'jP_~ 12.21 .J3" .197 K-ffLOSPAR 1~.20 • It 1 .. .276 
OI).OTZ 1 •• 25 .528 .253 aUARTZ 21.BO .593 .3B 
BIOTITE 110. 7 .. ... c .. .0710 BIOTITE !l. 8 ~ .323 -.C~7 

PYRITE 1. 'l l .052 .052 PY RITE 2.27 .Ob2 .062 
CAlCITE 2 • .,,, .0~1 .OH CALcnE 2.&1 .071 • a 71 
A">!YORT.TE ~.67 .2Je .23B ANHYDRITE 3.65 .099 .O~9 

(AOLINITE 5.7'l .159 .15q KAOLI ~ITE 7.'l1 .215 .215 
TO TAL S 100. DO 2.7"0 • 100 TOTALS 10 O. "9 2.733 .01l3 

WT.pERGENT GAIN OR LOSS WT.PE~CENT GAIN O~ LOSS 
COM~ONENT r.o~ PU TEO RES rnUAL G/GM'o] COMPONENT COMPUTED RESIDUAL G/C~"3 

51 26.~11 .153 -.0423 51 28.731 -.112 .0211 
AL 8.IoZ'l .012 -.0&92 ilL 9.201 -.00 q -.O~~] 

FE +. 2.5~2 .227 -. 027 .. FE·. 2.&S~ .268 -.0270 
MG 1.56' -.115 .01~6 HI> 1. a 33 • on -. OJ .... 
CA 5.565 .5b~ .0215 CA 10.003 .J5b -.0167 
NA 2.0 a 5 -.101 -.0"23 NA 2. 0'4 -.!'3~ -.03''ll 
K 2.7 L a • U 20 • 02;;7 K 2.~ .. ~ .026 .0268 
S loJ 2 0 -.0<'0 .0290 S 1.213 -. Ob 7 .03"8 
0 "3.~2~ -.379 -.0677 a "5.963 .2 .. 6 -.0350 
C .j53 -.010 • CO gO; C .313 -.;) a q .cv~a 

SO] 5.098 -.332 .1 .. 88 SO] 2.1"5 -.0 b5 .0bOl N 
TI .351 -. Q 03 .0031 TI .Z19 -.0 .... .OOZZ W 

SUH RESJOUALS"2 • &77 SUM RESIOUALS"2 .303 \0 
STA'IDARO onIHION ... 12 STANDARD OBlATION .275 



- 2 e» 3 c WEIGHT GAIN OR LOSS MF-2632 WEIGHT GAIN OR LOSS 
MI HE e AL PER CENT G/CM»*3 G/CM**3 MINERAL PER CENT G/CM**3 G/CM»»3 
PL A 01CCL AS 31 .71 .869 -1.02° PLAGICCLAS 47.59 1. 314 -.534 
<-rELOSPAR 12.12 ..332 . 195 K-FELDSPAR 6.95 .192 . 3 5 4 
QUARTZ 22. C2 .60 3 .32 8 QUARTZ 16.02 .442 . 167 
BIOTITE 17.98 .493 .163 BIOTITE 16.71 .461 .131 
PYR ITE 3. 75 .103 . 103 PYRITE 2.15 .059 .059 
CALCITE 3.26 .089 .089 CALCITE 1.45 .040 . 040 
ANHYDRITE .7 7 .021 . 021 ANHYORITE 4.74 .131 .131 
KAOLI NIT E 6.35 .229 .229 KAOLINITE 3. 79 .104 .104 
TOTALS 99.97 2. 739 . 099 TOTALS 99.40 2.743 .103 

WT.PERCENT GAIN OR LOSS WT.PERCENT GAIN OR LOSS 
COMPONENT COMPUTEO RESIOUAL G/CM*»3 COMPONENT CCMPU TEO RESIOUAL G/CM»*3 
S I 28.222 . 240 . 0033 SI 26.831 .513 -.0370 
AL 8.906 .019 -.0563 AL 9.366 .050 -.0427 
F E • * 3.813 .300 . 0044 FE** 2.923 .124 -.0147 
MG 1.913 -.102 . 0237 MG 1.773 .113 .0144 
CA 3.233 .350 -.0369 CA 4.537 .0 70 . 00 73 
N A 1.857 -.176 0443 NA 2.627 -.022 -.0269 
< 2.949 .044 . 0316 K 2.286 .003 .0150 
S 2.007 -.093 . 0575 S 1.151 -.019 . 0323 
0 45.793 -.577 -.0085 0 44.540 -1.369 -.0119 
c . 391 -.024 .0114 c .174 -.000 . 0046 
S03 ,«56 -.00 4 .0126 S03 2. 787 -.013 . 0773 
T I .423 -.004 .0052 TI .398 -.052 . 0058 

SUM RESIDUALS»»2 . 656 SUM RESIOUALS»»2 2.176 
STANOARO OEVIATION .405 STANDARO OEVIATION .736 

-2631 WEIGHT GAIN OR LOSS MF-2633 WEIGHT GAIN OR LOSS 
HI NEPAL PER CENT G/CM»»3 G/CM*"3 MINERAL PER CENT G/CM»»3 G/CM»»3 
PLAGI CCLAS 46. 85 1.288 -.609 PLAGICCLAS 47.71 1.317 -.581 
K-FELOSPAR 3.45 .095 -.343 K-FELOSPAR 3.47 .096 -.042 
QUARTZ 16.59 .456 .181 QUART Z 15.48 .427 . 152 
BIOTITE 15.70 .514 .184 BIOTITE 21.42 .591 . 261 
PYRITE 1.91 .053 . 053 PYRITE 1.93 .053 .053 
CALCITE 1.38 .052 . 052 CALCITE 2.47 .066 . C66 
ANHYDRITE 4.75 .131 .131 ANHYORITE 3.0 6 . 0 3<. .084 
KAOLINITE 5.22 .144 .144 KAOLINITE 3.23 .0 39 .389 
TOTALS 99.3 6 2. 732 .092 TOTALS 98.77 2. 726 .056 

WT.PERCENT GAIN OR LOSS WT.PERCENT GAIN OR LOSS 
COMPONENT COMPU TED RESIOUAL G/CH»»3 COHFONENT COMPUTEO RESIDUAL G/CM**3 
51 26.556 .520 -.0474 SI 26.286 .529 -.0525 
AL 9.422 .0 53 -.0421 AL 9.263 .053 -.0456 
FE»* 3.040 .070 -.0102 FE** 3.358 .238 -. 0 0 72 
MG 1.990 .090 . 02 08 MG 2.279 -.115 . 0346 
CA 4.673 .182 . 0074 CA 4.455 -.633 . 0244 
NA 2.533 -.059 -.0286 NA 2.584 .151 -.0325 
K 2. 0 31 .005 . 0077 K 2.251 -.015 .0146 
s 1.0 23 -.007 . 0283 S 1.030 -.030 . 0293 
0 44.620 -1.427 -.0127 O 44.658 -1.490 -.0053 
C .225 -.001 .0362 c .296 .007 . 0363 
S03 2.795 -.0 35 . 0778 S03 1.798 .036 .0486 
TI .445 -.035 .0066 TI .510 -.012 .0376 

SUM RESIOUALS**2 2.361 SUM RESI0UALS»*2 3.026 
STANOARO OEVIATION .766 STANOARO DEVIATION .870 

/iF -2;. 3C ~fIGrlT GAl>; O~ LOSS I1F - 2032 WEIG.tT GAl N O~ LOSS 
"P,f" ~L PE~ CE'H G/G/1°"3 GI'CM~"'3 /1[NE~~L PE~ COH G/G""3 101 C ,,". 3 
PL AC,[ ee"AS J1.71 .86'l -1.02" PL A GlCCL AS "7.,q 1.31" -.5~" 
~-'ELDSPA~ 12.12 .,332 .1 q '> K-FF:LGSPAQ h.Y' .1 'l2 • 0"" 
QUARTZ 2 2.02 .603 .32 P, aUARTl 10.02 .""2 .16 7 
a I OT ITE 17. "16 ... 93 .1&3 810 Tr TE 10.71 .'. f) 1 .131 
PH' IT E J.75 .103 .103 PYPIIE 2.15 .059 .0SCf 
C~LCITE 3.Z£> .0 B<) .089 CALCITE 1.45 .0 .. 0 • 0 .. C 
A ..... yC"tTE • 7 7 • C 21 • 021 AN~YORITE ".7" .131 .131 
UOLINITE ..... 1 S .22Q .22'l KA eLI NIT E 3.79 .10 .. .10 .. 
TOULS 9'l.g7 2.73 g .0'1<) TOTALS '3'1.,,0 Z. 1 ~3 .103 

IIT.PfQGENT GAIN OQ LOSS WT.PERCENT GAIN O~ lOSS 
CO/1 POl<£N T CO"lPuTEG RESInUAL G/C,,"3 COMPONENT CCHPurEO RESIDUAL G/ CWI ··3 

5 I 2~. 22Z .240 • GO 33 SI 26. ~ 3l .513 -.0310 
AL e.g05 .Gl'l -.05&3 AL 9.3&6 .050 -.O"Zl 
FE •• 3.813 .300 .00 .... FE." 2.923 .12" -.01'" 
/1e; 1.913 -.102 .0237 HG 1. 17~ • 113 .01 .... 
CA 3.2H .350 -.0369 CA ... 531 .010 • CJ13 

" .. 1.~51 -.116 -.04 "3 NA 2.&21 -. a 2 Z -.0269 
I( 2.g"Q .0 .... • 0316 I< 2.286 • 003 • a 15 a 
S 2.001 -.0'13 .0575 S 1.151 -. 01 'l .0323 
0 .. 5.7 0 3 -.571 -.00B5 0 "".5~a -1.369 -.0119 
C .Vl1 -.02 ... • nl1 .. c 017" -.000 .00 .. 5 
S03 ."5& -.llO'" • 0126 S03 2.787 -.013 .0113 
T I .~z~ -.CO" • 0 e 5Z TI .3 'l5 -.052 .OC58 

SIJH ~ESIOUAL5"2 .656 SUH RESIOUALS"Z 2.178 
sr"IOAQO onI A TI ON .4005 STANOARO OEY I AT ION .131\ 

I1F-2631 WEIGHT GAIN OR LOSS "F-n 33 WEI GHT GAIN O~ laSS 
1'1 t~fRAL PER COH G/CH·"] G/CI1"3 HINERAL PER CENT G/el1··3 G/COi"3 
PLAr,r eeLAS "6. ~5 1. 2 ~ B -.60g PLAGICCLAS "'.'1 1.317 -.5H 
0(- f El ~';PAR 3,,,0; .og5 -.0" 3 I<-FELDSPAR 3 ... , .e9o -.O"Z 
OUA~TZ 16.5<> ... 5& .1~1 au A'lT Z 15."B ."21 • 152 
B10TITE H.l0 .51<. .1~" OIOTl T" 21.42 • 5'l1 • Z& 1 
Pf~rrE 1. q 1 .053 • 053 P1RITE 1. q 3 .053 • a 5 1 
CALCITE t.dd .052 • 052 CALCITE 2.,,7 .O&~ .C&~ 

A"~YfiQnE 4.75 .131 .131 AN"VDRITE 3. C & • a~ .. • a e .. 
~.e.C'-If';trE 5.U .1~" . 1"" KAOLINITE 3.23 • a ~Q .a'l 
Fl TAL S QQ.3f) 2.732 .0'l2 TOTALS 96.77 2. r26 .O~& 

WT.i'E"CENT GAIN OR lOSS WT.PfP-CENT GAIN 01( lOSS 
COI1 PONENT CO'iPUTEO RES lDUAL G/ c~·· J COHFONENT COMPUTEO RESIDUAL e;/C~"3 

S I 2h.S5~ .520 -.047" SI 2&.2 Rli .'>2'1 -.0525 
Al 9.'?2 • 053 -.0"21 Al g.203 • a 53 -.0 .. 56 
rE .... ~. ~ .. 0 • .11 C -.0102 FE·· 3.358 .2e6 -. 0012 
"e; ~ .1VJ • a 'J a .0 Z C 6 HG Z.27g -.115 .03"& 
CA ".':'?O .H2 .OC7" CA .... 55 -.633 .02"" 
HA 2.5B -.O5'l -.02R6 NA Z.56~ .151 -.0326 
K 2.031 .005 .0077 K 2.251 -.015 • a 1."& 
S 1.023 -.001 .0263 S 1. a 30 -.030 .CZ'Il 
0 "".620 -1."21 -. C1<~7 0 ..... .;56 -1."90 -.0053 
C .225 -.001 .0062 C .2<;6 .001 .O~&~ 

S03 2.7g5 -. 0]5 .0716 S03 1.1'36 • a 3a .0 .. 86 N 
T I .""5 -.OJ5 .D066 TI .510 -.012 .0~la ~ 

SUM RESIOUALS'oZ Z.361 SUM RESIOUAlS··2 J.OZ'; 0 
STAN:JAI(O DEW IA TI ON .1&8 S rANO ARO DEI/UTION .810 



-26 34 WEIGHT GAIN OR LOSS MF-2 802 WEIGHT GAIN OR LOSS 
Mlf.FR/3L PER CENT G/CM»*3 G/CM»"3 MINERAL PER CENT G/CM*»3 G/CM»»3 
PLAGICCLAS 33.26 .925 -.97 3 PLAGICCLAS 36.06 .974 -.923 
K-FELOSPAR 2.74 .076 -. 061 K-FELOSPAR 11.52 .311 .174 
QUART Z 13.38 .511 .236 QUARTZ 21.66 .585 .310 
BIOTITE 22.13 .615 .235 RIO TITE 12.02 .324 -.006 
PYR ITE 4.34 .121 .121 PYRITE 2.2 7 .061 .061 
CALCITE 1. 56 .043 . 043 CALCITE 1.50 .040 .040 
ANHYDRITE 4.20 .117 .117 ANHYDRITE 3.43 .094 .094 
CHI ORIT£ .69 .0 19 .019 CHLORITE 3.07 .083 .033 
KAOLIMTE 11.02 .306 . 30 6 KAOLINITE 7.62 .206 . 206 
TOTALS S3. 3 3 2.734 .094 TOTALS 99.21 2.679 .039 

WT.PERCENT GAIN OR LOSS WT.PERCENT GAIN OR LOSS 
COMPONENT COMPUTED RESIOUAL G/-CM»»3 COMFONENT COMPUTED RESIOUAL G/CM** 3 
SI 25.63? .716 -.0707 SI 26.363 .642 -.0149 
AL 9.233 .075 -.0452 AL 9.105 .053 -.0554 
FE** 4.692 .581) . 0224 FE** 2.992 .325 -.0199 
MG 2.457 -.323 . 0458 MG 1.540 -.167 .0146 
CA 3. 649 -.660 . 00 38 CA 3.460 .065 -.0243 
NA 1.306 .107 -.0523 NA 2.144 -.022 -.0415 
K 2.180 -.020 .0132 K 2.42 0 .0 04 .0172 
S 2.3 22 -.188 . 0696 S 1.215 -.065 . 0346 
0 43.1 75 -2.0 72 -.0211 0 45,345 -1.617 -.0110 
C .137 .004 . 00 51 C .180 -.001 . 00 49 
S03 2. 471 .101 .0659 S03 2.049 -.011 .0556 
T I .526 .011 . 0077 T I .396 . 0 oo .0041 

SUM »£SIOUALS*"2 5.747 SUM RESI0UALS»»2 3.174 
STANOARO OEVIAT ION 1.384 STANOARO OEVIATION 1.029 

-2301 W£ IGHT GAIN OR LOSS MF-2803 WEIGHT GAIN OR LOSS 
MINER AL PER CENT G/CM**3 G/CM"*3 MINERAL PER CENT G/CM*»3 G/CM»'3 
PL AGICCL AS 17.0 3 .465 -1.433 PLAGICCLAS 3 9.03 1.075 -.623 
K-FELOSPAR 22.13 .602 . 465 K-FELOSPAR 11.39 .313 .176 
GUAPTZ 17.13 .466 . 191 QUARTZ 18.29 .503 . 228 
<3I OTITE 9.65 .262 -.068 BIOTITE 10.91 . 300 -.030 
PYRITE 5.12 .139 .139 PYRITE 2. 63 .072 .072 
CALCI TE 4.88 .133 .133 CALCITE 1.49 . 041 . 041 
ANHYORITE 3.07 .084 . 034 ANHYDRITE 6.45 .177 .177 
CHLORITE 5.03 . 137 .137 CHLORITE 5.68 .156 .156 
KAOLIMTE 15.00 .403 .408 KAOLIMTE 3. 79 .104 .104 
TOTALS 9 9.09 2. 695 .055 TOTALS 99.70 2.742 .102 

WT.PERCENT GAIN OR LOSS WT.PERCENT GAIN OR LOSS 
COMPONENT COMPUTEO RESIDUAL G/CM»»3 COHPONENT COMPUTEO RESIOUAL G/CM»*3 
SI 25.907 , 566 -.071.1 SI 26. 797 .336 -.0358 
AL 9.4Q3 .060 -.0457 AL 8.763 .029 -.0596 
FE** 4.40 6 .257 .0210 FE** 3.514 .420 -.0066 
M & i.609 -.050 .0136 MG 1.818 -.233 . 0249 
CA 3.723 -.046 -.0134 CA 4.461 .257 . 00 02 
NA I .252 .005 -.0661 NA 2.30 7 -.0 74 -.0345 
K 3.426 -.0 03 . 0453 K 2.325 .009 .0157 
S 2.735 -.105 . 0772 S 1.405 -.085 .0410 
0 4 3.916 -1.603 - . 0409 O 43.960 -.852 -.0467 
c .536 .005 .0158 c .179 -.002 . 0050 
S03 1.306 .006 . 0490 S03 3. 791 -.109 .1073 
TI .313 .0 00 .0020 TI .360 -.000 .0033 

SUM RESIDUALS*»2 2.974 SUM RESI0UALS**2 1.163 
STANOARO OEVIATION .996 STANDARD OEVIATION .623 

HF -2 .. h ~E I G HT GAIN O~ LOSS HF-2~02 WEIG"T GUN O~ LOSS 
HI 'lf~AL Pf~ CFtH G/eH"J G/CH"3 MINERAL PER CE"T G/CH oo 3 G/C~"J 

PL Ar,r ceus 3.1.2 b .QZ5 -. t:,7 3 PLAGICCLAS 3E,.O~ .g7" -. nJ 
I{-F£L OSPAR 2.7" .Olf> -.01)1 I(-FELO,PAR 11.')2 • 311 01 7 .. 

f')1J:'~TZ 13.H .511 .230 au A QT Z Zl.I>" .5~5 • J1 0 
flr:JTITE 2Z.13 .1;15 .2~5 Rlon IE 12.0 Z .3Z" -. OlE. 
PYRITE ".J" • 1 21 .121 PY R IrE Z.27 .061 .0&1 
(.ALC:rE 1.5& .0<,3 • 0 .. .; CALC;TE 1.5J .o .. e .0 .. 0 
~NHVD'1ITE 4.20 .117 .11 7 ANHYORIT E 3."6 • 0<)" .o.g I • 

CHI. O'1ITE .<,q .01 q .01g CrlLORITE 3. Q 7 .OAJ .0~3 

(AOLHITE 11.02 .306 .3010 KAO LINITE 1 ... 2 .206 • 2J f) 
TOT il S <j~.B l.734 .0034 TOTALS QQ.21 2.f.7Q .03'l 

WT .P[~Cf."T GA IN OP LOSS WT.PE~C(NT GUti O~ lOSS 
COHPO""NT CU~PI) TE 0 o<ESIOUAl G/CM"3 COHFONENT COHPllTEO RESIOiJAL GIC'1, o l 

SI 25."32 .711; -.OlC7 SI Z6.363 .5~2 -.01''1 
AL q.2J3 .075 -.0'+52 AL 'l.l0S .053 -. a 5 5 .. 
FE •• ~.6q2 • 5 ~ U .o~z'+ FE·" 2.gY2 .325 -.Olgg 
HG 2 ... 57 -.l23 .045a HG 1.5"0 -.107 .01"£> 
CA 3.b~'I -.660 • 00 3~ CA 3. ~ 60 .Ob5 -.02"J 
NA 1.~O" .1 07 -.052~ HA Z.l ~~ -.022 -.0~15 

K 201 ~o -.020 .0132 K 2."20 .Q04 .0172 
S 2.322 -.186 .069/1 S 1.215 -.065 .aJ~£> 

a .. 301 75 -Z.~7Z -.0211 0 "5.3"5 -1.&17 -.0110 
C .1 ~ 7 .004 .0051 C .lSO -.001 .00 "'I 
SO] 2.471 .101 .065,} S03 2.01,9 ·.011 .055£> 
TI • ,26 .011 .0077 TI .3'l& .000 .COl,l 

SU~ :!(SIOU~lS"2 5.71,7 SU,", RESIOUALS"2 3.174 
5TA~DlRil DnlATIOfl 1.364 STANDARO OEVIAfIOfl 1.029 

'IF - <' ~ 0 l Wi: IGHT GAIN O~ LOSS tlF - 2 R 0 3 .EIGfH GUN O~ LOSS 
M r N £ D tL PlR CE'lT G/CH··l G/CH"3 MINERAL PER CENT G/CMo.J G/CM"J 
PLA:':CCLAS 17. 0 ~ ." &5 -1."33 PLAr.ICCLAS J'l. O,~ 1. a 75 -.823 
~-r£ L O:;"AR 22. LJ .&02 • ~1)5 I(-FELOSPAR 11.3'1 .313 .17& 
au A PT Z 17.13 .1,&& .191 QU ART Z 18.2'1 .503 • 22~ 
'll aT! TE 'l.bS .262 -.0':...1 B BIOTITE 10.n • JO 0 -.0 J 0 
pVI;'ITE S.12 .~J'I .13'l PY R IfE 2.6J .072 • 072 
CALCITE ~.68 .133 .133 CALCITE 1."'l • 0 .. 1 .0~1 

A'I "'YO;:; IT E 3.07 .06" .O~" ANHYilRITf t ... 5 .177 .117 
Cf<LO~ITE 5.03 .137 .137 CHLORITE 5.68 .15& .156 
~~;)LIhITE 15. 00 .40~ • 408 1('~OLIhITf 3.7'1 .10" • 1 0 .. 
,'OTALS gg.o') Z.6'lS .055 TOTALS 91.70 2.7" 2 .102 

WT.PE~CEfiT GAIN O~ LOSS WT.Pf'tCENT GUti O~ LOSS 
CO~PO"ENl CO~"iJ TED RfsrOUAL Glel1"J COMPONeNT CO,,"UTEO RESIQUAL G/e ... ··3 

51 ZS.1IJ7 .51,6 -. 01'.1 51 2 b. 7 g 7 .3 JIl -.03511 
tL g ... 0 ,J .060 -.04<;7 AL 8.763 .02'1 -.05% 
F € •• ".~O& .257 .0210 FE •• 3. 511, ."20 -. a a bll 
Me. i.b09 -.050 .O~30 HG i.816 -. Z3J .C2~g 

CA 3. 7" ~ -.0.1> -. Q l JI, CA ". ~ 81 .257 .0002 
Nt. 1.252 .u05 -.OS51 NA 2. J 07 ~. 0 7 .. -.03 .. 5 
IC 3 •• 26 -.JQ3 .04,3 K 2.325 • J 0 q .0157 
S 2.735 -.10 5 • C772 S 1."05 -. 0 ~ 5 .0.10 
a 'd.H6 -1.&.3 -.O<,Og 0 43.'160 -.852 -.0~67 N 
C .5~6 .OC5 .01S& C .i7Q -.002 .C050 .;.. 

S03 1.~C6 • a a £> .0~qO S03 3.7Ql -.10'l .1073 --
TI .31~ .0 CO .0020 TI .360 -.000 .00ll 

SU"; RfSIotJAlS"Z Z.<H4 SUH RESIOUALS"'Z 1.163 
SU~O$.RO <lEVIATION .'Ig6 STAtiOARO OfVIAT ION .£>ZJ 

http://Mlf.FR/3L


r-2804 WEIGHT GAIN OR LOSS Mf - 2 8 0 6 WEIGHT GAIN OR LOSS 
MINERAL PER CENT G/CH»»3 G/CM*»3 MINERAL PER CENT G/CM»»3 G/CM» »3 
PLAGICCLAS 49.61 1.379 -.513 PLAGICCLAS 39.3 9 1.095 -.802 
K-FELOG"AR 7.27 .202 .065 K-FELOSPAR 7.34 .204 .066 
QUAOTZ 13.75 . 382 .107 QUART Z 18.21 .506 . 231 
BIOTITE 14.58 .405 .075 BIOTITE 13.51 .376 . 346 
PYRITE 4.10 .114 .114 PYRITE 3.66 .102 .132 
CALCITE 1.36 .038 .033 CALCITE 1.43 .040 . 040 
ANHYDRITE 3.27 .091 .091 ANHYDRITE 4.23 .118 .118 
CHLORITE 6.18 .172 .172 CHLORITE 3.66 .241 . 241 
TOTALS 100.14 2. 784 .144 KAOLINITE 2.90 .081 .831 

TOTALS 99.33 2.761 . 121 
WT.PERCENT GAIN OR LOSS 

COM POKENT COMPUTED RESIDUAL G/CH»»3 WT.PERCENT GAIN OR LOSS 
SI 26.167 -.105 -.0331 COMPONENT COMPUTED RESIOUAL G/CM»»3 
AL 9. 199 .094 -.0467 SI 26.322 .376 -.0421 
F £ *• 4.709 .885 .0144 AL 3.714 .033 -.0565 
M G 2.225 -.640 . 0481 FE** 4.839 . 556 . 0272 
CA 4.032 .0 37 -. 00 49 MG 2.487 -.294 .0458 
NA 2.827 -.044 -.0202 CA 3.820 -.404 .00 14 
K 2.165 -.002 .0122 NA 2.267 .101 -.0398 
S 2.193 -.337 . 0703 K 2.057 -.011 . 0095 
0 44.054 .255 -„0614 S 1.957 -.113 . 0575 
c . 164 -.000 . 00 46 O 43.763 -.968 -.0349 
S03 1.926 -.004 . 0537 c .171 .002 . 0047 
TI .4 81 .001 . 0067 S03 2.487 .067 . 0673 

SUM PESI0UALS<**2 1.3 95 TI .445 .002 . 0057 
STANOARO OEVIATION .591 SUM RESIOUALS**2 1.706 

STANDARD OEVIATION .754 
-2805 WEIGHT GAIN OR LOSS 
MINERAL PER CENT G/CM»*3 G/CM**3 MF-2307 WEIGHT GAIN OR LOSS 
PLAGICCL AS 38.70 1. 063 -. 829 MINERAL PER CENT G/CM**3 G/C*»*3 
K-FELOGPAR 8.72 .241 .10 3 PLAGICCLAS 38.0 3 1.051 - . 647 
QUARTZ 14. 72 .406 .131 K-FELDSPAR 9.39 .259 .122 
BIOTITE 14.59 .40 3 . 073 QUARTZ 17. 90 .494 .219 
PYRITE 6.50 .179 .179 BIOTITE 14.35 . 3 96 . 066 
CALCITE 4.09 .113 .113 PYRITE 2.46 .068 . 068 
AhHYORITE 3.21 . 0 39 . 089 CALCITE 2.93 .081 .061 
CHLORITE 7.3 6 , 20 3 . 203 ANHYDRITE 4.25 .117 .117 
KAOLIMTE 1.45 .040 .04 0 CHLORITE 3.83 .245 .245 
TOTALS 99. 3 3 2.742 .102 KAOLINITE 2.03 .0 57 .057 

TOTALS 1 C 0 . 3 3 2.7 69 .129 
WT.PEPCcNT GAIN OR LOSS 

COMPONENT COMPUTEO RESIOUAL G/CM»*3 WT.PERCENT GAIN OR LOSS 
SI 24.56T . 395 -.0964 COMPONENT COMPUTEO RESIOUAL G/C"*»3 
AL 8.347 .036 - . 0 7 0 4 SI 26.426 -.126 -.0306 
E£»* 6.043 .716 . 0551 AL 3.628 -. 0 10 -.0614 
HG 2.396 -.215 . 0406 FE** 4.416 .636 .0124 
CA 4.551 -.216 .0156 MG 2.595 -.572 . 0559 
NA 2.2 43 .045 -.0392 CA 4.360 . 336 -.0349 
K 2.303 -.005 .0157 NA 2.224 -.106 -.0357 
s 3.473 -.317 .1046 K 2.362 .013 .0168 
0 42.551 -1.134 -.0733 S 1.315 -.075 . 0384 
c .491 .006 .0133 0 44.676 .308 -.0544 
S03 1.887 .017 . 0516 c .351 -.009 . 0099 
TI .461 .001 .00 66 S03 2.501 -.069 . 0709 

SUM R£SI0UALS«»2 2.154 TI .473 -.301 .0065 
STANDARD OEVIATION .847 SUM RESI0UALS»*2 .980 

STANOARO OEVIATION .572 

'<.. ~-

MF - 2 e 0 .. >IE I G HT GA1joj 0 0 LOSS M.· - 2 ~ 0 6 ~EIGH' GAIN O~ LOSS 
"'IHtR~ Pcq SftH GICti·'.} G/::M"3 H [t~ E'i AL PER GENT G/C"··.} G/GllooJ 
PlAGIC LAS .. g.~l 1.31'1 -.51" PLAGICGLAS 3<J.H 1.095 -. ~ 02 
l(-rELD PAR 7.27 • cO2 .065 I(-FFLOSPA~ 7.3" .20" .066 
·1U~cTZ 13.75 • J62 .107 QUARTZ 1~.21 .~O& .231 
nrOrrT[ 1,.. 5 ~ .1005 .075 BTOlITE 13 .Sl • 376 .0'-06 

PY P IrE ".1 0 • i 1 .. .11" PY R liE 3.cl'> .102 .1il2 
CHCzr~ 1.J6 • Ole .OB CALCITE 1.·3 .0 .. 0 .~ .. o 
AN~YDRrTE 3.27 .09:1, .0'll ANHYDRITE ... 23 .118 .1:.& 
C"LGR!TE o.i~ .172 .17 2 CH,-ORITE 6.(,6 .241 .2 .. 1 
TO TAL 'i 100.1 .. 2.7S" .144 I(AOLINITE 2.'10 .081 .OH 

TO TAL S 99.33 2.761 .121 
IIT.PfRCENT GAIN O~ LOSS 

COH rONENT COMPUTED RESIDUAL G/CH··.} IIT.PEoCENT GAIN O~ LOSS 
S I 26.167 -.105 -,0331 CO'1PONENT CCHPUTED RESIDUAL G/C~"l 

4L 9.199 .0'1" -.0467 SI 20.322 .3n -.0" 21 
FE++ ... 709 .1l~5 .C1~'+ AL 8.7110 .033 -.05~5 

Me; 2.225 -.6100 • 0 .. 81 FE·. ... ~39 .556 .027Z 

CA ... "32 .037 -.00<''1 He; 2 • .,87 -.29" • A" 5& 
NA 2.~27 -.04:' -.02OZ CA 3.820 -."04 • 0 J 1 .. 
I( 2.165 -.002 .C122 NA 2.267 .101 -.03ga 
S 2.191 -. JJ7 .0703 I( 2.057 -.011 .0 J 95 
0 4~.05" .255 -.Gol" S 1.'157 -.113 .0575 
C .1f1&t -. a a 0 • 0046 0 "3.763 -.Qllll -.03 .. '1 

SOl 1.9ZO -.004 .0537 C .171 .OOZ • Oil,.7 
TI .~81 .001 .0067 SOl 2 ... 67 • C 67 .01'>73 

SU~ PESIDUALS", 1.1Q5 TI .~45 .002 .0057 
STl',DARD DEV 1 A rr ON .5'!1 SUM RESIDUALS"Z 1.706 

STO'IDARD OEVIATIOtl .75" 

MF· 2 ~ a 5 wEIGHT GAIN O~ LOSS 
P"\I·~E!:'AL P[~ CE I<T G/CI1"J G/CM"J HF-2~07 WE IG HT GAIN 0<1: LOSS 
PlAGIC('lA$ H.7D 1.a6~ -.82 q HI N f~ AL PE~ CE NT G/C""] G/C~"] 

l(-r::LQ,;pA,Q 8.72 .2~1 .10 :3 PL ~G lCCL AS JB. 0 ~ 1.051 -,~"7 

O~H. ~ T Z 1~. 72, .406 .131 I(-FELDSPAR 9039 .259 .122 
610nTE 1't.~1 .,.03 • an au ART Z 17.'10 ... 9,. .21'l 
PYRITE ".50 .17'l .179 fir OTITE 1'+.35 .196 .066 
CALCITE .,.09 .113 .113 PY R 1 T E 2.46 .0&8 .0611 
Ah.;10~lTE 3.21 .U~q .0Rg CALCITE 2.'11 .061 • a ~ 1 
CHLCRITE ." 3" .203 • 20 J ANHYDRITE ... 25 .117 • 1l 7 
KAOLIhITE 1.'t5 .0 .. 0 .04 a CHLO'lITE ~.B~ .21..5 .2.5 
TOTALS qq.31 2.7,.2 .102 I(AOLINITE 7. a ~ .057 .G~7 

TOT AL S HO.l3 2.76'1 .129 
liT .PEoCi·NT I>AII< OR LOSS 

COMPONENT COMPuTED RESIOUAL GI G~" 3 liT. PERCENT GAIN Oq LOSS 
5 I 2 •• 5;'1 .195 -.OgF,,. COH PONENT COMPuTED RES!DUAL GIG ... ··] 
~L ~. 3., 7 • 0 J6 -. 07'J .. 51 26."26 -.126 -.03';0 

FE·· b.043 .71~ .~551 Al 3. f> 2 R -.0 l a -.OSl4t 

HG 2.3gF, -.215 .0:'00 FE·· ,. ... 16 .638 .012" 
CA ,,".5~1 -.216 .0156 HG 2.5~5 -.572 .C55~ 

PiA 2.2"~ .0 .. 5 -.03'l2 CA 4.J50 .33& -. a D "'I 
I( 2.303 -.oe5 .0157 NA 2.22~ -.106 -.0357 
S 3.473 -. J 1 7 .10"& I( 2.362 .013 • 01 &a 
a 42.5~1 -1.1]" -."733 S 1 • .115 -.075 .038" 

C • ., ~1 .0011 • r 133 0 ..... 076 .3011 -. 054 .. 
S03 1.657 .017 .051& C .351 -.009 .OQ'l9 N 

TI .'t5! .001 .00&& S03 2.5i11 -.C&q .070'l .+=0 
N 

SUM ilESIOUALS··2 Z.15't TI ... 73 -. J a 1 .OQbS 
SUNOAI(O DE~IATION .&47 SUM RESlDUALsu2 .980 

STANDARO DEVIATION .572 
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.....- ... pse6 "r.lC~\ c."t~ O~ V}S~ "~-Z~tG Wf.lGH~ "til O~ lOSS 

pI:,.,.r i) il ~~~ R: CEI't' G./C~~"·J G.lC;..j. t.>J '11 H(t! ';'1. Pf.q CEMf I"C~··) 'IC~' 'l 
PL ~ r, -: C':.t ,: ~ ~'.lJ 1 .. !4;! -. ~~, Pl. G He'. AS 3 S. 7., • C) .. It -.'IIl 

K .. f!l')·.oP.)~ '! ~ .'\3 .Z16 .0'1"" ~., (lOSf"MI a.'i1 .lH: .Ill 

t')'J" O! 1 1'.9; .51.1 .t ... e (J\l /,,0 , 1 11.2' .. .lao"'" .ZIlIt 

Ii rut I ~( .. ! • .:: .. .. .::".1 ... 'OJ~ u! nr! TE l::;.lt; .. 1t;1 .011 

PT~I!( :".,"'1 .. 1 ?9 ,; ~. 2 ') P'Rlf( ;'.5Z • l ~ ~ ~ 1 tj 1 

iiitCP( t.' l • ~ '·l • \, t., Z C/. Let' 1; l. ~ A ,,~Ij. " • ~S6 
::. ~t ... Y r; lot r Y !." Lit • OoitJ ~ 0"', b "t'jltH~Ir.l[ T~ 1..1\] :I 1 J.Iao .11 ... 

(.t1l CIJ!Yf: , .1 .. • l;j 0 • l (! a Cln r·· ... r, £ ". ~ , .na • z 18 

.' A.IJlJ ,., 1 f f: t ~ (. ,!. ~ u J '" ,.'J'I" ~ A II \ ; I, ~ r r .f,,) ,ou "C 1 a 
f u T .L\. S 'i' •• r! 2 2'. 1 .\ ~ • a ~,.. TO i.tol ~ ~1.;' l. 7 bl .Il] 

.:L)..'t qC(HT ,AIN OR '.OSS "T.PfRCfNT GAIN C~ lOn 

COI'1PO~fi'H ~:u""i'\J!£O p.fSlnul.l. (;1 (;'1.' l Cur'PU'fHT ,ci..Jl1f'U '(0 II£SIOU4t, G/C~··' 

S I ~!'. h -,~ ..... ~ 1 .... 0 .p-.! S \ z"".r;~ .. • J lS •• r.l r qa 
A, ~ ... '~ J V ~, -. n t) 10; Al 1.917 .0 l;, - ~ 0 ~ a ~ 
J" [ •• 5.:::.?'l ~ ~ ... 6 .. 0 l j'j F r ... b • .J .~ (~ ..) Z .0 b C· 1 

_G ? 2f>. .... to'~ a .. 0 ... :,!." Hr, Z.L?J .... lOl .o .. q~ 
t. :3. !,2 .,' .. ~ J r., b - ~ G (j f.l C~ ~ ,.011 -.I l8 .QQbh 

"A l. J. 0 .1: 0 -.0 l71 ',A l.HS .0&) .... Ol,,]q 

.2'.1 C t;. ~. lJ 1 1. .u-la .. " 1. J2 J -.0 l U .OlUJ 

Z ... , 0 ~ __ • ] t.. C .Olftlc S ~ .... ~S ·.H~ . • I"; Q 

0 ~!.l/l - \. a 16 -.a .. "s 0 "Lg=,,~ .1. a Q 1 -.O",3!") 

~ • 1 ~. l .. a J? .oo~, 0 ~ .t .... ') .QO~ • C! J '}O 

\Ol 1. '"I? I) • ~ \ 'J .0" (II, Sal l.1:34 .HQ .0170 

T\ ..... J.J • 'l u l • Ci (]~) II ."''1'1 .COl .OHl 

Sv" IIESI(),j'~~"? :z. ':' 1 ~ ~'';'" "[S10UAl5··2 l.11 C 

Sf"~OAI(O OE V 1 A. I IO:-.t ~ '1 l u S r .~o ... ~O O[Vl'TIC.~ .8t.oZ 

!JIlt ... (" 0 q "ll',II; G.\i~ or.; lG~S MF .. 211! 1 "'( 1 GIll' GAIN M lO~S 

,q "or ... ilL PI .. Lr~r i,dC.-1·· , C.:(...'1· .. ,3 ~: lit ~ltL P£~ Ct.HJ 'Ie M·-1 C'C"'i··J 
P:" ,I, (,! CGl AS '" l • S .. 1.1 0 ~ ~.lfJfJ PlAGI(ClAS I. "-.31 1_ Z Z 1 - .. t r ') 
i(- ~ ;: l D"J.P All: ! ~ 1 0 • 1 ~ q • a ') 1 K-rtlO'jPA$(, ".blt. • I Z ~ -. Q ~ i 
0 1) l Q T I I I.? S .loLU .!H OlJA ~, 1 Ib.'5 ... t s oIH 

tl! <'"j f 1 t[ ,,,,,If. .. j q It • Of. '- 010 TIlE I~ •• J ...... s .115 
p ~ <J I r f Lt..tI ~ C 'iI'~ • a 'I" PY!.ll '( l. b'i .071 .on 
r..r. L C L j £ 1.?r .. 01" .01" Cl!.l C I f[ I.q • C 1 '1 .0 I q 

,I.~ •• "q~;OI! f £ ... 13 ~ 1 : b .I2~ A~'I' 't'(li-( [' £ La .a~q .0., q 

C 0-1 t r; .... ~ I [ Y.(l! .(,,"2 .24? CtlL tIt I fC l':>.-t:.. .. ?I'I. ... • 2' 9 
{'.:.. J l ! hIT f .JJ .. 0 C i'\ .. DOll TO f 61, S lj1." f. Z. '~I .111 

t (, f ~ l 'S Cjq. 1 t) 2. iJ!..: * ~ l ~~ 
WI. Pi r..r:~·~T GlIN D< lOSS 

.". Pi .... (;( ~H ~A1N 0" LOSS C:JHf'Oh[Jroil CO}1I'U 1 (0 '1(SIDU£L GIG"''' -] 

C(;"F"j"",kf CUI"II'u1r l) fl.[SrOdll (;./-':11· -l S I lb.U,1 .llf, -.0" -..,. 
~ ! " t-, • 0 ~ q .1 'J - .. a , • ..,q Al to. 0'1:);' .. ] ... .5 -. Ch75 

Al I'i.to.jl • ~ ? 1 .... U ! J' r f. 't .. _ (1'~1 .blJ .OIH 

f ~ • to ' .... ...; Lb • "10 • C?H. "G Z.q,,6, -. S bl .C',t,,!;. 

~(. ;! • ~ I.:) -. c,:. s • C', ] r.:; C. :!.l!.'" -.', .. ~ • J (j:) Z 

C' "'.01'-. • 0 0 Ira -. CO ... q NA l . r" 4' .Ob5 ... a J..' e 

h' I. !, 1 - •• l 00 ".UH"I. ~ 1. • 'I~)l -.alZ • 0 ~ L8 

1.\ " • n l.i r. • "', ,.0 ! .... 1'1 -, If.l .e.;, 
1. rp,,.. -. ~ 1.1 .0' .. {,ol) 0 I. "'.1 IS -. ~ql -, a J' ~ 

~ .. l. ", :! (~ ... b 1'",.5 -. II 'f'tc.. C • t f,q .00l • QOlor,b 

C .\:,J .iJOO • OJ _ 1 Su] 1. n 'jJ .0_' ,1:11)\1 

~Ol :~ • 7'" <~ -. ~ (j: .Ol~l T[ • I) !l ,OJ' • ~ Q6Q 

II ." ,'Ih .0;1 ,0 0 ~r, W~ R.ESIDUAl ~I·· ~ 1. ""J'l 

~v" ~ES[OUH~"? 1.)rl STANOA~O O[~lAT!()~ .bC. N 
S UNOAIIO o (IJ ~ A J 1 C;"/; · I~' & ~ 

W 



QN-2801 WEIGHT GAIN OR LOSS ON-2304 WEIGHT GAIN OR LOSS 
MINERAL PER CENT G/CM"»3 G/CM»»3 MINERAL PER CENT G/CM»»3 G/CM»»3 
PLAGI CCLAS 36.16 .976 -.921 PLAGICCLAS 27.16 .771 -1.126 
K-F ElDSPAR 1 7. 65 .477 .339 K-FELOSPAR 15.59 .443 .335 
QUARTZ 20.17 .545 . 270 QUARTZ 22.26 .632 . 357 
BIOTITE 12. 62 . 34 1 .011 BIOTITE 13.04 .370 .040 
PYRITE 2.34 .063 .063 PYRITE 5.26 . 150 . 150 
CALCITE 1.69 .046 .046 CALCITE .84 .024 .024 
ANHYORITE 2.85 .077 .077 ANHYORITE 1.35 .0 36 .036 
CHLORITE .72 .020 .020 CHLORITE 3.08 . 0 88 .388 
KAOLINITE 6.03 .163 . 163 KAOLINITE 11.11 .315 . 315 
TOTALS 100.22 2. 706 . 066 TOTALS 99.69 2.631 . 191 

WT.PERCENT GAIN OR LOSS WT.PERCENT GAIN OR LOSS 
COMPONENT COMPUTEO RESIDUAL G/CM»»3 COMPONENT COMPUTEO RESIDUAL G/CM»»3 
SI 28.660 .004 .0103 SI 28.223 .367 . 0 2 79 
AL 9 . 264 .000 -.0497 AL 9.3 43 .032 -.0352 
FE 2.326 .300 -.0237 F E 4.696 .3 20 . 0 324 
MG 1.2 99 -.125 . 0069 MG 1.684 -.066 .0182 
CA 3.513 .483 -.0 3 42 CA 2.232 .310 -.0614 
N A 2.065 -.317 -.0357 NA 1.574 -. 318 -.0463 
K 3. 319 .048 . 0403 K 3.070 .065 . 0373 i/i 1.249 -.071 . 0356 S 2.814 -.126 . 3335 
0 45.303 -.009 - . 0419 O 44.794 -.666 .3178 
c .202 -.008 . 0057 C .101 -.003 . 00 29 
S03 1.679 -.081 . 0475 S03 .792 -.026 . 0233 
T I .340 -.002 . 0026 T I .351 -.003 .0034 

SUM RESIDUALS»'2 .453 SUM RESI0UALS'»2 1.211 
STANDARD OEVIATION . 369 STANOARO OEVIATION . 635 

ON - 2 3 0 2 WEIGHT GAIN OR LOSS MF-30 01 WEIGHT GAIN OR LOSS 
MINERAL PER CENT G/CM»»3 G/CM»»3 MINERAL PER CENT G/CM»»3 G/CM'̂ 3 
PLAGICCLAS 32.07 .643 -1.054 PLAGICCLAS 46. 19 1.2/5 -.623 
K-FELOSPAR 16.16 .426 .266 K-F ELDSPAR 5.61 .155 .017 
QUART Z 22.43 .590 .315 QUARTZ 17.44 .461 .236 
BIOTITE 13.00 . 342 .012 EIOTITE 18.65 .515 .135 
PYRITE 2.42 .0 64 . 064 PYRITE 3. 72 .103 .103 
CALCITE .94 .025 .025 CALCITE .63 .017 .017 
ANHYDRITE 1.46 .038 .038 ANHYDRITE 4.14 .114 .114 
CHL (RITE .26 .007 . 00 7 CHLORITE 3.33 .093 .09 3 
KAOLIMTE 10.34 .285 .285 TOTALS 99.76 2. 753 .113 
TOTALS 99.60 2. 620 -.020 

WT.PERCENT GAIN OR LOSS 
WT .PERCENT GAIN OR LOSS COMPONENT COMPUTEO RESIOUAL G/CM" 3 

COMPONENT COMPUTED RESIOUAL G/CM»»3 SI 26.334 .473 -.0497 
SI 2 9.3 64 . 241 . 0 0 25 AL 8.824 .355 -.0660 
AL 9.708 .021 -.0450 F E 4.850 .613 . 0250 
FE»» 2.827 .262 -.0244 MG 2.154 -. 295 . 3361 
MG 1.267 -.096 . 0044 CA 4.293 . 341 -.0069 
CA 2.577 .461 -.0604 NA 2.3*«6 -.265 -.0279 
N A 1.337 -.708 -.0331 K 2.332 -.001 .0164 
K 3.155 .083 . 0326 S 1.S86 -.134 . 0565 CO 1.296 -.064 , 0358 O 43.676 -1.255 -.0369 
0 46.254 -.546 -.0482 C .076 -.000 , 0321 
C .113 -.005 . 0031 S03 2.432 -.068 .0690 
S03 .858 -.042 . 0237 TI .459 -.003 .0061 
TI .350 -.004 . 0027 SUM RESIOUALS»»2 2.597 

SUM RESI 0UALS»»2 1.161 STANDARD DEVIATION .806 
STANOARO OEVIATION .622 

« 
ON-HOl liEIGHT GAIN o~ lOSS ON-2~04 WEIGHT GAIN O~ lOSS 

H! ":(Q:'L PEg CE'" G/C'P '3 G/CM"3 ~I~ERAl PER CENT G/CH' .] G/C'i" .] 
?lAG!CCLAS 3 b.l r, .g76 -.921 PLAGI (ClAS 27 .16 .771 -1.126 
l(-f€lGSPAQ 17. &5 .477 • 3J q K-F El OSPA~ 15.59 .443 .3JS 
O'HQTZ 20.17 .545 .270 QUARTZ 22.26 • '>32 .357 
~IOT!TE 12.62 • ]1. .. 1 .0 it fiT orr TE 13.04 • 37 G .CIoO 

P1R:TE 2. J 4 .0&3 .063 PYUTE S.2f) .150 0150 
CALCITE 1.&g .04& .040 CALCITE .810 .024 .02" 
l~" ~DI<Il E 2.e, .077 .077 ANHYDRITE 1.35 .036 .DH 
CHlO~ITE .72 .C20 .020 CHl OR lTE 3.08 .08& .088 
~AOllNlTE 6.03 • 1f> 3 .163 KAOLINITE 11.11 .315 .315 
TO TAlS 100.22 2.70f> .06& TOTALS 'l9.69 2. ~ 3 1 .1n 

WT.P[PC£NT GAIN O~ lOSS WT.PE"!CENT GAIN O~ lOSS 
CC~PONC:NT CC,Mi'I.;TEO RESI{1UAl G/C'1"J COH~ONENT COI1PUTED QESIDU4l G/(;"I··] 

S I 2~.~~0 .00" • 01 Q 3 SI 26.228 .3&7 .CU9 
lL 9.264 .0 C [i -.0,,97 Al 9.348 .032 -.0352 
FE-_ 2.~26 .300 -.0237 FE·. 4.6g6 .120 .032~ 

/1G 1.2 q'1 -.125 .006'1 HG 1.684 -.06& • 0182 
CA ].513 .483 -.0342 CA 2.232 • 310 -. 0& 1 .. 

"A 2.06S -.317 -.0357 NA 1.5710 -.318 -.0461 
I( 3.11'l .046 .04 OJ K 3.07D .065 .037.1 
S 1.24') -.071 .OJ5& S 2.814 -.126 .0~35 

0 4S.S0~ -.OG9 -.0419 0 44.794 -.666 .0178 

C .202 -.006 .0057 C 0101 -.00] .00 29 
SO] 1.67g -. 0 ~1 • 01075 S03 .7n -. a z e .0213 
T I .340 -.002 .002& T I .351 -.003 .DOJ" 

SUM QESIDUAlS··2 .453 SUM Q.ESIOu~lS··2 1.211 
SU~OAIIO OHIAfION • 1~9 srANDARO OEVIATION .&]5 

0'4-2"02 WE:r.,H GAIN O~ lOSS MF-3001 WEIGHT GAIN O~ lOSS 
Mr~['?Al PE~ CE~T (;/eM"3 G/C >i"J HINERAl PER CE~T G/CH"3 G/C'1"J 

PL A G I eel AS 32.07 .e~J -1.05'+ PUGI eCl AS 4&.19 1.275 -.&23 

-<-rfLD~PU~ 1~.1~ .42& .2~6 K-FELDSPAR 5.61 .155 .017 
aUAQTZ 22.43 .5 SO • .115 aUA~TZ 17.44 .481 .ZC6 
8!OlnE 13.00 .342 .012 erOTITI: 16.6~ .t)lS • 1 ~ 5 
P¥QITE 2 •• 2 .or,~ • 064 PYR IfE 3.72 .10 3 .1 0] 

CHC! TE .'34 .025 .025 CALCITE ."3 • a 17 .017 
At .. , TOQITE 1 •• ;' .038 .038 ANHYOIHTE ... 14 .11" .11" 
C"L(RITE .2Ei .on7 .00 7 CHLORITE 3.3~ • D g 1 .011 

(AOll~rrE 10. ~ 4 .2&5 .2~5 TO T AU '19.7& 2.753 .113 

TO rAlS 'lg.~O 2.620 -.Ozo 
WT .PERCE~T GAIN O~ lOSS 

WT .P[PCENT GAIN O~ lOSS COMPONENT COHPU TED RESIOU_L GI C.,·· 3 

COM?ONEIolT COHPUTED RESIDUAL G/ C,..,··l SI 26.334 .473 -. 0.97 

SI 2g.3~4 • 2~ 1 .0025 Al 6.M24 .355 -.DoH 

Al 9.7a~ .021 -.0~50 FE •• 4.~50 .613 .0250 

FE·> 2.827 .2&2 -.02"4 HG 2.154 -.2')5 • OJ61 

"G 1.2&7 -.0'16 .oa4~ CA 4.2Y3 .3~1 -.0069 

Cl 2.577 .4~1 -.O~04 NA 2.3~b -.2&5 -.0279 

"A 1. ~ 17 -.706 -.0331 K 2.312 -.001 .016 .. 

Ie 3.155 .083 .0328 S 1.966 -.134 .0585 

S 1.2 'J5 -.Ob" • C35f1 0 .. 3.G7;' -1.255 -.C3~9 

0 :"0.254 -.5 .. 6 -.0482 C .076 -.000 • Q~ 21 N 
C .113 -.005 • OC 31 S03 2.432 -.068 .0&90 ~ 

Su3 .6S8 -.0<;2 .0237 TI .~5q -.003 • DO 61 ~ 

T1 .350 -.004 .0027 SUM ~ESIDUAlS'·2 2.597 

SUM R[~IDUAlS"2 1.1,,1 STANDIIIl.D DEVIATION .806 
STANDA'!O OEVIATIO~ .. &22 



-30C2 WEIGHT GAIN OR LOSS 
HINfPAL PER CENT G/CH»*3 G/CH»"3 
PLAGICCLAS 50.75 1.406 -.492 
K-FELOSPAR 3.93 .108 -.030 
QUARTZ 17.66 .439 .214 
BIOTITE 13.51 .513 . 133 
PrPITE 3.13 .087 . 08 7 
CALCITE .75 .021 .021 
ANHYORITE 2.38 .066 . 066 
CHL CRITE 2.91 .078 .078 
TOTALS 99.3 8 2.767 . 127 

WT.PERCENT GAIN OR LOSS 
COMPONENT COMPUTED RESIOUAL G/CM»»3 
SI 2 7. 0 32 .452 -.0271 
AL 9.230 .637 -. 06 31 
FE** 4.449 .617 .0143 
KG 2. 061 -.3 76 .0360 
C A 4.101 .028 -.0032 
N A 2.555 -.205 -.0236 
< 2. 112 -.021 .0111 
5 1.673 -.117 . 0496 
0 44.722 -1.133 -.0074 
c .090 -.000 . 00 25 
S03 1. 399 -.001 . 0388 
TI .455 -.001 . 0060 

SUM RESI0UALS»»2 2.655 
STANDARD OEVIATION .315 

-3004 WEIGHT GAIN OR LOSS 
MINERAL PER CENT G/CM»*3 G/CM**3 
PLAGIOCLAS 43.59 1. 199 -.699 
K-FELOSPAR 4.20 .116 -. 022 
OUART? 20.16 .554 .279 
BIOTITE 18.09 .497 .167 
PYRITE 2.69 .079 .0 79 
CALCITE 2.60 .071 .071 
ANHYORITE 4.15 .114 .114 
CHLCRITE 4.19 .115 .115 
TOTALS 99.88 2.747 .137 

WT.PERCENT GAIN OR LOSS 
COMPONENT COMPUTEO RESIOUAL G/CM »»3 
SI 26.493 .406 -.0461 
AL 8.364 .212 -.0756 
FE** 4.544 .533 .0184 
MG 2.216 -.293 . 0 375 
CA 4.927 . 767 -.0016 
NA 2.203 -.430 -.0276 
K 2.105 .0 13 . 0095 
S 1.544 -.076 . 3446 
0 44.287 -1.084 -.0313 
C . 312 -.016 .0393 
S03 2.442 -.148 .0712 
T I .4 45 -.005 .00 58 

SUM RESI0UALS*»2 2.559 
STANOARO OEVIATION .800 

- 3 3 03 WEIGHT GAIN OR LOSS MF-3005 WEIGHT GAIN OR LOSS 
MlN F P *L PER CENT G/CM»»3 G/CM**3 MINERAL PER CENT G/CM*»3 G/CM»*3 
PLAGICCLAS 43.37 1.188 -.709 PLAGICCLAS 43.09 1.15 8 -.700 
K-FELOSPAR 6.31 .173 .035 K-FELOSPAR 6.71 .1*7 . 049 
CUARTZ 16.07 .495 . 220 QUARTZ 13.11 .504 .229 
01 OTITE 16.0 2 .494 .154 BIOTITE 16.79 .467 .137 
PYRITE 4.39 .134 .134 PYRITE 5.51 .153 .153 
CALCITE .97 .027 .027 CALCITE 1.08 .030 .030 
ANHYDRITE 4.36 .120 . 120 ANHYDRITE 4.62 .128 .123 
CHLCRITE 4.05 .111 .111 CHLORITE 4.21 .117 .117 
TOTALS 10 0 . C 5 2. 741 .101 TOTALS 1C3.1 3 2.784 .144 

WT.PERCENT GAIN OR LOSS WT.PERCENT GAIN OR LOSS 
COMPONENT COMPU TED RESIDUAL G/CM»»3 COMPONENT COMPUTEO RESIDUAL G/CM»*3 
S I 26.365 .401 -. 0602 SI 25.925 .355 -. 0525 
AL 8.513 .631 -.03 37 AL 8.442 .638 -.0820 
FE** 5.4 18 .719 . 0 374 FE** 5.595 .753 . 0427 
MG 2.190 -.319 . 0373 MG 2.101 -.267 . 0 349 
CA 4. 324 .254 -.00 48 CA 4.426 . 352 -.0327 
h A 2.213 -.294 -.0313 N A 2.203 -.341 -.0293 
K 2.362 -.021 .0173 K 2.308 -.017 .0166 
S 2. 613 -.227 . 0773 S 2.947 -.293 . 0901 
0 43.204 -1.048 -.0665 O 42.922 -.915 -.0603 
C .117 -.001 . 0332 C .130 -.031 . 0036 
S03 2.566 -.054 .0718 S03 2.717 -.063 .0776 
TI .443 -.000 .0056 TI .413 -.001 .0049 

SUM RESIOUALS»»2 2.487 SUM RESIOUALS*»2 2.316 
STANOARO DEVIATION .789 STANDARD OEVIATION .761 

/iF - J 0 02 wEIGHT GAIN OR UlSS Mf-3004 WEIGHT GAIN O'l. LOSS 
~: Nfq~l Pll? CE"IT G/C ... ··3 G/CIi"3 KI i'lER Al Pf.~ CENT G/C"I"] G/C'1"l 
PLAGI(C~AS 50.7 S 1.406 .... ~ '" r~ Z PLAGIOCLAS "3.5'1 1.1'1'1 -.&'1'1 
I(-FElr:S~AR: 3.CJJ • 108 -.030 K-FE LOSPA~ 4.20 .116 -. 022 
:JUA~Tl 17 .6& .43" .214 OU ART 1 20.1& .55" .27'1 
BlOT rTE H.51 .513 • 1,~ 3 B lOTI TE 18.0'1 ... Q7 .167 
P1;;> I T£ 3.13 .067 • :).11 7 PY RITE 2.8'1 .07 'J .07'1 
C~lC!iE .75 .021 .021 CALCITE 2.&0 • a 71 .071 
A~!"'YOQITE 2.H .O&b .OG& ANH,DRIT E ... 1<; .11" .114 

~ C~l ~R HE 2.H .078 .076 CHL ORITE ... 1'1 .115 • II 5 
TO TAL S "CJ.·g Z. 7 &7 • i21 TOT AL S '1'1.88 2. H7 0107 

WT .PERCf'1T GAIN O~ LOSS WT.PE'lCENT GAIN O~ LOSS 
COI1PCMENT CO~PUTED RESIDUAL GI C ~ •• 3 COMPONENT COMPUTED RESIDUAL G/C~"l 

SI 27.032 .452 -.0271 SI 2&. ~'l3 .406 -.0461 
~l '1.230 .(,~7 -. or, 31 AL R.304 .212 -.075& 
fE'_ ".4'. 'I • 611 • "143 FE'. 4.544 • 533 .Ole .. 
KG 2.0~1 -. J 7b .03&0 HG 2.216 -.2 en .0375 
CA ".101 .028 -.0032 CA ... 'l27 .7&7 -.001& 
"A Z.~55 -.20 ') -.023& NA 2.203 -,"30 -.027& 
I( 2.112 -. 021 .0111 K 2.1 a 5 .013 .00 g5 
S 1.&7J -.117 .O~g& S 1.5 .... -.07& .a4~& 

C £t4.7ZZ -1.1~3 -.007" 0 ..... 287 -1.06 .. -. QJll 
C • C gO -.OCO .0025 C .312 -.016 .00gO 
~O) 1.3 qq -.001 .0368 SO) 2.~42 -.1"" .071Z 
TI .10 55 -.001 .0060 , I .445 -. a 05 .0058 

SUM P.ESIOUAL ,'°2 2.655 SUH RESIDUALS" 2 2.55'1 
STANDARD DE~IHIOr; .~15 ST~IIIlARa (jE~ I AT I O~ .800 

IIf - 3]Q J WEIGt<T GAl N OR LOSS IIf-3005 WE I G H T GAl N Oq LOSS 
P't]NF.:;O~L PE~ CU;T G/:II"l G/GII"3 HI NERAL PE~ C~>jf G/r:~"J G/GH"J 
Pl4r.I eel AS "3.37 1.1611 -.709 PL AG I eCL AS .. s. a ~ 1.1'ia -. 700 
1(-!'7EL~-';P .. q &. J1 .1.7l .035 K-fELOSPAQ 6.71 .1"7 • 0" 'l 
CuHTZ 1 ~. r, 7 .4Q5 .22 a QUARTZ 1~.11 .50" .22'1 
~lOTlii: 18.1)2 .4 'l" .lS4 BIOTITE 16.7 q ... ~ 7 • 137 
pYRIT~ 4.~'1 .114 .134 ?YRIT£ 5.51 .153 .153 
CHenE • '17 .027 .027 C~LCITE 1.06 .030 .030 
At .. 'rO~ITE 4.3F, .120 • 120 ANHYDRITE 4.62 .12~ ..12 ~ 
C><LCRITE ".0<; .111 .111 CHLORITE ... 21 .11. 7 .111 
r 1 T ill 5 10n.C 5 Z. 7"1 .1 0 1 TO T AL S ltO.13 2.78" .1 .... 

WT.PE~r;EIojT (;ArN O~ LOSS WT.PE'<CENT GA IN O~ LOSS 
CO ~PON£NT COMPUTED RESIOUAL G/e..,··.) COI1PONENT COMPUTED RESIDUAL G/CH··l 
~ I 26.Jb5 .~01 -.0602 S1 25.925 .355 -.0525 
AL 8. 5 l·~ .6:n. -.O~37 AL 6.442 .606 -.0620 
FE -_ 5."'H • 11 g .037,+ FE-. 5.S95 .75J • 0 .. 27 
HG 2.1 gO -.11 'I .0373 HG 2.101 -.267 .0)"'1 
C~ 4.32 .. .2&4 -.0048 CA ..... 2& .352 -.0027 
p.,A 2.213 -.29" -.011 J NA 2.2D3 -.3~1 -.02"1J 
K 2.3S2 -.021 .0173 K 2.3il8 -.017 ,01&& 
S 2. f,13 -.227 .0771\ S 2. q4 7 -.2'l3 .0g01 
0 "3.204 -1.0"8 -.0&65 0 "'2.922 -. '1 I. 5 -.0603 
C .117 -.001 • DC 32 C .130 -.001 • CD 3D 
S03 2.5eo -.05" .0718 S03 2.717 -.083 .0776 

N 
T1 ,"~l -.000 ,005& TI ,"13 -.001 .00 .. 9 +=a 

SUII R£SIDU.~S·'2 2.1;67 SUM RES1OUALS"'2 2.310 U'I 
STAIojDA'?1) OE~IATION .73'1 S1 ANOAQD DEVIATION ,7&1 



-30 OS HEIGHT GAIN OR LOSS MF - 3 0 0 8 WEIGHT GAIN OR LOSS 
11NERAi PER CENT G/CM**3 G/CH»»3 MI NERAL PER CENT G/CM»»3 G/CM»»3 
PLAGICCLAS 46.03 1. 261 -.636 PL A GI CCL AS 41.90 1. 161 -.737 
K-FEL'QSPM 2.67 .0 73 -.064 K-FELOSPAR 4.61 .126 -.010 
QUARTZ 17.25 .473 .198 QUARTZ 17.0 7 .473 .198 
9ICTITt 19.36 .530 . 200 BIOTITE 22.62 .627 .297 
PYRITE 2.49 .068 .068 PYRITE 2.87 .079 . 079 
CALCI T£ .91 • 025 . 025 CALCITE 1.34 .037 .037 
ANHYORITE 4.84 .133 .133 ANHYDRITE 3.61 .100 . 100 
CHLORITE 6.60 .181 .161 CHL CRITE 4.91 .136 . 136 
TO T AL S ICO. 17 2. 745 . 105 TOTALS 98.93 2. 740 . 130 

WT.PERCENT GAIN OR LOSS WT.PERCENT GAIN OR LOSS 
COMPONENT COMPUTEO RESIDUAL G/CM"»3 COMPONENT COMPUTEO RESIOUAL G/CM»»3 
SI 25.930 .266 -. 0602 SI 25.665 .562 -.0680 
AL 8.909 .757 -.0764 AL 6.577 -.157 -.0579 
FE*» 4.983 -361 . 0342 FE*» 5.272 .860 . 0298 
MG 2.666 -.283 . 0493 MG 2. 725 -.689 . 06 31 
CA 4.603 . 0C5 . 0 0 99 CA 4. 160 -.007 -.0006 
N A 2.309 -.199 -.0313 NA 2.124 .039 -.0423 
< 2.025 -.026 . 00 82 K 2.534 .0 10 .0219 
S 1.331 -.029 . 03 73 S 1. 533 -.107 . 0454 
0 «. 3 . 9 7 9 -.708 -.0546 O 43.506 -1.592 -.0298 
c .109 .0 00 . 00 30 C .161 .000 . 00 45 
S03 2 .849 -.001 . 0761 S03 2.122 .002 . 0587 
TI .476 .003 . 0064 TI .556 -.007 . 0090 

SUM RESIOUALSe,2 1.4 12 SUM RESIOUALS"*2 4.136 
STANDARD DEVIATION .594 STANOARO OEVIATION 1.017 

-3007 WEIGHT GAIN OR LOSS MF-3009 WEIGHT GAIN OR LOSS 
MINERAL PER CENT G/CM»»3 G/CM»»3 MINERAL PER CENT G/CH**3 G/CM»'3 
PLAGICCLAS 44.4? 1.222 -.676 PLAGICCLAS 48.70 1.344 -. 553 
K-FELOSPAR 3.20 .088 -.049 K-FELDSPAR 3.29 .091 -.047 
QUARTZ 15. 75 .433 .158 QUARTZ 13.64 .377 . 102 
BIOTITE 19.44 .535 . 205 BIOTITE 21. 59 .596 .266 
P*o ITE 5.82 .163 . 16 0 PYRITE 3.10 .0 86 .036 
CALCITE 1. 59 . 044 .044 CALCITE 1.19 .033 .033 
ANHYDRITE 3.39 .0 93 .093 ANHYORITE 2.61 .072 .072 
CHL ORITE 6.36 .175 .175 CHLORITE 5.68 .157 .157 
TOTALS 99.97 2.749 .109 TOTALS 99.80 2. 755 .115 

WT.PERCENT GAIN OR LOSS WT.PERCENT GAIN OR LOSS 
COMPONENT COMPUTEO RESIOUAL G/CM"»3 COMPONENT COMPUTED RESIOUAL G/CM»»3 
SI 24.927 .292 -.0359 SI 25.424 .227 -.0680 
AL 6.712 .454 -.0727 AL 9.414 . 362 -.05C0 
FE»» 6.4 99 1.128 . 0558 FE** 5.389 .396 . 0321 
MG 2.639 -.606 . 0577 MG 2.739 -.784 , 0657 
CA 4.347 . 0 74 .0015 CA 4.220 -.118 . 00 37 
NA 2.2 34 -.125 -.0351 NA 2.447 -.023 -.0318 
K 2.0*5 -.0 13 .0100 K 2.2^3 -.0 15 .3157 
S 3.113 -.427 . 0974 S 1.658 -.122 . 0491 
O 42.738 -.801 -.0317 O 44.009 -.626 -.0471 
c . 191 -.000 . 0053 C .142 .300 . 03 39 
S03 1.992 -.006 . 0550 S03 1.537 .037 .0422 
TI .478 -.002 . 0066 TI .531 -.003 .0081 

SUM RESIQUALS*»2 2.775 SUM RESIOUALS»»2 2.021 
STANOARO OEVIATION .833 STANOARO OEVIATION .711 

r 
"I"\,: 

-'r-

OlF"- 30O'> HEtGrlT GUN O~ LOSS HF - 300 R HEI~HT GAIN Oq LOSS 
IofI .... EO Al PER CENT G/C'1··] G/CH"3 HINERAl PER GUIT G/C'1"3 G/C'1"3 
PLAr,:CCLAS ~ "'.03 1.;>61 -.636 PLAGICCLAS ~1.90 1.161 -.737 
K-FEL D,? A~ 2.07 .073 -.06" K-rn DSPA~ ~.61 .12& -.C10 
OU~RTI 17.25 .473 .1q~ QUARTZ 17.0 7 .~7l .1ga 
~IcrITE 19.3& .530 • 200 BIOTITE 22.&2 .&27 .2'i7 
PY RITE Z.~,) .060 .01)6 PYR ITE 2.87 .Jr'! .079 
CAlCI TE .11 .025 .025 CALCIT" 1.34 • Q 37 .0 J7 
A~HWRITE ~.8~ .1l3 .113 ANHYDRITE l.61 • 100 • 110 
CHL OR IfE &.&0 .161 .161 CHL C~ IfE ~.g 1 .13& .13& 
TO rAL S 1CO.17 2.7~5 .105 TOTALS '!e.'ll 2.7"0 .1 a 0 

IH. PEQCENT GAIN Oq LOSS WT.PE~CtNT GAI~ O~ LOSS 
CO""OI'iENT CO'1PUTED R£SIC:UAI. G/CH"·] COHPONENT COMPUTED IIESIOUAL. G/C'1"l 

51 2S.q3J .2&& -.060Z SI 25.665 .5&2 -.O6~0 

AI. 8.909 .757 -.07[''' AL a.577 -.157 -.0579 
F"E •• ...983 .3., 1 .OH2 FE •• 5.272 .a~D .029& 
'1G 2.61)6 -.263 .0493 HG 2.725 -.6,''l • 0531 
CA ~.&Ol .ooa .aOg9 CA ".160 -. a 0 7 -.0';0& 
HA 2.30Q -.199 -.0313 NA 2.1Z" .Ol'l -.O~23 
I( 2.025 -.02& .0062 I( 2.534 .010 .0219 
S 1.331 -.029 • 0371 S 1.533 -.107 .045" 
0 "3.g7'j -.7 e" -.054& 0 "3.50& -1.592 -.02ga 
C 01 0'1 .GOG .00 J a C .1&1 .000 • 0045 
SO) 2.a"9 -.001 • 0761 SOJ 2.122 .002 • 0587 
T I • t.. 76 .OOJ .00&" Tl .556 -.007 • 00 90 

~U" ~ESIOUALS··2 1.412 SUH RESIDUAlS"Z ".13& 
SHtiJARO OEt/IATION .5 Q" STAtiDARD OEVIATION 1.017 

HF-1007 WEIGHT G41 N O~ lOSS HF- 30 09 WEIGHT CUN O~ lOSS 
.. I 'jfo AL PE~ CENT :;/CM··J C/CH"J HINERAi. PEl< CENT G/C'1"] G/CH"3 
PLAGICCL'S ....... ? 1.222 -.b7f> PLAGICCLAS "8.70 1.3 .... -.553 
I(-FELO,PAR 3.20 .086 -.0"9 K-FELOSPAR 1.2 q .091 -. 0 .. 7 
~uv r 1 15.75 ... 33 .158 QUARTZ 13.64 .377 • 1 C 2 
iil'JTITf 1'1.4" .535 .20S BIOTITE 21.5'1 .'>'l& .2&& 
P~C>IT( 5.~2 • 1'" 0 • 1(,0 PYR I TE 3.t 0 .ce6 .0~6 

CALCITE 1.5'l .0,. .. .0 .. 4 CALCITE 1.19 • e 1 J .03J 
A~H'(ORITE J. 3 q .OSJ .Og3 ANHYDQITE 2.bl .072 .072 
CHL OQ1TE E..3b .175 .175 CHLORITE 5.&R .157 .t 57 
TOTALS G'l.g7 2.llog .10 g TOTALS 9'3.60 2.75<' .115 

WT.PEPGEtiT GAIN OR LOSS HT.PEQCENT GAIN O~ LOSS 
COI'1POI'iENT CO~PUTED RESIDUAL. G/CH'~3 COMPONENT COMPUTED RESIDUAL. G/C" •• ] 

S I 24. yzr .2'12 -.O~59 SI 2 5. ~ 24 .221 -.O~~O 

AL ~.712 ... 54 -.0727 Al Q."1" • 362 -.05ee 
FE •• 6 ... q'~ 1.12 a • 05 58 FE •• 5.38g .~g6 .0321 
He. 2.63'1 -.60& • 05 77 HG 2.73g -.78" .0&57 
CA ... 34 7 • 07~ .0015 CA ".220 -.1111 .0 C 37 
"Ii 2.234 -.125 -.0351 NA 2.4"7 -. a 23 -. 031& 
I( 2. a'~ 5 -.013 .0100 K 2.2C,3 -.015 .O~57 

S 3.1:. J -.427 .0'17" S 1. &5 8 -.122 • 0 .. 91 
0 ~2.7Je -.aCl -.OH7 0 "".009 -.&2& -.0 .. 71 
C .191 -.000 .aOSJ C .1 .. 2 .000 .0039 
S03 !.9g2 -.oa~ .0550 S03 1. '>37 .C07 .0 .. 22 

N 
TI .478 -.C02 • 00 66 TI .531 -.001 .00&1 ~ 

SUM ~ESIOUALS"2 2.77S SUM RESIDUAL.S··2 2.021 0"1 
ST""'DA~D DEVIATION • ~ll ST~NOARD DEVIATION .711 



C«i!« OS: LOSS OrM-3i»«3 wEtC-MT car*, c* io3s 
PER C£«T C/Cf»»3 MINERAL PER CENT F*L AC. C:L AS 05 1.235 -.611 f'L AG I CCL AS 32.99 .898 -1.90S 11 r . 123 .115 K-FELOS<»AR 20. 06 .555 .418 

CUAP'7 i r 96 .5 3 1 .226 OUAPTZ 21.".S .579 .304 BJ 0»I T£ 14 0 3 . m . Obi n 10 T I TE 13.19 .354 .074 j 29 .0 9.? . 0̂ 2 PYRITE 2.27 .061 .061 c-icirr ! 95 .0 29 .039 CALCITE 2.32 .0 63 .963 
»NM»0"IT E 7 a .0 19 .019 ANHYORITE 1.52 .041 . 04 1 C»L C" If I ? 5 w .071 . 0? 1 CHLORITE . 1 3 .00 3 .00 3 * • r,L I N; 11 2 2 0 . 0 6 1 . 0 1 KA011 MTE 5.59 .151 .151 10(«LS 91 3 4 2. 7 7 3 . 1 ! J TOTALS 19.84 2.696 .05 6 

MT.Pi RCENf SAIN OP LOSS MT.PERCENT CAIH 0=> LOSS 
COHPOHCN? COKI U I C 0 RES I DUAL COrtPONCNT COMPUTEO HESIO'JAt, G/Ci«.J 
s r 28 . o ua . 0 0 HS SI 29.1-.0 .297 . 0 1 5S AL q. 4 IS . 0 <. 6 -. 0 $ 9 4 AL h. Shi .022 -.058 3 F £ 3. T JS .25fl . 0 0 7 0 Ff »t 2. 71.3 .249 -.0 2 45 i»C. t, 1.9 -.On. .0181 HQ 1.257 -.095 . 0 3 50 
CA 1 6 9 -. cn -.0?bS CA 3.193 .184 » . 0 3 4 • N A z. .0 28 -.0 JOS H A 1.924 -.0 86 -. CS7 <C z. 70S -.002 . 0 7 5 K 3.710 .024 .CSlS 
S s. 7 f. » -. 0'. 7 . 0S0S S l.?14 -.056 . 0 UJ u c 5. 3 b9 - i . i / 4 . C ! ! c 46.16'. -.689 -.0140 c i 26 .00t) . 0 0 35 c. .278 -.0 05 . 0 0 7 7 
'OS - 1 0 .000 .011% SO J .892 -.008 . 0 243 
T I ; ri\ -.000 . 0 0 39 T I .35 3 -.001 .00 30 

SU* RESIO'Jil. 5 ' • ? I . 9 5 b SUH PESIOOAL̂ .*'? .679 
ST ANQ ARC QEvl.' t I ON .•07 STANOARO OEVIATION ,476 

v- JO 3 2 HE ! c.*r CAIN 04 lOSS CN- 3 0 0'. WEIGH f CAIN 09 LOSS 
Hi 'it RAL Fl » C f S T cm* f> / C M * '3 M|NfH*L PCR CENT C/CM» '3 *»l AT. I CCL AS 4 1 , * » t.tlO -.784 PL AGICCL AS 34.36 . 9>. 8 -.9,9 
K -; i i r,̂ i» IH 14. 5 8 . 3 K-r f.L USPAR 20.57 .568 .4 30 9u*«T2 20 . 59 ,5 52 .277 Ou ART? 20.09 .554 .27 9 1!0' : TE 1?. 8 7 . s-s .015 (1! 0 i! T£ 12.17 . 336 .006 

2. 0 5 • OS . OSS PT R I 1E 2 . 8Q .0 77 .077 c i i r ; r c 1 . t 4 . 0 J 1 .031 CAt r i TE 2.50 .069 .069 
IMMTHWn E c. 0 1 .066 . 0 •'- b tlllUDNIlE 2.88 .079 .079 C«lCR.'TE I. I '< » 9 3 5 .8 is CMl OR ITE .28 .008 .008 
KA:.I I »: i £ 5 • . e R3 .0*3 KAlll 1NITE 4.52 .125 .12 5 !0I ALS 2. b66 .0 2.'. TO I Al. S 100 . 1 b 2. 7 64 .124 

. GAIN OH LOSS WT.IHtCCNT CAIN 04 LOSS 
CC«>T.SL u I CO'" U I f 0 BEStnoAt COKPONENT COMPO T£0 RESIOUAL Z/CK-" 3 S I z e. 8 u 5 .5-17 -.0042 SI 28,490 • lis .0198 - L 1 4 6 . C 4 2 - . 0 'i S ft A I. 8 . 8 s. 8 .009 -.0058 rf ' . < 1 s .7'.5 -. 0 2 ? 7 r t t . 2.902 .4 15 -.0232 »c •'. 'J s --Sis. . 0 0 '12 MG 1.191 -. 160 . CO 58 Ci ;',.-. . 30b -. 0 ! >-2 CA 3. 74* .516 -.C2bS •» A z. 3 09 -.2 21 -.0 3 ?2 NA 2.0 03 -.270 -.0 3/3 
< z, 9 7! . f; 2 5 .0313 < 3. 6 n I .0 54 .0510 s a -*r -,0<.3 .3306 s I . i. 99 -.161 . C . 5 9 0 \,S. 8 3 9 - i . z5 2 -.0178 0 45.5 22 -.261 -.0 154 c 1 1 T -.00? . 0 3 ? c . J00 -.0 16 . 0 3 8 7 SO J I. 2 2'. ». J i: 6 SOJ l.bll -.077 .0**9 T1 U6 -.001 .lilt. 7 T I .328 -.0 5 2- .8025 

Su« RES.Q UA« s • « 2 2 . 0 <> 1 SU« OEStOUAL•Z .65 V 
STANDARD OfV i A 1 I QM .829 STANOAKO OEV I All OM .467 

O"-Hel .~!C~, C~IH O~ lOSS ON-3nH .. £t~"' CAIII O~ lOSS 
"': ""~R ''-- PEG> CE~l G/:';-i G ,",! C/C .. ··J 1'1: "4(R Al P£~ C[NY "C"o'3 C'C~"l 
P:'A~:(':l"~ .. ~. 0 S 1. ~ OS -.&1~ r'lA~ICClIS J?. q, .US -1.0 0' 
1( ....... t llJ':~"10 !.;." ... !' • llJ .1'5 l( ... r(loc;~ ... 1t ZO.r,b .~SS .... L' 
C')t.') , 1 11.0" .SH .ZZ6 Ou.oIl 11.~S .H9 .JO" 
fI,: 0 T 1 ~[ 1' .. :lJ .311 • O~ 1 n[OfllE 13.10 .3 S .. .O~" 
P'f·n rE .'.211 • C '"t.? • OQ 2' PYRITE 2. Z7 .HI .Ob1 
c.' l (.: f~ 16:\'J • I) ~ q .C!~q CAL £:1 rf 2.H .Ob] .00 ] 
A ..... fDQtfE • I J • C 1 '~ .019 Arll-l'fOQtTE I.S~ .0'1 .C'l 
C··l c," 1 r l 2'.t. ... .011 .0;' 1 ChlUI,/ITE .1 J .001 .00] 
IiA fll (N! fE l. t ') .Of.1 .0;.·1 II(AOlI"'[TE S.Sq • lSI .1 S 1 
'oJ! Al 'S CJ I). J ~ 1.11.3 .1 J J 101 'l S 9<}. ~ .. 2.bqb .a~o 

IIH .Pi. .... r:(tif 'lIN 0' lOSS .. I.PlOCEHl 'AIN o~ lOSS 
e(,"\ P:J "'~11 T Ct."'I',) , ['0 ~ES 1 "UAl GI(;H"·J CU"PONENT CJM~UI(O IIr510U41. "C "' •• ,J 

S I Z," Q '. ~ • S C b • I] J ... ~ 51 Zq.t, a • Z 11 .01"" 
AL Co ~ .. 1 S .JIII) -.0 1 ~ "" Al L%& .0~2 -. C SO] 
J t •• J. I J5 .. 25::' • 0 Q 10 Fi •• Z. "l .?' 0 -.o.?"r; 
.<; !.# .. ,q -.0' :. .e1. I'1. "' I.lH -.0 GS • c, So 
CA ,j. J t g -. C I.",j -.026S Cl '-: .. lQ.3 .1010 -.OJ"e 
NA 2. ~ ,n ~ J ~ e- o. 0 l 0 5 tlA I.n, -. a, Eo ... C .. '.t 7 
~ 'l..l\.,'j .... 11 C;! .Ol1'; l( J • 11 0 .OZ' • ~ s ~ ~ 
S 1./'" _. a I, 1 .0 Co 0 S S 1 .l t ~ ".ullib • g ,.J 
U L.',.2fJ "I - i .. ': i ~ .C"l, C "6. l f,,- '"'.f.t..,lJ -. C 1 .0 
C • 1 ~'~I .n: .. 00 JS C. .no -.0 () '.J .0 J 17 
~ 0 I • ... 10 o C = J .. 01 ! fit SO] .' qz -.000 .ot .. ) 
II • ~ I fJ -. a 0 ~ .. 0 a 3q; , 1 .} S I -.001 .O.H 

SU,", ~[sIO'J"'" : 1. G IJ b ~UH OES!O\J4C" "Z .b'~ 
S1,..t,lO.u~G Of.v !.q [O~ ." 0 , SI'~OAoO Of.lUIOH ."b 

O~o 10: Z toiE IS,if 'lIN 04 t OS~; eN-JOep. I/(JG ", IOAIN M , on 
~ i 'i [D At. ~f ' t: ~ "T C./C"'''·~ r.J'cl1"· J H 1 'j( ~ IL 1'[" cnn "~M··] GI'CK··] 
PL .,:,! (e1. AS: l" 1 ~ .. ~ i.tlO -. 7 'i t Pl A(.! eel AS J'. Jb • '1'" 8 -.G.~ 
1( .. f i l r,,";p '>1 11.:.',", .JC.l • ?', l 1( .. r f llJ':P';'R, 20 • ~1 .S&O .' I 0 
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30 05 WEIGHT GAIN OR LOSS ON-3006 WEIGHT GAIN OR LOSS 
HlNE&At PER CENT G/CM«»3 G/CK»»3 MINERAL PER CENT G/CM»»3 G/CM»»3 
PL AG ICCLAS 27.71 . 745 -1.152 PLAGICCLAS 4C . 62 1.105 -. 793 
K-F E L 0 S 0 A R 25.60 .689 .551 K-FELOSPAR 13.89 .514 .376 
QUART? 17. 32 .466 . 191 QUARTZ 18.28 .497 . 222 
ft IOTI YE 12.89 .347 .017 BIOTITE 11. 76 .320 -.010 
PYRITE 3.82 .103 .103 PYRITE 2.07 .056 .056 
CALCITE 2. 68 .0 72 .072 CALCITE 1.25 .034 .0 34 
A'.HYO»ITE .46 .012 .012 ANHYDRITE 3.08 .084 .034 
CHLCRITE .21 .006 .006 CHLORITE 2.65 .072 .072 
KAOLIMTE 9.16 . 246 .246 KAOLIMTE 1.03 .028 .028 
TOTALS 99.35 2.686 . 046 TOTALS 99.63 2.710 .070 

WT .PERCENT GAIN OR LOSS WT.PERCENT GAIN OR LOSS 
COMPONENT COMPUTED RESIOUAL G/CM»»3 COMPONENT COMPUTED RESIOUAL G/CM»»3 

26.19? .237 -.0114 SI 28.238 .424 -.0069 
AL 9. GO 3 .022 -.0421 AL 8.927 .034 -.0579 

3.455 .415 -.0101 FE** 2.962 . 231 -.0190 
M 0 1.249 -.106 . 00 50 MG 1.499 -.135 .0130 
CA 2. 740 .060 -.0439 CA 3.652 .400 -.0275 
N A 1.703 -. 0 .? 6 -.0535 NA 2.310 -. 264 -.0300 
K 4.306 .014 . 06 75 K 3.416 .038 . 0439 

2,044 -.196 . 0603 S 1.105 -.045 .0313 
0 45.616 -.569 -.0366 C 45.241 -1.031 -.0204 
C .322 -.003 . 00 87 C .150 -.003 . 00 42 
S03 .270 -.000 .00 73 S03 1.813 -.367 .0511 
T I .347 -.001 . 0028 TI .316 -.001 . 0020 

SUM RFSI0UALS»*2 .608 SUM RESIGUALS**2 1.578 
ST ANOARO OEVIATION .450 STANDARD OEVIATION .725 

i-30 OS V WEIGHT GAIN OR LOSS ON-300 7 WEIGHT GAIN OR LOSS 
MlNFRAL PER CENT G/CH*»3 G/XM»*3 MINERAL PER CENT G/CM»»3 G/CM»»3 
PL A 01 CCLAS 19.24 0.000 -1.393 PLAGICCLAS 26.80 .729 -1.168 
K-F ELU3PAR 26.0 7 0.000 -.136 K-FELOSPAR 15.83 .432 .294 
QUART 2 18.71 0.000 -. 275 QUARTZ 20.63 .567 .292 
BIOTITE 12. 79 C.000 -.330 BIOTITE 13.13 .357 .027 
PYRITE 5.29 0.000 0.000 PYRITE 3.67 .100 .100 
CALCITE 2.60 0.000 0.000 CALCITE 2.39 .065 .065 
ANHYDRITE 1.95 0.0 00 0.000 ANHYDRITE 2.30 .063 .063 
CHLORITE .45 0. 000 0. 000 CHLORITE 4.81 .131 .131 
KAOLINITE 12. 67 Q. 000 0. ooc KAOLINITE 9.75 .265 .265 
TOTALS 99.77 0. 000 -2.64 0 TOT ALS 99.56 2. 708 ,06 8 

WT.PERCENT GAIN OR LOSS WT.PERCENT GAIN OR LOSS 
COMPONENT COMPUTEO RESIOUAL &/CM*w 3 COMPONENT COMPUTEO RESIOUAL G/CM»»3 
SI 27.561 .402 -.7634 SI 27.472 .405 -,0272 
AL 9.3 53 .0 37 -.2998 AL 9.194 .036 -.0507 
«•£*• 4.171 .603 -.0919 FE** 4.295 .191 .0197 
HQ 1.274 -. 120 -.0315 MG 1.945 -.058 . 0230 
CA 2.677 .4 76 -.1160 CA 3.116 .0 78 -.0 334 
NA 1.265 -.233 -.1000 NA 1.559 -.022 -.0570 
K 4. 332 .146 -.0460 K 3.113 .008 . 0364 
S 2.829 -.441 0.0000 S 1.960 -.0 40 . 0544 
0 44.500 -.969 -1.2790 O 44.919 -1.025 -.0293 
c .312 -.040 0.0303 c .287 -.0 02 . 0379 
S03 1.147 -.073 0.0000 S03 1.352 -.008 .0370 
TI .344 -.004 -.0066 TI .353 -.000 .0030 

SUM RESI0UALS»*2 2.022 SUM R£SIQUALS»*2 1.265 
STANDARD OEVIATION .821 STAND ARO OEVIATION .649 

ON-30tjS WEIGHT GAIN 01( LOSS ON-30 06 WEIGHT GAIN O~ lOSS 
Hlli['AL PE"! cnn G/C~·· ) G/C"··l HltlERAL PER COlT G/':"'t·""3 G/eN··l 
Pl~r,ICr.LAS 27.71 .7~5 -1.152 PLAGIOCLAS ~C. &2 1. 105 -.7'll 
l(-f ElOC;PAQ 25. &0 .&a'l .5C;·1 K- F EL OSPAQ 18.89 • S 1 .. .F& 
QU~g:T7 17. 1 Z .4flO .1 9 1 QUA~TZ 18. 2 ~ ,"'17 • <"22 
AI<JHlf 12.8~ .347 .017 BIOTITE 11. 7& .320 -.010 
pyqlTE J. 8 2 .103 0103 PYUT£ 2.07 .~5o .056 
C! Lcrr::: 2.08 • Q 12 .072 CALCITE 1.25 • 03" • a 3 .. 
':"lI1":lQ! fE • <,E. .012 .012 ANHYOqITE 3.08 .oe .. .031. 
CMl. CR IT E .21 eOOt) .00& CHLORITE 2.t'5 .072 .072 
<:'OI.IhIYE '1.16 .246 .24& KAOLHlTE l. a 3 .Q2~ .02~ 

T<JTALS 9C,.~5 Z.&a& .0" 6 TO T AL S 9'l.63 2.710 .0 T a 

~T.PEDCENT GAIN O~ LOSS WT.PERCENT GAIN O~ LOSS 
COHPON<:tH CC;~PU TEO Rf~IDUAL G/C:1··3 COtiPONEN T COHPUT~O QESrOUAL G/C~··J 

$1 28.1 'l? .217 -. all .. SI 28.ne ... 7 .. -.OJ6'l 
~L <j. G O.J .022 -.0421 e,L 6.9 27 .03" -.057'1 
;E "'+ 3."55 ."15 -.OlOt FE·~ 2.gS2 • 2~ 1 -. C190 
PIG 1. 2 ~g -.10 8 • Q a 50 HG 1. 4g9 -.135 .0130 
CA 2. 7" 0 .060 -.0439 CA 3.652 .400 -.0275 
NA 1.la J -.026 -.0535 NA 2.310 -.2&" -.0300 
I( ~.3U& .Dtlt .0675 K 3 ... 16 .036 .04Jg 
S z. a ... -.19& • or, a 3 S 1.10 5 -.0"'5 .0313 
0 ~5.616 -.569 -.03&& 0 .. 5.2 .. 1 -1.031 -.02u~ 

C .1U -. a a J .DORl C .150 -.0 a 3 .OOU 
S03 .270 -.0 00 .0073 S03 i. R13 -.') 6 7 .OS!l 
Tl .J.7 -.001 .ooza TI .316 -. a 0 1 ,Q02Q 

su~ RfSIOUALS"2 .,,08 SUM P,ESIOUAlS"Z 1.57D 
5 TA'ID AQ.O OEV I A TI O~ .450 STANDARD OEVIATIO~ .725 

O"-lOQS~ WEIGHT GAIN O~ LOSS QN-}007 WEIGHT GAIN O~ LOSS 
~r 'IfRAL PER CPH G/~'1<'3 G/C""J HINERAL FER COH G/C"I"l "/eM·oJ 
PLAr,z(CLAS 1 '1.24 o. a .) a -1. ~ 'j~ PLAGICCL AS Z&.RO .7Z9 -1.1&8 
K-~ ELU~f>A~ 2 1;. G 7 0.0 Q 0 -.138 K-FELDSPAR 15. R R ... 3? • 2·~" 
[J'JA"r 2 1~ .71 0.0 a a -.275 au ARTZ 20.63 .567 .2g2 
'll rH I f[ 12. 79 C. 0 a a -.330 OIOlI!E 13.13 .357 .OZ7 
PYQITf 5.,9 G. a C 0 0.000 PY R IT~ 3.67 .10 C ole 0 
CLlCITE 2. f,O a.ooo O. G n 0 CALCIIE 2.39 .0&5 .0&5 
AtiHYDRITE 1.95 a. 000 a • a 00 ANHYORITE 2.30 .Ob.} • QE,J 
CHL'JRITE .45 o.coo o. a a 0 CHLORITE ".~1 .1 Jl .111 
K,~OLIhlTE 12.67 0.000 D. a a C KAOLINITE 9.75 .265 .,2&5 
TO T AL S '19,77 O.OOC -2. [,'.0 TO TAL S 99.S6 2.708 .. 0 (J A 

lH.P'PCENT GAIN OR LOSS WT.PEPCENT GAIN O~ LOSS 
CO~FO..c:NT Cu~1'01fO RESlouAL G/C~··J COHPONENT COHPU TEO RESIDUAL G/C"1··l 

51 21.561 ... 02 -. 7t>3~ SI 27.472 .405 -.CZ72 
H 9.353 .037 -.2q'l8 AL 'l.lQ. .03b -.0507 
'"E •• ".171 .003 -.Og19 FE •• ~.Z'l5 • t ql .0197 

"''' 
1.214 ..... 12G -.0315 HG 1.'1"5 -.05e .0230 

CA 2. ('77 .476 -.11 (,0 CA J.l1& .07~ -.OJ31o 
HA 1.265 -.233 -.10 Q a HI. 1.559 -.022 ·.0570 

'" 
... 332 .1~e -.C~BC K 3.113 .006 .03&~ 

S 2.~2S -.1.t 41 O.OOOD S 1.%0 -.0.0 .o~ .... 
0 .. ~.SCo -. Cj~.~ -1.ngO 0 ..... 'l1 9 -t.025 -.02GJ N 
C .312 -.040 O. CJOJ C .2H -. () il2 ... :l7Q +:> 
SOl 1.1'<7 -.073 0.00 CO SOl 1..352 -.0011 ,e370 CO 
TI .1 .... -.0 0" -.00&6 TI .lSJ -. a DO • GO 10 

SUtI IlESIDUAL<;··2 2.022 $UH RESIOUALS"Z 1.Z&5 
STANilARD DEV IAT ION .e21 STANOAI(O DEVIATION .& .. " 



OOH-639 WE IGHT GAIN OR LOSS 
MINERAL PER CENT G/CM»»3 G/CM»»3 ODH-216 WEIGHT GAIN OR LOSS PLAGICCLAS 38.94 1.051 -.846 

MI HE"flL PER CENT G/CM»»3 G/CM*»3 K-FELOSPAR 7.41 .200 .063 
PLAGICCLAS 44.97 1.250 -.647 QUARTZ 19.23 .519 .244 
K-FELOGPAR 0.00 0.000 -.136 BIOTITE 13. 72 .370 .040 
QUARTZ 13.93 .337 . 112 PYRITE .52 . 0 14 .014 
BIOTITE 24.66 .685 . 355 CALCITE .75 .020 .020 
PYRITE .93 .026 .026 ANHYDRITE 2.31 .06? • 062 
CALCITE .8 7 .024 .024 KAOLINITE 2.96 .030 .030 
ANHYDRITE 5.09 .142 . 142 ALBITE 12.95 .350 . 350 
CHLCRITE 1.37 .038 .033 MAGNETITE .74 .020 -.007 
ALBITE 6.07 .224 .224 TOTALS 99.5 4 2.638 .020 
TOTALS 99.3 5 2. 777 .137 

WT.PERCENT GAIN OR LOSS 
WT.PERCENT GAIN OR LOSS COMPONENT COMPUTEO RESIOUAL G/CM'*3 

COMPONENT COMPUTEO RESIOUAL G/CM**3 SI 29.442 .459 .0191 
SI 26.305 .220 -.0382 AL 9.193 .036 -.0525 
AL 9.060 .538 -.0629 FE** 2.224 .00 1 -.0319 
F£»* 3.274 .095 -.0035 MG 1. 569 .226 . 03 53 
MG 3.060 -.167 . 0582 CA 3.132 .002 -.0315 
CA 4.330 -.208 .0102 NA 3.244 .002 -.0125 
NA 3.056 -.062 -.0126 K 2.109 .000 . 03 89 
K 2.059 .025 . 0085 S .283 -.000 . 0076 
S .498 -.00? .0139 O 46.611 -1.0 92 . 3090 
0 44.663 -.531 -.0212 c .093 .000 . 0324 
c .104 .000 . 00 29 S03 1.363 -.000 . 0367 
S03 2.994 .044 . 0620 TI .266 -.094 .0031 
TI .478 -.002 . 0067 SUM RESI0UALS»»2 1.465 

SUM RESIOUALS»"2 .764 STANOARO OEVIATION .856 
STANOARO DEVIATION .505 

ODH-770 WEIGHT GAIN OR LOSS 
OOH-3 5 0 WEIGHT GAIN OR LOSS MINERAL PER CENT G/CM»»3 G/CM»M 

HI NEPAL PER CENT G/CM*»3 G/CM»»3 PL A GT CCL AS 34.34 .920 -.977 
PLAGICCL AS 53.62 1.491 -.40 7 K-FELOSPAR 12.44 .333 .196 
K-FELOSPAR .72 .020 -.117 QUARTZ 16.77 .449 .174 
QUARTZ 15.04 .418 .143 BIOTTTE 14.43 .387 . 057 
BIOTITE 25.66 .713 . 333 PYRITE .52 .014 .014 
PYRITE 1.43 .040 .040 CALCITE .77 .021 . 021 
CALCITE .63 .023 .023 ANHYORITE 2.31 .062 .062 
ANHYDRITE 1.97 .055 .055 CHLORITE 0.00 C.000 0.000 
CHLCRITE 0.00 0.000 0.000 KAOLINITE 2. 70 .072 .072 
TOTALS 99.27 2.760 . 120 ALBITE 15.69 .421 .421 

TOT ALS 99.93 2. 630 .040 WT.PtRCfNT GAIN 0* LOSS COMPONENT COHPU TED RESIOUAL G/CM»»3 WT.PERCENT GAIN OR LOSS 
SI 26.812 .541 0331 COMPONENT COMPUTEO RESIDUAL G/CM»*3 
AL 9.431 .644 -.0555 SI 29.464 .013 . 0259 
F E •* 3.363 .075 -.0005 AL 9.370 .001 -.0487 
MG 2.972 -.062 . 0528 FE** 2.111 -.003 -.0352 
CA 3.871 -.460 . 00 44 MG 1.347 .002 . 00 45 
NA 2.508 .049 -.0233 CA 2.837 .300 -.0386 
K 2.253 -.030 .01 55 NA 3.2 94 .300 -.0117 
S . 766 -.004 .0214 K 2. 793 .000 . 0270 
0 45.241 -1.499 . 0204 S .280 .000 . 0075 
c .0 99 .001 . 0027 O 46.655 -.0 30 -.0278 
S03 1.156 .016 .0317 c .093 .000 . 00 25 
TI .495 -.000 . 0072 S03 1.360 .000 . 0364 

SUM RESIDUALS*»2 3. 178 TI .324 -.000 . 0021 
STANDARD DEVIATION .891 SUM RESIOUALS»*2 .001 

STANOARO OEVIATION .023 

aOH-i'd'·) Wf H,:1T GAlN O~ LOSS 
HI NflHL PfR CHIT G/CM"3 G/CI'1··J 

00><- 21& WEIGHT GAl N OR LOSS PL AG r Cr.LAS 36.<)~ 1.051 -.5~b 

~[NEOAL pp CENT G/CH"3 I;/C .. ··1 K-FI:LDS"AR 7.41 .200 • Do 3 
pur.r (CLAS 4~.g7 1.250 -.647 QU ART Z 1'1.23 .51'l .2"" 
0(- r fl O,PAI'I 0.00 O.QuO -.136 BIOTITE 13.72 .370 • 0" a 
OJ"OTZ 13.'13 .387 .112 PY ~ IT E .52 .014 .014 
81 eT! TE 24.&& .&~5 .355 CAL CITE .75 .020 .020 
py RIlE .93 .02b .U26 ANHYDRITE 2.31 .O&? .0&2 
CALCITE • ~ 7 .D24 .02~ KAOLINITE 2.% .O~O .0 e a 
A.,H Y;:lRITE S.O'l .1"2 .142 ALBITE 12.'15 .l50 .J50 
CHLCRITE 1. J7 • a 38 .OH HAGNEfITE .74 .020 -.007 
HBITE ~.07 .22" .2l4 TOTALS 9~.~4 2.668 .aza 
PH ~l S 9'1.·~ 5 2.777 .137 

WT.Pf~CENT GAIN O~ LOSS 
IIT.PERCENT GA I N O~ LOSS COHPONENT CO~PUT[O RESIDUAL G/CH"] 

CCI1PONENT CC~~UTEO RESIOUAL GI eH·. 1 S1 29.442 .459 .0191 
'>r 26.305 .220 -.03R2 AL 'l.1'l3 .03& -.0525 
Al 'l.OOO .536 -.0629 FEU 2.a4 • a ill -.OHq 
FE'. 3.27/0 .0<)5 -.0035 MG 1. 56~ .22& .0 J 53 
HG 3. C &0 -.1& 1 .0582 CA 3.132 .002 -. 0115 
CA /0.330 -.206 .0102 NA 3.244 .002 -.0125 
HA 3.Q56 -. G e2 -.0126 K 2.109 • 00 C • 00 ~q 
I( 2.059 .025 • 00 ~5 S .28 J -.000 .007& 
s .4"8 -. HZ .0139 0 .. &.611 -1.092 .Jilga 
0 .. 4.6&3 -.5~1 -.0212 C .egil .000 .OJZ/o 
C 01 a 4 • a a a • 00 2~ S03 1.3&0 -.000 .03&7 
SOl 2.9g .. .0 .... .0&20 TI .2&6 -.091, • 00 11 
T I .47a -.0 02 • 00 &7 SUM RESIDUAL S" 2 1.4&5 

SUIi F1ESIOU~LS"2 .1&" SrA'iDARO DEVIATION .~5& 

STA~OARO Of'n~T ION .505 

DOH-no ~EIGHT GAIN O~ LOSS 
DD><- J~C WE IGHT GAIN OR LOSS MINERAL PE~ CENT G/C~"3 G/CM"3 

Ml"EP~L PE_ er Nr G/CH"3 G/C","3 PlAGlCCLAS 34.3" .'120 -.977 
p LAG I CGlli S 53. b2 1.4<)1 -.407 K-FELOSPAFI 12." .. .JJJ .1'16 
~-Fa(\>PAR .72 .020 -.11 T QUARTZ 16.11 .4~q .17" 
aUA"fZ 15. e .. • "1 a .1"3 910TnE 14.43 .H7 • OS 1 
BIOTITE 25.6" .113 .3~3 PYRlfE .52 .01" .01" 
pYK~rE: 1 ... 3 .0 .. 0 .O~O CALCITE .77 .021 • C 21 
C~LCITE • n 3 .023 • 0 ~ 3 ANH)'ORITE 2.31 • a &2 .0&2 
hl~YD~ITE 1.'l7 .055 .CS5 CHLORITE 0.00 C.OOO 0.0 il 0 
CHLCRITE o .00 0.000 U. 000 I(AOLI~ITE 2.70 • a 72 .072 
TO TAL S '1g.27 2.760 , 120 ALBITE 15." '1 .421 .421 

TO 1 AL S gq.'H 2.6~0 • a" 0 
.. r .pI:.PCf,<r GAIN OR LOSS 

CGI1 PONfN T COMPII rED RfSIDUAl G/CI1" 3 WT.P[OC::NT GAIN O~ LOSS 
'iI 2".~12 • 5 '. 1 -.0331 COtiPONENT COMPUTED RESIOUAL C;I C ~. '3 
AL '1. "31 .644 -.OSC,5 S1 29.464 • a 1J .02S'i 
FE'. 3.31'>3 • J i ~ -.0005 H Q.370 • a a 1 -.0487 
MG 2.972 -. a 6 2 .05211 fE·. 2.111 -.003 -.0352 
CA 3.11 71 -.4&0 • 0044 HG 1.~47 .OOZ • a ~ 45 
NA 2.60~ .049 -.0233 CA 2.IIH .000 -.0386 
I( 2.253 -.030 • C.1 55 NA .l.2q4 • iJ 0 C -.0117 
S .760 -. a a 4 .0;>1" K 2.7'l8 .000 .OZ70 
0 "".241 -1.499 .1l204 S .2~0 .000 •• u75 N 
C .091 .001 .00 27 a 46.650 -. 030 -. 02711 .j::o 

S03 1ol56 .01& • 0317 C .0 'l3 .000 .0025 1.0 
TI ... 95 -.000 .0072 503 1.360 .000 .03 f>'o 

SUM RESIOLJALS"Z 3.176 TI .32,+ -.000 .00 21 
SU>oOARO OEVIUION .691 SUM liES rOljALS" Z .OC! 

SfA'WARO OEHATION .023 



Of) H-fji? HEIGHT 
HiNERAL PER CENT 
PLAGIOCL AS 24.75 
<-FELDSPAR 15.24 
QUARTZ 21.09 
BIOTITE 10.11 
PYRITE 2.42 
CALCI TE .80 
ANHYDRITE 2.3 6 
CHLCRITE 0.00 
KAOLIMTE 8.33 
ALBITE 13.92 
TOTALS 99.02 

WT.PERCENT 
COMPONENT COMPUTEO 
SI 29.757 
AL 9.161 
FE** 2.435 
MG . R-.4 
CA 2.3 82 
NA 2. 665 
K 2.774 
S 1.293 
0 4 5.897 
c .096 
S03 1.393 
T I .227 

SUM RESIOUALS»*2 
STANOARO OEVIATION 

QH-992 HEIGHT 
MINÊAL PER CENT 
PLAGICCLAS 44.14 
K-FELOSPAR 3.4 3 
QUARTZ 17.45 
BIOTITE 20.58 
PYRITE 2.11 
CALCITE .66 
ANHYDRITE 5.9 3 
CHLORITE 5.43 
KAOLIMTE . 14 
TOTALS 99.93 

WT.PERCENT 
COMPONENT COMPUTEO 
SI 25.950 
AL 8 . 6 <i n 
FE** 4.624 
MG 2.755 
C A 4.uS6 
NA 2.340 
K 2.195 
S 1.126 
0 43.724 
c .082 
S03 3.436 
TI .462 

SUM RESI0UALS»»2 
STANOARO OEVIATION 

GAIN OR LOSS 
G/,CM*»3 G/CM»*3 

.668 -1.229 

.411 . 274 

.570 .295 

.273 -.057 

.065 . 065 

.021 . 021 

.064 .064 
0.000 0. 000 
.225 . 225 
.376 . 376 

2.674 .034 
GAIN OR LOSS 

RESIOUAL G/CM»*3 
.728 . 0204 
.057 -.05 40 

-. 161 -.0218 
.142 -.0098 
.002 -.0517 
.0 02 -.0281 
.001 . 0269 
.0 33 . 0340 

-1.716 . 0065 
.000 . 0026 
.000 . 03 75 

-.067 .0013 
3.528 
1.328 

GAIN OR LOSS 
G/CM»*3 G/CM*»3 
1. 223 -. 675 
.095 -.042 
. 483 .208 
.570 .240 
.056 .058 
.019 .019 
.164 .164 
.151 .151 
.004 .004 

2. 767 .127 
GAIN OR LOSS 

RESIOUAL G/CM»»3 
.192 -.0499 
.017 -.0 5 93 
.4 96 . 0224 

-.321 . 05 37 
.132 . 00 33 

-.042 -.0340 
.003 .0127 

-.034 . 0321 
-.498 -.0541 
-.000 . 0023 
-.044 .0978 
-.006 . 0064 
.657 
.466 

-;': 

"J t"\ 
~ 

OOH-~!2 wElG~r C_ IN 0'< lOSS -'-
/ 

HI NfQAL PE~ CE'H G/C""] G/CH··1 
PL A'; r OCL'S 24.75 .&&B -1.229 
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