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Summary and ~ o n c l  usi ons 

The 800 m i  1 e 1 ong trans-A1 as ka pipe1 ine crosses. fourteen of . 
the 1 : 250,000 U .  S. Geological Survey quadrangles . Accofding t o  the 
U.S. Bureau of Land Management, Land Status Map, dqted March 1974, the 
Federal pipe1 ine corridor includes approximately 7500 square m i  1 es. 
The pipe1 ine transects most of the.  major geologic features of south 
central ,  i n t e r io r  and northern Alaska. From Valdez t o  Prudhoe Bay, 
the pipe1 ine crosses the following physiographic and s t ructural  
features: 

,- 

1. Chugach Mountains ' 

2. Copper River Basin 
3.  Alaska Range 
4. Middle Tanana Basin 
5. Yukon Tanana Uplands 
6. Yukon Basin 
7. Brooks Range 
8. North Slope Basin 

The general geology of the Pipe1 ine Corridor i s  summarized by 
the individual 1 : 250,000 quadrangles. Each quadrangle description 
includes the fo l l  owing information: 1 ) previous investigations, 
2) regional eo1 ogy and petrology, ' 3) s t ruc tura l  geology, 4) geo- 
chemistry, 5 3 mining ac t iv i ty  and economic geology, 6) references 
ci ted,  7) bi bl iography. Several geologic terranes were defined in 
t h i s  investigation t o  f a c i l i t a t e  the analysis of t h &  geological and 
geochemical data. These terranes were defined on the basis of 
s imi lar i t ies  i n  the  rock type, age, and s t ruc tura l  form of the major 
rock units. From-south t o  north these terranes are:  

1.  Chugach 
2. Amphitheatre 
3.  Birch Creek 

4. Rampart 
5. Kanuti 
6. Brooks Range 

Although these terranes may be congruent in par t  w i t h  metamorphic 
be1 ts  and physiographic provinces prey i ously defined, - they shoul-d 
not be confused w i t h  these other subdivisions. The terranes a re  named 
f o r  major defined s t rat igraphic or physiographic units. The Chugach 
terrane extends from Valdez to  the Border Ranges fau l t ;  the Amphi- 
theater  terrane from the Border Ranges f a u l t  t o  the Denali Fault; 
the Birch Creek from the Denali Fault t o  Washington Creek; the Rampart 
from Washington Creek to the Ray River; the  Kanuti from the Ray River 
t o  the Jim River, and the Brooks Range from the Jim River t o  Galbraith 
Lake. The major geochemi ca1 sampl i ng f o r  this examination terminated 
a t  Galbrai t h  Lake therefore no terrane was established f o r  the North 
Slope Basin. 

The Chugach terrane i s  composed primarily of metamorphosed 
sedimentary and volcanic rocks, principal l y  greenstones, of Cretaceous 



age. The Amphitheater terrane i s  dominated by mafic y ~ l c a n i c  and 
fel s i c  igneous rocks of various compositions. ,The .igneous rocks are 
interbedded w i t h  and intrude sedimentary rocks and the entire sequence . 
i s  metamorphosed in part. Rocks o f  the Birch Creek terrane are 
primarily Yukon-Tanana Uplands Schist. The dominant rock types 
include; mica schists,  quartz mica schist,  micaceous quartzites, and 
gneisses of various compositions. The Rampart terrane consists of 
Paleozoic, principal 1 y Permian, sedimentary zind maf i c  igneous rocks. 
The Kanuti terrane is the most heterogeneous of the terranes and 
includes upper Precambrian(?) or 1 ower Paleozoic metamorphic rocks 
and Paleozoic and Mesozoic sedimentary and vo1 canic rocks. Maf i c- 
u 1 tramafic complexes and 1 arge, fel s i c  plutonic complexes a1 so occur 
i n  the Kanuti terrane. The Brooks Range terrane contains a wide 
variety .of rock types that  include; medidm-grade metamorphic rocks, 
conglomerates, sandstones, shales and 1 imestones of various compositions. 

Rock and stream sediment samples were grouped by terrane 
and the sample means, variances and standard deviations were cal- 
cul ated . for  each element analyzed. Anomalies were defined as those 
elemental values that  were greater than 1.645 standard deviations 
from the mean. The sample data and s ta t i s t i ca l  reduction are included 
i n  Appendix A to  th i s  report. 

A simplified one-way analysis of variance was done on the sample 
data in an effort  to determine i f  there i s  a significant difference 
in the variances of the concentrations of the trace elements between 
adjacent terranes. F-statistics were calculated for  each of the 42 
elements that were analyzed for .  U s i n g  a hypothesis'-that there i s  no 
difference i n  the variance between terranes, i t  was found t h a t  the ra t io  
of the variances of several of the elements exceeded the crit ' ical value 
of the F-stat is t ic  and therefore it has been shown that  there i s  a , 

difference i n  the variance of several elements. The following table 
summarizes the F-stat is t ic  t e s t  results and indicates which elements 
show a difference in thei r  variances. 

Chugach terrane 
Ca,Fe,K,Mg,Mn,Na,Ti 

Rampart terrane 
Ca,K,Mn,Na,Ti 

Amphi theater terrane Kanut i terrane 
A1 ,Ca,Fe,Mg,Na,Ti Ca,K,Mg,Mn,Na,Ti 

Birch Creek terrane Brooks Range terrane 
Ca,Fe,K,Mg,Mn,Na 

The F-stat is t ic  t e s t  i s  somewhat misleading . i n  tha t  i t  t es t s  
only for a difference in the variance, and not necessarily a difference 
i n  the mean value of the concentrations in a particular terrane. TO 
i l l u s t r a t e  the misleading nature of results of the F-stat is t ic ,  one 
can examine the threshold values for  the various elements i n  different 
terranes. The following tab1 e i1 lustrates the problem quite we1 1 : 



Chugach terrane* Amphi theater  terrane* 

thresh01 d values threshold values 
/, 

Element 

Confidence 1 evel s Conf i dence 1 evei s 

Element 'm 

*Rock sample threshold values from Table 3 and Table 11, 
Appendix A. 

By examining the figures i n  the above table ,  i t  can be seen tha t  
there is a difference i n  the mean value of the concentrations between 
the two terranes fo r  these elements, and differences between other 
elements also occur. The reason t h a t  the F - s t a t i s t i c  was not sensi t ive 
t o  the differences in mean value concentrations i s  tha t  although one 
terrane may have a higher or lower mean t r a c e  element concentration, 
the variabi7ity of the trace element content is low. 

Sample descriptions,  t race element l evel s of detection, and 
threshold values fo r  samples collected during this study may be found 
i n  Appendix A to  this report. The threshold values fo r  the 90%, 95% 
and 98% confidence intervals were derived from a s t a t i  s t i ca l  analysis 
of the raw geochemical data. Sample means, variances and standard 
deviations were calculated a t  the arithmetic mean plus 1.645 x 
standard deviation, 2.0 x standard deviation, and 2.33 x standard 
deviation for the 90%, 95%, and 98% confidence intervals  respectively. 
I t  should be noted tha t  sample analyses from the 1976 and 1977 f i e l d  
seasons have d i f ferent  l evel s of detection and therefore may not -be 
cornpatable. Each years '  geochemical analyses were treated as  separate 
data se ts  and the anomalous concentrations in  Appendix A represent 

.va7ues a t  the 90%, 95%, and 98% confidence. levels  of each data se t .  
524 of the 1,196 samples collected contain weakly anomalous, anomalous, 
and strongly anomalous concentrations in a t  l e a s t  one element, and 
many of the anomalous samples were anomalous i n  several 'elements. 

The fo7lowing is a tabulation of the number of samples from 
within and without the pipeline corridor from each terrane and the 
number of samples w i t h  one or more anomalous elements. . 



- 

1. Chugach 

a. Total number of samples 70 
b. Number of anomalous samples 28 

2. Amphi theatre 

a. Total number of samples 89 
b. Number of anomalous samples 2 3 

3. Birch Creek 

a. Total number of samples 186 
b. Number of anomalous .84 

4. Rampart 

a.  Total number of samples 301 
b. Number of anomalous samples 120 

5. Kanuti 
\ 

130 '\. a. Total number of samples . 

b. Number of anomalous samples 67 

6. Brooks Rmge 

a. Total number of 'samples 420 
b. Number of anomalous samples 202 

The known mineral occurrences as defined by E.H. Cobb of the 
U.S. Geological Survey, and a l l  of the mineral occurrences found 
during t h i s  study i n  the  pipeline corridor have been plotted on the 
base maps of each of the 1 :63,360 quadrangles. Mineral deposit 
information on each occurrence has been collected and entered i n  the 
U. S. Bureau of Mines Mineral Availabili ty System(MAS) format and can 
be found i n  Appendix B t o  this report. 

According to  E.H. Cobb, the following mineral resources have 
been ident if ied i n  the past in the pipeline corridor: 



1. Antimony 8. Molybdenum 
2. Bismuth 9.. Nickel 
3. Chromium 10. Nuclear fuels (uranium, thorium) 
4. Clay 1.7. Phosphste 
5. Coal 12. Si lver  
6. Gold 13 .' Tungsten 
7. Lead 14. Zinc 

The following mineral resources have been identified by M. I. R. L. 
personnel during the current study: 

1. Antimony 
2. Barite 
3. Chromium 
4. Coal 
5. Copper 

6. Lead 
7. Molybdenum - 
8. Nickel 
9. Phosphate 

10.. Zinc 

No mineral deposits of obvious economic significance were found fn 
the pipeline corridor during the current study, however, several 
mineral occurrences t h a t  were found during f i e l d  work indicate tha t  
some rock units in  the corridor and trending through the corridor 
have high mineral potential and may contain s ignif icant  mineral 
resources. The commodities t h a t  have been produced in  the study - 

area include antimony, coal, copper, gold, sand and gravel and 
s i lve r .  

The geologic potential f o r  future production can be qual i ta t ive ly  
estimated by the examination of the geologic environments and 
corresponding rock uni ts  tha t  are  found in the corridor. There i s  
great  diversi ty  of rock types and geologic environments along the 
pipe1 ine route. Most geologic time periods from the upper Precambrian 
t o  the Tertiary a r e  represented in the s t rat igraphic record. 

--  - - -  

Stanton (1972) and others have developed a number of ore  mineral 
and rock associations which r e l a t e  mineral deposits t o  the rocks 
which enclose or  include them. Some of these associations not only 
define the type of rocks tha t  enclosed a par t icular  type of ore but 
i n  some cases the associations can be limited t o  spec i f ic  periods 
of geologic time. These well defined tectonic and depositional - 
environmental associations can then be u t i l  i zed in both regional 
exploration and s i t e  specif ic  eval uations of mineral occurrences. 
With the exception of the sedimentary iron and manganese association, 
a l l  the major ore  associations of Stanton (1972) a r e  found w i t h i n  the 
study area. Examples of these associations a r e  given i n  Table I. 

Not a l l  of the  ore  mineral associations a r e  equally dis t r ibuted 
through geologic time, therefore depending on the age and type of 
rscks that  occur, some mineral commodities will not have the same 
probabili ty of occurring as others. 



TABLE I Known Rock and. Ore Mineral Associations i n  and 
along the pipe1 ine corridor 

Ore Associations (af te r  Stanton, 1972) 
-- 

I. Ores i n  Igneous Rocks 

Ores of Mafic and Ultramafic Association: 
a )  Bernard Mountain chromi t e  occurrence, 

Val dez quadrangle 
b) Caribou Mountain chromi te and asbestos 

occurrences, Bettl e quadrangle ,-- 

Ores of Felsic Association: 
a )  W i  7 bur Creek copper porphyry occurrence, 

Livengood quadrangle . 
b) Hess Creek copper porphyry occurrence, 

L i  vengood quadrangle 

11. Stratiform sulfides of marine and marine- 
. . volcanic association 

a )  Midas Copper Mine(?), Valdez quadrangle 
b)  Wi 1 low Mountain copper occurrence, 

Valdez quadrangle ' 

c) Hogan ' s H i  11 copper occurrence, Gul kana 
quadrangle !. 

d )  Barite occurrences of the At igun  River area, 
Philip Smi th  Mountains quadrangle 

111. Ores of Vein Association 

a)  Gold-quartz veins of the Valdez d i s t r i c t ,  
Val dez quadrangl e 

b) Gold-quartz veins of the M t .  Tiekel 
area, Val dez quadrangl e 

c )  Gold-quartz veins of the Gunnysack Creek 
area, Mt. Hayes quadrangle 

d )  Gold-quartz veins of the Tenderfoot d i s t r i c t ,  
Big Del t a  quadrangl e 

e )  Gold-quartz and base metal sulfide veins of 
the Pedro Dome-Cl eary Summit area, L i  vengood 
quadrangl e 

f )  Base metal su l f ide  veins of the Shorty Creek 
area, Livengood quadrangl e . 

g) Base metal veins of the Wiseman area, Wiseman 
quadrangle 



- .  

-.. IV. Ores of Sedimentary Affi 1 ia t ion  

Placer Deposits 

a)  Go1 d placer deposits of the Val dez 
d i s t r i c t ,  Val dez quadrangle 

b) Gold placers of the Tenderfoot d i s t r i c t ,  
Big Delta quadrangle 

c )  Gold placers of the Pedro Dome-Cleary 
Summit area, Fairbanks and Livengood 
quadrangles 

d) Gold placers of the Livengood area, 
. Livengood quadrangle 
e )  Gold placers of the Niseman area, 

Wi seman quadrangle 

V ;  Ores of. Metamorphic Affi 1 i ation 

a )  Di ssemi na ted su l f ide  occurrence near 
Wiseman, Wiseman quadrangle 

b) Contact metamorphic tungsten occurrences 
near Gilmore Dome, Fairbanks quadrangle 

The geologic potential  f o r  fu ture  production may a lso  be 
estimated i n  a semi-quantitative manner.. Appendix B indicates tha t  
there a re  approximately 150 claim groups or  prospects w i t h i n  the 
pipeline corridor. In addition, t h i s  examination has delineated 50 
additional mineral occurrences. If the number of occurrences tha t  
trend into the corridor a re  added t o  this f igure,  there  a re  over 
400 mineral occurrences i n  o r  approximate to  the study area. 

Bailey (1964) estimates tha t  t he  discovery of a s ingle  ore body 
in western Canada i n  1964 required the  examination of a t  l e a s t  461 
prospects. These estimates a r e  based solely on the geotechnical 
and economic f e a s i b i l i t y  of a mining operation. The number of mineral' 
occurrences w i t h i n  the study area is approaching this f igure,  t h u s  we 
might expect one of these occurrences to  become a viable mining - 
operation a l l  other things being equal to  Bailey's model. However, 
it should be noted t h a t  most of the mineral occurrences i n  the pipe1 ine 

- corridor a r e  occurrences or geochemical anomalies and a r e  not 
necessarily prospects o r  ore  bodies. T h i s  estimate does not indicate 
which mineral occurrences o r  even which commodities may be produced. 
There a re  many fac tors  t h a t  w i l l  a f fec t  the economic via 'bil i ty of a 
mining operation w i t h i n  the study area,  such as  supply and demand of 
the various commodities, the avai lab i  1 i t y  of transportation and energy, 
the f ina l  c lass i f ica t ion  of the land, and the levels  of s t a t e  mining 
taxation. These 'variables a re  beyond the scope of this investigation. 

Finally, we may compare h i s to r i c  productions i n  the r e s t  of the 
world and Alaska and extrapolate the  potential f o r  future production 



in Alaska based on current production in other parts o f  the world. 
Many of the historic precious metal mini,ng d i s t r i r t s  of the world have 
I n  recent years become major base metal .producers. Sme examp1 es of . 
these d i s t r ic t s  are the porphyry copper. d i s t r ic t s  of Csnsda, Chile, 
Iran, Peru, Spain, Turkey., pnd the U.S.; the Cu-Pb-Zn provinces o f  
Australia, Canada, Ireland, and the U.S. These distr.icts have had 
major historic gold and si lver productions. The significant gold 
and si lver pr~duction in the Fairbanks, .Livengood and Wiseman areas 
may be an indication of future base. metal resource 'areas. 
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Val dez Quadrangl e 

Previous Investigations - 

Two non-scientif ic reconnaissance expeditions by the United 
Sta tes  Army, one i n  1885 under L t .  Henry T. Allen and another i n  
1891 under L t .  Frederick Schwatka, were the f i r s t  'American pene- . 
t r a t ions  into the Valdez quadrangle and the Copper River region. 
The Copper River mili tary expedition i n  1898 and 1899, directed by 
Capt. W. R. Abercrombie, produced the  f i r s t  geologic reports on the - 
region. One leg of the expedition under Frank C. Schrader went 
from Valdez across the Valdez Glacier t o  Klutina and returned t o  
Valdez via the Copper, Tasnuna, and Lowe Rivers. 

The f i r s t  geologic surveys and geologic maps of the Copper 
River region were made by Schrader and Spencer i n  1901 and Menden- 
ha1 1 in 1902. Subsequently, numerous surveys and mineral investi  - 
gations were conducted i n  the region, highlighted by the work of 
Fred H. Moffit. All of these men were w i t h  the U.S. Geological Survey. 

Recent work includes regional studies (Berg, Jones, and 
Richter, 1972), geologic mapping (Nichols and Yehle, 1972; Ferrians 
and Kachadoorian, 1971 ) geochronol ogy (Marvin , 1974), s t ructural  
geology (Andresean, e t .  a l .  1964; Barnes, 1967; Gedney, 1970; Berg, 
1973; Freeland and Dietz, 1973; MacKevett and Plafker, 1974; 
Richards, 1974; and Brogan, e t .  a1 . , 1975) and mineral resources 
(Berg and Cobb, 1967; Heiner, Wolff and Grybeck, 1971 ; Cobb, 1972, 
1973; Bottge, 1974; and Mull igan, 1974). The quadrangle has not 
been completely mapped on any sca le  nor has there been any major 
regional geochemical investigations in the area. 

Regional Geology and Petrology 

The predominant geological feature of the Valdez quadrangle is 
the  Chugach Mountains which forms a major physiographic province in 
south-central Alaska. Rocks of the  Chugach Range are  composed 
primarily of a thick sequence of graywacke, shale, and volcanic 
rocks of Jurassic  and Cretaceous age that  have been metamorphosed 
from the zeol i te  t o  lower greenschist facies .  The north-flank of 
the  Chugach Range contains m i  nor volumes of sandstones, shales, and 
volcanic rocks of Permian age tha t  have been metamorphosed from the 
greenschist and blueschist facies  t o  the granul i t e  facies .  These 
rocks a re  i n  turn overlain by sedimentary and volcanic sequences t h a t  
range from Triassic  through Quaternary i n  age. The sedimentary 
metamorphic and volcanic rocks a re  intruded by igneous rocks t h a t  
range from dunite to  granite i n  composition and range from Jurassic  
t o  Quaternary i n  age (Moffit, 1938; MacKevett and Plafker, 1974; 
Metz, 1975). 



The Border Ranges Fault i s  the major structural feature i n  
the  region and i t  can be traced along the north-flank of the 
Chugach Mountains from the St.  Elias Mountains to  the southwest 
end of Kodiak Island, a distance 0.f approximately 1,000 k i  lometers 
(625 miles). The f a u l t  has been interpreted as a possible Mesozoic 
p la te  boundary and is marked by numerous occurrences of u l  tramafic 
rocks north and west of the f au l t .  North and west of the Chugach 
Mountains the Gravina-Nutzotin terrane and t h e  A1 aska-Aleutian 
Ranges form a high temperature, low pressure metamorphic bel t  t ha t  
para1 l e l s  the Chugach Mountains. Prel iminary evidence indicates tha t  
the Gravina-Nutzotin be l t  formed as a result of a middle and upper 
Mesozoic thermal event. The existence of the 1 ow temperature-high 
pressure metamorphic bel t  of the Chugach Mountains and the high 
temperature-1 ow pressure metamorphic be1 ts  of the A1 as ka Range 
provides additional evidence of major underthrusting from the south 
and southeast during the upper Mesozoic (Reed and Lamphere, 1973; 
Metz, 1975). 

The oldest rocks i n  the Valdez quadrangle are  Permian(?) o r  
upper Palezoic regionally metamorphosed graywacke, shale, lime- 
stone, volcaniclastics and basal t  t ha t  contain greenschist and blue- 
sch i s t  facies , mineral assemblages (Metz, 1975). These rocks were 
original ly designated as the Strelna Formation and were assigned 
a Mississippian age (Moffit and Mertie, 1923, Moffit, 1938). The  
rocks have subsequently been correlated w i t h  the Permian(?) and 
Permian Skolai Group of Smith and MacKevett (1970) and w i t h  the 
Mankomen Formation (Churkin, 1973: MacKevett and Plafker, 1974). 
A t  the type local i t y ,  the Strelna Formation includes metamorphosed 
gabbro, chert ,  s i l i c i f i e d  limestone, basalt ,  shale and tuff .  
Moff i t and Mertie (1 923) reported the fo1 1 ow5 ng part i  a1 reference 
section of the Strelna Fomation i n  the Nugget Creek valley. 

Fined-grained basalt  
Water-laid and subaerial tuf f  
Fine-grained basalt  
Shaly, argillaceous beds 
Si 1 i ceous beds 
F i ne-grai ned basal t 
Si 1 i ci  f i ed 1 imestone 
Gabbro w i t h  some tuffaceous beds 
Chert 
Gabbro 

Feet Meters 

Total 3,845 1,172 

. Rocks of the Strelna Formation have been studied in some 
deta i l  i n  the Bernard Mountain area, about 8 kilometers ' (5  miles) 
south of the Tonsina Roadhouse, Mile 79 on the Richardson Highway. 
A t  Bernard Mountain, the Strelna Fomation i s  represented by a 
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i I:: complex sequence of weakly metamorphosed s l a t e ,  greenstone, arkosic 
sandstone and marble. The s l a t e  u n i t  of Hoffman (1974), consists of 
about 65% dark-gray t o  black s l  a t e  containing we1 1 -developed se r i  - 
c i t e  and chlor i te  grains tha t  para1 l e l  the s l a t y  cleavage. The 
s l a t e  a1 so contains accessory magnetite, pyri te ,  apa t i te  and 
hematite. The remaining 35% of the s l a t e  u n i t  i s  composed of 
medium-to dark-gray phyll i t e .  Petrographical ly ,  the phyll i t e  con- 
sists of 70% t o  90% clay and s i l t - s ized  grains of s e r i c i t e  and 
chlor i te ,  and 10% t o  30% strained quartz. Accessory magneti t e a  
pyrite,  zircon, and sphene a r e  a l so  present. Minor amounts of 
graywacke sandstone and s i l t s tone  a re  a l so  present i n  the s l a t e  
u n i t .  The graywacke is poorly sorted and consis ts  of angular and , 
subangular grains of quartz, plagioclase and 1 i t h i c  fragments s e t  
in gray, clay matrix. The plagioclase is pa r t i a l ly  al tered t o  
clay minerals and the quartz grains are  strained. The l i t h i c  
fragments a re  composed of s ha1 e and minor volcanic rock fragments 
(Hoffman, 1 974). 

The greenstone u n i t  of the Bernard Mountain area i s  composed 
of weakly metamorphosed basalt ,  vol cani cl a s t i c s  and agglomerates. 
The basal t  is typical l y  dark-green to  reddish-brown, f ine-grained 
and massive. Petrographically, the basalt  is composed of 10% t o  
40% phenocrysts of augi te-diopside, plagiocl ase (Anl 0 ) ,  and 01 ivine, 
and amygdules of ca l c i t e ,  quartz, ch lo r i t e  and epidote a re  
common. The phenocrysts and amygdules a re  s e t  in a cryptocrystal- 
1 ine groundmass tha t  comprises as much as 50% of the rock locally.  
The vo1caniclastics of the greenstone uni t  a re  composed of a poorly 
sorted mixture of angular volcanic rock fragments composed of 
angular grains of plagioclase, ch lo r i t e ,  c a l c i t e  and epidote along 
w i t h  scat tered grains of a1 tered pl agioclase, pyroxene and quartz 
tha t  a re  s e t  i n  a. cryptocrystal 1 i ne matrix. The agglomerates of 
t h i s  u n i t  a r e  mainly 1 ight-to dark-green rocks composed of angular 
rock fragments 10 to  50 centimeters (4  to  127 inches) i n  diameter. 
The rock fragments a r e  s e t  i n  a fine-grained matrix of volcanic rock 
fragments (Hoffman, 1974). 

I I The arkosic sandstone u n i t  i s  composed chief ly of arkosic 
1 I sandstone w i t h  minor phyll i t e  and marble. The arkosic sandstones 

a re  weakly metamorphosed and consis t  of gray t o  white, poorly - 

1 -  sorted, medium-to coarse-grained, massive sandstone. Petrographi - 
I c a l ly ,  the arkose is  composed of 20% to  50% angular and subangular 

quartz grains,  20% t o  50% plagioclase and 5% t o  20% l i t h i c  fragments 

I-, s e t  i n  a matrix of s i l ty-clay.  The phyll i tes  a re  typical ly  black, 
very fine-grained rocks w i t h  we1 I -developed, cl  ose-spaced cl  eaveage. 
Fine-to medium-grained, highly recrystal  1 ized marble is '  f a i r l y  
common i n  the Bernard Mountain area and generally consists of 1 ight- 
gray to  white, non-fossil iferous, homogeneous marbl e composed of a 
mosaic of anhedral , twinned c a l c i t e  grains (Hoffman, 1974). 

The cor re la t ive  Skolai Group has not been mapped i n  the Valdez 
quadrangle, however, the type section defined by Smith and MacKevett 
(1970) is only a few kilometers t o  the eas t  i n  the McCarthy C-4 
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quadrangle. The Skolai Group i s  divided into two formations 
and several members. The older Station Creek Formation is divided 
into two informal members while the younger Hansen Creek Formation 
includes the Golden Horn Limestone Lentil .  

The volcanic flow member, the lower member of the Station Creek 
Formation, is composed of approximately 1,200 meters (3,937 f e e t )  of 
basalt  and basa l t ic  andesjte flows. The rocks a re  al tered and contain 
abundant amygdule f i l l i n g s  of a lb i t e ,  ch lor i te ,  ca l c i t e ,  quartz and 
zeol i tes.  Other cons ti tuents include prehni te ,  pumpel 7yi t e ,  actinol i t e ,  
b io t i te ,  c l  inozoisi te, hematite, sphene, and ilmenite. The mineral 
assembl ages may indicate  a t rans i  ti  onal A1 pine t o  Barrovi an metamorphic . 

sequence. The metavol canic rocks have a chemical composi ti on of. 
undersaturated 01 ivine thole i te  of Yoder and T i  1 ley (1 962) (Smith 
and MacKevett, 1970). 

Overlying the volcanic flow member of the Station Cveek For- 
mation i s  the volcaniclastic member composed of a heterogeneous 
mixture of volcaniclastic rocks ranging from coarse volcanic breccia 
to  de1 ica te ly  laminated volcaniluti  t e .  Fine-grained volcanic1astics 
a re  more prevalent near the top of the  member and the upper 150 
meters (492 f e e t )  i s  nearly a1 1 volcanic s i  1 ts tone and volcaniluti  t e .  
The contact w i t h  the underlying flow member i s  gradational through 
several thousand meters. The volcaniclastic rocks range from mafic 
t o  intermediate i n  composition. Petrographical l y  , the volcani- 
cl  a s t i c s  a re  dominantly coarse tuff-breccia, thin-bedded graywacke, 
and volcani lut i te  t h a t  contains glassy c l a s t s  which have been recry- 
s t a l l i zed  to  mosaics of xenoblastic quartz and feldspar. The 
groundmasses have been recrystal  1 ized and contain ch lor i te ,  epidote, 
and c a l c i t e .  The other consti tuent minerals include a1 bi t e ,  s e r i c i t e ,  
pumpel ly i  t e ,  prehoi t e ,  sphene, augi te ,  hornblende, potassium feld- 
spar and opaques (Smith and MacKevett, 1970). 

- --- 

The Early Permian Hansen Creek Formation conformably and 
gradatf onally over1 i e s  the Station Creek Formation. The formation 
consists of a mixture of thin-bedded chert ,  black shale,  sandstone, 
carbonaceous biocl a s t i c  1 imestone, and minor conglomerate. Chert 
i s  the dominant rock type near the top of the  formation and is 
commonly red, black, and green. The chert  forms beds -ranging Up 
to  15 centimeters (6  inches) thick. Petrographically, the chert  i s  
composed of a poorly c rys ta l l ine  matrix of quartz and chalcedony 
containing s i  1 ica-f i l  led radiolarian t e s t s ,  sponge spicules and 
d e t r i t a l  grains of muscovite, ch lor i te ,  feldspar,  and quartz (Smith 
and MacKevett, 1970). 

The Golden Horn Limestone Lentil conformably overlies rocks o f  
both the Station Creek Formation and the Hansen Creek Formation. 
Maximum thickness of the Golden Horn Limestone is about 270 meters 
(886 fee t ) .  Individual beds range up t o  3 meters (10 f e e t )  thick and 
can be traced l a t e r a l l y  f o r  only several hundred meters. The lime- 
stones a re  mainly bioclast ic  grainstone, packstone, wackestone; and 



minor arkose occurs locally. The bu l  k of the bioclast ic  material is  
crinoid stems, brachiopod she1 1 s ,  and bryozoan fragments. The u n i t  
has been assigned an Early Permian age (Smith and MacKevett, 1970). , . 

Unconformably overlying the Strelna Formation and i t s  cor- 
re la t ive  rocks is the Nikolai Greenstone. The u n i t  consists of 
approximately 1,000 meters (3,281 f e e t )  of al tered basalt  containing 
primary plagioclase, augite, re1 i c t  01 ivine, opaques, sphene, and 
apat i te  and secondary chlori te ,  epidote, clay minerals, ca lc i t e ,  
s e r i c i  te ,  prehni t e ,  ferruginous serpentine minerals, pumpel ly i  t e ,  
quartz, native copper, and zeol i tes .  The N i  kol a i  Greenstone contains 
abundant amygdules tha t  are f i 11 ed w i t h  quartz, ca lc i t e ,  ch lor i te  
and native copper. The uni t  has a wide geographic dis tr ibut ion i n  
the Wrangell Mountains area and i n  the western Yukon Territory. The 
age of greenstone has been establ ished s trat igraphical ly as  
Middle or early Late Triassic (MacKevett 1970, 1971 ). 

The Chitistone Limestone disconformably overlies the Nikolai 
Greenstone and consists of 1 imestone, do1 omi te ,  and minor chert. 
Moffit (1 938) did not d i f ferent ia te  between the Chi  t i s tone  Limestone 
and the overlying Nizina Limestone in the Valdez quadrangle. Armstrong 
and others (1970) described the Chi t i s tone  Limestone i n  de ta i l ,  however. 
t h e i r  work was concentrated on exposures i n  the McCarthy quadrangle. 
The mudstones and wac kestones of the Chi t i  stone Limestone a re  dark 
greenish-gray, dark-gray, or dark-medium gray on unweathered surfaces 
and gray t o  brown on weathered surfaces. In addition to  calcareous mud 
the matrices contain pyrite,  iron oxides, quartz, chalcedony and clay . 

minerals. The packstones and grainstones are  medium-gray t o  medium 
dark-gray and are  composed of 1 ime pel 1 e t s ,  ooids, and bioclastics.  
The crystal  1 i ne carbonates incl ude dolomi t e ,  do1 omi t i  c 1 imestone and 
1 imestone. The crys ta l l ine  rocks range from l ight- to medium gray on 
fresh surfaces t o  1 ight.-brownish-gray on weathered surfaces. These 
rocks are  composed of interlocking carbonate grains w i t h  minor 
opaques and clay minerals. Chert i s  associated w i t h  the wackestones 
and occurs as grayish-black lenses and nodules. 

Armstrong and others (1970) feel  tha t  the Chi  t i s tone  Limestone 
resulted from deposition i n  an inter t idal  and supratidal deposi-- 
t ional environment. This interpretation indicates tha t  a low energy 
res t r ic ted  marine environment was present during the Late Triassic.  

Gradationally overlying the Chitistone Limestone i s  the Nizina 
Limestone. The u n i t  consists of fine-grained, dark greenish-gray 
grainstone, mudstone, and wackestone tha t  weather brownish-gray. 
The Nizina Limestone ranges i n  thickness from 100 ' t o  380 meters 
(328 to  7,247 fee t )  and occurs in beds from 15 centimeters t o  a 
meter thick (6 inches t o  3 f ee t ) .  The mudstones and wackestones 
a re  composed primarily of pel l e t s  0.05 t o  0.2 mil 1 imeters i n  
diameter of lime mudstone and foss i l  fragments w i t h  minor quartz, 
plagioclase, and opaque mineral s. Matrix material consists of 
carbonaceous matter, s i l i c a  and clay minerals. Chert is present i n  



the form of dark-gray or black lenses and nodules. The Nizina 
Limestone has been assigned a Late Triassic age. 

The McCarthy Formation conformably overlies the Nizina Lime- 
stone and is divided into two informal members. The lower member 
conformably overl i e s  the Nizf na Limestone and includes approximately 
300 meters (984 f ee t )  of calcareous, carbonaceous shale, impure 
1 imestone and impure chert. The rocks are  dark-gray, dark greenish- 
gray, or grayish-black on fresh surfaces and weather dark-brown. The 
shales a re  composed of ca lc i te ,  carbonaceous materi a1 , c1 ay mineral s, 
chl or i  t e ,  quartz, chalcedony, do1 omi te ,  pyri te  and secondary iron 
mineral s. The cherts are  chal cedoni c rocks w i t h  minor carbonaceous' 
material, quartz, plagioclase, dolomite, pyrite,  apat i te ,  bioti 'te 
and fragments of radiolaria tests and sponge spicules. The lime- 
stones a re  wackestones composed of grains of bi oc las t ic  c a l c i t e  i n  
a matrix of calcareous mud. The uni t  has been assigned a Late 
Triassic  or  Early Jurassic (?)  age based of pelecypods of the 
genus Monotis (MacKevett, 1971 ). 

The upper member of the McCarthy Formation gradationally 
overl ies  the 1 ower member and includes approximately 600 meters 
(1,970 fee t )  of chert ,  spicul i t e ,  shale, and impure limestone. The 
rocks are  dark-gray and weather dark yellowish-brown. The chert  and 
spicul i t e s  a re  chal cedonic rocks containing cl a s t s  of ca lc i te ,  quartz, 
plagioclase, do1 omi t e ,  apat i te ,  carbonaceous matter, pyrite,  hematite, 
potassium feldspar,  i lmeni t e ,  leucoxene, ch lor i te ,  b io t i t e  and clay 
minerals. The cherts and spicul i tes  grade in to  impure limestones 
a s  the c a l c i t e  content increases. The shales a re  composed of 
clay minerals, quartz, chalcedony, ca lc i te ,  carbonaceous matter, 
plagioclase, dolomi t e ,  opaque minerals, and carbonate flourapatite.  
These quiet  water sediments may range in age from l a t e s t  Triassic  
through Early Jurassic (MacKevett, 1971 ). 

Moffit (1938) defined a tuffaceous shale sequence tha t  he 
considered correlat ive w i t h  the Middle Jurassic  Tuxedni Group of 
the Matanuska Valley and Cook In le t  areas. The sequence includes 
approximately 200 meters (656 f ee t )  of sandstone, shale, and con- 
glomerate w i t h  a large fragmental volcanic component. - The sandstone 
contains quartz, feldspar, and b io t i t e  w i t h  calcareous cement. -The 
conglomerate is  composed of pebbl es and cobbl es of argi 11 i t e ,  dior i  t e ,  
greenstone, and quartz i n  a tuffaceous matrix. The s trat igraphic 
position of the u n i t  i s  i n  doubt due t o  apparent f a u l t  contacts. 
The age assignment of the uni t  was made based on pelecypods of 
the genus Inoceramus. - 

In the Stuck Mountain and Willow Mountain areas, there is a 
thick sequence of metamorphosed vol canic flows, vol caniclast ics  and 
sedimentary rocks of Jurassic (?)  age (Ferrians and Kachadoorian, 
1971). The contact w i t h  the Strelna Formation to  the south is 
covered and the s trat igraphic position i s  n o t  def in i te ly  known. The 
rocks are  andesi t i  c o r  basal t i c  i n  composition and contain .chlori te ,  



plagioclase, ca lc i t e ,  quartz and epidote. Intercalated ni t h  the 
volcanics and volcanic1astics are red and green cherts. The volcanic 
and sedimentary rocks contain abundant di ssemi nated pyri te  and m i  nor 
chalcopyrite locally. The rocks are  highly fractured and contain 
anastomosing quartz veins. The tuffaceous shale sequence of Moff i t 
and the above sequence may. be correlative and both may be correlative 
with the Nizina Mountain Formation of MacKevett (1 969). 

Stratigraphical l y  above the Nizina Mountain Formation i s  the 
Kotsina Conglomerate, however the contact between the two units i s  
indef ini t e  (Imlay and Detterman, 1973). Moffi t (1 938) described 
the u n i t  as  600 t o  800 meters (1,970 to 2,625 fee t )  of massive, dark, 
pebble- to boulder-conglomerate. The predominant pebbles include 
greenstone, 1 imestone, granodiori t e ,  and quartz and are included i n  
a shaly and arkosic matrix. The u n i t  was assigned to  the Middle 
Jurassic based on foss i l  fragments. 

.The Kotsina Conglomerate is unconformably overlain by a sequence 
of sandstone, shale,  conglomerate, and 1 imestone, 1200 meters (3,927 
f e e t )  thick. Moffit (1938) mapped t h i s  sequence and assigned i t  t o  
the Jurassic or  Cretaceous. These rocks are  probably correlative 
w i t h  the Root Glacier Formation of MacKevett (1969). The shales, 
mudstones, and s i l t s tones  are  composed of c l a s t s  of quartz, ca lc i te ,  
and plagioclase s e t  in  a microcrystal 1 ine matrix. The sandstones 
include graywacke, wacke, and areni t e  and a r e  composed of quartz, 
plagiocl ase, c l  inopyroxene, b io t i te ,  potassium feldspar, hornblende, 
ca lc i te ,  opaque minerals and l i t h i c  fragments. The impure limestones 
are  d e t r i t a l  rocks w i t h  ca l c i t e  cement. The  Root Glacier Formation 
has been assigned t o  the Late Jurassic based on pelecypods of the 
genus Buchi a (MacKevett, 1971 ). 

The Kennicott Formation unconformably overl ies  the Jurassic and 
older rocks of the Wrangell Mountains area. The uni t  includes 30 
meters (98 fee t )  of basal conglomerate and approximately 180 meters 
(590 fee t )  of sandstone, s i l t s tone ,  and shale. The pebbles and 
boulders of the conglomerate are predominantly dark greenish-gray 
greenstone of the Nikolai Greenstone se t  in a matrix of coarse-grained 
sands tone. The sandstones are  fel  dspathi c wacke, areni t e ,  and 
arkosic wacke. The we1 1 sorted, subangul a r  c l a s t s  include quartz, 
plagioclase, glauconi t e ,  chert ,  opaque minerals, chlori te ,  b io t i te ,  
ca lc i t e ,  epidote, and garnet. The matrix consis ts  of chlori te ,  
chalcedony, s e r i c i  t e ,  ca lc i t e ,  secondary iron minerals, montmori 1 - 
1 onite,  kaol i n i  t e ,  and zeol i tes .  The s i l  tstones are  f i n e r  grained 
equivalents of the sandstones. The shales a re  composed of clay 
minerals and quartz. The formation has been assigned an A1 bian age 
based on the ammonite Brewericeras hulenense (Anderson) (MacKevett, 
1971). 

South of the Border Ranges Fault the Chugach Mountains are  
composed of a thick flysch-like sequence of rocks known .as the 
Val dez Group. The sequence includes interbedded sl a t e  and gray- 



wacke, volcanic flow rocks, and minor conglomerate. The graywacke 
i s  I ight-to rnediur-gray, fine-to coarse-grained, feldspathic wacke 
composed of subangul ar cl asts of pl  agiocl ase, quartz, s e r i c i  t e ,  
chlori te ,  and b io t i te .  The s l a t e  i s  a very fine. grqined rock t h a t  
has incipient-to well -developed cleavage (MacKevett and Plafker, 
1974). The rocks have been metamorphosed t o  the lower greenschist 
facies and have been highly deformed locally. Veinlets of quartz 
l e s s  than 2 centimeters (.8 inches) wide ape present in two prominent 
trends, one para1 l e l  t o  east-west cleavage planes and one i n  a north- 
south direction, parqllel  t o  a major jo in t  se t .  The Valdez Group is 
assigned a Late Cretaceous age based on foss i l s  collected i n  the 
Valdez area (Moffit, 1914) and i n  the Turnagain A r m  area (Park, /' 

1933; Clark, 1972). 

Unconforrnably overlying the Cretaceous rocks nor th  of the 
Borders Range Fault i s  a sequence of 300 t o  600 meters (984 t o  1,970 
f e e t )  of sandstone, conglomerate, shale, clay and coal (Moffit, 1938). 
T h i s  sequence i s  correlat ive w i t h  the Frederika Formation of MacKevett 
(1970). The u n i t  gradational l y  under1 ies  and is  intercalated w i t h  
flows of the Wrangell Lava. The conglomerates range from pebble-to 
boul der-congl omerates and are composed of cl a s t s  of greenstone of 
the Ni kol a i  Greenstone, volcanic rocks of the Wrangell Lava, chert, 
quartz, grani t ic  rocks, shale and 1 imestone. The matrix is poorly 
sorted, calcite-cemented, arkosic sandstone. The sandstones are  
1 ight-brown, buff, and I i g h t  greenish-brown feldspathic and arkosic 
wackes. They are  composed of poorly sorted, angular grains of quartz 
and plagioclase s e t  i n  a matrix of ch lor i te ,  and clay minerals. The 
sandstones have c a l c i t e  and s i l i c a  cement and contain minor potassium- 
feldspar,  b io t i t e ,  magnetite, ilmenite, apa t i te ,  pyrite,  and hematite. 
The s i l  tstones and shales are  1 ight-to dark-gray and weather to  
various shades of brown. The s i  1 tstones are compositional l y  fine- 
grained equivalents of the sandstones while the shales a re  composed 
primarily of quartz and clay minerals w i t h  minor b io t i te ,  muscovite, 
and opaque minerals. Lignite i s  present local ly and occurs as  
f ine ly  laminated dark-gray to black layers tha t  grade i n t o  
carbonaceous shale. A Tertiary age has been assigned t o  the for- 
mation based on abundant plant material (MacKevett, 1971 ). 

Intrusive rocks i n  the quadrangle range i n  composition from- 
dunite to  granodiorite. Ul tramafic rocks are present no r th  of the 
Borders Range Fault and have been mapped i n  the Valdez quadrangle 
a t  S p i r i t  Mountain (Herreid, 1970), Bernard Mountain (Hoffman, 19741, 
and a t  Chitina (Metz, 1975). 

A t  S p i r i t  Mountain, an intrusive complex composed of quartz 
diori  te ,  hornbl endi t e ,  peri doti t e  and gabbro intrudes the grajwacke, 
greenstone, s l a t e ,  and 1 imestone of the Strel  na Formation. Herreid 
(1970) describes the quartz d i o r i t e  and hornbl endi t e  as  a. 

11 Fine t o  medi urn-grained, medi um-dark-gray t o  
greeni sh-bl ac k rock composed of widely varying 



proportions of se r i c i  t ized o l i  gocl ase-hornbl ende- 
quartz-phl ogopi te-cl inopyroxene with accessory sphene 
and zircon." 

The peridot i te  occurs as an unbanded, medium-to coarse-grained, 
black dike rock composed oP ant igor i te  a f t e r  ol ivine,  f o s t e r i t e ,  
tremolite, and diopslde, with massive and disseminated nickel 
sulfides.  The gabbro is a medium-grained rock composed of 101 ivine, 
pyroxene, garnet, and magnetite (Herreid, 1970). 

Hoffman (1 974) described i n  de ta i l  the Bernard Mountain u l t ra -  
mafic complex tha t  crops out about 8 kilometers (5  miles) south of 
Tonsina. The complex includes dunite, clinopyroxenite, and horn- 
blendite. Dunite comprises the bulk of the u l  tramafic body and 
generally occurs as  a green t o  olive-green, fine-grained and massive 
rock. Major mineral consti tuents include: ol ivine,  e n s t a t i t e  and 
chromite. .The ultramafic body consists of about 75% dunite, 15% 
harzbergitic dunite and 5% harzbergite. The remaining 5% of the rocks 
i n  the complex are  chromite bearing. The complex exhibi ts  local 
zonation, however i t  a1 so contains charac ter i s t ics  of a1 pine-type 
ul tramafic bodies. Hoffman (1 974) has c l a s s i f i ed  the Bernard 
Mountain complex as an alpine-type u l  tramafic t h a t  was emplaced i n  
the l a t e  Mesozoic o r  ear ly Cenozoic between the Permian(?) Strelna 
Formation t o  the south and a Jurassic  amphibolite and granul i te  terrane 
t o  the north. 

Approximately 2 kilometers (1.25 m i  1 es)  northwest of C h i  t ina  a 
serpent ini te  body 4 kilometers (2.5 miles) long and several hundred 
meters wide occurs i n  an east-west s t r iking f a u l t  zone tha t  dips to  
the south. The ultramafic body i s  associated w i t h  granul i tes  and 
amphi bol i t e s  tha t  .occur south of the f a u l t  zone and w i t h  blueschist 
facies  metamorphic rocks of the S t re l  na Formati on t h a t  occur b o t h  
north and south of the f a u l t  zone. The ultramafic i s  composed of 

, serpentine a f t e r  01 ivine and cl inopyroxene (Metz, 1975; 1976). 

Numerous small plutons of Tertiary and Quaternary age intrude 
the Paleozoic and Mesozoic rocks i n  the Valdez quadrangle. Most o f  
the plutons a r e  l e s s  than a few hundred meters in diameter, however 
several plutons a r e  up t o  16 kilometers (10 miles) across. They 
range in composition from quartz d i o r i t e  to  granodiori t e .  The la rges t  
body of quartz d i o r i t e  is located a t  S p i r i t  Mountain and has been 
described previously (Herreid, 1970). Two small bodies of a1 tered 
granodiorite and quartz d i o r i t e  occur near Chitina and are  composed 
of s e r i c i t e  a f t e r  potassium feldspar,  quartz, and plagioclase. One 
of the bodies contains north-south s t r i  k i n q  quartz veins t h a t  contain 
minor gold mineralization. The pluton has Leen dated a t  45.5g.4 m.y. BP 
(Metz, 1975). 

The Wrangell Lava (Mendenhall, 1905) conformably over1 i e s  the 
Frederi ka Formation however some of the older flows a re  ' i n t e r -  
calated w i t h  the Miocene rocks. The lavas a re  a subaerial sequence 



of flow, pyrocl a s t i c ,  v i  trophyre, and congl omerqte w i t h  a to ta l  
thickness o f  approximately 1,500 meters (4,921 f e e t ) .  Individual 
flows range from 0.3 t o  8 meters (1 foot t o  26 f e e t )  thick and a re  
composed of andesi t e ,  basal tic-andesi t e ,  rhyodaci t e ,  and basalt .  
The andesites and basa.1 t i c  andesi t e s .  are  the predominant rock types 
and are  dark-gray t o  greenish-gray on fresh surfaces and medium-brown 
on weathered surfaces. The rocks a r e  composed of sodic labradori te ,  
ca lc ic  andesine, augi te ,  hypersthene w i t h  minor pigeoni t e ,  ol ivine,  
magnetite, hornblende, b io t i t e ,  quartz, and glass.  Secondary minerals 
occur .as amygdules and include; c a l c i t e ,  ch lo r i t e ,  s i d e r i t e ,  
ankerite,  and zeol i tes .  The rhyodacites a re  l ight-gray o r  buff on 
fresh surfaces and weather light-brown. The rocks a r e  porphyr i t ic .  
in part  w i t h  plagioclase phenocrysts t o  2.5 mil 1 imeters (0.1 inches) 
i n  length. -The groundmass i s  composed of quartz, b i o t i t e ,  potassium 
feldspar, magnetite, ilmenite, g lass ,  sphene, and zircon. Secondary 
minerals include ch lo r i t e ,  ca l c i t e ,  clay minerals, leucoxene, s e r i c i t e ,  
chalcedony, and i ron oxides. The vitrophyre occurs as  lava domes . 
composed of green-to black rocks t h a t  contain quartz and plagioclase 
phenocrysts i n  a glassy groundmass. The pyroclastic rocks a re  l i g h t -  
brown to  red- brown t u f f s  and volcanic breccias. The conglomerate 
occurs in l e n t i l s  and i s  s imilar  i n  composition t o  the conglomerate 
of the Fredericka Formation. The Wrangell Lavas range from Miocene t o  
Holocene i n  age (MacKevett, 1971 ) . 

A1 though there i s  a great l i tho logic  d ivers i ty  in the geology 
of the Valdez quadrangle only the Strelna Formation, the tuffaceous 
shale unit  of Moffit and i t s  correlat ives ,  the Valdez Group and the 
mafic and ultrarnafic rocks of the Bernard Mountain complex have been 
mapped i n  the corr idor .  All of the uni ts  in the quadrangle including 
those in the corr idor  have not been napped i n  d e t a i l .  

Structural Geology 

The Border Ranges Fault (MacKevett and Pl af ker, 1974) domi nates 
the s t ructural  geology of the rocks i n  the Valdez quadrangle. The 
f a u l t  has been interpreted as representing a Mesozoic p la te  boundary 
t h a t  seperates a northern block, composed predominantly of Paleozoic 
and Mesozoic metamorphic rocks, from a southerly block composed of . 
flysch-like sediments of l a t e  Cretaceous age. The Border Ranges 
Fault can be traced from the St. El i a s  Mountains on the  eas t ,  t o  the 
southwest end of Kodiak Island, a distance of about 1,000 kilometers 
(625 rniles)(MacKevett and Plafker, 1974). The f a u l t  was f i r s t  
recognized by Capps (1937) on Kodiak Island, where a large,  ve r t i ca l ,  
northeast-striking f a u l t  separates a greenstone-schist complex on the 
north from a thick sequence of graywacke, s l a t e  and a r g i l l i t e  of Meso- 
zoic age on the south. Later workers a l so  recognized the f a u l t  fu r the r  
to' the east  and Moff i t (1 914) del ineated the contact between the upper 
Paleozoic rocks and the Valdez Group rocks i n  the  Copper River Region. 
Although Moffit did not map the contact as a f a u l t ,  he interpreted the 
contact as a f a u l t  local ly .  MacKevett and Plafker in t e rp re t  the tec- 



tonic implications of the Border Ranges Fault as follows: 

"The Border Ranges Fault is  interpreted t o  mark a 
plate- boundary t h a t  developed new the close o f  the 
Mesozoic o r  i n  the  early Tertiary. During this time, 
the deep-water deposits of the Val dez Group buck1 ed 
against, and probably local 1 y were subducted beneath, 
terrane underlain by an upper Pa'leotoic island. a rc  tha t  
previously had accreted to  the continent. The  island 
arc  terrane is believed to  have formed d i rec t ly  on the 
oceanic c rus t  (Richter and Jones, 1971; Jones and others, 
1971 ) . I t s  superjacent rocks consist  of subaeri a1 
volcanic rocks and widespread fossi  1 iferous, largely 
c l a s t i c ,  Mesozoic rocks tha t  were deposited on the  
continental shelf or in shallow epicontinental marine 
embayments. Some of these rocks a re  coeval w i t h  the 
Valdez Group. The Val dez Group ref1 ec ts  rapid turbidi te -  
type sedimentation, probably largely on oceanic c rus t  
i n  a deep marginal trench. 

Activity of the Border Ranges Fault apparently waned 
a f t e r  the early Tertiary,  w i t h  subsequent up1 i f t  and 
emergence of the Valdez Group and i t s  accretion t o  the 
continental margin. However, a t  l eas t  local post-early 
Tertiary ac t iv i ty  on the f a u l t  cuts Tertiary rocks 
near the Matanuska Glacier." 

Rocks of the Strelna Formation have a general east-west s t r i k e  
and dip moderately to  the north, small-scale folds w i t h  northeast- 
trending axes a re  transected by a s trongl y-devel oped nort h-south 
cleavage. Abundant quartz s t r ingers  cut the greenstones and s l a t e s  
of the Strelna Fornation. Although some of the s t r ingers  a r e  
parallel  to  the north-south cleavage, the b u l k  appear t o  be east-  
west s t r iking.  

The s t ruc ture  of the rocks i n  the Valdez Group is similar  t o  
t h a t  of the Strelna Formation. The rocks have an average east-west 
s t r i k e  and dip moderately to  the north. Minor folds a r e  present 
loca l ly  and indicate tha t  the almost constant northward monoclinal 
dips a re  the r e su l t  of compressed folds overturned to  the  south - 
 r rooks and others,  191 1 ). 

Geochemistry 

Geochemical reconnaissance i n  the Valdez quadrangle during the 
present study consisted of the collection of 46 rock samples and 23 
stream sediment samples (See Tables ' l  and 2, Appendix A) along the 
pipe1 ine corridor between the Alyeska Pipe1 ine Terminal , south of Valdez 
and Willow Mountain on the north. S ta t i s t i ca l  analysis ,of the 
geochemical data has shown tha t  28% of the rock samples collected a r e  
strongly anomalous (98% confidence level)  in  a t  l e a s t  1 element, 



13% of the rock samples contqin anomalous (95% confidence level) 
, concentrations of a t  l e a s t  one element, and 24% of the rock samples 

were weakly anomalous (90% confidence level ) i n  a t  l ea s t  one element. 
Sixty-one percent of the stream sediment samples collected contain 
weakly anomalous, qnomalous and strongly anomalous concentrations of 
a t  l e a s t  one element. Most of the samples collected contain anomalous 
concentrations of more than one element and several samples were 
anomalous i n  more t h a n  8 elements. Threshold values (See Tables 3 
and 4, Appendix A )  f o r  the 90%, 95%, and 98% confidence intervals  f o r  
each element were derived Prom a s t a t i s t i c a l  analysis of the raw data 
and the calculation of concentrations of the elements a t  the arithmetic 
mean plus: 1.645 x standard devlation, 2.0 x standard deviation, and-. 
2.33 x standard deviation for  the 90%, 95% and 98% confidence levels 
respectively. Where the analystica? variabi 1 i t y  is zero o r  near zero, 
the threshold values fo r  the confidence levels  a re  e i ther  the detection 
level or  nearly the same value. 

Samples of graywacke and metagraywacke i n  the southern part  of . 

the quadrangl e contain strongly anomalous concentrations of bismuth,  
antimony, potassium, yttrium, zirconium, and phosphorous. The 
strongly anomalous values i n  the area seem to  be related to  small 
fractures,  shear zones and quartz veins tha t  may have formed during 
a regional metamorphic event tha t  has metamorphosed the rocks i n  the 
region to the upper zeol i te  and lower greenschist facies.  

To the north, near Wortmann Creek, samples of metagraywacke 
and s l a t e  with quartz veining contain strongly anomalous concentra- 
t ions of barium, gall  ium,  molybdenum, titanium, zinc, lead and 
s i lve r .  A stream sediment sample from Sheep Creek contains strongly 
anomalous concentrations of molybdenum, 1 ead and zinc, and anomalous 
concentrations of .chromium, iron and nickel. A1 though no mineral i- 
zation was found in the area during the current study, several claims 
were staked i n  the past near the mouth o f  Sheep Creek. This area 
c lear ly  needs fur ther  work to  determine the bedrock source of the  
anomalous metal values. 

A sample of interbedded graywacke and s l a t e  near the mouth of 
Cascade Creek contains strongly anomalous concentrations of calcium, 
chromium, copper, iron, manganese, nickel and scandium. The - 
chromium, copper, nickel and iron association suggests tha t  there 
may be an unknown mafic o r  ultramafic igneous rock component in the 
area. . 

A sample of graywacke collected near mile 40 of the Richardson 
Highway contains strongly anomalous concentrations of s i lve r .  
Stream sediment samples from the area also contain high s i l v e r  values. 
Moffi t (1 935) describes a gold-quartz lode a t  Mile 40 of the 
Richardson Highway known as the Townsend and Holland prospect. The 
gold mineralization is contained i n  a t  l eas t  two veins tha t  cu t  
shattered s la te .  The anomalous s i l v e r  values in  the rock and stream 
sediment samples from the area a re  probably related to  gold-quartz 



Prospecting i n  the Val dez -quadrang1 e has been underway since 
the ear ly days of the Klondike stampede. As early as 1897 some of 
the streams i n  the Valdez area were known t o  contain gold-bearing 
gravels and some were mined. Mining and prospecting i n  the Valdez 
area continued a t  a' slow pace unt i l  1910 when the Cliff  Mine, located 
about 10 kilometers west of Valdez became productive and stimulated 
the search f o r  other gold-quartz veins i n  the region. In a short  
time, about 30 promising lodes had been found, and by 1914 nine mills 
of various types were i n  operation i n  the Port Valdez d i s t r i c t .  A t  
l e a s t  two d i s t i n c t  types of lode deposits a re  known in the area. 
The geld quartz veins a re  mainly fissure-type veins tha t  show l i t t l e  
if any a l te ra t ion  of the-wall-rock. Locally, the country rock near 
the veins i s  impregnated w i t h  pyr i te  and arsenopyrite and some 
a l t e ra t ion  i s  present. The mineralogy of gold-quartz lodes is  
f a i r l y  simple and includes gold, quartz, ca l c i t e ,  and minor 
pyr i te  and arsenopyrite. The other type of deposit known i n  the area 
i s  characterized by the copper deposit a t  the Midas Mine on Solomon 
Gulch, south of Valdez. The Midas Mine has produced over 1,000,-000 
pounds of copper and therefore i s  one of the major copper producers 
i n  the Prince William Sound area. The original claims a t  the 
Midas Mine were located i n  1901 and by 1911 considerable development 
work had been done on the property. The mineralization a t  the Midas, 
known as  the Jumbo lode is r e s t r i c t ed  t o  narrow veins adjacent t o  a 
shear zone in the s l a t e  and graywacke. The ve insxu t  the fo l i a t ion  
i n  the mine area. High-grade mineral ization is composed of pyrite,  
wi t h  small er amounts of pyrrhotite,  chalcopyrite, sphaler i te  and 
minor galena. Samples collected by A. W. Rose (1965) and by 
M. W.  Jasper (1953) contained copper concentrations as high as 5%. 
The Jumbo lode is i n  close proximity to  a f a i r l y  large greenstone 
body and the copper mineral i za t  i on may be re1 ated to  the greenstone. 

vein mineral ization. Moffi t (1 935) syggests tha t  the. go1 d quartz 
veins i n  the region a re  genetically related t o  the intrusion of 
grani te  and quartz d i o r i t e  dikes . t h a t  are you.nger thrn the abundant . 

small quartz veins tha t  a re  developed .in the slate snd graywscke. 
The presence of intrusive rocks in the region may explain the 
scattered anomalous concentrations of tin, potassium, zirconium, 
and gallium, i n  both stream sediment samples and samples of s l a t e  
and graywac ke . 

Samples of chert  and metavolcanic rocks collected i n .  the Willow 
Mountain area contain abundant disseminated pyrite.  The 'metavol canics 
a r e  probably al tered basalt  and contain strongly anomalous concen- 

.. 

t ra t ions.  o f .  barium, bismuth, gallium, phosphorous, antimony, t i n ,  
. zinc and zirconium. Although no s igni f icant  mineralization was 
found i n  the Willow Mountain area during the current study, the 
region .clearly needs fur ther  work t o  fu l ly  assess i t s  resource 
potential .  

Mining Activity and Economic Geology 



The Cliff Mine, located about 8 kilometers (5 miles) west of 
Valdez, near Shoup Bay, was the most productive gold-quartz lode i n  
the Valdez dis t r ic t .  The property was located in 1906 and the 
f i r s t  production occurred . i n  the spring of 1910. 'The ore body a t  the 
Cliff Mine i s  fa i r ly  typical of the gold-quqrtz .lodes i n  the 
Valdez area. The mineral ization i s  found In several persistant 
f issure veins t h q t  trqnsect the fol iat ion of schistose graywacke 
(Johnson, 1922; i n  Brooks, 1922). The metasediments and metavolcanic 
rocks of.  the Valdez d i s t r i c t  contain a we1 1 -developed cleavage that  
early investigators recognized. The north-south cleavage is 
parallel to many of' the gold-quartz veins of the region. The fissure- 
vein system a t  the Cliff Mine was traced underground for 275 meters 

' 

(825 feet )  and varied from 15 centimeters to a meter (6  inches t o  3 
fee t )  wide. The ore is contained In bluish-white quartz w i t h  
minor amounts of calci te ,  a1 b i  te ,  chlorite and brownish-weathering 
carbonate. The ore contained only about 3% t o  5% sulfides including 
pyrite and arsenopyrite w i t h  minor sphalerite and galena. The gold 
for the most part was f ree  milling and early reports (Brooks, 191 1) 
indicate the average gold content was approximately 2 ounces per ton. 
Ore shoots containing up to 10 ounces per ton gold were known. 
Several m i n i n g  operations i n  the Mineral Creek and Valdez Glacier 
area produced gold and minor s i lver .  The deposits are similar t o  
the gold-quartz veins i n  the Shoup Bay area and are generally f issure 
veins cutting s la te ,  argi l l  i t e  and metagraywacke. 

Placer gold was known in the Valdez d i s t r i c t  as early as 1897, 
however, only limited production from relatively small placers on 
Mineral Creek, Gold Creek, Solomon Gulch, and from the Lowe River 
has occurred. The deposits appear to be of fluvioglacial o r i g i n  
and no large commercial deposits are known i n  the Valdez d i s t r i c t .  

North of Valdez i n  the M t .  Tiekel area, gold lodes have been 
known since the early3ays and are mainly quartz veins, closely 
associated w i t h  quartz diori te  and quartz d ior i te  porphyry that cut 
a rg i l l  i te ,  graywacke, quartzite,  and minor 1 imestone o f  the region. 
Several promising prospects were found on Hurtle Creek, however only 
minor production has occurred. The quartz veins on Hurtle Creek 
exhibit several generations of quartz. Near the margins of the veins, 
the quartz i s  mainly mil ky-white, bull quartz w i t h  1 i t t l e  mineraTi- 
zation. Near the center of most of the larger mineralized veins, 
a zone of vuggy quartz containing sulfides and gold is usually 
.present. The sulfide minerals include pyrite, aresonpyri t e ,  galena, 
sphalerite and chalcopyrite. Gold usyally occurs as free gold 
and i s  generally free milling. Assays of high-grade ore-from the 
Wetzl er  claims on Hurtle Creek ran as high as 7 ounces o f  gold 
and 12 ounces of s i lver  per ton. However, gold contents of less 
t h a n  1 ounce are the rule. Northeast of M t .  Tiekel near the head 
o f .  Fivemile Creek a t  Chitina, a mineralized quartz d ior i te  i n -  
trusive contains disseminated arsenopyri t e  and gold (Metz, 1975). 
Quartz veins near the margins of the quartz d ior i te  also contain 
gold-bearing mineral ization. Assays range between 0.18 and 3.0 



ounces per ton gold and u p  t o  4.2 ounces per ton s i lve r .  Other 
mineralized intrusives occur i n  the Chugach Range and there i s  a 
high probabil i ty  t ha t  unknown mineral ized stocks and s i  11s a re  
present i n  the region. 

South of Tonsina, a t  Bernard Mountain, the dunite contains 
segregations and discontinuous pods of chromite. The chrome does 
not appear to  be of economic tenure a t .  t h i s  time. Minor concentrations 
of chalcopyrite occur in the cl inopyroxeni t e  i n  the  mafic-ul trarnafic 
complex, however the copper concentrations do not appear to  be 
s ignif icant .  

0 

A t  S p i r i t  Mountain, Herreid (1970) sampled a per idot i te  dike 
tha t  ran 0.88% nickel and 0.89% copper, however the mineralized body 
i s  re la t ive ly  small. The S p i r i t  Mountain occurrence is s imilar  t o  
the mafic and ultramafic complex a t  Bernard Mountain however the 
economic potential  of these occurrences is limited by t h e i r  small 
s ize.  

The Jurass ic  or  younger volcanic rocks o f  the quadrangle contain 
zeo l i t e  minerals. The economic potential of these rocks i s  indeter- 
minate a t  t h i s  time but they are  important ta rge ts  f o r  fu ture  exam- 

, 

inations. 
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Previous ~nvestigations -. 

Early investigations i n  the area include the Copper River 
mil i tary expedition i n  1898 and 1899 and a trqverse by Mendenhall 
(1 905). Recent work includes regional studies (Berg, Jones and 
Richter, 1972; Grantz,.Jones, Lanphere, 1966), geologic mapping 
(Nichol s and Yehle, 1969; and Ferrriano, 1971 ) , geochronology 
(Marvin, 1974; and Grantz, Jones and Lanphere, 1966), structural j 

geology (Andreasen e t  a l ,  1964; Barnes, 1967; Gedney, 1970; Berg; 
1973; Freeland and Dietz, 1973; Richards, 1974; and Brogan e t  a1 , 
1975) and mineral resources (Berg and Cobb, 1967; Richter and 
Matson, 1968; Heiner, Wolff and Grybeck, 1971; and Mulligan, 1974). 
The quadrangle has not been completely mapped on any sca'le nor 
has there been any major regional geochemical investigations i n  the 
area. 

Regional Geology and ~e t ro iogy  

The rocks i n  the southern part of the Gul kana quadrangle are 
domi nately metavol canic and metasedimentary rocks o f  Jurassic age. 
The volcanic rocks are general f y  a1 tered andesi t e  and basalt flows, 
tuffs and breccias that have been regionally metamorphosed to  the 
lower greenschi s t  facies.  The greenstones are f ine-grained rocks 
containing chlorite,  sodic plagiocl ase, calci te ,  quartz and egidote. 
The metavolcanics are interlaminated and interbedded w i t h  volcano- 
clastfcs and cherts. The Jurassic rocks have been tentatively 
correlated with the Talkeetna Formation of lower Jurassic age. The 
ent i re  sequence i s  highly fractured and jointed and is cut locally by 
randomly oriented quartz veinlets. The volcanic rocks contain dis- 
seminated pyrite and euhedral cubes of pyrite t o  10 millimeters 
(0.4 inches) on an edge are present locally. Minor chalcopyrite is 
also present. 

To the north, sedimentary rocks of the Copper River Basin - 

dominate the geology. Rocks of the Matanuska Formation, of upper 
Cretaceous age are also present. The Matanuska Fomation has been 

. traced from the lower Matanuska Valley t o  the Copper River region 
(Grantz e t  a l ,  1960). The u n i t  i s  composed of a thick sequence of 
dark-gray s i l t s tone and shale interbedded. w i t h  1 ight-colgred sand- 
stone and conglomerate, a l l  o f  marine o r i g i n .  The shale and s i l t -  
stone are general l y  dark-gray t o  bl ac k, t h i  n-bedded, nodular shale 
and s i l  tstone. The sandstones are main1 y we1 I -indurated, f ine-grained, 
thinly laminated micaceous and f1 aggy sandstones that  are  arkosic i n  
part. Conglomeratic sandstone beds occur throughout the' sequence. 

Unconformably overlying the rocks of the Matanuska Fomation i s  a 



sequence of non-marine sedimentary rocks known as the Gakona 
Formation, of Eocene age. The Gakona Formation. i s  com osed of a 1 basal section o f  coarse conglomerate tha t  i s  overlain y a sequence 
of sl ightly indurated clayshale containing I igni t i c  coal. . The base 
of the Gakona Formation is .  marked by a greenish conglomerate 
layer  composed of rounded pebbles of quartz and greenstone s e t  i n  a 
feldspathic sandstone matrix. The overall thdckness of the  Gakona 
Formation, robably does not exceed 600 meters (2,000 fee t )  (Andreason 
e t  a l ,  1964 ! . 

~ o c k s  along the northern margin of the Copper River  asi in a re  , 

part  of a sequence of weakly metamorphosed basalt ,  andesite and 
tuffaceous rocks of the Amphitheatre Group of middle-to l a t e  Triassic  
age. Rocks of the Amphitheatre Group have been traced from the 
Gakona River westward t o  the Susitna River, a distance of about 
160 kilometers (100 miles). The Paxson Mountain Basalt i s  the dominant 
rock found i n  the Paxson Mountain area and generally consists of 
green t o  01 ive-green basalt  w i t h  m i  nor maroon amygdal oi dal basalt  
near the base of the u n i t .  Locally, dark-green t o  olive-green basalts 
occur higher i n  the volcanic sequence and form massive, r e s i s t an t  
outcrops w i t h  few amygdul es. The basalt  i s  ent i re ly  recrystal  1 ized 
and plagioclase feldspar is completely a1 tered t o  a1 b i te  and primary . 

augite has been al tered to chlor i te  and ac t inol i te .  Locally, i n  the 
Paxson Mountain Basalt, zones of amygduloidal basal t  a re  present. 
The amygdules contain a wide variety of minerals including epidote, 
pumpel ly i  t e ,  prehni t e ,  quartz, ca lc i t e ,  1 aumonti t e ,  cl  inozoi si t e  
and albi te .  The to ta l  thickness of Paxson Mountain Basalt is  not 
known; however, a maximum of 3,000 meters (10,000 f e e t )  of basalt  is 
exposed i n  the Paxson Mountain area (Stout, 1976). 

 he Tangle LaKes Formation (Stout, 1976) a t  i ts  type loca l i ty ,  
on the south 7imb of 2heJnphitheatre  syncline near Tangle Lakes 
consis ts  of about 4,000 meters (1 1,500 fee t )  of andesite, agglomerate 
and s i l iceous tuff .  About 1,000 to  1,500 meters (3,000 t o  4,000 f e e t )  
of the Tangle. Lake Formation consists of diabase and d i o r i t e  s i l l s .  
Near the base of the Tangle Lakes Formation several thousand meters 
of we1 1 -bedded, s i l iceous tuf f .  and tuffaceous sediments crop out. 
Petrographical ly ,  the  t u f f s  and tuffaceous sediments consist  .of a l t e r -  
nating s i l  iceous layers and layers composed of pl agioclase feldspar. 
Agglomerate layers consist  of angular volcanic c'lasts t o  a meter ( 3  
f e e t )  i n  diameter. Clasts of andesite, s i l iceous . tu f f ,  agglomerate 
and tuffaceous limestone are  s e t  i n  a l ight- to dark-green aphanitic 
groundmass. Near the top of the  section, a sequence of andesite 
flows are  interbedded w i t h  chert, black-sil iceous a r g i l l  i t e  and shale 
and a r e  interbedded w i t h  t h l n  tuff  aceous 1 imestone and dolomi t i c  
1 imestone. A t  the very top of the Tangle Lakes Formation i s  a 
d is t inc t ive  pillow andesi t e  sequence about 500 meters (1,500 f e e t )  
thick. This sequence marks the top of the Tangle Lakes Formation 
and contains we1 1 -developed, nested pi1 lows locally.  

Overlying the Tang1 e Lakes Formation is a thick, approximately 



6,000 meters (18,500 feet ,  ) sequence of interlayered green- basalt and 
amygdaloidal. basalt known as the Boulder Creek Volcanics. The 
Boul der Creek Vol canic sequence bears a strong resembl ance to the 
Paxson Mountain Basalt. Amygdaloida? members range from. t h i n  I ayers 

*-. !.. w i t h  less than 10% amygdules, to  layers containing up t o  .75% amydules 
..4 

y. f i l  led wi th  epidote, quartz, pumpel ly i te ,  chlorite,  prehnite and 
5; .,. calcite.  . . . 

The greenstones a t  Hogan's Hi1 I ,  i n  the central part of the 
quadrang1 e are a1 tered. basal t i c  or  andesi ti  c volcanic rocks that  are 
cut by a stockwork o f  anastomozing quartz veins. .The greenstones 
are completely shattered and cut by numerous transecting fracture ' 
systems. Petrographically, the greenstones are composed o f  a fine- 
to medium-grained intergrowth of chlorite,  epidote, plagioclase 
feldspar, quartz, sphene, actinol i t e  and amphibole (hornblende?). 
The rocks exhibit a we1 7-developed foliation locally.. . 

Structural .Geology 

The structural geology of southcentral Alaska i n  general and i n  
the Gulkana quadrangle i n  particular may be the result  of interaction 
between the North American Plate and the Pacific Plate, from the 
l a t e  Paleozoic t o  the Tertiary. Richter and Jones (1973) summarized 
the structure and tectonic h i  story of southern Alaska as follows: 

"The eastern A1  aska Range and -contiguous terrane 
to  the south and southwest have acted as a fa i r ly  co- 

.hesive block that,  until l a t e  Cenozoic time, responded 
to  variable rates of tectonic stress mostly directed 
northward. Tn general, these stresses have been 
relieved by rupture i n  the pre-Jurassic rocks and by 

- plast ic  deformation-in the thick basinal Jurassic and 
Cretaceous strata."  

Richter and Jones go on t o  say: 

"Three dis t inct  types of faulting have been _ 

recognized i n  the post-middle Triassic rocks: I )  north- 
t o  northwest-trending high-angle reverse and normal 
faul ts generally with the southwest. bl ock down; 
2 low-angle thrust faults  w i t h  northeast dip; and 
3 1 1 inear, northwest-trending , ri ght-1 ateral s tr ike-  
s l i p  faults." 

East and northeast-stri king faults ,  faul t blocks and large open 
folds dominate the structure i n  the west-central part o f  the quad- 
rangle, and northwest-to west-trending folds are restr icted to the 
Triassic and older rocks. Thrust faults  are known i n  the region and , 

are usually associated with isocl inal -to overturned folds. Local ly, 
the greenstone sequences are highly fractured and are cut by several 
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I distinct  joint sets. A t  ~ogpn's Hill, in the north-central part of 
1 7: the quadrangle, the. greenstones are.h.ighly fractured an4 are cut by 

many quartz veins. 
I 

Geochemistry 

Geochemical reconnaissance in the Gul kana quadrangle during the 
current study consisted of the collection of approximately 30 rock 
samples .(see Tab1 e 5, Appendix A )  from the northern part .of the quad- 
rangle. The sampling was centered i n  an qrea of the inner pipe1 ine -, 
corridor between Hogan's Hill and Paxson Lake. ,The rocks of the region . 
are dominantly a1 tered, mafic volcanic rocks of the Amphitheatre 
Group and rnafic to s i l i c i c  intrusive rocks of Mesozoic age. 

Statist ical  analysis of the geochemical data has shown that  73% 
of the samples col1 ected contained weakly anomalous, anomalous and 
strongly anomalous trace element concentrations i n  atleast one element. 
The threshold values (see Table 6, Appendix A )  for the 90%, 95% and 
98% confidence intervals f o r  each element were derived from a 
s ta t is t ical  manipulation of the raw data and the calculation of con- 
centrations of the elements a t  the arithmetic mean plus; 1.645 x 
standard deviation, 2.0 x standard deviation,.and 2.33 x standard 
deviation, for the 90%, 95% and 98% confidence levels, respectively. 
Where the analytical variability i s  zero or near zero, the threshold 
values f ~ r  the confidence levels are either the detection level or 
nearly the same value. 

.Trace element geochemistry of the rocks in the region reflect the 
mafic volcanic nature of  much of the bedrock. Strongly anomalous 
concentrations of copper, chromium, cobalt, magnesium, nickel and 
titanium are commonly associated with the a1 tered basalt, andesi t e  
and tuffaceous rocks i n  the area. No ultramafic rocks are known t o  
occur i n  the pipeline corridor. The chromium and nickel values are 
thought to be tied up i n  s i l i ca te  minerals. Sporadic occurrences of 
chalcopyrite, malachite and minor azurite were found during the 
course of f ie ld  work i n  the Hogan's Hill area, however the copper 
concentrations are relatively low and do not appear to be of signi- 
f icance. The chalcopyri t e  occurs w i t h .  abundant pyrite in a stock- 
work of anastornozing quartz veins that  cut a1 tered basalt. The quartz 
vein material also contains zinc, silver and go1d.values along w i t h  
minor concentrations of molybdenum, tin,. tungsten and cobalt. This 
area clearly needs further work t o  deternine the potential for 
economic mineralization. 

Minjng 'Activity ' and Economic 'Geology 

I Mining i n  the Copper River region began as early as 1900, when 
gold-bearing gravel s were located i n  the Chistochina distr ict .  The 



f i r s t  locations i n  the area were made in 1898 on the Chisna River, 
-: a and production from the d i s t r i c t  has continued. t o  date.. A total of 

about 141,000 ounces of gold'has been produced ,from the placers i n  
the area. Gold was discovered in the Nelchina area i n  about 1914, 

-. however, the bulk of gold production from the region has .come from 
-" 

. . the Chistochina area. Lode deposits i n  the Nelchina d i s t r i c t  have 
'id been prospected fo r  gol'd, s i lver ,  manganese and chromite. The gold 

lodes are mainly gold quartz veins that contain minor chalcopyrite, 
- .  galena and sphaleri te. Only minor production from the gold. quartz 
-. vein deposits has occurred in the d i s t r i c t .  

Rocks along the northern margin of the Copper River. basin are - - 
mainly part o f  a east-southeast trending belt of greenstone and . 
chert of the Amphitheatre Group. The Amphitheatre Group basalts and 
other metavol canic rocks i n  the region contain low-grade copper 
mineral izatian locally. The copper occurrences are generally 
restr icted to fracture veins and mineral ized breccia zones i n  the 
metavol canics . Minor concentrations of chal copyri t e ,  borni te ,  
chalcocite and chrysocol la  are known. However, none appear t o  be of 
significance. 

Metavolcanic rocks near Hogan's Hi1 1 , i n  the north-central part 
of the quadrangle contain abundant pyrite and minor chalcopyrite, 
general ly restricted t o  a stockwork of anastornozing quartz veins. 
Minor .gold and s i lver  values were also detected i n  samples of the 
vein material, none appear to  be significant. 

- 
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~ o u n t  Hayes quadrang1 e 

Previous ' In3estigations 

The Mount Hayes quadrangle has been the s i t e  of extensive geo- 
logic investigations since about 1896 when J .  E. Spurr and F. C. 
Schrader of the U. S. Geological Survey traversed the area enroute 
t o  the Yukon gold d i s t r i c t .  A. H .  Brooks (1903-1923) also of the . 
U. S. Geological Survey contributed much t o  the description of the 
mining ac t iv i ty  throughout most of A1 as ka. Brooks a1 so conducted 
basic geologic investigations i n  the region. F. H. Moffit (1912, 

, 

1954) conducted detai  1 ed geologic investigations i n  the central 
Alaska Range, and his  ear ly work i n  the Alaska Range has served a s  
a base upon which most of the 1 a t e r  investigators have b u i l t  
His l a t e r  work resulted i n  a better understanding o f  the bedrock 
geology and mineral deposits of the region. Geologic reconnaissance 
by S. R .  Capps, of the Geological Survey, t o  the west i n  the Bonni- 
f i e ld  d i s t r i c t ,  t i ed  together many of the regional investigations 
conducted in the Alaska Range. Detailed work by C. Wahrhaftig and 
C.  A. Hickcox (1955) of the U .  S. Geological Survey in the Jarvis  
Creek area,  centered on the Tert iary coal-bearing sequence there. 
Geologic investigations by T. L. Pewe and W .  Holmes (1964, 1965) 
of the Geological Survey in the northern part  of the M t .  Hayes 
quadrangle have resulted in two, 30 minute geologic maps w i t h  a scale  
of one inch equals one mile. 

Detailed geologic investigations by L. G.  Hanson (1963) of the  
University of Alaska, centered in the Rainbow Mountain area of the 
Central Alaska Range. Later work by G. C. Bond (1965), Petocz (1 969) 
and Gebhardt (19721, a l l  of the University of Alaska have led to  
a be t te r  understandicg--~f_ the geology and stratigraphy of this par t  of 
Alaska. 

In the ear ly 19601s, the Alaska Sta te  Division of Geological and 
Geophysical Surveys in i t ia ted  the f i r s t  of a se r i e s  of geologic 
investigations in the Mount Hayes quadrangle. The s t a t e  investi-  
gations a r e  generally resource oriented programs in areas tha t  may 
have good potential f o r  hard-rock mineral deposits. Work by A. W .  
Rose and R .  H. Saunders (1965) near Paxson was undertaken t o  evaluate 
the bedrock geology and known hardrock mineral deposits of the area. 
Later work by A.  W.  Rose (1 966) in  the  Arnphi thea t re  Mountains 
outlined the geology of the area and investigated many of the geo- 
chemically anomalous areas tha t  had been out1 ined during previous 
investigations. S t i l l  l a t e r  work by A. W. Rose (1.966, June) in the 
Eureka Creek and Rainy Creek areas resulted i n  a f a i r l y  detailed map 
of this part  of the Alaska Range as well as baseline geochemica7 
data related t o  the mineral occurrences in the area. Similar work 
i n  the upper Chistochina River area by A. W. Rose (1 967) has resulted 
in a bedrock geologic map of the area as well as  some f a i r l y  detailed 
descriptions o f  the mineral occurrences in the region. Recent work 



by Smith (1972) i n  the western part  of the Mount Hayes quadrangle 
has lead t o  a be t te r  understanding of the rocks in the Maclaren 
metamorphic be1 t, and other work by Smith and Turner (1 974) has 
resulted i n  a pal eo-reconstruction of central Alaska wi . th  imp1 icqtions 
as t o  be possible o f f se t  along the Denali fau l t .  Work by.3. H. Stout 
e t  a1 (1973) in the central Alaska Range has shown evidence of 
Quaternary movement along the McKinley Strand of the Denali Fault. 
Other work by Stout (1976) hqs resulted i n  a be t te r  understanding of 
the geology, s t ructure and mineral deposits of the Eureka Creek area 
i n  the east-central Alaska Range. 

Regional Geology and Petrology 

The oldest rocks t o  cropout in the northern part  of the Mount 
Hayes quadrangle consis t  of metasedimentary and rnetaigneaus rocks 
of the Birch Creek Schist  u n i t  of Precambrian or  early Paleozoic 
age. The Birch Creek Schist  occupies an extensive area north of the 
north-flank of the Alaska Range and i s  composed of quartz-mica 
schis t ,  quartzi te ,  micaceous quartzi te ,  gneiss, amphi bol i t e  w i t h  
minor s l a t e ,  phyl 1 i t e  and crystal 1 ine 1 imestone. The metamorphic 
rocks .have been subjected to  a t  l e a s t  two metamorphic events and 
range in grade from the greenschist t o  the amphibolite fac ies  of 
metamorphism. The quartz-mica schis t s  of the region vary greatly 
i n  composition and show a wide range in the degree of metamorphism. 
Moffit (1942) describes the schis ts .  and gneisses of the region as 
follows: 

"They occur i n  great variety,  a s  would be expected 
in view of t h e i r  origin,  and show a wide rang? in degree 
of metamorphism. The colors a re  dominantly gray in varying 
shades b u t  include-green and black and segregatons of pink 
and lavendar. Some of the more s i l iceous var ie t ies  have 
a bright s i lvery aspect, b u t  the darker grays a re  more 
common. The texture grades from tha t  of f ine  s l a t e  w i t h  
planer cleavage and consti tyent minerals so small as to  
be unidentifiable in the hand speciman, t o  tha t  of coarse, 
crinkly schis t  and gneiss with eas i ly  recognizable mineral 
components. Garnet i s  a common constituent of the sch i s t  
and occurs i n  bodies of a l l  s izes  from t iny ,  well crystal-  
l ized grains hardly vis ible  w i t h  a hand lens t o  imperfect 
c rys ta l s  almost an inch in diameter. Other metamorphic 
minerals are  present also,  such as hornblende, which occurs 
in one loca l i ty  in thin blades several inches long as- 
sociated with great numbers of t iny  red g3rnets.I' 

The schis ts  of the region are  typical ly  p e l i t i c  schis ts .  In 
general, they are garnetiferous quartz muscovite and b i o t i t e  schis t s  of 
polymetamorphic character. One phase of metamorphi sm i s  represented 
by euhedral grains of muscovite parallel  t o  the S1 plane and a second 
( l a t e r ? )  phase t h a t  defines an S2 plane tha t  t ransects  the e a r l i e r  



S1 fol ia t ion.  The S2 fo l ia t ion  contalns subhedral, f a in t ly  pleo- 
chroic b io t i t e  la ths .  Higher-grade rocks i n  the northern p a r t  o f  the 
quadrangle include ca lc ic  amphi bol i t e ,  hornblende schis t  and,  gneissic 
rocks of various compositions. The amphi bol i t e s  a re  predominantly 
fine-to medium grained, subidioblastic to  granular ca lc ic  amphf bol i t es .  
Petrographically, the amphibolite i s  composed of up to  60% act inol i  t i c  
hornblende, 10% t o  15% plagioclase (Anl to  Anl0), 10% quartz, 5% 
b io t i t e ,  5% chlor i te ,  2% cl inozoisi t e ,  and accessory sphene and 
ca lc i te .  Local ly ,  f ine  t o  medium-grained quartz b io t i t e  horn- 
blende schis t  i s  present. The sch i s t  contains up  t o  40% quartz, 
25% b io t i t e ,  15% p?agioclase, 10% c l inozois i te ,  5% hornblende and 
minor chlor i te ,  sphene and ca lc i te .  Gneissic rocks west of Donnelly 
Dome are  coarse-grained gneissic grani t ic  rocks t h a t  Moffit (1942, 
1954) be1 ieves represent metamorphosed intrusives.  

About 5 miles southeast of Donnelly Dome i n  the Mount Hayes 
C-4 quadrangle, a sequence of Tert iary rocks crop out. The Tertiary 
section l i e s  between the drainage of the Delta River on the west and 
Jarvis  Creek on the east .  Wahrhaftig and Hickcox (1955) of the U. S. 
Geological Survey conducted detailed geologic investigations in the 
area between 1946 and 1951. The Tertiary sequence i s  composed of 
a basal section, 152 meters (500 f e e t )  thick, composed of micaceous 
sandstone and quartz conglomerate, derived from a southerly 
source area (Wahrhaftig and Hickcox, 1955). The basal section i s  
overlain by a middle unit  composed of 137 t o  213 meters (450 to  
700 f e e t )  of buff, arkosic sandstone, from a northerly source area. 
The arkosic rocks a r e  interbedded with shale and coal. The upper uni t ,  
about 275 meters (900 f ee t )  thick, i s  composed of dark-gray 
claystone, sandstone and thin-bedded coal. In de ta i l ,  the basal 
sandstone and conglomerate sequence i s  coarsest and thickest  i n  the 
southwestern most exposures, and th ins  rapidly t o  the west and north. 
The conglomerate generally occurs i n  well bedded layers and consists 
of pebbles of quartz, chert ,  and subordinate amounts of rhyol i te ,  
grani te  and schis t .  The middle s t rat igraphic u n i t  contains a coal- 
bearing zone tha t  ranges between - 3  and 15 meters (1 foot and 50 f ee t )  
thick. The zone contains coal interbedded with well cemented orange- 
weathering -shale and shaly sandstone. The upper 122 meters (400 f e e t )  
of the middle uni t  i s  composed of medium-to coarse-grained, buff, 
arkosic sandstone, in beds 3 t o  15 meters (10 t o  50 f e e t )  thick and 
a zone of gray to  brown, s i l t y  claystone t h a t  contains len t icu lar  
coal beds to  15 centimeters (6  inches) thick. Iron-carbonate con- 
cretions of 1.8 meters (6 f e e t )  in diameter a re  known i n  the claystone 
zone. The arkosic nature of t h i s  zone indicates tha t  the sandstones 
were derived from a fe l  dspathi c terrane and Wahrhaftig (J 955) be1 ieves 
tha t  the granite of Granite Mountain, northeast of Jarvis  Creek, may 
be the ultimate source of the d e t r i t a l  'material i n  the middle section. 
About 3 t o  6% of the middle uni t  i s  coal. The upper s t rat igraphic 
uni t  of the coal-bearing sequence consists predominantly of dark-gray 
claystone and s i l t s t o n e  in beds 1.5 t o  18 meters (5 t o  60 f e e t )  thick, 
i nterbedded with dark-gray sandstone, coal and bone. The sandstone 
occurs in len t icu lar  beds 1.5 t o  6 meters ( 5  to  20 f e e t )  thick and 



contains concretions locally.  The coal i n  the upper u n i t  occurs i n  
beds ranging from 8 centimeters t o  2 meters (3 inches to  7 f e e t )  
thick. About 10% of the upper  nit i s  coal. One exposure of the 
coal-bearing sequence q t  Jarvis  Creek contains 30 coal beds ranging 
between 0.3 and 2 meters (1 and 7 f e e t )  thick. Another exposure 
contains 14 coal beds between 0.3 and 2 meters (1 and 7 f e e t )  thlck. 
According t o  Wahrhafti g and Hi ckcox (1 955), between 100,000 and 
300,000 tons of s t r ippable  coal reserves a r e  present i n  the 
Jarvi s Creek .deposi t . 

The intrusive rocks between Jarv is  Creek and the Gerstle River 
t o  the eas t  a r e  dominantly coarse-grained granodiori t i c  rocks 
composed of hornblende, bioti  t e a  quartz and feldspar. The intrusive 
rocks a r e  probably Cretaceous i n  age b u t  may be as old as Jurassic 
(Wahrhaftig and Hickcox, 1955). Other intrusives of the north flank 
vary from grani te  t o  d i o r i t e  in composition and include quartz mon- 
zonite, granodiorite and quartz d ior i te .  To the eas t  i n ' t h e  Johnson 
River area,  quartz monzonite is a common intrusive rock, and gneissic 
quartz monzonite i s  present locally.  Most of the grani t ic  rocks i n  
the area a re  charac ter i s t ica l ly  coarsely porphyritic and some peg- 
mat i t ic  phases a re  known. 

The metamorphic rocks between Jarvis  Creek and the Denali Fault 
t o  the south, a re  mainly interlaminated quartz muscovite schis t ,  
micaceous quartzi te  and hornblende schis t .  The metamorphic sequence 
also contains recrystal l ized limestone and greenstone. The schis ts  
of the region are  highly variable i n  nature. They range from massive 
to  f i s s i  l e  and are  highly contorted. Thinly laminated, garnetiferous, 

. quartz muscovite sch i s t  i s  the dominant rock type i n  the area,  although 
local ly ,  green, red, brown and gray phyl l i te  const i tute  the bulk of 
the rocks. The micaceous quartzites of the region are  mainly fine-to 
medium-grained micaceous quartzites i n  which muscovite l a ths  define a 
rudimentary fol ia t ion .--The metamorphic sequence a1 so contains "s laty" 
sch i s t  and rnetagraywacke. 

Rocks tha t  cons t i tu te  the bulk of the metamorphic sequence are  
be1 ieved t o  be metamorphosed c l a s t i c  sediments (Moffit, 191 1 ), 
although recent work seems to  indicate  a marked pelagic sedimentary 
component as  well as rocks with volcanic . a f f in i t i e s .  

Metamorphosed volcanic rocks north of the Penali f a u l t  are  s i l l -  
l i k e  bodies of greenstone. The greenstones a re  probably metamorphosed 
basalt  si 11 s and dikes tha t  intruded the schist-quartzi  t e  country- 
rock and were subsequently metamorphosed by a l a t e  metamorphic event. 
The greenstones north of the Denali Fault a re  markedly d i f fe rent  t h a n  
the greenstones of the Amphitheatre terrane t o  the south. The major 
difference i s  t ha t  the greenstones t o  the north a re  c lear ly  intrusive 
wh.ile those to  the south occur as flows (F. Weber, U. S. Geological 
Survey, personal communication, 1973). 

South of the McKinley Strand of the Denali Fault system and 



north of the Hines Creek Strand, the rocks a re  characterized by a pre- 
Mississippian sequence of phyll i t e  and calc-phyll i t e  w i t h  minor 
sch i s t  and liwestone. The rocks in the wedge-shaped area between the 
McKinley Strand and the Hines Creek Strand a re  in f a u l t  contact w i t h  
the medium-grade metamorphic rocks of the Birch Creek schis t  terrane 
to  the north and a re  also -in f a u l t  contact w i t h  the Pennsylvanian 
Rainbow Mountain Sequence to  the south. A similar  sequence of 
metamorphic rocks is  present south of the McKinley .strand, a1 though 
the southerly metamorphic sequence i s  composed of schis t ,  subordinate 
calc-phyll i t e  and 1 imestone (Hanson, .1963). 

The phyl l i  t e s  and calc-phyll i t e s  of the region a re  very f ine-  
grained, local ly  porphyroblastic phyl 1 i t e s  tha t  contain apparent 
equil i brium metamorphic mineral assemblages consisting of ser ic i  te- 
chlori  te-al bite-quartz; stilpnomelane-chlori te-quartz-al bi t e ;  and 
ser ic i  te-chlori te-calci  te-a1 b i  te-quartz. The calc-phyll i t e s  on the 
other hand are  characterized by mineral assemblages containing 
ch1 or i  te-carbonate-a1 b i  te-quartz; s t i  1 pnomel ane-seri c i  te-carbonate- 
a1 bi te-quartz. The phyll i tes  and cal c-phyl 1 i t e s  a re  probably 
metamorphosed sedimentary rocks and contain evidence of one and 
sometimes two deformational events. 

The schis ts  of the area a re  polymetamorphic rocks tha t  a re  
metamorphosed igneous and sedimentary rocks. The schis t s  a re  typical 
greenschist facies  rocks and are  characterized by mineral assemblages 
containing chlori te-calci te-albi te-act inol i te-quartz;  c l inozoisi te-  
quartz-a1 bi te-chlorite-actinol i t e ;  and s t i l  pnomelane-actinol i te-  
calci  te-cl inozoisi te-chlori te .  The schis ts  ranges from fine-to medium- 
grained, granul ar- to  granobl a s t i c  rocks in which some layers appear 
to  r e f l ec t  re1 i c t  .igneous textures (Hanson, 1963). 

Recrystall ized 3 imestone and impure marble a re  ra re  i n  the area, 
however, carbonaceous marbles containing c a l c i t e ,  ch lor i te ,  s e r i c i t e ,  
quartz, and a l b i t e  a r e  present locally.  Marble composed of se r i c i t e -  
quartz, ch lor i te ,  a l b i t e  and ca lc i t e ,  and marble composed of a lb i t e ,  
quartz and ca lc i t e  a re  also present. Hanson (1963) believes tha t  the 
rocks tha t  const i tute  the f inely laminated pre-Mississippian 
metamorphics were derived from a succession of interlaminated 
argi l  laceous, ca1 c-argi 11 aceous and impure carbonate rocks, and the 
massive greenschi s t  facies  rocks containing re1 i c t  phenocrysts were 
derived from basic igneous rocks. The pre-Mississi ppian metamorphic 
sequence of Hanson (1 963) has been ten ta t ive ly  correlated with 
similar rocks t o  the west across the Deltq River. 

Southeast of the Miller Roadhouse a f a i r l y  large body of quartz 
diori  t e  ~ n t r u d e s  the pre-Mi s s i  s s i  ppian metamorphic sequence t o  the 
n o r t h  and the Rainbow Mountain sequence of Pennsylvanian and Permian 
age to  the south. The quartz d i o r i t e  i s  charac ter i s t ica l ly  a medium- 
t o  coarse-grained, porphyritic, a1 tered hornblende quartz dior i  te .  
The intrusive rocks appear to  have been propolyti zed. Petrographi - 
tally, the intrusive i s  composed of 207; quartz, 50 to 60% plagio- 



clase feldspar (Anl t o  A n 3 0 ) ,  and secondary minerals incl ude epi dote, 
ch lor i te ,  csrbonate and some clay minerals. The sge of the uartz 
d io r i t e  body i s  uestionable, however, a K-qrgon age obtqine by 9 1 
Kleist (1971) in icated qn  age of 515 1-75 milllon years B.P .  Kleist  
believes t h a t  the a l t e ra t ion  of the quartz d i o r i t e  has resulted i n  a 
spurious age deteminqtion. Hanson (1 963) obtained a K-argon age 
date of 105 million years B.P . .  f o r  s imilar  rocks about 4 miles eas t  
of the Mil 1 er. Roadhouse local i ty.  

East of the Miller Roadhouse loca l i ty  a f a i r l y  large body o f  
serpentinized peridoti t e  and duni t e  is  present. The u1 tramafic body 
i s  e l  ongate i n  a northwest-southeast direction, subparall el t o  the 
trend of the Denali Fault. The ul tramaf i c  rocks occur i n  two d i s t i n c t  
types. One type, includes di kes and s i  11 s of peridoti  t e  t h a t  intrude 
the phyl l i te  and sch i s t  of the pre-Mississippian metamorphic sequence. 
The other type includes a large mass ,of serpentinized per idot i te  and 
dunite that  is surrounded by quartz d ior i  te.  The ultramafic dikes 
and s i l l s  average 2 t o  3 meters (5  t o  10 f e e t )  thick although some 
bodies may be as much as  60 meters (200 f e e t )  thick.  The dikes and 
s i l l  s are  general l y  a1 1 igned para1 ?e l  and subparal 1 el  t o  the Denal i 
Fault system, however, some s t r i k e  west and southwest (Hanson, 1963). 
Petrographically, the per idot i tes  i n  the s i l l s  and dikes consist  o f  
01 ivine (Fo70), ens ta t i  t e  (En 90-95)' and antigori  te. Minor chrysotil e,  
i ddingsi te ,  magneti t e  and diopsi t i c  pyroxene occur, accompanied by 
accessory carbonate, ch lor i te ,  chromi t e  and phl ogopite. The 
large ultramafic mass t o  the southeast i s  surrounded by quartz 
d ior i te .  The ultramafic has been described by Kleist (1971 ) as a 
"dunite intrusion" and i s  about 2.4 kilometers (1 1/2 mile) long and 
0.5 kilometers (1/3 mile) wide i n  outcrop. The margins of the 
ultramafic body a re  highly serpentinized and some chrysot i le  asbestos 
i s  present. The age of the ultramafic bodies i s  questionable, 
however, Kl e i s t  (1 971 )-be1 ieves them t o  be post-Cretaceous and 
therefore younger than the quartz d ior i  t e  of the area. However, 
Stout (1965), f ee l s  t h a t  the age, though questionable, i s  pre- 
Tertiary,  based on the presence of dunite and pe r ido t i t e  c l a s t s  i n  
~ e r t i a r y ( ? )  conglomerates near Ann Creek, just west of the Delta 
River . 

South of Canwell Glacier, a thick section of Pennsylvanian 
sedimentary and volcanic rocks crops out. The sequence, eas t  of the 
De1 t a  River is col lect ively mapped as the Rainbow Mountain Sequence, 
and west of the Delta River, the same sequence has been recognized 
and mapped as the Tetelna Complex as f a r  west as  Broxson Gulch. 
Stout (1965) or ig ina l ly  defined eight  informal formations on the basis 
of l i thologic  differences.  The formqtions are ,  from oldes t  t o  
youngest: 

1. Andesitic flow u n i t  
2. Interbedded s i l iceous tuff  and tuffaceous limestone u n i t  
3.  Si l t s tone  and mudstone uni t  
4. Crystall ine limestone u n i t  



5. ~raywacke and dark tuffaceous sandstone u n i t  
6. Dacite quartz porphyry 
7. Calcareous shale and s i l  tstone uni t  
8. Volcanic breccia.and dac i t i c  tuf f  

. ( a f t e r  Stout, 1976) 

The en t i r e  sequence may be as thick as 3,000 meters (10,000 fee t ) .  
However, Rowett (1969) believes t h a t  there i s  an aggregate thickness of 
2,500 meters (8,000 f e e t ) .  Rocks t h a t  const i tute  the andesi t i c  flow 
u n i t  consist  generally of thick bedded porphyritic andesite interbedded 
w i t h  minor porphyritic dacite and crys ta l l ine  tuf f .  The dac i t i c  
vo1 canics occur in beds between 3 and. 15 meters (1 0 and 50 f ee t )  thick 
and have an aggregate thickness of l e s s  than 65 meters (200 f e e t ) .  
The andesit ic volcanics a re  highly al tered and contain ac t ino l i t e ,  
ch lor i te  and epidote. Petrographically, the andesite flow unit  i s  
characterized by phenocrysts of actinol i t i c  hornblende up t o  3 mill i- 
meters (0.10 inches) in length and plagioclase la ths  l e s s  than 1 
millimeter (0.04 inches) i n  length, t ha t  define a r e l i c t  t rachyt ic  
texture. 

Conformably overlying the volcanic flow u n i t  i s  approximately 
370 meters (1,200 f e e t )  of horizontally bedded, interbedded, chert  
and limestone. The chert  and limestone uni t  consists of uniformly 
bedded chert  interbedded with c l a s t i c  1 imestone. The cherts  vary 
i n  color from white t o  black to  green and occur i n  beds from 0.15 
to  0.60 meters (1/2 to  2 f e e t )  thick. Total thickness of t h i s  uni t  
i s  less  than 45 meters (150 fee t ) .  

Next, a complexly folded and faulted sequence of s i l  tstone and 
mudstone about 225 to 325 meters (700 to 1,000 fee t )  thick i s  present. 
Bedding over much of the sequence is nearly obl i terated due t o  severe 
deformation. 

Overlying the s i l t s tone  and mudstone u n i t  i s  a sequence of 
s t ruc tura l ly  thickened crystal  1 ine 1 imestone. Stout (1 965) f ee l s  
tha t  about 275 meters (900 fee t )  of section may be present. The 
1 imestone occurs i n  a well-bedded sequence and i s  interbedded w i t h  
recrystal  1 ized terrigenous limestone and s i l  iceous s i l  tstone. 

Conformably overlying the crystal?  ine 1 imestone uni t  i s  a sequence 
of rocks composed of 1 i th ic  graywacke and tuffaceous sandstone. The 
graywacke u n i t  i s  a t  l e a s t  220 meters .(700 f e e t )  thick and i s  highly 
deformed and a1 tered locally.  

Overlying the graywqcke sequence i s  4 u n i t  composed of a t  l e a s t  
180 meters (500 f e e t )  of daci te  quartz porphyry The dac i te  porphyry 
i s  characterized by ca lc ic  01 igoclase (An25), quartz, s e r i c i  t e  and 
chlori te .  Late c a l c i t e  pervades the ent i re  rock and i s  local ly  a major 
constituent. Pseudomorphs of ch lo r i t e  a f t e r  amphi bo1 e and pyroxene 
are  common. Euhedral phenocrysts of quartz u p  t o  4 millimeters (0.16 
inches) in diameter a re  s e t  in very fine-grained groundmass of ch lo r i t e  



and pl agioclase. Phenocrysts of pl  agiocl ase and pyroxene qre a l so  
known. 

Next, approximately 600 meters. (2,000 f e e t )  of cal careous shale,  
t h i  n-bedded t u f f ,  tu f f  breccia and I i th ic  graywacke over1 i e  the daci te  
porphyry unit. Pervasive carbonate a1 terat ion (calci Pication) is a char- 
a c t e r i s t i c  feature of the tuff  and tuf f  breccia. The upper part of 
t h i s  u n i t  i s  composed of thin-bedded, dark, calcareous s i l  tstone 
and shale interbedded w i t h  l i t h i c  graywacke. The beds range from l O  
centimeters t o  a meter (4 inches to  3 f ee t )  thick and comprise about 
350 meters (1,100 f e e t )  of section (Stout ,  1965). The top of the u n i t  
consists of thick bedded, massive, l i t h i c  graywacke and one andesi t ic  
flow about 15 meters (50 f ee t )  thick. 

The youngest uni t  i n  the Rainbow Mountain sequence and Tete'lna 
Complex is  a thick sequence of volcanic breccia and fine-grained 
pyroclastics, overlain by a quartz l q t i t e  flow. The quartz I a t i t e  
is characterized by abundant quartz phenocrysts in a f i ne-grained 
groundmass, and by a lack of mafic minerals. The remainder of the  
u n i t  consists of hard, s i l i c i f i e d ,  multi-colored volcanic breccias 
interbedded w i t h  feldspathic graywacke. 

East and south of Rainbow Mountain, the rocks include a sequence 
of a l tered Mississippian(?) sedimentary and pyroclastic rocks of 
McCall um Creek Sequence. Lithological ly ,  the McCal lum Creek Sequence 
i s  s imilar  to  the Rainbow Mountain Sequence and i s  different iated by 
fos s i l  content. The McCallum Creek Sequence i s  separated from the 
Rainbow Mountain Sequence by a high-angle f au l t .  

South of Rainbow Mountain in the Phelan Creek area, a Tertiary 
coal-bearing section i s  well exposed where McCallum Creek and Phelan 
Creek have cut deep canyons through the Tertiary sequence. The base 
of the Tertiary section i s  exposed sourh of College Glacier, where 
the sequence unconformably overlies the daci t i c  tuf f  member of Stout 
(1965). The rocks exposed in Phelan Creek have been broken into two 
groups. The 1 ower group incl udes beds of buff-col ored congi omerate, 
w i t h  c l a s t s  up to  13 centimeters (5 inches) in diameter, composed of 
dac i t i c  t u f f ,  andesite t u f f ,  granodiorite, diabase, mafic and leuco- 
c r a t i c  gneiss, porphyritic andesi t e  and quartz dior i  t e .  The source 
of the mater id tha t  const i tutes  the bulk of the conglomerate u n i t  
was probably derived from a local source area. Minor interbeds of 
g r i t ,  sandy shale and sandstone are  also present i n  the lower u n i t .  
The upper u n i t  consists of buff-colored, sandy shale and sandstone. 
Coal seams are  present in the lower part  of the upper unit  and a re  
a s soc~a ted  w t h  sandy shale and s o f t  clays. The lowest coal bed i n  
the section i s  about 75 centimeters (30 inches) thick and Is 
separated from a 60 centimeter (2 foot)  thick seam by 3 meters (6 
f e e t )  of sandy shale. Several other coal seams are  exposed in the 
lower 25 meters (80 f e e t )  of the upper u n i t .  The coal i s  l i g n i t i c  i n  
grade and appears t o  occur i n  l en t icu lar  bodies. Moffit (1954) 
believes tha t  the coals do not extend over a large area. West of 



the Delta River near Eureka Creek, s imilar  Tertiary,  coal -bearing 
rocks a re  present. However, the basal conglomerate sequence in 
this area contains coal -bearing sandstones. A t  one local i t y ,  
a t  l e a s t  30 meters (100 fee t )  of dunite conglomerate is present and 
unconformably over1 i e s  the upper part  of the Tetel na Complex (stout, 
1976). 

South of the Rainbow Mountain area near Summit  Lake and Paxson, 
a sequence of weakly metarncrphosed basal t ,  andesi t e  and tuffaceous 
rocks crop out. The rocks, f i r s t  mapped by Moffit (1911)., a re  part  
of the  Amphitheatre Group of Middle t o  Late Triassic  age. Rocks o f  
the Amphitheatre Group can be traced from the Gakona River westward 
to  the Susitna River a distance of about 160 kilometers (100 miles). 
The best exposure of the rocks t h a t  const i tute  the bulk of the group a re  
present i n  the Amphitheatre Mountains north of the Denali Highway and 
west of Paxson. The rocks in the Paxson area a re  mainly dark-green, 
massive, f ine-grained basalt. Some exposures contain hornblende 
phenocrysts and vesicles.  Amygdules of epidote, ca l c i t e  and chlor i te  
a re  f a i r l y  common. Individual units are rarely discernible,  however, 
most of the uni t  i s  be1 i eved t o  occur as f 1 ows (Rose and Saunders , 
1965). Petrographically, the metabasal t (greenstone) of the  Amphi- 
theatre  Mountain area i s  a fine-to-medium grained, porphyritic, 
chlori  t ized basalt  tha t  contains a r e l i c t  ophitic to  subophi t i c  texture 
and pseudomorphs of ca1 c i t e  a f t e r  p l  agioclase. Amygdul es of ca lc i t e ,  
ch lo r i t e  and epidote a re  common. Locally, fine-grains of muscovite 
pervade the en t i r e  rock and form an incipient fo l ia t ion .  

\ 

Structural Geology 

The s t ructural  geology of the Mount Hayes quadrangle is  dominated 
by the Denali Fault, a major r ight- la teral  s t r ike-s l ip  f a u l t ,  t ha t  
separates a Paleozoic block from a Mesozoic block tha t  dominate the 
geology o f  southern Alaska. 

North of the Denali Fault, the metamorphic rocks of the Birch 
Creek sch i s t  terrane a re  polymetarnorphosed, and s t ruc tura l ly  complex. 
The metamorphic grade of the rocks in  the Birch Creek sch i s t  terrane 
appears t o  increase t o  the north, away from the Denal i Fault. Rocks 
near the f a u l t  a re  generally lower greenschist facies  grade while those 
t o  the  north a re  upper greenschist and lower amphibolite facies  grade. 
The s t ructural  s t y l e  present i n  the northern tectonic block i s  typl- 
cal 1y isocl i na1 t o  overturned folding w i t h  superimposed open-upright 
folding oblique t o  the s t r i k e  of the isoclinal folding. - The coql- 
bearing formation near Jarvis  Creek occupies an oval -shaped depression, 
in the Birch Creek schis t ,  whose major axis trends north-northwest; 
In the northern part  of the basin, small ant ic l ines  and synclines a re  
present. Faulting in the area has resulted in the displacement of 
coal seams about 30 t o  45 meters (100 to  150 f e e t )  in the L i t t l e  Gold 
Creek area (Wahrhaftig and Hickcox, 1955). Some fau l t s  in the Tertiary 
basin can be traced into the surrounding Birch Creek Schist .  Jus t  north 



of Donne1 ly  Dome, a northwest-trending high-angle faql t can be traced 
from the north-flank of Donnelly Dome to  the southeast as f a r  as  Jarvis  
Creek. No apparent 1 a teral  of fse t  ex is t s ,  however, the southern block 
i s  upthrown re la t ive  to  the northern block. 

The dominant tectonic feature of central Alaska i s  the Denali 
Fault. The Denal i Fault, a major r ight- la teral  s t r ike - s l ip  f a u l t ,  
can be traced from the Bering Se8 t o  southeast A1 aska, a distance 
of more than 3,000 kilometers (2,000 miles). Offset along t h i s  f a u l t  
has been postulated t o  be as 1 i t t l e  as 80 kilometers (50 miles) (Brew 
and others, 1966), and as much as 425 kilometers (265 miles)(Forbes 
e t  a1 , 1974). The Denal i Fault i n  central Alaska i s  divided in to  two 
major strands. A northern strand, the Hines Creek Strand, was f i r s t  
recognized and described by Wahrhafti g (1 958), and a southern strand, 
the McKinley Strand, named by Arthur Grantz (1966), has long been 
recognized as a major f a u l t  in the central Alaska Range. The two 
strands merge i n  the Canwell Glacier area, eas t  of the Oelta River. 
Evidence of holocene movement along the McKinley Strand (Stout e t  a1 , 
1973) indicates tha t  r igh t  la te ra l  movements of between 5 and 60 meters 
(1  6 and 197 f e e t )  have occurred since the end of the Pleistocene. 

Rocks south of the Denali Fault are complexly folded, thrust 
faulted and displaced along high-angle normal f au l t s .  Rocks of the 
Amphi theatre Group are  folded into 1 arge east-west trending open 
folds tha t  plunge to  the west a t  a low angle. Locally, near Broxson 
G ~ l c h ,  west of the Delta River, these folds a re  truncated against the 
western extension of the Broxson Gulch Thrust Fault. Smith (1974) 
believes tha t  the east-west open folds  a re  terminated a t  the 
s t ructural  discontinuity between the Triassic rocks and the lower 
Jurassic rocks of the southern Alaska Range. If Smith is correct ,  
the east-west folding occurred sometime i n  Middle or  Late Triassic .  
Another folding event in the pre- late  Jurassic  has resulted i n  north- 
west and west-trending folds throughout the south-central A1 as ka 
Range. Evidence f o r  a post-01 igocene folding event i n  the Eureka 
Creek area consists of folded beds of coal-bearing sandstones and 
conglomerates. High-angl e faul t ing has been act ive throughout the 
region. 

Geochemistry - 

Geochemical reconnaissance i n  the M t .  Hayes quadrangle during the  
current study consisted of the collection of 42 rock samples and 20 
stream sediment samples (see Tables 7 and 8, Appendix A )  from the pipe- 
l i n e  corridor between Paxson and Big Delta. S t a t i s t i c a l  analysis of 
the geochemical data has shown tha t  55% o f  the rock samples collected 
and 50% of the stream sediment samples collected contain weakly 
anomalous, anomalous and strongly anomalous concentrations of a t l e a s t  
one element. Threshold values (see Tables 9,10, and 11, Appendix A )  
fo r  the 90%, 95% and 98% confidence intervals f o r  each element were 
derived from a s t a t i s t i c a l  manipulation of the raw geochemical data 



and the calculation of concentrations o f  the elements a t  the a r i th-  
metic mean, plus: 1.645 x standard deviation, 2.0 x stqndard deviation 
and 2.33 x standard deviation, f o r  the  90%, 95% and 98% conftdence 
levels  respectively. Where the analytical var iab i l i ty  i s  zero or  
near zero, the threshold values fo r  the confidence levels  a re  e i ther  
the detection level or  nearly the same value. The rocks i n  the 
M t .  Hayes quadrangle have been assigned t o  two geologic terranes. 
Rocks south of the Penal i Faul t have been grouped with the green- 
stones of the Amphitheater Group. Trace element geochemistry o f  the 
rocks i n  the Rainbow Mountain sequence may have been over-shadowed 
by lumping them with the greenstone terrane t o  the south. The 
greenstones have a high background t race  element content and therefore 
the threshold values f o r  the various elements would be higher then 
those i n  nongreenstone terranes. The s t a t i s t i c a l  analysis would be 
somewhat insensit ive to  the elemental concentrations 'of the rocks 
in nongreenstone terranes.  Rocks north of the Denali F a u l t  in the 
Mt. Hayes quadrangle have been grouped w i t h  rocks of the  Birch Creek 
Schist  terrane. The t race  element geochemistry appears t o  be 
compatable with the threshold values obtained. 

Intrusive igneous rocks collected in the Rainbow Mountain area 
range from quartz monzonite t o  hornblende d io r i t e  i n  composition and 
contain disseminated sulf ide mineralization local ly .  Strongly 
anomalous concentrations of s i lver ,  bismuth, phosphorous, lead, 
antimony and zinc were detected i n  samples of a l tered diabase and 
weakly anomal ous concentrations of chrome and nickel were detected 
i n  samples of l i t h i c  tuf f  of the Rainbow Mountain Sequence. No 
mineral ization of obvious significance was found during the current 
study i n  the Rainbow Mountain area, however, the mineral resource 
potential of the area may be high. 

, 
Samples of gneissic quartzi te  with chalcopyrite coll  ected near 

the south margin of Canwell Glacier contain copper concentrations as 
high as  .14% and zinc concentrations to  110 ppm. The quartzi te  occurs 
i n  c lose proximity to  a highly al tered d i o r i t i c  intrusive tha t  contains 
disseminated pyrite.  The quartzi te  is  hornfelsed and the copper and 
zinc concentrations may be the resu l t  of contact metamorphism. 

North of the Denali Fault the metamorphic rocks of the Birch 
Creek Schist  terrane contain scattered anomalo~s and strongly 
anomalous metal concentrations. 

Samples of quartz muscovite sch i s t  from several l o c a l i t i e s  
contain anomalous molybdenum concentrations in excess o f  18 ppm. 
No molybdenite was found during th i s  study and the source of the 
molybdenum i s  not known. Samples of arnphiboljte from several 
I ocal i t i e s  contain strongly anomalous concentrations of ca9 cium, 
iron, titanium, vanadium, tungsten and zinc. The amphi bol i t e s  may 
be metamorphosed basalt  and the high metal values may r e f l e c t  t h e i r  
mafic igneous rock parentage. 



Mining Activity and Economic Geology 

Placer gold deposits and lode deposits of gold, s i lve r ,  lead, 
zinc, copper, nickel, molybdenum and coal a re  known I n  the Mt. Hayes 
quadrangle. Prospecting in the region began i n  the 1890!s and has 
continued t o  date. 

The gold placer deposits of the Chistochina d i s t r i c t ,  i n  the 
southeastern part  of the Mt. Hayes quadrangle were f i r s t  discovered 
in about 1898 when gold placers were found on the Chisna River. 
Later, placers were found on S la te  Creek and on Miller Gulch and 
several other creeks 'in the area. Extensive mining a c t i v i t i e s  and 
production occurred in the d i s t r i c t  between 1900 and 1942. Only' 
minor sporadic production has occurred since 1942. Total production 
from the Chistochina d i s t r i c t  u p  t o  1959 i s  about 141,000 ounces 
of gold (Koschmann and Bergendahl , 1968). Most of the M t .  Hayes 
quadrangle was prospected fo r  gold in the ear ly days, however only 
minor occurrences of placer deposits are known outside of the 
Chistochina . d i s t r i c t .  Minor placer deposits in the Jarvis  Creek 
area, southeast of Donnelly Dome were discovered in the early days, 
however, the deposits on L i t t l e  Gold Creek were not of an economic 
nature and l i t t l e  work was done. 

The Mt. Hayes quadrangle contains a great variety of hardrock 
mineral deposits. None of the deposits have had much production, 
however the potential f o r  locating .unknown doposi t s  i s  high. 

A disseminated molybdenum occurrence i s  present i n  the north- 
western part  of the Mt.- Hayes quadrangle, near Ptarmigan Creek. The 
molybdenum mineral ization accompanied pos t - intrusive quartz veining 
along zones of faul t ing and fractur ing in a granodiorite pluton t h a t  
underlies Molybdenum Ridge. The pluton intrudes the Birch Creek 
Schist  countryrock, and i s  generally a medium-grained, idiomorphic 
granodiori te.  The molybdenum mineral ization occurs in numerous 
white-to glassy quartz s t r ingers  and also in an a p l i t e  dike. Locally, 
the veins are  abundant and cons t i tu te  smal I stockwork-type bodies 
within the granodiori t e .  Several of the quartz s t r ingers  carry 
arsenopyrite and gold and are  apparently l a t e r  than the molybdenurn- 
bearing s t r ingers  (Joesting , 1942). No obviously economic mineral i - 
zation was found i n  the Ptarmigan Creek area by Henry R. Joesting . 
(1 942) of the Alaska Department of Mines, however, the only exposure 
of molybdenum-bearing veins i n  the area occurs in the canyon walls 
of Ptarmigan Creek. I t  i s  possible tha t  undiscovered zones of 
of mineralization ex i s t  i n  the qrea and fur ther  work i s  -clearly needed. 

The coal deposit a t  Jarvis  Creek, southeast of Donnelly Dome has 
produced a few hundred tons of coal fo r  heating purposes i n  the past ,  
and i s  now idle.  The coal f i e l d  occupies an area of about 16 square 
miles and is underlain by sch i s t  and quar tz i te  of the Birch Creek 
Schist  unit .  The coal-bearing sequence has been warped into an oval- 
shaped basin with the major axis trending t o  the  northwest (Wahrhaftig 
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and Hickcox, 1955). Dips in the Tertiary sequence are as high as 30" 
but average between 5" and 10". The coal occurs. i n  beds t o  3 meters 
(10 f e e t )  thick, however, seams l e s s  t h a n  2 meters (5 f ee t )  thick 
predominate. Reserve estimates, based on surface exposures and 
dri1 I ing data obtained from 4 U. S. Bureau of Mines d r i l l  ing program, 
indicate tha t  there may be as much as  25,000 tons of measured reserves 
with a stripping r a t i o  of 3 t o  1; as much as  50,000 tons of indicated 
reserves with. a stripping r a t i o  of 3.5 to  1 ; and inferred reserves 
of 300,000 tons of coal w i t h  a stripping r a t io  of 4 t o  1. Exploration 
of the basin continues t o  date, however, the resu l t s  of the exploration 
are  not known. 

South of Jarvis  Creek, near the Rapids Road House, Gunnysack 
Creek has cut a deep gorge through the Birch Creek Schist  country- 
rock. About 0.8 kilometers (1/2 mile) above the mouth. of Gunnysack 
Creek, a large quartz vein cuts the sch i s t  and s t r ikes  S33"W and 
dips about 70°NW (Capps, 1912). The vein i s  i r regular  and -branching 
and as much as 6 meters (20 f e e t )  thick. The vein material i s  
vuggy bull quartz t h a t  i s  heavily iron-stained local ly .  A 9 meter 
(30 foot )  long tunnel along the footwall of the  vein revealed a stock- 
work of quartz s t r ingers  and several i n i t i a l l y  high gold assays were 
reported, however, l a t e r  t e s t s  indicated only non-economic gold values. 

South of the Denali Fault, and on the south margin of Canwell 
Glacier, some interest ing nickel -copper deposits a r e  present. The 
nickel-copper mineral ization i s  associated w i t h  a1 tered serpent ini te  
bodies with complex s t ructural  and contact relationships with 
gneissose grani t ic  rocks, phyll i t e ,  calc-phyll i t e  and volcanic rocks 
of the Rainbow Mountain Sequence (Forbes, unpublished da ta) .  A t  
one 1 ocal i ty ,  small bodies of sul f ide-bearing di ke-rock containing 
pyrrhoti t e ( ? )  and -chalcopyrite a re  present. The dike appears t o  
parallel  the contact between the gneissic grani te  and grani te  of the 
area. Polished section examination of the rocks revealed t h a t  the 
pyrrhot i te(?)  may in f a c t  be pentlandite. Residual s o i l s  near the 
nickel -bearing zones contain garnieri  t e ,  a common weathering product 
in nickel-bearing rocks. 

The Emmerick rospect, about 2.4 kilometers (1.5 miles) eas t  of 
the Richardson Hig E way, consists of nine nickel-bearing lenses. The 
massive lenses range from 10 to  60 centimeters (4 to  24 inches) thick; 
and one lense 2.5 meters (8 f e e t )  wide consists of basic igneous rock 
w i t h  sulf ides  disseminated throughout. The narrower lenses a re  
mainly massive sulf ides  consisting of pyrrhoti te-pentlandi t e ,  
chalcopyrite and pyrite.  Assays of the mineralized rock range 
between .38% and 14.02% nickel, and u p  t o  1.46% copper (Saunders, 
1961 ) . The assay values are  somewhat sporadic, and the nickel - 
bearing lenses are small. However, the occurrence of nickel and 
copper mineral ization i n  the region i s  s ignif icant  and deserves 
fur ther  investigation. The potential for  finding other nickel and 
copper deposits in the area seems high. 



West oT the Delta River near the toe of Maclaren Glacier, Thomas 
E. Slick of Fairbanks, has staked 16 unpatented claims on a mineral 
show, known as the Kathleen-Margaret (K-M) prospect. The prospect 
is located along the west side of the Maclaren Glacier a t  an elevation 
of 1,300 meters (4,000 fee t ) .  The principal rock types in the area 
consist  of greenstones, 1 imestone, dior i  t e ,  and a daci t e  porphyry 
dike. The mineral occurrence consists of a mineralized quartz vein 
in limestone. The vein is as much as  6 meters (20 f e e t )  wide and 
can be traced f o r  80 meters (260 f e e t )  ver t ica l ly .  The primary 
ore mineral i s  bornite and minor pyri te  occurs locally.  Ore reserves 
in the quartz vein may be as h i g h  as 6,500 tons of ore averaging 
about 5% copper and about 0.06 ounce per ton gold ( C .  F. Herbert, 
1962). No other deposits o f  t h i s  type are  known in  the immediate 
area, however the probability of finding other mineralized zones i n  
the Maclaren River area and t o  the eas t  in the Amphi theatre  terrane 
seems high. Several mineralized zones west of the Maclaren Glacier 
on the West Fork of the Maclaren River a re  similar to the K-M 
occurrence and may be genetically related. 

East of the Maclaren Glacier a variety of mineral occurrences 
a re  present. Rose (1966) describes several mineralized zones in the 
Broxson Gulch area,  none of which appear to  be s ignif icant  finds. 
One occurrence of chrysotil e asbestos vei nl e t s  in a serpentinized 
peridot i te  intrusive near Broxson Gulch does not appear to  be 
s igni f icant ,  however the occurrence does suggest tha t  other asbestos 
deposits may occur associated w i t h  the ultramafic bodies in the 
central  Alaska Range, south of the Denali Fault. Several nickel- 
copper deposits i n  the Eureka Creek area are  associated w i t h  
Ter t ia ry(?)  ul tramafic bodies. One loca l i ty  near the head of Rainy 
Creek consists of disseminated chalcopyrite i n  a 1 ight-colored gabbro 
porphyry (Stout, 1976).  This deposit, l i k e  several others in the area, 
seems t o  be associated with the ultramafic be l t  and also w i t h  low- 
angle faul t ing (Stout, 1976). 

There a re  a variety of mineral occurrences i n  the Rainbow 
Mountain area. Vein deposits containing chalcopyrite, galena, pyri te  
and gold and s i l v e r  values were found a t  many l o c a l i t i e s  on  Rainbow 
Mountain by Hanson (1963). The veins generally trend to  the north- 
west and dip a t  a near vertical  angle. Hanson (1963) be1 ieves tha t  
the quartz veins north of the Rainbow Mountain f a u l t  are  related 
t o  the thrust f a u l t  s e t  i n  the area and may ultimately prove to 

. have been the avenues fo r  mineral izing f lu ids .  Brecciated carbonate 
veins a re  also known in the area. 

~ o r b e s  and Regan (1 963, unpu bl i shed) describe the occurrence of 
several d i f fe rent  types of mineralized zones in the region. One type 
consists of mineral ized congl omerate. The conglomerate contains 
disseminated pyri te  and chalcopyrite and some go1 d values. Another 
type of mineral ization in the area consists of disseminated sulf ide 
mineralization i n  a s i l i c i f i e d  granodiorite. No signif icant  deposits 
of t h i s  type are  known, however the occurrence indicates a relat ively 



high probabi 1 i t y  of finding other mineralized intrusives i n  the area. 

A body of dunite crops out north of Rainbow Mountain near the 
Canwell Glacier. The duni t e  contains crysoti  l e  asbestos veinlets and 
traces of chromites. No commercial deposits have been found (Hanson, 
1963). 

South of Rainbow Mountain on Phelan Creek a Tertiary coal- 
bearing sequence contains coal beds u p  t o  76 centimenters (30 inches) 
thick. The coal occurs interbedded w i t h  sandy shales and s o f t  clays. 
The coal is generally l i g n i t e  in grade and has been correlated w i t h  
other Tert iary coal-bearing sequences of the southern Alaska Range. 
The occurrence of coal a t  Phelan Creek does not appear to  be economic. 

Rocks of the Amphitheatre Group of Triassic  age crop out i n  an 
east-southeast trending bel t ,  t h a t  extends from the Susitna River 
eastward t o  a t  l e a s t  the  Gakona River. The Amphitheatre basalts 
and other metavol canic rocks of the region contain 1 ow-grade copper 
mineralization a t  many loca l i t i e s .  According to  Rose and Saunders 
(1965) about a dozen occurrences of copper minerals a r e  found on 
Paxson Mountain and several other occurrences southwest of Paxson 
Lake a re  known. The copper occurrences on Paxson Mountain a re  
generally r e s t r i c t ed  t o  fracture veins and mineralized breccia zones 
i n  the basalts of the Amphitheatre Group. The copper minerals found 
i n  the veins and breccias are  mainly chalcopyrite, borni t e ,  chalcocite 
and chrysocol l a  as we1 1' as malachite and azuri te .  Locally, vesicles 
i n  the basalt  contain sulf ide minerals, however t h i s  type of minerali- 
zation i s  of low grade and generally res t r ic ted  i n  occurrence. A 
mineral ized zone tha t  occurs about 11 kilometers (7 miles) west of 
Paxson on the Denali Highway, i s  generally res t r ic ted  t o  veins and 
pods  of quartz l e s s  than 2.5 centimeters (1 inch) wide tha t  cut 
unmineral ized metabasal t. One grab sample from the quartz veins 
contained v i s ib l e  chalccpyrite, bornite and chalcocite, and ran about 
1.38% copper (Rose and Saunders, 1965). The vein material a1 so 
contained a t race  of gold and 0.3 ounce per ton s i lver .  The zone of 
mineral ization i s  small and discontinuous, however the occurrence does 
indicate the poss ib i l i ty  of finding larger  deposits in the region. 
Recent exploration ac t iv i ty  by mineral companies north and east  of the 
Denal i Fault has indicated an area tha t  has h i g h  potential f o r  base 
metal su l f ide  deposits. A number of large claim blocks have been 
staked in the region. The mineral exploration seems t o  be centered 
i n  Paleozoic metamorphic rocks between Dry Tok Creek and the West 
Fork River. About 160 kilometers (100 miles) west of t h i s  area, 
near Wood River, mineral exploration ac t iv i ty  has outlined an area 
t h a t  contains metamorphosed volcanogenic massive su l f ide  deposits. 
The rocks i n  the M t .  Hayes quadrangle tha t  a re  currently of in t e re s t  
a re  probably the eastern extension of the Wood River be l t  and may 
contain s imilar  mineral ization. 

In summary, the Mount Hayes quadrangle has been t h e ' s i t e  of 
intensive prospecting since the ear ly 1900's. The region contains 



1 .  a wide variety of mineral deposits and a diverse su i te  of rocks, 
tha t  are  favorable targets for  future mineral exploration. The 

I probability of finding unknown ore deposits i n  the region seems high. 
I j j  



REFERENCES CITED 

Bond, G.C. ,  1965, Bedrock geology of t he  Gul kana Glacier area,  Alaska 
Range: University of Alaska M.S. t he s i s ,  unpublished, 44 p. 

Brew, D.A.,  Loney, R.A.,  and Muffler, L.J.P., 1966, Tectonic h i s to ry  
of southeastern Alaska, i n  A symposium on the t ec ton ic  his tory  
and mineral deposits  of t h e  western cordi 11 era ,  Vancouver, .B .C., 
1964: Canadian I n s t i t u t e  Mining and Metallurgy Spec. Vol. 8 ,  
p. 149-170. 

Brooks, A S H . ,  1903, Placer gold mining in Alaska in 1902: U.S. Geol. 
Survey Bull. 213, p. 41-48. 

Brooks, A . H . ,  1904, Placer mining i n  Alaska i n  1903: U.S. Geol. 
Survey Bull.  225, p. 43-59. 

Brooks, A.H . ,  1905, Placer mining i n  Alaska i n  1904: U.S. Geol. 
Survey Bull . 259, p. 18-31 . 

Brooks, A.H.,  1907, The mining industry i n  1906: U.S. Geol. 
Survey Bull. 314, p. 19-39. 

. .. Brooks, A.H . ,  1908, The mining industry i n  1907: U.S. Geol. Survey 
Bull.  345, p .  30-53. 

- -  
Brooks, A . H . ,  1910, The mining industry i n  1909: U.S. Geol. Survey 

Bull. 442, p. 20-46. 

Brooks, A.H . ,  191 1,  Geologic features  of Alaskan metal1 iferous lodes: 
U.S. Geol. Survey Bull. 480, p. 43-93. 

Brooks, A.H. ,  1912, The mining industry i n  1911: U.S. Geol. Survey 
Bull. 520, p. 17-44. 

Brooks, A.H.,  1913, The mining industry i n  1912: U.S. Geol. Survey 
Bull.  542, p. 18-51. 

Brooks, A.H. ,  1914, The Alaskan mining industry i n  1913: U.S. Geol. 
Survey Bull. 592, p. 45-72. 

Brooks, A S H . ,  1915, The Alaskan mining industry i n  1914: U.S. Geol. 
Survey Bull. 622, p. 15-68. 

Brooks, A . H . ,  1916, The Alaskan mining industry i n  1915: U.S. Geol. 
Survey Bull. 642, p. 16-71. 

Brooks, A . H . ,  1918, The Alaskan mining industry i n  1916: U.S. Geol. 
Survey Bull. 662, p. 11-62. 



Brooks, A . H . ,  1919, Alaska's mineral supplies,  - i n  McCaskey, H.D. ,  
and Burchard, E. F., Our mineral - . suppl i e s  : U.S. Geol . Survey 
Bull. 666, p. 89-102. 

Brooks, A.H. ,  1921, The future  of Alaska mining: U.S. Geol. Survey 
Bull. 714, p. 5-57. 

Brooks, A.H . ,  1922, The .Alaska mining industry i n  1920: U.S. Geol. 
Survey B u l l .  739, p. 1-44. 

Forbes, R.B.,  Smith, T.E., and Turner, D.L. ,  1974, Comparative . 
petrology and s t ruc tu r e  of the  Maclaren, Ruby Ridge, and Coast 
Range Belts;  implications f o r  o f f s e t  along the Denali Fault 
System (abs. ) in Cordilleran Sect .  70th Ann. Mth. : Geol . Soc. 
America Abs., v. 6, no. 3, p. 177. 

Gebhardt, R.L. , 1972, A systematic study of the  Pennsylvania brachiopods 
from Rainbow Mountain, eas t -centra l  Alaska: Univ.  of Alaska, 
M. S. t he s i s ,  (unpubl ished) . 

Grantz, A . ,  1966, S t r ike-s l ip  f a u l t s  i n  Alaska: U.S. Geol. Survey 
open-fi le rept .  no. 267, 82 p. 

Hanson, L.G., 1963, Bedrock geology of the Rainbow Mountain area,  
Alaska Range, Alaska: Alaska Division of Mines and Minerals 
Geol. Rept. No. 2, 82 p. 

Herbert, C.F., 1962, The Kathleen-Margaret ( K - M )  copper prospect: 
A1 as  ka Division of Mines and Minerals unpubl i s  hed Prof. Engineers 
Rept. no. 68-3, 13 p. 

Joes t ing,  H.R. ,  1942, The geology and ore deposits  of Ptarmigan Creek, 
M t .  Hayes d i s t r i c t ,  Alaska: Te r r i t o r i a l  Department of Mines 
unpubl i shed Prof. Engineers rept .  no. 68-1, 12 p. 

Kle i s t ,  J . R . ,  1971, The Denali Fault  i n  the  Canwell Glacier  area ,  
eas t -centra l  Alaska Range: Univ. of Wisconsin M.S. thes i s  
(unpublished), 711 p. 

Koschmann, A. H. , and Bergendahl , M. H. , 1968, Principal  gold-produci ng 
d i s t r i c t s  of t h e  United Sta tes :  U.S. Geological Survey Prof. 
Paper 61 0, 283 p. - 

Moffit,  F.H., 1911, The upper Susitna and Chistochina d i s t r i c t s :  
U.S. Geological Survey Bull. 480, p. 112-127. 

Moffit,  F.H., 1938, Geology of the Gers t le  River d i s t r i c t ,  Alaska, 
with a repor t  on the  Black Rapids Glacier: U.S. Geol. Survey 
B u l l .  926B, p.  107-160. 



Petocz, R . G . 9  1969, Biostrat igraphy and lower Permian fusul inidae of 
the  upper Delta River area,  east-central  Alaska Range: Univ. 
of Alaska Ph.D. d i s s e r t a t i on ,  281 p. 

Pewe, T. L. ,  and Holmes, G.  W . ,  1964, Geology of the  M t .  Hayes D-4 
quadrangle, Alaska: U.S. Geol. Survey Misc. Inv. Map 1-394, 
2 sheets ,  s c a l e  1:63,360. 

Rose, A.M., 1966, Geological and geochemical invest igat ions  i n  the 
Eureka Creek and Rainy Creek areas ,  M t  Hayes quadrangle, Alaska: 
Alaska Division of Mines and Minerals Geol. Rept. 20, 37 p. 

Rose, A.M. ,  1966, Geology of pa r t  of the  Amphitheatre Mountains, 
M t .  Hayes quadrangle, Alaska: Alaska Division of Mines and 
Minerals Geol. Rept. 19, 14 p. 

Rose, A.W. ,  1967, Geology of t he  upper Chistochina River area ,  M t .  
Hayes quadrangl e ,  A1 aska: A1 as  ka Division. of Mines and Minerals 
Geol. Rept. 28, 39 p. 

Rose, A.W. ,  and Saunders, R . H . ,  1965, Geology and geochemical 
invest igat ions  near Paxson, northern Copper River Basin, 
Alaska: Alaska Division of Mines and Mineral Geol. Rept. 
13, 35 p. 

Saunders, R . H . ,  1961, Report on the  Emericks Prospect, M t .  Hayes 
quadrangle, Alaska: Alaska Division of Mines and Minerals 
Prof. Engineers Rept. (unpubl i s  hed) . 

Smith, T. E. , 1972, Bedrock geology of the M t .  Hayes A-6 quadrangl e ,  
A1 aska : i n  Alaska Division of Geological Survey, Annual 
Report 1 9 n ,  Anchorage, Alaska, p. 28-31. 

Smith, T.E.,  and Turner, D . L . ,  1974, Maclaren metamorphic b e l t  of 
cen t ra l  A1 aska (abs.  ) : - i n  Cordill eran Sect .  , 70th Ann. Mtg. : 
Geol. Soc. America abs.,  v. 6, no. 3, p. 257. 

Stout ,  J.H., 1965, Bedrock geology between Rainy Creek and the  Denali 
Fault,  eas t -centra l  Alaska Range, Alaska: Univ. of Alaska, 
M.S. t h e s i s  (unpublished), 75 p. 

S tou t ,  J.H., 1976, Geology of the  Eureka Creek area ,  east-central  
Alaska Range: Alaska Division of Geological and Geophysical 
Surveys Geol . Rept. 46, 32 p. 

S tou t ,  J.H., Brady, J.B., and Weber, F . ,  e t  a l . ,  1973, Evidence f o r  
Quaternary movement on the  McKinley Strand of the  Denali Fault  
in  the Delta River area ,  Alaska: Geol. Soc. America Bull. ,  
v. 84, n .  3, p. 939-947. 



Wahrhaftig, C . ,  1958, Quaternary geology of the  Nenana River val ley 
and adjacent par t s  of the Alaska Range: U.S.  Geol. Survey Prof. 
Paper 293-A, 66 p. 

-"  
Wahrhaftig, C . ,  and Hickox, C .A . ,  1955, Geology and coal deposi ts ,  

Ja rv i s  Creek coal f i e l d ,  Alaska: U.S. Geol. Survey Bull. 989-6, 
> .  p .  353-367. 
. . 
, . 



I MT. HAYES QUADRANGLE 64 
I 
I 

Ager, Thomas A.. 1972, Surficiol geology and Chmternory history of th. Hcoly Luke Blosing, 1. J., ond Fritts, H. C., 1975, Post climate of Alorko and norIhwe8t.m ~ oreo, Alaska: Morter'r, Alaska. Conod~ or reconstructed horn tfee rings: Alorko S c i  Conf. Proc. 24. p. 48-56. 

AIosko Department of Mines, 1946, Report of th. Commiuio~r  of Mines fw  t h  
biennium ended December 31, 1946: Juneou, Aloiko. 50 p. 

Alosko Department of Mims, 1952, R c w t  of the Commissioner of Mines-for the 
biennium ended Dccembr 31, 1952: Juneau, Alosko, 66 p. 

Alosko D~porhncnt of Mines, 1955, Report of the Commirsionr of Mines for t k  
biennium ended December 31, 1954: Junmu, Alosba, 110 p. 

Alaska Deprtment of  Mines, 1957, R e p t  of  the Canmis%ionr of M i m  fw r k  
bienniun ended December 31, 19%: Junmu, Alosko. I03 p. 

Aloska D.portmsnt or Miner, 1958, Report of the Cmmiaioner of Miner for the 
biennium ended December 31, 1958: Junwu, Alasko, 83 p. 

Alaska Deportmmnt of Mines, 1954, Report of the Commissioner of Mines for the 
biennium ended December 31, 1954: Juncou, I10 p. 

Alarko Division of Geoloqicol ond Crophrical Surveys, 1973, Annwl report 1972: 
A,cluuyr, Alado. 57 p. 

Atasko Division of Gtologicol ond Geophpicol Surveys, 1973, Anwol report 1972: 
~nchorage, Alosko, 57 p. 

Alasko Dirision of Gmlogicol and Geophysical Surveys. 1974. Annwl report 1973: 
Anchorage, Alarko, 59 p. 

Alosko Division of Geologicol Surwy, 1972, Annwl report 1971: Anchorage, 
Aloslo. iW p .  

Alosko Dirision of Mims and Minerols, 1961, Report for the ywr  1961: Juneou, 
Alo~ke, LOB p. 

Alolko Division or Mines and Minerals, 1962. Report for the ywr  1962: Junau, 
Alako, 119 p. 

AlorLo Geology Bronch, U.S. Geologicol Surrey, 1972, Th. statvl o f  minuol 
resource information on the mojw lord withdrawals of the Alorko Native Claim 
Settlement Act of 1971: U.S. Geol. Swvey open-file rept., 164 p. 

Anderson, G. S., 1970, Hydrologic reconroiurmce of the Tonow bosin, central 
Alaska: U.S. Geol. Surrey Hydro{. in.. Atlas HA-319. 4 sheets. 

Anderron, J. H., 1975, A p o l y ~ l o ~ i c ~ l  ttudy of lotc Holocene vegetation and 
climate in the Heoly Lr-ke area, AIorka: Alorko Sci. Conf. Proc. 24, 
p. 4-47. ' 

Anderson, J. H., 1975, A polynelogical s t d y  of Lpte Hnloccnc regclotion and 
climote in the Hroly Lake area of Alaska: k c t i c ,  v. 28, n. I, p. 62-69. 

Andreoscn, G. E., Grontr, Arthur, Zietz, Isidore, and brncs. D. F., 1964, 
G~ologic intarprctotion of magnetic and gmvitY daro in the Copper River 
Basin, Alasko: U.S. Geol. Sutvcy Prof. Pope, 316-H, p. 135-153. 

Anonymous, 1974, Multimodol transportation and uti l i ty corridor sptemr in Alarko; 
o prelimimry, conceptwl analysis: U.S. Dept. Interim, Bur. Lond 
Monogement, 77 p. 

Anonymous, 1974, Multimodol tronrportotion and uti l i ty corridor rystems in Alaska; 
gcmrolized description of the 40 primory corridor%, Iowtiom, mod.3, identifying 
ogencics, purwrcr, environmental impacts, o d  rtotus of l ads  crossed: U.S. 
Dept. Interior. Bur. Lond Momgement, I84 p. 

Bomes, D. F., and MocCorthy, G. R., 1964, helimimry teport on tests of the 
opplicotion o f  geaphysicol methods ta Arctic ground-*rote, problem: U.S. 
Geol. Survey open-file rept., 32 p. 

brnes, 0.  F., 1967, Fovr praliminory govi ty  mops of  ports o f  Alosko: U.S. Geol. 
Survey open-file rept., 5 p. 

brnes. F. F.. 1967, Cool tclaurces of Alosko: U.S. Glo l .  Suvcy Bull. 1242-0, 
p. 81-856. 

brsdote, Robert J., and Ala.xonder, Vera, 1971, Geockmirtry and ptimary produc- 
tivity of the Tongla Lake system, on AlasLon alpine mtcrshcd: Arctic and 
Alpine fiesearch, v. 3, p. 27-41, 

hrg,  Ed-d, 1972, Crustel Itructurr i n  Alaska, i n  The Grtot Alaska Eorthquoke of 
1964, w i ~ l o g y  and geodesy: Notl. ~ c o d F ~ c i . ,  Wahington, D.C., p, 8-19. 

&rg, Edword, 1973, Cruslol structure in Alosko, i n  T k  structure of the Earth's crvrt 
bosed on seismic doto: Tectomphyiss, v . 3 ,  n. 1-4, p. 165-182. 

&rg, H. C., and Cobb, E .  H., 1967, Metollifarous lode depain of Alorko: U.S. 
G-01. Survey Bull. 1246, 254 p. 

Bond, Getord C., 1970. Early Permian sedimentation and poltogeography in  east- 
central Alosko Ronge, and regiowl impl icor ia (oh.), in Intcrwtionol sympaiw 
on Arctic geology, 2nd: Am. &me. Petroleum Geologiz Ed!., r. 54, 
p. 2470-2471. 

Bond, Gerard C., 1973, A late Paleozoic ~ l c o n i c  arc in the tostern Alaska Range, 
Alosko: k u r .  Geology, v. 81, n. 5, p. 557-575. 

Bond, Gerard Clork, 1970, Permian rolconicr, ~lconiclort ics, ond limestom in  the 
Cordilleran eugeorynclinc, east centrol L Iako  Ronge, Alqsko lob,.): * Diswtrt. 
Abs., v. 31, p. 20588-20590. 

Bovchr. Gary Wynn. 1970. Three studin sf micrneorthqwk~s; i, The misrrmnthquoke 
seismicity of the Dewi i  foult; II, Micraeorthqwke investigotiom i n  Newdo; 
Ill, Eorthqu~ker a%sociatcd r i t h  underground nuclear erplnions. fob.), Diucrt. 
A h . ,  v. 31, p. 2068&2C%5911. 

bogon, Gcorge E., Cliff, Lloyd S., Dorringo. k t j o r i e  K., ef el., 1975, Active 
fas,lts of Alorko: Trctonophysicr, r. 29, p. 73-85. 

kooks, A. H., and Coppr, 5. R., 1924. The Aloskon mining industry i n  1912: U.S. 
Gcol. Survey Ikil. 755, p. 3-49. 

Brooks, A. H., and Morrin, G. C., 1921, T k  Aloskon mining industry in 1919: 
U.S. Gaol. Survsy Bull. 714, p. 59-95. 

kooks, A. H., 1900, A teconnoissonce in  the White ond Tmow r i w r  h i m .  Alorko, 
i n  1898: U.S. Gaol. Survey Zhh Ann. Rept., pt. 7, p. 425-494. 

kooks, A. H., 1903, Placer *Id mini- i n  Alorko in  I9UZ: U.S. G e l .  Surrey 
b11. 213, p. 41-48. 

hooks, A. H., 1904, Placrr mining in Alarko in 1903: U.S. Geol. Surrey Ikll. 
225, p. 43-59. 

books, A. H., 19M. Plocer mining in Alorko in 1901: U.S. Geol. Surrey Bull. 
259, p. 18-31. 

Biooks, A. H., 1906, The geography and geology of Alosko, o rummory of eristiog 
knowledge, r i t h  a section on climate by Clerelond Abbe. Jr., and 1 topographic 

. map and description thereof, by R. U. Goode: U.S. Geol. Survey Pro!. Papt 
45, 327 p. 

books. A. H., 1907, The mining industry i n  1905: U.S. G w l .  Svtny Bull. 314, 
p. 19-39. 

books. A. H.. 1908, The mining industry i n  1907: U.S. Gecl. Survey Sull. 345, 
p. 30-53. 

books, A. H., 1910, The mining industry i n  1909: U.S. Geol. Survey 0~11. 442, 
p. 20-46. 

Brook,, A. H., 1911. Geologic features of Aloskon metolliferous lodes: U.S. Geol. 
Surny b11. 480, p. 43-93. 

book,, A. H.. 1912. The mining industry i n  1911: U.S. Gcol. Surrey Bull. 520, 
p. 17-44. 

bwb, A. H., 19D, The mining industry i n  1912: U.S. &I. Survey Bull. 541. 
p. 18-51. 

Brooks, A. H., 1914, The Alcrkon mining industry i n  1913: U.S. Geol. Surer 
BUII. 592, p. 45-74. 

Brooks, A. H., 1915, The AlaJIon mining industry i n  1914: U.S. Geoi. Survey Sull. 
622, p. 1568. 

kooks, A. H., 1916, The Alaska mining industry in 1915: U.S. Gcol. Swvry bll. 
642. p. 16-71. 

Brooks, A. H., 1918, T k  Alarko mining industry in 1915: U.S. Gcol. Surwy h11. 
662, p. 11-62. 

Brooks, A, H., 1919, Alarko's minerol supplier, in McCoskel. H, D.. and b r c k d .  
E. F., Our mineral supplier: U.S. Geol. Grey Bull. 666, p. 89-102. 

Brooks, A. H., 1921, The future of Alosko mining: U.S. Gml. Surrey Bull. 714, 
p. 5-57. 

books, A. H., 1922, The Alaka mining industry in 1920: U.S. Geol. Survey Ilull. 
722. p. 7-67. 

Brooks, A, H., I923, The Alorkon minins industry i n  1911: U.S. Ged. Surrey Bull. 
739, p. 1-44. 

Brooks, A. H., 1925. Alorko's minerol resources ond production. 1923: U.S. G.01- 
swwy ~ I I .  m, p. 3-52. 



MT. HAYES QUADRANGLE Cant. 

&osge, Wil l iom P., ond Dutro, J. Thomas, JT . ,  1973. Paleozoic rocks of mrthern 
and centrol Alarko, i n  Arctic Geology: Am. Pusoc. Petroleum Geologists 
Mem. 19, p. 361-375: 

b p p r ,  S. R., 1911, Minetol resources of the Bonnifield region: U.S. Gcol. Survey 
Bull. 480, p. 318-235. 

b p p ,  5. R., 1912, The Bonnilield region, Alosko: U.S. Geol. Survey Bull. 501, 
64 p. 

Cops, 5. R., 1940, Geology of the Alosko Roilrood region: U.S. G lo l .  Swvey 
bll. 907. 201 p. 

Gd.ntrom, 0. J., 1952. Summary of ground-water developmcn~ io Alosko, 1950: 
U.S. Gcol. Surrey Circ. 169, 37 p. 

Chopin. Theodore, 1918, The Nclchina-Suritno region, Alorka: U.S. Geol. Survey 
Bull. 668, 67 p. 

Chopin, Theodore, 1919, Platinum-baaring outiferour grovels o f  Chistochim River: 
U.S. Geol. Survey Bull. 692, p. 137-141. 

Chopon,  R. M., and bunderr. R. H.. 1954. The Kathleen-Morgoret (K .MI copper 
prospect on t k  upper Mocloren River. Aloslo: U.S. Gsol. Suvey Circ. 332, 
5 P. 

Cnarrman. R. M.. and Shocklrtte, H. 1.. 1960. Geochemical cxolorotion i n  Alaska. . . 
. - in  ~cologi;ol Surrey roeorch 1960: U.S. Gaol. Surrey prof. Paper 400-9, 

' 

p. 8104-9107. 

Childerr, J. M., 1974, Flood surveys olong TAPS route, Alaska: U.S. Geol. Surrey 
opcrrf i le report. 16 p. 

Chupch Gem ond Mineral bs ie ty ,  1975. Guide b w k  for rocklounds, 4th edit iow 
Chug~ch Gem Minerclogy kc . ,  Anchorage, Almko, 41 p. 

Churkin, Michael, Jr., 1973, Poleoroic ond Presombrion rocks of Alasko ond theit 
tole i n  i l r  structural evolution: U.S. Gcol. Survey Prof. Paper 740, 64 p. 

Cloud, Williom K., and Scott, Nina H., 1972. Distribution o f  intensity, i n  The 
Greot AIosCo Eorthquakc of 1964, seismology and geodoy. p. 6 5 - l c  Natl. 
Acad. Sci., Woshington, D.C. 

Cobb, E. n., 1972, Mctol l ic rninctol rcrwrces mop of t k  Mount Hoyes quadtangle, 
Alorko: U.S. Gcol. Survey M i x .  Field Stvdicr Mop MF-414, I sheet, 
scale 1:250,000. 

Cobb; E. H., 1973, Placer deporits of Alasko: U.S. Geol. Survey Bvl . 1374, 213 p. I 
Day, Poul 5.. Gryc, Georce, Dobey, Patrick L., et el., 1974, ~eraldpments i n  

Alorko i n  1973: Am. ASS&. Petrolem Geologirts Bull., v. 53, n. 8, 
p. l5&-1517. 

Dobrorolny, Ernest, Schnoll, H. R.. and Yehle, L. A., 1969. Geologic environ- 
mental factofs reloted to lAPS !Tronr-Alorko P ip l i ne  System) from Voldez 
to Foirbonkr. Alorko: U.S. Geol. Survey open-file rept., I rhaet. 

Domldron, D. E., 1972, The distribution of boron i n  A lakon roterr (oh.): Alosko 
Sci. Conl. Pfoc. 23, p. 80. 

Ebbley, No fmn .  Jr., ond Wright, W. S., 1948, Antimony deposits i n  ALosko: U.S. 
Bur. Mines Rept. Inv. 4173, 41 p. 

Ebcrlein, G. Donald, Erd, R. C., \Yebet, Florence, et 01.. 1971, New orcvrrence 
of yugorrorolik from the Chem Hat Springs oleo, Alosko: Am. Mineralogist, 
v. 56, p. j699-1717. 

Emmatt, Vf. W., 1972, The hydraulic gcwnetry of rwn Alorkon s t r ea r  wuth of the 
Yukon River: U.S. Geol. Surrey open-file rept., 102 p. 

Ferrions, Olcor J., k., and Kochodmion, Reuben, 1973, Permolrost-related 
engineering ptoblems and the tram-Alosko pipeline fobs.), in Cordilleran 
Section, 69th Ann. Mtg.: Geol. h c .  America Abs., v. 5; n. I, p. 41-42. 

Forbes, R. 0.. Smith, 1. E., 0 4  Twncr, 0 .  L.. 1974, Comporotire petrology ond 
structure 01 tltc McLorrtr, Ruby Ronge, ond Can t  Ronqc Belts; impliculions fa, 
offset olong the Denoli Foull Syrlem iobs.), in Coedillcron Sect. 70th Ann. 
Mtg.: Geol. k c .  America Abr., r. 6, n.T, p .  177. 

Foato, H. L., and blmas, G. W., 1965, A large tronsitioml rock glacier i n  the 
k h m m  River oreo, Alorlo Rongc, i n  Gcologicol Surrey rexorch 1965: U.S. 
Geol. Surviy Prof. Pope, 525-8, p7~112-8116. 

Freelond, George L., and Diet*, Robe~t S., 1973, Rotation history o f  AIo&on 
tectonic blocks: Tectomphysics, v. 18, n. 3-4, p. 379-390. 

Gmbhardt, Robert L., 1972. A syslemotic study of the Pannrylvonian brochinpodr 
from Rainbow Mountain, eort centrol Almko: hater 's. Alosko. 

Gedney, 1.. Shopiro, L.. Von Vformer, 0.. and Vdebcr, F., 1972, Correlation ot 
tpicenterr with mopped ioulh, eol-central AlorLo, 1968-1971: U.S. Geol. 
Survey open-file rep,.. 7 p. 

Hamilton, Thomas D., 1974, Geologic setting of curly mon i n  Alorka lobs.): Geol. 
k c .  Americo Abs. Pcogromr, v. 6. n. 7, p. 773-774. 

Hornon, L. G., 1963, Bedorck geology o f  the Rainbow Mntntoin area, Alosko R o w ,  
Alasko: Alorka Div. Mines and Minerals Gcol. Rept. 2, 82 p. 

kynes, h e r  9.. 1972, North Slope oil; physical and politicml problem: Prof. 
Geogrophy, r. 24, p. 17-22. 

Hill, 1. P., ond Werner, M. A.. 1972, Chemical c-ition of aedimuntory r o d s  
i n  Alasko, Idaho, Oregon, and Vfushington: U.S. Gaol. Sure7 Prof. Paper 771, 
319 p. 

Hallick, Arthur, 1936, The Tertiary floror of Aloska, with o chq t c r  on the geology 
o f  the Tertiary deporih, by P. 5. Smith: U.S. Gaol: Sure7 Proi. Paper 182, 
185 p. 

Halnwr, C .  W.. nrr l  r o r~v * ,  H. L., 1968, C~-uLxr, v l  t l ~  k , l * s i u o s  Rivr. *rr.rr, 

Alasko: U.S. Gaol. Surwy Bull. 1249, 49 p. 

Halmtr, G. W., ond Pere, T. L.. 1965, Geologic mcp o f  the h n t  H a y e s  0-3 
qwdranglc. Alaska: U.S. Grol.  Survey Gaol. Owd .  Mop GO-366. I sheet. 
scole 163,360. 

Holme,, G.  W., campilet. 1967. Location of pingolike mounds observed fern the 
g tc~nd,  from oeriol reconnoiswnce, and on aerial photogrophs i n  interior Alosko: 
U.S. Geal. Surrey ope-file rept., 13 p. 

blmes, G. W., Hapkira, D. M., ond Foster, H. L.. 1968. Pingoer i n  centtoi 
Alaska: U.5. Geol. Surwy Bvll. 1241-H, p. HI-H40. 

bcrr ing, H. R.. 1942, Strategic mineral occurrences i n  i n t e r i a  Alorka: Almko Dept. 
Miner Pomph. 1, 46 p. 

Kochodoorion, Reuben, ond Pewe, 1. L., 1955, Engineering geo lo~y  of the southern 
ha l l  of the MI. Hayes A-5 quadrangle, Alosko: U.S. Geol. Survey open-iile 
rept., 27p.  

Kachodwrion, Reuben, Hapkins, D. M., a d  Nichols, D. R., 1953. A p r e l i m i ~ r y  
. report o l  geologic foc1o.r affecting highway construction in the oleo between the 

Sur i tm-kc loren Rivers, Alaska: U.S. Geol. Surrey open-file ~cpt., 73 p. 

Kechodoorion, Reuben, 1972, Elfectr on the Alosko Highway system, i n  Th. Grcut 
Alosko Eorthqvoke of IW4, geology, Ports A-6, p. 641-703: NOT. Acod. Sci., 
Washingtoo, 0 .  C. 

Kouimon. M. A., 1964, Geology and mineral deposits o f  th Denali-Mocloren River . 
oreo, Alosko: Alarko Dir. Miner ond Minerals Geol. Rcpt. 4, 19 p. 

Kleirt, John Raymond, 1971, The Daml i  fault i n  the Conwell Glacier orw,  eosl- 
central elarka Rongs: Mostrr'r, Wisconsin: Modiwn. 

Kleirt, John R., 1972, Kink bonds olong the @ r ~ l i  fault, Alosko: Geol. k c .  
America Bull. v. 83, n. II, p. 3487-3490. 

Korchmonn, A. H., ond Bcrvandohl, M. H.. 1968, Principal gold-producing districts 
of the United Stoles: U.S. Geol. Survey Prof. Poper 61C. 233 p. 

Ktingley, 0. 8.. Dovier, V I .  E., Rachlin, J., and Newton, E. G . ,  1971, Existing 
environment of m u r a l  rwridorr f r m  Prudhoe by, Alaska, 10 Edmo*ton, Conado: 
U.S. Gcol. Svrvay opes-file rept., 104 p. 

bmk r ,  R. D., 1972, Flood* i n  the summer of 1971 i n  aauth-central Alaska: U.S. 
Geol. Suvsy open-file rcpt., 88 p. 

Lollwan, Ernest H., 1972, Nimbur I V  v i e r  of the moior structu~ol feolures of Alosko: 
Science, v. 175, 'n. 4029, p. 1423-1427. 

b t k w n .  Ernest H., 1973, Trcronic fromework o f  northern ond central Alosko, 
Arctic Geology: Am. hsoc. Pelrol.um Geologish Mom. 19, p. 351-360. 

' 

LeSclock. Leonord A., k s e ,  Ftcdcrick H.. &inley, Vdm. R.. Jr., et 01.. 1973. 
Potential we of oitborne duol-cknnel infrored rconning to detect mossiuc ice i n  
pcrmaitost, i n  Permafrost; North American Contribution, S r c d  Intermt. Conf.; 
Surveying 0 s  predicting permafrost conditions, p. 542-549: Notl .  Acod. Sci., 
Woshington. D.C. 

MosKerett, E. M., Jr., 1964, Ore controlr at t h  Kathleen-hbrgoret (Moslorm 
River) copper deposit, Alosko, i n  Giologicol Surrey roearch 1964: U.S. G w l .  
Survey Prof. Poper 501-C, p. cm-CI2O. 

Molony,  Williom, I9i8, Report of the Territo.*ial Mine I n y ~ c t w  to the G v s r m r  of  
AIOILD for the yeor 1917: Juneau, Aloskm, 5 0  C. 

Mortin, G. C., 1907, Thc Alaska c w l  Fields: U.S. -1. Swwy  Bull. 314, 
p. 40-46. 



MI. HAYES QUADRANGLE Cant. 66 

k s t i n ,  G. C., 1.919. The Alorlon mining industry i n  1917: U.S. Glo l .  Survey Bull. 
692, p. 11-42. 

Not iowl  Re~orch  Council. bmmittee on the AIosL Eorthqwb~, 1973, Summary and 
recmmendotionr; including index to series in the collection The Greot Aloska 
Eorrhquoke of 1964, No. 8, 291 p., Notl. Acod. Sci., Washington, D.C. 

Mortin, G. C.. 1920, The Almkon mining industry i n  1918: U.S. Gcol. Survey Bull. 
712, p, 11-52. Nournan, J. W., and Kennodle, D. R., 1973, Field mter-quality infonr.otion o lmg 

the proposed Irons-Alaska pipeline corridor, Septcmbcr 1970 through September 
1972: U.S. GeoI. Survey open-file #apt., 27, p. Mortin. G. C., 1926, The Mesozoic stmtigrophy of Almko: U.S. Cool. Surrey Bull. 

776, 493 p. 
Noumon, J. W., and Kernodlr, D. R., 1974, Aqwtic orgcmium from selected s i te  

olong the proposed trans-A!arko pipeline corridor, kptembe, 1970 lo September 
1972: U.S. G-1. Surrey open-file report, 23 p. 

Morvin, R. F., 1974, A tabulotion of K-Ar, Rb-SI, and Pb-olph ages obtained from 
materials within the Chitcd States (including Alaska ond hbroi i )  during the 
yeon 1965 through 1968: U.S. Geol. Survey opn- i i le  repat, 245 p. 

Qtenso, N. A., and Holmes, G. W., 1962, G~orimetric de!crmimtionf of ice 
thickness of k r r i r  Glocict, AIosko, i n  Geological S u n y  rcscrtrch 1962: U.S. 
Gwl .  Svrrry Prof. Popn 45&C, p.793-06. 

Mottern, Charles, 1973, Geology of the Slate Geek oreo, Mt. Hayes A-2 qwd- 
ronglc, Alosko: Master's, Alaska. 

Ovent~aet, W. C., 1967, The geologic occurrence of mowtih:  U.S. G-1. b v e y  
Prof. Popet 530. 327 p. 

Mottko, 1. J., and Freeman, V. L., 1963, Summory of  reconnoisumce lor uranium 
in Alasko, 1955: U.S. Geol. Swvey Bull. 1155, p. 33-49. 

Packer, Dwne R., bogon, George L., and Stone, h v i d  8.. 1975. N e w  doto on 
plate tectonics o l  PlmCo: Tectomphysics, v. 29, p. 87-102. 

Meier, M. F., Tongborn, W. V., Moyo, L. R., ond Pat, Austin, 1971, Combined 
ice end w l c r  bolonoes of Gulkam and Wolverine Glocisrs, Alosko, ond 
bull, Cnscod~ Clnr in,  Wosl~irmllcw~, I965 unul 19th ltyrkuloqic yrols. 11.5. 
Gcol. Surrey Prof. Pope1 715-A, p. AI-A23. Page, Robert A., 1972, Crustal deformation an ?he Dcnali foult, Alosko, 1942-1970: 

h. Grwlqs. Rexonch, r. 77, n. 8. p. 1528-1533. 
M.nd*nholl, W. C., and Schroder, F. C., 1903. The minctol remurc.r of the Mount 

Wrongell district, Alosko: U.S. Geol. Survey Prof. Paper 15, 71 p. Pearn, Williom H.. 1971, Puctic pipelining; tough, costly, but korible: U W  Jaw., 
n. 2, p. 53-59. 

Mendenhall. W. C.. 1900, A rcconmi~roncc from Rerurrection b y  lo the Tmmm 
River, Alaska, in 1898: U.S. Gcol. Surrey 20th Ann. Rept., pt. 7, 
P. 265-340. 

Petocz, Romld 8.. 1971, Bianotigrophy ond Lower Permian ftnu:inido* of the Upper 
Deito River orea, earl-centtol Alaska Range: Geol. b c .  &ncrico Spec. P o ~ r  
130, 94 p. 

Mendenhall, W. C., 1903, Thc Chi,tochim gold field, Alosko: U.S. Geol. Surrey 
Bull. 213, p. 71-75. 

Mendenhall, W. C., 1905. Geology of the central Copper River region. Alaska: 
U.S. G F ~ .  Survey Prof. Paper 41, 133 p. 

Mcrtie. J. 8,. Jr.. 1931. A geologic rcconnaisrnce of the Denniron Fork district, 
Plmko: U.S. Geol. Surrey Bull. 827, 44 p. 

Pewe, 1. L., and Holmes, G. W., 1964, Geology of the Mt. Hayes D-4 qwdrongle, 
Alosko: U.S. Geol. Surrey Miss. Gcol. Inv. Mop 1-394, 2 sheetr, sa le 
1&3,360. 

Pewe, 1. L.. a d  others, 1953, Multiple glociotion in .AlorC.o. o progresr report: 
U.S. Geol. Survey Circ. 289, 13 p. 

Pcre, 1. 1.. Burbonk, Lawcnce, and &yo, L. R., 1967, Mvltiple glociotion in  t k  
Yukon-Tamno Upland. Alosko: U.S. Geol. Survey Mire. Geol. Inr. Mop 1-507, 
I sh~ct, ~COIC IJM.000. 

Mertie, 1. 
Bull. 

The Alaska: U.S. Gcol. Survey 

Miglioctio, Rolph R., and Roomy, Jomw W., 1970, Engineering geologic and sub- 
rwfocc m i l  invesligotion lor tsons-Alosko pipeline system (oh.), in Intermtiowl 
rymporim on Arctic geology, 2nd: Am. &mc. Petroleum GeoloFsh Bull., 
v. 54, p. 2496. 

Pew, T. L., 1961, Multiple glociotion in the headraters orto of the Delta River, 
centrol Alaska, in Geological Survey rescorc~961: U.S. Geol. Surrey P.oi. 
Papr 424-0, ~FDZO&DZ@. 

Pietsch, D. D.. Shingle, J. H., McDermn, W., et ol., 1975, The troq-Alosko 
pipeline, 3 Molourit, Jeon, ad., Le petrole e l  Ie gas orctiques; problames et 
perspectives, p, 30'2-317: Centre Etud. Arct., Paris. 

Miller, D. J., Palm, T. G., ond Gryc, George, 1959, Geology of possible 
petroleum provinces i n  Alaska, with on onnorated bibliography by E. H. 
Cobb: U.S. Geol. Survey Bull. 1094, 131 p. * 

Post, Austin, 1967. Effects of the Morch 1964 Alorko eorthquoLe on glaciers: U.S. 
Gaol. Survey Prof. Poper 544-D, p. Dl-042. Moening, Harold J., 1973, An overview of the trons-Alaska pipeline; engineering and 

enrironmantol geology p,ob:ems, in Geology, seismicity, and envirom~ntol 
impocl, p. 405-409: Alms. EngT~eology, Lor Angcles. Pwirgtcn, C. W., 1905, Melhods a d  cats of grovel and ploco mining in Aiosko: 

U.S. Geol. Surrey Bull. 263, 273 p. 
Mollit, F. H., 1909, Mining in tile Kolsina-Cltilim, Cl~istochim, o ld  Voldrz Creek 

regiom: U.S. Gcol. Survey hll. 379, p. 153-160. Richards, H. Glenn, 1974, Teclonic .rolution of Alosko: Am. k w c .  Pelro!eum 
Geologists Bull., r. 58, n. I, p. 79-105. 

Moffit, F .  H., 1911. The upper Switna and Chistochim districts: U.S. Geol. Survey 
Bvll. 480. p .  112-127. 

Maffit, F. H., 1912, Heodmtet regions o l  Gulkono ond Susilm Rivers, Alorko, with 
oscounts of !he Valdez Creek and Chis~ochino plocet disttich: U.S. Geol. 
Survey Bull. 498, 82 p. 

MDfRt, F. H., 1927, Minarol industry in Alasko i n  l n 5 :  U.S. Geoi. Survey Bull. 
792, p. 1-39. 

Moffit, F. H., 1932, The Slono district, upper Capper Riv-r region: U.S. Geol. 
Survey Bull. 824, p. 111-124. 

Maffit, F. H., 1937, Recent mineral developments in  the Copper River region: 
U.S. Geol. Survey Bull. 88&8, p. 97-109. 

Maffit, F. H., 1938, Geology of the Slam-Tok dirttic!, Alosko: U.S. Gcol. Surrey 
Bull. 904, 54 p. 

Moffit, F. H., 1942. Geology of the Gcrstle River disttict, Alorko, with 0 teport 
on the Block Rapids Glochcr: U.S. Geol. Svrey &ll. 926-8, p. 107-160. 

Maffit, F. H., 194, Mining in the wrhern Copper River region, Alorko: U.S. 
Geol. Surrey Bull. 943-8, p. 25-47. 

Maffit, F. H., 1954, Geology of the -stern port of the P.lorka Ronge and odjocant 
area: U.S. Geol. Survey Bull. 969-D, p. 63-218. 

Mulligan, J. J., 1974, Mine101 rcmwces of the trons-Alosko pipeline corridor: U.S. 
Bur. Mines Inf. Circ. 8626, 24 p. 

Richter, D. H., and Jones. D. L., 1970, Strvcture and strotigrophy of castern 
Alaska Ronge, Alorko (obr.), in Intmrmtioml tyrnporim on Atctic geology, 2nd: 
Am. Assac. Petroleum Geolog5s Bull., v. 54. p. 25U2. 

Richter, D. H., 1966, Upper Slona River-hbntarto Pas ,  eortern Alosko Rowe lobs.l, 
in Alorko Division of Mines and Mincrols, Report for the yeor 1966: Juneau. 

Xoska, p. 85-86. 

Richter, D. H., IW7, Geology of the vpper Slam-Mentorto Poa oreo, southcentrol 
Alako: Aloska Div. Mines and Minemls Gmd. Rept. 30, 25 p. 

Rose, A. W., and bunden, R. H., 1965, Geology and geOchemicol invertigotiom 
near Poxlon, northern Copper River Basin, Alako: Alaska Div. Mines and 
Minetols Geol. Rept. 13, 35 p. 

Row, A. W., 1965, Geology end mineral deposits of the Rainy Creek oreo, Mt. 
Hayes quodrongle, A'mska: Alosko Div. Mine* end Minercls Gcol. Rept. 14, 51 p. 

Rorn, A. W., 1966, Geological and geochemical invcrligotions in  the Eureka Crtek 
and Rainy Cteek atcar. Mt. Hayo quadrangle, AIa~ko: AlosLo Dir. Mines and 
Minerals Gcol. Rept. 20, 37 p. 

Rose, A. W., 1966, Geology of port of the Amphithater Mountaim. Mt. byes  
quadtangle, AIo~ka: AIoIa Di*.. M i n o  and Minerals Geol. Rep* 19, I4  p. 

Rose, A. W., 1966, Upper Chistochim River, eostsm Alo,lro Rwge lobs.), 3 Alosko 
Division of M i m  and Mine$als, Report for the yeor 1966: Juneau. Alarko. p. 84. 

Rose. A. W., 1967, Geology of the vpper Chistochim River area, MI. Hayes quod- 
rongle, Alaska: ~ l a ~ k o  Div. Mines ond Minerals Gcol. Rept. 28, 39 p. 



MT. HAYES QUADRANGLE Cant. 

Rore.'~., 1964, foxson, Chistochino district (obs.), in Aloskn Division of Mines and Smith, P. S., 1941, ~ i n e r o l  indrntr~ of Alosko in  1939: U.S. Geol. Sutwey Bull. 
Minetols, R c p t  for the yew 1964: Juneou, A I ~ o ,  p. 45. 926-A, p.  1-106. 

Row, A., 1965, Amphitheatre Mauntoins, centrol Alotka Ronge fobs.), in AIOILO 
Division of M ino  and Minerols, Report lor t h  yeor 1965: ~uncou,-~lorko, 
p. 67-58. 

Row, A,, 1965, E~reko Creek, eent~ol Alorko Ronge (obs.), i n  Alorko Division of 
Mines and Mintrols. Report for the yeor 1965: Juneau, nosko, p. 68-49. 

Raw, Arthur. 1964. Rainy Creek, Delta River district (obs.), i n  Alorko Division of  
Mines oed Minerals, Report for the yeor 1964: Junwu, xosko, p. 44. 

Rw, C. P.. 1933, The Volder Creek Minins district, Almko: U.S. Gcol. S w n y  
Bull. 839-H, p. 425-468. 

bunders, R. H., 1961, Stnitno-kcloren area, i n  Alosko Division of Mine, and 
Minerals, Report f a  t In  yeor 1961: ~uneou;i\lmko, p. 37-40. 

bunders, R. H., 1967, Minool occurrences in  the Yukon-Tonom region, Alosko: 
Alada Div. Mines and Minerolr Spec. Rrpt. 2, 58 p. 

Schroder, F. C., o d  Swnccr, A. C.. 1901, Tlae geoloyy o t d  mi*r.tul tcwucet 01 
a p ~ t i o n  o< the Copper River dknict, AIo%ba: U.S. Geol. Surrey *c. Pub.. 
94 p. 

Shockletfe. H. 1.. 1965. Bryophyter mrociated with mineral deposits and solution, 
i n  Alosko: U.S. Geol. Svrray Bull. 1198-C, p. CI-08. 

Slolt, Roger, M., 1971, Texture of ice-cored depotih !,om ten Alorkon. mlley 
glaciers: Jow. Sed. Petrology, v. 41, p. 828-834. 

Sloff, Roger M.. 1972, Geochcmirhy of meltwter IWaMS from nine Aloskon 
glaciers: Geol. Soc. America Bull., v. 83, n. 4, p. 1125-1131. 

Small, hmas 8.. o r d  Wtmrton, Lorrence C.. 1969. Vertical displocemenh detcr- 
m i n d  by rutveyr after ?he Aloslon torthqwke of k r c h  1964, i n  The Prince 
William Sound, AlotLo. earthquake of 1964 and oftersbcks, "3, p. 21-33: 
U.S. Gost ond Geodetic Surrey. 

hll, kmcr B., and Whorton, Lawrence C., 1972. Verticoi displocernents, i n  
Thc Grcot Alorkon E~rthqvokc of 1964, seirmology ord s d e r y :  Notl. ~%d. 
Sci.. Woshir.gt~, D.C., p. 440.qdl. 

Lnith, P. S., 1942, Miner01 idustry of Alaska i n  1940: U.S. G w l .  hnvey Bull. 
953-A, p. 1-1s. 

Smith, P. S., 1942. Occurrences of molybdenun minerds in  Alaska: U.S. Ge01. 
Surrey Bull. 926-C, p. 161-210. 

Smith, S, S., 1917, The mining idvr t ry  in the Territory of  plloska during the colendnr 
yeor 1916: U.S. Bur. Mines Bull. 153. 89 p. 

Smith. T .  E., Tribble, 1. C.. ond Stein, 0.  R.. 1972, Prelimi- resuk of rtrwm 
sediment wmpling, upper Mocloren River orso, wuth-centrol Alorko: Alosko Div. 
Geol. Surrey Misc. Paper 2, 6 p.. 

54th. T.  E., Trible, T .  C., o d  Stein, 0 .  R., 1973. Iho(y%~s o i  sock 04 rtfe9m- 
sediment romplcs, MI. Hoya A-6 quodrongla. wuth-cennol AloJc: Alosko Div. 
Geol. kophys.  Surveys Geochcm. Rept. 26, 2 rheh .  

Smith, T. E., 1972, Bedrock geology of  the MI. Hops A 4  quod~on~le, in Alosbo 
Division of G ~ o l o ~ i c o l  Swrey, Annuol report 1971: Anrho,oqe, klc:G, p. 21-31. 

Smith, 1. E., ond Tu,n,, D. 1.. 1974, Mnclorcn m e t m p h i c  belt 01 cent8al 
Alorka (oh.), in Cadilleron Sect., 70th Ann. Mlg.: Gcol. k c .  h r i w  as., 
v. 6, n. 3, p.757. 

Stevens, Ann. E., ond Milne, W. G., 1973, Srhmicity studies in  tkt hbckenzi* ~oI Iey,  
Yukon Territory, and costern Alaska lobs.): EOS (Am. Geophys. Union Trons.1. . 
v. 54, n. 3, p. 143. 

Stevens. A. E. .  and Milne, W. G., 197d, A study of seismic titk near ~ ipel ine 
cotridors in northwotcrn Conode and eastern AlosLo: Conodian Jatr. Ecrth ki., 
v. It, n. I, p. 147-166. 

Stewart, 8. D., and Dyer, 0. W., 1922, Annual report of the Territmiol Mine Inrpec- 
l w  to the Garcrnw of Alaska, 1921: Juneau, Alaska. 96 p. 

Stewart, 8 .  D., 1921, Annuol repott of the Tcrritwiol Mine inspector to the Governof 
o l  Alorko, 1920: Juneou, 72 p. 

Stewart, B. D., 1933, Mining invertigolions ond mine inspection in Aloslo, including 
osrirtonee to prospectors, biennium ending k r c h  31, 1933: J w u .  Alorke, 192 p. 

+ - Smith, ?. S., 1926, Mineral industry of Alaska in  1924: U.S. Gcol. Surrey Bull. $toq,, Jomer H., body, John 8.. and Lllcndcr, Jonalhon, 1972, affilerrnry me.- 

763. p. 1-30. mcnt on the Dcmi i  Ioult in the Dels River ore., AIo~ko IODS.~, i n  Cordilleton 
Sect., 68th Ann. Mlg.: Geol. Soc. Amoico Am., v. 4, n. 3.T. 243. 

Smith, P. S., 1929, Mcneral industry of Alorke i n  1926: U.S. Geol. Swrcy bI1. 
797, p. 1-50. Stout, J. H., body, J. 8.. Vleber, F., et al., 1973, Ewdence for Q#terno:y move- 

ment on the McKinley Strand nf the Demli fault ~n the Delta River or-. Alorko: 
Smith, P. S., 1930. Mincrol lndvstry of Alosko in  1927: U.S. Gcol. Survey Bull. Geol. k c .  America Bull., v. 84, n. 3, p. 939-947. 

810, p. 1-64, 
Tocngcs. A. L., and Jolley, T. R., 1949, lnvertigo~ion of cool acporitr an lou:n- 

' 

Smith, P. 5.. 1730, Mineral industry of Alosko in  1928: U.5. Gsol. Survey bII. central AI~ska ond the Kenai Peninrulo: U.S. Bur. Mine5 Rapt. Inv. ~520, 37 p. 
813, p. 1-72. 

Turner, D. L., Smil!t, T. E., and Forbes, R. B., 1974, Geochrorulogy of of!w? along 
Lnith, P. S., 1937. Mintrol industry of Alorko in 1929: U.S. Geol. Surrey Bull. the Denoli R v l t  system in AlorLo (obr.), in Cwdilleron k t . ,  70th Ann. Mrg.: 

824, p. 1-81. Geol. k c .  Americm Abs., v.  6, n. 3. pT2b8-269. 

Srr;th, P. 5.. 1933, Minerol indumy of Almka i n  1931: U.S. Gsol. Svrrey Bull, 
846-A, p.  1-82. 

Lnilh. P. 5.. 1933, Minetol industry of Alosho i n  1930: U.S. Geol. Svtvey Bull. 
836, p. 1-83. 

Smith, P. 5,. 1934. Mineral industry of AIesko i n  1932: U.S. G w l .  Survey Bull. 
857-A, p. 1-91. 

h i t h ,  P. S., 1934, Mincrol indatry of Abrko i n  1933: U.S. Geol. Surrey Bull, 
864-A, p. 1-94. 

Lnith, P. S.. 1936, Mineral industry af  Alorko i n  15'34: U.S. Geol. Surey Bull. 
&&A, p. 1-91. 

h i t h ,  P. 5.. 1937, Mineral industry of Alosko i n  1935: U.S. Grol. Surrey Bull. 
880-A. p. 1-95. 

Smith. P. S., t938, Mineral indurtry d Alaska i n  1936: U.S. Grol. Swvcy Bull. 
897-A, p. 1-107. 

Smith, P. S., 1939, Areof geology of Alaska: U.S. Gml. Survey Prof. PoPr 192, 
100 p. . 

h i t h ,  P. 5.. 1939. Mineral induny of Alorka i n  1937: U.S. Geol. Survey &II. 
910-A, p. 1-113. 

Smsth, P. S., 1939. Minerol industry of Alosko in 1938: U.S. G-I. Survey &If. 
917-A, p. 1-113. 

Smith, P. S., 1941, Finems of gold from AloAo p1oc.r~: L1.S. Geol. Survey Bull. 
910-C, p. 147-272. 

U.S. G ~ o l o ~ i c o l  Survey, 1899, Mops and dessriptiom of router of eri;lorotion in 
Alosko in 1898, with general informotion conc+ming the Territory: U.S. Gwl.  
Survey Spec. Pub.. I38 p. 

U.S. Gcologicol Surrey, 1961, Geologicol Swvcy rereorch, 1901, sympsis of geologic 
ond hydrologit result,: U.S. Gcol. Swvey Prof. Paper 424-A, p. At-Alga. 

U.S. Gaologicol Surrey, 1964, Geologicol Survey research 1964: U.S. Ccol. Survey 
Prof. Poper 501-A, p. AI-A%7. 

U.S. Geologiccl Survey, 1967, Geological Survey reworch 1967: . U.S. Geol. Surrey 
Prof. Poper 575-A, p. AI-A377. 

U.S. Geological Surrey, 1968, Geologicol Surrey r e v ~ r c h  1968: U.S. Geol. Survey 
Prof. Popr 600-P, p. AI-A371. 

U.S. Gcologicol Swvay, 1969, Geologicol Surrey tercacch 1969: U.S. Gcol. Suwy 
Prof. Poper 650-A, p. AI-A425. 

U.S. Geologic~l  Surey, 1969, U.S. Geologicoi Swvsy heovy mcto~sp~oglam progrcs 
reports, 1968 - Field studies: U.S. Geol. Survey Circ. 621. 35 P- 

U.S. Geological Surrey, 1972, Geological Survey rereorch 1972: U.S. Gcol. S u n y  
Prof. Paper 800-A, p. AI-A320. 

U.S. Geoiogical Surwcy, 1973, Geol~gicol Surwy reseotch 1973: U.5. G a l .  Suvey 
Prof. Poper 850, 366 p. 

U.S. Gcoiogicol Surrey. 1973. United S t o ~ s  G ~ o l o ~ i c o l  Su,rey Alosko progmm, 
1973: U.S. Geol. Survey Circ. 683, 56 p. 

Wohrhoftig, Clyde, Turncr, Donald L., Weber, Flwence, etol., 1974, K - A  al. of 
t h  bchomn Gerk pluton, central Alarko Ronge, and i a  bewing on morcmcnt 
on the Hines Geok ,trod of the Denoli fault s y t m  (obs.): EOS (Am. GeWiiyr. 
Union Trorn.), v. 55, n. 12, p. 1192. 



MT. WYES QUADRANGLE 6 n t .  

Wohrhoftig, C., Turner, 0. L., Weber, F. R.. et 01.. 1975, Notwe ond liming of 
movement on Himr Creek strand of Denali fovlt system, Alaska: Geology 
(buldtr), v. 2, n. 8, p. 463-466. 

Wohrhoflig, Clyde, ood Hickox, C. A., 1955, Geology ond cool deporitr, jorvis 
Creek cool lield, Alorko: U.S. Gcol. Surrey &It. 989-G, p. 353-367. 

Werfield, R. S., 1973, Rotary drilling fw rrrippoble -I in t k  Jorvir-Creek -1- 
field. AloAa: U.S. But. Miner open-file rept. 7-73, 32 p. 

Weber, F. R., 1971, Pr.liminwy engineering geologic maps of thc propaed trom- 
Alorko p ip l inc  route, Fairbonks ond Big Della quodrangler: U.S. Geol. Suvry 
open-file mop, 2 rketr, rcolc 1:125.000. 

Weber, F. 11. .  1971, Pmliminory enpineering geologic mops of  the propomd trow- 
Alorko pip l ine route, Mt. Hay- qdrongle: U.S. Geol. Survey open-file 
mop, 2 ~heetr, rcole 1:125,000. 

Wedo*. Helmuh, k., Killem, P. L., and others, 1954. Recomoirlonu Fw rodio- 
octiuc deposits in emiern interiw Alorko, 1916: U.S. Geol. Swwy Circ. 331, 
3 P- 

Wclfr, R.  R . .  1956. Lobwatory concentrotion o l  roriow Alosko copper oles: U.S. 
tk.. Miner Rcpt. Inr. 5245, V p .  

White, M. G., Nelson, A. E., ond MDtzko, 1. J., 1963. Radiometric investi9- 
lions olong the Toylor Highway and port of the Tamno River, Alosko: U.S. 
Geol. Surrey &!I. 1155, p. 77-82. 

Wimmln, N. L., 1923, Flocer mining in Alorko in l-2, in Stewrt, 8, D., Annwl 
r e p s *  of lhe Mines Inswstor to the Governor of ~10x0, 1922: Juneov, Alorko, 

I p. 23-56. 

Wimrnler. N. L., 1924, Placer mining in AIosko in 1923, in Stewort, 0. D., Annwl 
report of the Mine Inspector to the Corernor of ~ l o s G ,  1923: Juncou, Alaska. 
p. 14-54. 

Wolie, J. A., 1970, Biatrotigrophr of mmxlrine Twliofy of m t h r n  Pocific basin 

- 5  
(As.), in lntermrional rymporim on Arctic geology, 2nd: Am. A m .  
~ c t c ~ l e z  Geologirtr Bull., v. 54, p. 2512-2513. 



Big Delta quadrangle 

Previous Investigations 

The rocks i n  the Big Delta quadrangle have been the subject of 
geologic investigations since 1898, when A. H. Brooks of the U. S. 
Geological Survey trave?led down the Tanana River. In 1903, the 
U. S. Geological Survey, Alaska Mineral Resource Division was 
established and a systematic study of the geology of the Yukon- 
Tanana region began. ' J. B. Mertie of the U. S. Geological Survey 
in i t i a t ed  his work i n  the region in 1911. His work culminated i n  the 
publication of U. S. Geological Survey Bulletin 872, "The Yukon- 
Tanana Region, A1 aska. " Several other workers, including Prindl e (1 913), 
Chapin (1914) and Mertie (1913-1937) produced papers describing mining 
a c t i v i t i e s  and geology of the region. Recent work i n  the Big Delta 
quadrangle i s  genera1 Jy res t r ic ted  to  work by the U.S. Geological 
Survey as  par t  of the i r  AMRAP (Alaska Mineral Resource' Appraisal 
Program) program. 

Work by R.D. Reger and T.K. Bundtzen (1977) of the Alaska 
Division of GEological and Geophysical Surveys in the Tenderfoot Creek 
area has shown tha t  the local izat ion of gold-bearing porphyry bodies 
of the region may be controlled by northwest trending lineaments. 

Regional Geology and Petrology 

The geology o f  the rocks i n  the Big Delta quadrangle i s  dominated 
by a Precambrian or lower Paleozoic metamorphic complex known as the 
Birch Creek Schist  (Mertie, 1937). The Birch Creek Schist ,  a s  Mertie 
described i t ,  consists of a complexly deformed metamorphic sequence 
containing quartz muscovite schis t ,  quartz mica sch i s t ,  f e l  dspathic 
shc is t ,  ch lo r i t e  sch i s t  and minor carbonaceous sch i s t ,  calcareous 
schis t ,  and limestone. Recent work by Forbes e t  a1 (1968) and 
Swainbank (1970) has shown tha t  the Birch Creek Schist  a lso contains 
a wide variety of gneisses, ca1 c-mangesian sch i s t ,  phyll i te,  calc  
phyll i t e ,  amphibol i t e  and eclogite.  The schis t s  of the region are 
typical ly  pel i t i c  sch is t ,  t ha t  appear as 1 ight-to medium-gray, 
garneti ferrous,  quartz muscovite and quartz b io t i t e  sch i s t  that 
contain quartz, 01 igocl ase, potassi urn fe1 dspar, garnet, cl  inozoisi t e ,  
epidote and musc~vi te  and b io t i te .  Locally, the schis t s  contain 
actinol i t i c  hornblende and staurol i te .  The metamorphic grade of the 
schis t s  ranges from the lower greenschist facies  to  the almandine 
amphi bol i t e  faces. Retrograded metamorphic rocks are-common through- 
out the Yukon-Tanana Uplands. Rocks in the eastern part  of the quad- 
rangle, a r e  generally higher grade metamorphic rocks than those t o  
the west. Quartz, b i o t i t e  gneiss and augen gneiss a re  common. The 

' quartz b io t i t e  gneiss i s  character is t ical  ly ,  medium-grained, 1 i g h t -  
gray to medium-1 ight-gray , very quartzi t i  c, porphyrobl a s t i c  gneiss 
and orthognei ss. Dark greeni sh-gray hornblende gneiss commonly borders 



augen gneiss. Locally, where the gneiss i s  pyroxene hornfels facies  
grade i t  contains s i l  limanite, cordieri  t e  and diopside. Heteroblastic 
augen gneiss and b io t i t e  gneiss i s  commonly found throughout the 
region. The augen gneiss i s  generally medium 1 iaht-gray, medium-to 
coarse-grained gneiss w i t h  potassium feldspar augens to  10 centimeters 
( 4  inches) in diameter.. Petrographically, the augen gneiss i s  com- 
posed of quartz, orthoclase, a l b i t e ,  muscovite and b i o t i t e  w i t h  
accessory apa t i te ,  zircon, garnet and magnetite. Retrograde minerals 
include se r i c i t e ,  chlor i te ,  ca l c i t e  and iron oxides. 

Plutonic rocks in the Big Delta quadrangle range from granite 
t o  d i o r i t e  i n  composition. Quartz monzonite i s  the most common 
plutonic rock found and several d i s t inc t  var ie t ies  have been recog- 
nized. One variety i s  1 ight-gray, coarse grained porphyritic, 
b i o t i t e  quartz monzonite, with large potassium feldspar phenocrysts. 
Other var ie t ies  contain small feldspar phenocrysts and traces of 
secondary hornblende. Local ly, 1 ight-gray, medium-grained quartz 
monzoni t e  containing ser ic i  t e  and perthi t e  is present. Diori t e  
i ntrusives, character is t ical ly  a medium-gray t o  medium dark-gray, 
f ine-  to medi um-grained, hornblende diori  t e  containing abundant 
red-brown b i o t i t e  occur l ocal ly. Fine-to coarse-grai ned, greenish- 
black and 1 i g h t  greenis h-gray, serpentized peridoti t e ,  crops out near 
the upper Sal cha River. The peridoti t e  contains serpentine, t a l c ,  
act inoci te ,  ch lor i te ,  brucite and magnetite. Locally, massive 
amphi bole-chlorite-magneti t e  rocks are  present. Florence Weber, 
(personal communication, 1978), of the U. S. Geological Survey, 
be1 ieves tha t  the ultramafic rocks may represent remnants of thrus t  
sheets tha t  were rafted from the south some time in the upper 
Paleozoic. Recent work by the U. S. Geological Survey i n  the upper 
Salcha River area has shown that  the ultramafic bodies a re  intimately 
related w i t h  cherts t ha t  yield a Permian age frcm radiolarians.  

Structural Geology 

The s t ructural  geology of the rocks in the B ig  Delta quadrangle 
i s  dominated by thrus t  f au l t s ,  s t r i  ke-slip f au l t s ,  normal f au l t s ,  
isocl inal  overturned folding and open, upright folds. Rocks of the 
Birch Creek Schist  u n i t  have been affected by a t  l e a s t  two pulses of 
metamorphism. The f i r s t  pulse i s  associated with a complete re- 
c rys ta l l  ization of the parent rock. The recrystal l  izat ion is 
associated w i t h  isocl inal overturned folds about northwest-trending 
axes, and high-grade metamorphic minerals, including s i l l  imanite and 
staurol i t e ,  a re  devel oped local ly. The second metamorphic pul s e  
mainly a retograde event, i s  associated with open, upfight folds  
about northeast-trending axes, and i s  usually signaled by the presence 
of s e r i c i t e ,  ch lor i te  and ca lc i te .  Near the east-central part  of 
the quadrangle, gneissic rocks are  present in what may be a gneiss 
dome. The gneiss dome i s  composed of quartz-bioti te gneiss and i s  
surrounded by a border zone of s i  11 imanite gneiss and amphi bol i t e  
(F. Weber, U. S. Geological Survey, Personnal Comm. , 1978). Several 
1 arge northeast-trending, l e f t - l a t e ra l  f au l t s  cut the rocks in the 



central part  of the quadrangle. One such f a u l t  t ha t  para1 l e l s  the 
valley of Shaw Creek i s  known as  the Shaw Creek Fault. Supporting 
evidence for  a 40 kilometer (25 mile) ,  l e f t - l a t e ra l  of f -se t  on the 
Shaw Creek Fault, r e s t s  on an off-set  hornblende quartz monzonite 
pluton and on an off-set  s i l l imani te  gneiss body (F.  Weber, Personnal 
Comm., 1978). Several other large f au l t s  cut the rocks of the quad- 
rangle, however, they are  less  perfectly known. 

Geochemistry 

Geochemical reconnaissance in the Big Delta quadrangle during the 
current study consisted of the collection of 7 rock samples and 14 
stream sediment samples (see Tables 12 and 13, Appendix A) between 
Big Delta and Shaw Creek. The bedrock in the region i s  dominated by 
gneisses of various compositions and ca lc ic  amphibolites, a l l  of 
the Birch Creek Schist  Formation. S ta t i s t i ca l  analysis of the 
t race  element geochemistry of the rock and stream sediment samples . 

collected has shown tha t  43% of the rock samples contain strongly 
anomalous concentrations of a t  l e a s t  one element, and 36% of the 
stream sediment samples contain weakly anomalous and strongly 
anomalous concentrations of a t  l e a s t  one element. Threshold values 
(see Tables 14 and 15, Appendix A )  fo r  the 90%, 95% and 98% con- 
fidence intervals  f o r  each element were derived from a s t a t i s t i c a l  
manipulation of the raw geochemical data and the calculation of 
concentrations of the elements a t  the arithmetic mean plus; 1.645 x 
standard deviation, 2.0 x standard dev.iation, and 2.33 x standard 
deviation, fo r  the 90% 95% and 98% confidence levels  respectively. 
Where the analytical var iab i l i ty  is zero or  near zero, the threshold 
values f o r  the confidence levels a r e  e i the r  the detection level or 
nearly the same -value. 

None of the rock samples collected i n  the quadrangle contain 
metal concentrations of significance, however recent work by the 
U.S. Geological Survey may show t h a t  rocks i n  the region have good 
mineral resource potential and may contain metal concentrations of 
unknown s i ze  and dis t r ibut ion.  One stream sediment sample collected 
near Gold Run Creek contained 320 ppm lead. No bedrock source for  
the high lead value was found and fur ther  work i s  needed. 

. Mining Activity and Economic Geology 

Mining i n  the Big Delta quadrangle has been limited t o  several 
placer deposits i n  the  Tenderfoot Creek, Michigan Creek, and Salcha 
River areas and t o  several hardrock gold-quartz veins near T ibbs  
Creek. Mining i n  the Richardson d i s t r i c t  has been underway since 
.gold was discovered on Tenderfoot Creek in 1905. Deep placers were 
a l so  found on Banner Creek, Democrat Creek and Buckeye Creek soon 
a f t e r  the i n i t i a l  f ind on Tenderfoot Creek. Total production for  the  
Richardson d i s t r i c t  by the end of 1930, totaled more than $1,329,900 



(Saunders, 1965). Only a few small operations a re  active i n  the 
Richardson d i s t r i c t  today. The source of the gold in the placers may 
be gold-quartz veins t h a t  cut the schist-gneiss country rock. Locally, 
rhyol i te  porphyry of probable. Tertiary age, cut  the gneissic rocks and 
contain anomalous go1 d concentrations. Recent work by the A1 as ka 
Division of Geological and Geophysical Survey has shown tha t  the 
rhyol i t e  porphyry may, upon weathering, r e su l t  i n  residual gold placer 
deposits (Bundtzen and Reger, 1977). Several rhyol i t e  porphyry 
occurrences a re  known i n  the southeastern part  o f . the  quadrangle, 
however, only minor disseminated su1 f ides a re  known. Several go1 d 
quartz veins a re  known i n  the T i b b ' s  Creek area and minor production 
has occurred. The Tibb's Creek occurrences a re  act ive and some 
placer mining has occurred downstream from the rhyolite porphyry 
outcrops. 

Near the head of Black Bear G u ~ c ~ ,  a t r ibutary  of the North Fork 
of the Salcha River, a 1 imestone bed containing nickel concentrations 
as high as .28% can be traced fo r  almost eight miles. The bedrock 
i n  the area i s  dominantly quartz-muscovi t e  schis t ,  quartz b i o t i t e  
gneiss and ultramafic rocks of the Big Salcha ultramafic body. The 
1 imestone is  overlain t o  the south by ultramafic rocks and contains 
secondary nickel mineralization. The secondary nickel minerals may 
be the r e su l t  of leaching of nickel from the overlying ultramafic 
rocks and redeposition in the limestone, o r  the r e su l t  of weathering 
of primary nickel sulfides i n  the limestone (Saunders, 1954). Florence 
Weber of the U. S. Geological Survey fee ls  tha t  the secondary 
mineral izat ion may have resulted from leaching of the ul tramafic body 
and redeposition by some so r t  of spring system within the ultramafic- 
1 imes tone sequence. 

In the ear ly 1930is, gold-bearing quartz veins were discovered 
in  the T i b b s  Creek area. The area was subsequently staked and by 
1941, about 400 meters (1,300 f e e t )  of underground work had been 
done. The gold-bearing quartz veins are  concentrated i n  a zone of 
intense shearing along the contact between grani te  and gneissic 
schis t .  The quartz veins vary from a few centimeters t o  2 meters 
(few inches to  eight f e e t )  wide and consist  of quartz, pyri te ,  arseno- 
pyr i te  and s t ibn i t e .  Work by the U.  S. Bureau of Mines has shown 
t h a t  the gold content in the vein material decreases appreciably 
w i t h  an increase in the sulf ide content. Premineral and post-mineral 
fau l t ing  i s  evidenced in the area and cross-faults displace the veins 
a few centimeters t o  a meter ( i r~ches  to  several f e e t )  locally.  Total 
production from the Blue Lead was about 132 ounces of gold and 25 
ounces of s i lver .  The vein material averages about 0.88 ounces of 
gold per ton. The potential f o r  finding other mineralized veins in 
the area seems high. 

Recent work by the U. S. Geological Survey and by the Alaska 
Division of Geological and Geophysical Surveys, has shown tha t  rocks 
along the north-flank o f  the Alaska Range may be correlateable with 
s imilar  rocks i n  the Big Delta quadrangle (Wyatt Gilbert, ADGGS, 
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personal comm., 1977). The Totatlanika Sch i s t  and Keevy Peak For- 
mations i n  t he  Alaska Range a r e  the host f o r  s i gn i f i c an t  mineral i-  
zation of volcanogenic lead and z inc  a f f i n i t i e s .  I f  the rocks i n  the  
Big Delta quadrangle a r e  equivalent  t o  the rocks on the  north-flank, 
there  may be good potential  f o r  f lnding s imi l a r  mineralization i n  the 
Big Delta quadrangle. 
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Fairbanks Quadrangle 

Previous Investigations 

The Yukon-Tanana region has been the s i t e  of extensive geologic 
investigations since J. E. Spurr (1897) traversed Chi1 koot Pass into 
the headwaters of the Yukon River and then t ravel led down the Yukon 
t o  Nulato. In 1898, A. H. Brooks, ascended the White River t o  i t s  
headwaters, portaged t o  the Tanana River and then travelled down the 
Tanana River t o  i ts  mouth. With t he  establishment of the Division of 
Alaskan Mineral Resources by the U. S. Geological Survey i n  1903, a 
systematic study of the geology and mineral resources of the Yukon- 
Tanana region began. The in i  t a l  investigations of the Fairbanks 
d i s t r i c t  began in 1903, under the direction of Alfred H. Brooks. 
L .  M. Prindle (1913) and others with the U. S. Geological Survey, 
conducted some detailed work, however, most of the i r  work was of a 
regional nature. In 1911, J .  B. Mertie, began intensive geologic 
investigations of the Yukon-Tanana Region tha t  continued through 
1936 and culminated i n  the publication of U. S. Geological Survey 
Bu1 l e t i  n 872, The Yukon-Tanana Region, A1 aska. T h i s  work summarized 
a11 of the known geology of the region and is s t i l l  the single best 
pub1 ication on the geology of the Yukon-Tanana Uplands area. 

D u r i n  the interim, Prindle (1913), Chapin (1914) and Mertie 
(1 913-1 930 3 produced several papers describing the lode deposits and 
m i n i n g  ac t iv i ty  i n  the Fairbanks d i s t r i c t .  The most comprehensive 
study of the lode deposits i n  the Fairbanks d i s t r i c t  was produced by 
J .  M. Hill (1933). This study includes a brief description of the 
local geology and detai led descriptions of the various mining 
properties as well as comments on the general economic conditions 
affect ing the mining operations. Work by Sandvik (1964) discussed 
the d is t r ibut ion  of ore deposits and metals i n  central Alaska. 
Detailed geologic investigations by R. B. Forbes and J.  M. Brown 
(1961) and J. M. Brown (1962) centered i n  the Cleary Summit area,  
and was the f i r s t  real def ini t ive work t h a t  fur ther  c l a r i f i ed  the 
outcrop pattern,  s t ructure,  and petrography of the calc-magnesian 
rocks and the surrounding p e l i t i c  schis t s  of the area. Later work by 
Forbes e t  a1 (1968) i n  the Pedro Dome - Cleary Summit area, examined 
the gold-gradients i n  re lat ion to  the intrusive bodies and surrounding 
metamorphic rocks. A companion project by Pi1 kington e t  a1 (1969) 
resulted in a detai led examination of the gold mineralization i n  the 
same area. 

Work by R. C. Swainbank (1971 ) and R. C. swainbank and R.  B. 
Forbes (1975) on the ec logi t ic  rocks from the Fairbanks d i s t r i c t  has 
resulted i n  a be t te r  understanding of the tectonic framework and 
origin of many of the metamorphic rocks found in the area. Work by 
J.  M .  Bri t ton (1970) has resulted i n  a detai led study of the rocks 
t h a t  const i tute  the Pedro Dome pluton. Work by G.  A. Furst (1968) 



described the ol ivine basal ts  t ha t  occur i n  the Fairbanks area. 
Recent work by 7 .  Pewe e t  a7 (1975 and 1976) on the geology of the 
Fairbanks area has resulted. i n  a ser ies  of reconnaissance geologic 
maps f o r  the area. 

Regional Geology and Petrology 

The rocks tha t  crop out in the Fairbanks quadrangle dominate 
the geology of the Yukon-Tanana Up1 ands area. The rocks range from 
Precambrian(?) to  Recent in age and are represented by sedimentary, 
metasedimentary, plutonic, volcanic and metavol canic rocks. The 
intrusive rocks a re  generally of two types; Paleozoic(?) ul t rabasics  
and acid intrusives of Jura-Cretaceous and Cretaceous age. The 
volcanic rocks a re  mainly ol ivine basal t  of Middle Tertiary(?) age. 
The metasedimentary rocks a re  metasil tstones,  phyll i t e s ,  eclogi t e ,  
marble, quartzi te ,  calc-magnesian schis t  and p e l i t i c  schis t .  The meta- 
V O ~  canic rocks may be represented by arnphi bo1 i t e ,  quartz feldspathic 
sch i s t  and greenstone. 

The Birch Creek Formation was f i r s t  described by Spurr (1896). 
The type loca l i ty  f o r  the Birch Creek "Schist" i s  located near the 
headwaters of Birch Creek, northeast of Fairbanks. A t  i t ' s  type 
1 ocal i ty ,  the u n i t  is composed of quartz muscovi t e  schis t ,  quartz 
mica schis t ,  mica schis t ,  feldspathic sch i s t ,  ch lo r i t e  schis t  and a 
minor proportion of carbonaceous schis t ,  calcareous schis t ,  and 
crystal  1 i ne 1 imestone (Mertie, 1937). 

Recent work by Swainbank (7971) and others has shown tha t  the 
Yukon-Tanana Uplands in genera1 and the Birch Creek sch i s t  i n  
par t icular  contains a wide variety of gneisses, calc-magnesian 
schis t ,  phylli te;  amphibol i t e  and eclogite.  

Rocks i n  the Fairbanks d i s t r i c t  proper t h a t  are  members of 
the Birch Creek Schist  c rys ta l l ine  terrane have been divided i n t o  a t  
l e a s t  two sequences t h a t  may be in thrus t (? )  contact (Forbes e t  a1, 
1968). The lower and older sequence, exposed i n  what may be a 
s t ructural  window, a re  mainly eclogi tes ,  garnet amphi bol i t e s  and 
cal c-magnesian rocks containing cl  i nopyroxenes and amphi Do1 es. The 
upper sequence is  composed of younger(?) pel i t i c  sch is t ,  c rys ta l l  ine 
schis t ,  micaceous quartzi te ,  quartzi te  and calc-rnagnesian schis t .  

The peli t i c  sch is t s  a re  typical ly garnetiferous quartz mus- 
covi te  and b i o t i t e  schis t s  t ha t  show signs of a t  l eas t  two phases 
of metamorphism and possibly a th i rd  retrograde event.- Two phases 
of muscovite a re  present i n  the p e l i t i c  schis t s .  The f i r s t  phase 
consis ts  of euhedral grains paral le l  t o  the primary S plane and 1 a second ( l a t e r )  phase tha t  defines an Sp plane tha t  ransects the 
e a r l i e r  S fo l ia t ion .  The S2 fo l ia t ion  also contains subhedral , 1 f a in t ly  p eochroic b i o t i t e  la ths  (Brown, 1961 ). Locally, the 
p e l i t i c  schis t s  contain deeply absorptive b i o t i t e  roset tes  and may 



represent l a t e  hornfelsing of the schis t s  (Swainbank, 1971 ). Tour- 
maline i s  a common accessory mineral along w i t h  r u t i l e ,  apa t i te  and 
sphene. The quartz fabric  of these rocks i s  dominantly granoblastic 
and may contain u n t w i  nned pl agiocl ase porphyrobl a s t s  of a1 bi te-01 igo- 
clase composition. The presence of f a in t ly  pleochroic ch lor i te  
(pennine) usual l y  signals retrograded rocks. The quartzi tes  and 
micaceous quartzi tes  of the area a r e  present i n  both the upper and 
lower plate(?)  sequences, however, i t  is  the dominant uni t  in the 
upper plate sequence. These rocks are  predominantly f ine- to medium- 
grained quartzites w i t h  variable contents of quartz, muscovite, ' 

bio t i te ,  garnet, and chlori te .  Accessory apa t i te ,  magnetite and 
zircon a re  common. The growth of ch lor i te  (pennine) i n  the upper ,, 

pla te(?)  sequence appears to  be related t o  s tab le  mineral develop- 
ment during the metamophic process, however, the growth of ch lor i te  
i n  the quartzi tes  and micaceous quartzi tes  of the lower plate(?)  
sequence appear t o  be i n  response t o  a retrograde event. 

The calc-magnesian rocks of the Fairbanks d i s t r i c t ,  genera1 1y 
Occupy the lower plate  sequence and have been broken into three calc- 
magnesian variants by Swainbank and Forbes (1 975). One variant ,  
a garnet-clinopyroxene rock, essenta i l ly  an eclogi te  varies from 
massive types t o  mylonitic bands and contain pale-pink garnets tha t  
exhibit  reaction rims of bl ue-green amphibole. Omphaci t i  c pyroxene 
i s  the dominant c1 i nopyroxene and a1 bi t i c  pl agiocl ase usually occurs 
i n  untwinned grains and i s  only found i n  the mylonitic var ie t ies  
and i s  usually associated with garnet, clinopyroxene and chlori te .  
Quartz generally occurs i n  granoblastic aggregates and c a l c i t e  
occurs as an essent ial  phase along with clinopyroxene and garnet 
(Swainbank and Forbes, 1975). Accessory apa t i t e  and sphene a re  a l so  
present. Calc-magnesium rocks composed predominantly of garnet, 
clinopyroxene and amphibole make up the second variant.  This var iety 
usually occurs i n  f ine  laminations, a1 though massive var ie t ies  are  
common. The clinopyroxene is usually light-green and the amphibole 
may be a highly absorptive variety of hornblende. Plagioclase tends 
t o  be more ca lc ic  i n  these calc-mangesian rocks and generally ranges 
from a1 bi t e  t o  01 igoclase i n  composition. Muscovite, when present, 
marks a t  l eas t  two pulses of metamorphism, one represented by an 
ear l  i e r  synkinematic fabric and the other by transecting shear 
planes. Calcite tends to  be more abundant than quartz and clino- 

.zoisi t e  i s  a common mineral ccnsti tuent.  Accessory tourmal ine, 
o r th i t e  and graphite a re  also present. Rocks of the t h i r d  group a r e  
generally composed of garnet and amphibole and occur with massive 
fabrics  and va r i e t i e s  tha t  have only incipient  fo l i a t ion .  Garnet 
porphyroblasts up to  8 millimeters ( . 3  inches) in diameter a re  
common and exhibit  euhedral overgrowths on subpoi k i  1 oblas t ic  cores 
(Swainbank and Forbes, 1975). Muscovite and b io t i t e  a re  present i n  
a primary synkinematic fabric  and l a t e  muscovite marks a discordant 
S p  plane. C l  inozoisi t e  seems to  be res t r ic ted  t o  cer tain compositional 
layers and sphene, r u t i l e ,  and apa t i t e  are  common accessories. 

The calc-magnesian. sch is t s  of the upper p la te (?)  sequence occur 
i n  thin,  conformable layers or lenses and a re  re la t ive ly  ra re  within 

1 



the sequence. The upper plate  sequence also contains greenschists, 
epidote amphi bol i tes ,  calc-mica schis t s  and impure marbles. 

The intrusive rocks of the Fairbanks d i s t r i c t  f o r  the most par t  
range from quartz d i o r i t e  t o  granodiorite i n  composition. The 
largest  pluton i n  the area extends from Pedro Dome west-southwest 
approximately 4.8 kilometers (3 miles) t o  the head of Moose Creek 
No. 2. Several small intrusives of the same general composition 
a re  known i n  the d i s t r i c t .  The plutons are  elongate i n  outcrop 
pattern and the direction of elongation i s  generally parallel  t o  
the s t ructural  fabr ic  of the area (Brit ton, 1969). The plutons a re  
predominantly fine- to  medium-grai ned hypidiomorphic-granular quartz 
d io r i t e  and grandiorite although allotriomorphic-granular textu.res 
a re  known. Petrographically, the rocks are composed of up t o  45% 
plagioclase feldspar (An86 to  An30) in subhedral t o  euhedral grains, 
10 to  20% subhedral b io t i t e  and 8 t o  12% pyroxene, t h a t  includes 
major augite and t race hyperthene i n  subhedral grains tha t  often 
have reaction rims of hornblende. Accessory magnetite, apa t i te ,  
zircon and p i s t a c i t i c  epidote are common. Quartz monzonite stocks 
and dikes are  common in the Pedro Dome area. The dikes and stocks 
cut  the quartz d i o r i t e  and granodiorite locally.  The quartz mon- 
zoni t e  is composed of phenocrystal t o  gl omeroporphyri t i c  quartz, 
potassium feldspar and pl agioclase. Petrographical ly ,  the quartz 
monzonite consists of up to 36% plagioclase (An4, to  u p  t o  
38% quartz with accessory hornblende, magnetite, apa t i te ,  sphene, 
and zircon. Epidote, c l inozoisi te  and c a l c i t e  may also be present 
due t o  a1 terat ion.  Locally, intrusive rocks in the Pedro Dome - 
Cleary Summit area have been highly altered. A t  several l oca l i t i e s ,  
the feldspars have been to t a l ly  al tered to clays and accessory 
magnetite has been al tered to  ferrugenous material. North of Pedro 
Dome, the rocks a re  intensely al tered and combined sodium and 
potassium contents as high as 13% have been detected. 

- -- -- . - 
A t  several locations i n  the Fairbanks area, Tert iary volcanic 

rocks a re  present. The volcanics a re  chief ly basal t i c  in composition. 
Furst (1968) found tha t  the Fairbanks basalts a re  t ransi t ional  
between t h o l e i i t i c  and a lka l i  basalts.  The basalts occur as flows 
and breccias and a re  characterized by pillows, pillow breccias and 
col umnar basal t s .  The pi 1 lows were be1 i eved to  have formed during 
the extrusion of the basalt  i n  a subaqueous environment. Petro- 
graphically, the basal ts  a re  composed o f  9 t o  15% ol ivine,  20 t o  
49% pl agiocl ase feldspar (AnS0 to  Ane3) ,  5 t o  20% ti tani feroui 
augite,  17 to  20% glass  and u p  to 5% magnetite. 

Rocks near the head of Big ElDorado Creek i n  the pipeline 
trench a re  composed of p e l i t i c  schis t ,  quartzi te ,  micaceous quar tz i te  
and minor phyll i t e .  Locally, the metamorphic rocks a re  highly sheared 
and shattered. The rocks a re  deeply weathered and heavily iron- 
stained where shear zones and f au l t s  are  present. The ironstaining 
i s  probably related t o  local mineral ization, however, only minor 
sulf ide mineralization was found during this investigation. The area 
i s  spa t i a l ly  related t o  the highly mineralized zone near Pedro Dome, 



to the northeast, and does contain known mineral occurrences. 
Between Big El Dorado Creek and Goldstream Creek, the rocks are 
highly variable in nature. The dominant rock type in the area is 
a chl ori te-bearing, garnetiferous , quartz mica schist. Minor inter- 
laminations of calc-magnesian rocks, including: garnet amphibol i tes, 
impure marbles, and ec1 ogi tes, are present. The metamorphic sequence 
is cut by quartz diorite-and quartz monzonite dikes that are highly 
altered and are probably genetically related to the Pedro Dome 
quartz diorite stock. The faults and shear zones.of the area 
generally para1 lel the major fold axes, a1 though discordant fracture 
systems are known. Superimposed fold axis demonstrate the poly- 
metamorphic nature of the metamorphic rocks in the region. , 

The rocks present between Goldstream Creek and the head of 
Engineer Creek, are for the most part pel itic schist and quartzite. 
At one locality, opposite the confluence of Little Blanch and 
Engineer Creeks, a highly sericitized intrusive rock is present. 
The quartz monzonite(?) is altered and is now a rock that is 
composed of clay minerals and muscovite and contains pyrite cubes 
to 10 mi 11 imeters (0.4 inches) across. Local ly, the cl ay-muscovi te 
rock contains large, up to 10 millimeters (0.4 inches), arsenopyrite 
grains that may be crystals. Anomalous metal concentrations were 
found in these rocks. A roadcut on Hill 1558, northeast of Engineer 
Creek locality, contains similar rocks, but with small .blebs of 
pyrite. 

Near the head of Engineer Creek and to the east, the bedrock is 
composed of a monotanous sequence of interlaminated quartz-muscovite 
schist and micaceous quartzite. The schist i s  characteristically 
a f ine-to medium-grained, garnetiferous quartz muscovite schist. The 
quartzite layers are generally finely laminated to massive, however, 
unfol iated beds up to 0.5 meters (1.6 feet) thick of fine-grained 
micaceous quartzite are known. 

Structural Geology 

Rocks of the Fairbanks district have been affected by at least 
two major deformational events. The first metamorphic event is 
associated with a complete recrystallization of the parent rock and 
with the development of high-grade metamorphic minerals, while a 
later phase of metamorphism, appears to have been mainly a retro- 
grade event. The early recrystallization is associated with west 
northwest-trending folds, while the later phase is associated with 
folding about northeast-trending axes. Fold styles associated with 
the early recrystal 1 ization appear to be isocl inal and overturned 
to the northeast. Some folds are recumbent and arcuate (Swainbank 
and Forbes, 1975). The northwest-trending folds appear to be 
overturned and (or) recumbent, with axial planes usually dipping 
south. The degree and direction of overturning is variable and 
related to the superimposed northeast-trending structures (Swainbank 
and Forbes, 1975). A major structure in the northwestern part of 



the quadrangle tha t  appears to  have a close genetic relationship 
w i t h  the gold mineralization in the Cleary Summit - Pedro Dome Area 
was f i r s t  recognized by Prindle (1913). The Cleary Anticline is  a 
northeast-trending, arcuate, asymmetrical s t ructure tha t  is  s l igh t ly  
overturned t o  the northwest. Fracturing along the axial t race of 
the ant icl inal  s t ructure seems to  have localized and controlled the 
emplacement of quartz vei n systems. 

Swainbank and Forbes (1975) believe tha t  the quartz schis t ,  
micaceous quartzi t e ,  pel i t i c  sch is t  terrane of the Fairbanks -area 
i s in th rus t ( ? )  contact w i t h  the underlying and older eclogite-bearing 
terrane. The structural  s ty l e  present in the rocks of the lower 
sequence i s  isoclinal recumbent folding about north t o  northwest- 
trending axes. Later folding has superimposed open folds,  about 
northeast-trending axes, on the e a r l i e r  i socl inal t o  recumbent 
structures.  Microstructures i n  the rocks of the eclogi te- bearing 
terrane also r e f l ec t  the polymetamorphic history. 

Geochemistry 

Geochemical reconnaissance in the Fairbanks quadrangle during 
the current study consisted of the collection of 40 rock samples 
( see  Table 16, Appendix A )  from the inner pipeline corridor by M. I.R.L. 
personnel and U.S. Bureau of Mines personnel during the 1976 f i e l d  
season. S ta t i s t i ca l  analysis of the geochemical data has shown t h a t  
30% of the rock sampl es col lected contain weakly anomalous, anomalous 
and strongly anomalous concentrations of a t  l e a s t  one element. Thres- 
hold values (see Table 17, Appendix A )  f o r  the 90%, 95% and 98% 
confidence intervals  for  each element were derived from a s t a t i s t i c a l  
manipulation of t h e  raw geochemical data and the calculation of 
concentrations of the elements a t  the arithmetic mean plus; 1.645 x 
standard deviation, 2 . 0 ' ~  standard deviation, and 2.33  x standard 
deviation fo r  the 90%, 95% and 98% confidence levels  respectively. 
Where the analytical var iab i l i ty  i s  zero or  near zero, the  threshold 
values f o r  the confidence levels  a re  e i ther  the detection level o r  
nearly the same value. 

Samples of a l tered schis t  and quartzi te ,  collected just north of 
S i  1 ver Gulch, near Goldstream Creek, contain strongly anomalous 
concentrations of s i lve r ,  t i n ,  phosphorous and sodium, tha t  may be 
related t o  numerous quartz veins tha t  cut the schis t-quartzi te  
countryrock. Samples of schis t  and quartzi te  collected near Murphy 
Dome Road contain anomalous and strongly anomalous molybdenum, zinc 
and chrome and nickel values. The rocks a re  highly ar tered and cut  
by many quartz veinlets.  East of the Murphy Dome loca l i ty ,  a t  the 
S i lver  Fox Mine, a stockwork of t h i n  quartz veins cu t  quartz d i o r i t e  
of the Pedro Dome intrusive.  The quartz veins contain some dissemi- 
nated molybdeni t e .  The Silver Fox Mine loca l i ty  a1 so contains lead- 
silver-zinc mineralization in shear and gash zones near the  contact 
between the schis t-quartzi te  country rock and the Pedro Dome stock. 
The anomalous molybdenum and zinc values a t  the Murphy Dome loca l i ty  
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may indicate the presence of Si lver  Fox type mineralizaton in the 
area. 

Southeast o f  Goldstream Creek near the head of Engineer Creek, 
samples of highly al tered rocks, tha t  appears t o  be a ser ic i t ized  
quartz monzonite contains anomalous concentrations of tungsten, 
arsenic,  zinc and lead. - 

Mining  Activity and Economic Geology 

The f i r s t  actual gold discoveries i n  the Fairbanks quadrangle 
took place i n  the early 1870's when gold was found on the Tanana 
River. The f i r s t  deposits exploited in the region were found on 
Faith, Hope and Charity Creeks and were or iginal ly  located i n  1898. 
The f i r s t  placers found in the Fairbanks area proper were found by 
Felix Pedro in 1902 on Pedro Creek about 19 kilometers (12 miles) 
north of the Fairbanks town s i t e .  The stampede tha t  ensued the 
discoveries resulted i n  the establ ishment of the trade center near 
the confluence of the Chena River and the Tanana River, t ha t  sub- 
sequently became the town of Fairbanks. Placers of the Fairbanks 
d i s t r i c t  have yielded about 7,239,000 ounces of gold up t o  1959 
(Koschmann and Ber~endahl , 1968). 

Lode gold production in the Fairbanks d i s t r i c t  began as early 
as  1910 and continues t o  date. The history and production from lode 
deposits was summarized by Bruce I .  Thomas (1 973) as follows: 

The 1902 discovery of the rich gold-placer deposits 
. and the subsequent rapid development of placer mining 

stimulated the search for  the bedrock sources of placer 
gold in the* Fairbanks mining d i s t r i c t .  The f i r s t  gold 
quartz claim was made shortly- afterward. The gold- 
bearing quartz veins were not bonanzas, and lode mining 
developed slowly. The f i r s t  stamp mill was bui l t  in 1909, 
and the f i r s t  lode gold was produced in 1910. In 1913, 
s ix  mil ls  were operating, and more than 12,000 tons of 
gold ore was milled. Gold mining declined d u r i n g  World 
War I ,  and from 1915 to  1923, the mining of lode-gold 
deposits continued a t  less  than 2,000 tons per year. 
Completion of the Alaska Railroad i n  1923 provided a 
d i rec t  bulk-freight route from the coast t o  Fairbanks. 
Lode m i n i n g  increased to  5,000 t o  6,000 tons per year 
i n  the 1930's. The increase i n  the price of gold from 
$20.67 t o  $35.00 per f ine  troy ounce i n  1934 resulted 
i n  an annual production of over 11,500 fine' troy ounces 
by the l a t e  1930's. During t h i s  period, production of 
lode gold exceeded the gross production from a l l  placer 
mines in the d i s t r i c t  except tha t  of dredges. In 1942, 
the production of lode gold was stopped by executive 
order tha t  closed gold mines. After World War 11, 
attempts were made to  resume operations a t  some of the 



mines, but i n  most cases, increased costs made mining 
unprofitable. A t  various times during the past several 
years, one and sometimes two lode mines have operated 
f o r  short  periods, b u t  a t  no time a t  a scale comparable 
w i t h  t h a t  pr ior  to  1942. 

The to ta l  production from lode-gold deposits i n  
the d i s t r i c t  i s  about 241,000 f ine troy ounces from 
ore tha t  averaged about 1.32 f ine  ounces per ton. The 
most productive sources of lode gold are  veins a few 
inches t o  3 f e e t  wide. A1 though there have been as many 
as 10 t o  12 mines operating in the d i s t r i c t  a t  one time, 
the largest  s ingle  mine produced about 40 tons of ore . 
per 24- hour day. 

The general character of the gold lodes, a f t e r  Hi l l ,  (1933) 
consis t  of f i s su re  veins, t ha t  cut various types of sch-ists, and 
usually i n  close proximity t o  intrusives of s i l  i c ic - to  intermediate 
composition. Veins ranging from 5 centimeters t o  a meter (2 inches 
t o  3 f e e t )  wide have been the most productive. However, zones of 
closely spaced quartz vein1 e t s  have been found and were rich enough 
t o  be mined over widths of 2 t o  4 meters (8 t o  12 f ee t ) .  A t  
several l oca l i t i e s ,  namely the Ryan lode on Ester Dome, and a t  the 
Zimmerman lode, s i l i c i f i e d  sch i s t  over widths of 12 t o  23 meters 
(40 f e e t  to  75 f e e t )  have been found and exploited t o  some degree. 

The principal veins in the Pedro Dome - Cleary Summit area 
s t r i k e  between N60°M and due west and d i p  between 45" and 80" south. 
A few of the veins s t r i k e  N25OE t o  N 4 5 O E  and d i p  70" to  75O north 
west. Hill (1933) recognized a t  l eas t  four phases of s i l i c a  (quartz) 
deposition in the region. The ear l  i e s t  episode introduced coarsely 
c rys t a l l ine  white quartz tha t  i s  barren of metal1 i c  minerals. This 
quartz was l a t e r  brecciated and crushed by faul t ing along the veins. 
Next, a fine-grained quartz was introduced and was accompanied by 
some f r ee  gold and pyrite.  Continued faul t ing and fracturing along 
the  vein systems resulted in more brecciation and was accompanied by 
fine-grained quartz and sulf ides  with f r ee  gold. The f ina l  pulse 
according to  Hill (1933) was a reactivation of the faul t ing and the 
introduction of barren quartz. Sandvik (1967) also recognized four 
pulses of mineralization in the Pedro Dome - Cleary Summit area. 
The f i r s t  phase was characterized by the emplacement of barren quartz 

. veins, the second by the emplacement of quartz veins containing 
arsenopyrite, pyri te  and gold, the third and most productive (Forbes 
e t  a1 , 1968) pulse of mineral izat ion consisted of quartz-sti  bnite- 
gold f arsenopyrite and antimony su l fosa l t  veins. The fourth and 
f ina l  phase of m i  neral i zat i  on consists o f  quartz-s t i  bni t e  veins w i t h  
l i t t l e  or no gold. 

The phase three veins of Sandvik (1 967) have been .further sub- 
divided into three d i s t inc t  mineral assemblages (Forbes e t  a l ,  1968). 
The most typical assemblage contains jamesoni t e ,  s t i  bni t e  and gold 
and i s  characterized by the Kowalita vein near the Keystone Mines 



property, eas t  of Cleary Summit. The next most important assemblage 
contains quartz, jamesonite, f re iberg i te ,  galena and s t i b n i t e  and 
contain s ignif icant  gold values. This assemblage is  character is t ic  
of  the vein a t  the Keystone property. The th i rd  assemblage consists 
of galena, sphaleri t e ,  tetrahedri  te,  pyri te  quartz veins w i t h  sub- 
ordinate gold values. This assemblage i s  res t r ic ted  t o  f i s su re  
veins tha t  cut the Pedro Dome quartz d i o r i t e  stock a t  the S i lver  Fox 
Mine. Active mining of the gold-quartz lodes and lead-silver veins 
i n  the  Pedro Dome - Cleary Summit area continues to  date. The 
potential  fo r  finding undiscovered veins in the region seems high.  
Some of the previously uneconomic vein deposits may become mineable 
w i t h  improved mining methods and an increase in the price of gold - 
and s i lver .  

Several small tungsten deposits near Gilmore Dome, north of 
Fairbanks have produced i n  the past and one deposit on Gilmore Dome 
i s  being mined. The tungsten deposits a re  localized in 1 imy layers 
w i t h i n  the Birch Creek Schist. The deposits near Gilmore Dome are 
located near the contact with the Gilmore Dome quartz d i o r i t e  stock. 
The intrusion of the quartz d i o r i t e  stock i n  the Cretaceous has 
al tered the country rock and has produced calcite-epidote skarns 
and calcite-diopside skarns tha t  a r e  closely associated M i t h  the 
tungsten mineral iza t i o n .  

In summary, the Fairbanks d i s t r i c t  has produced in excess of 
7,000,000 ounces of placer gold and over 200,000 ounces of gold from 
hard rock deposits. The potential for finding unknown gold and 
s i l v e r  deposits and deposits o f  tungsten i n  the Fairbanks d i s t r i c t  
seems high. 
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Liv.engood Quadrang 1 e 

Previous Investigations 

The Livengood quadrangle has been the s i t e  of extensive geo- 
logical investigations since about 1899, when Alfred H. Brooks and 
others of the U. S. Geological Survey traversed the area.  Much of 
the ear ly 1 i t e ra ture  on the quadrangle describes the mineral resources 
and mining a c t i v i t i e s  tha t  were i n  progress w i t h i n  the Yukon-Tanana 
region. Recent work in the quadrangle by Chapman and others (1971), 
has resulted i n  a regional geologic map and basic resource information. 
Work by Forbes e t  a1 (1968) and Pilkington e t  a1 (1969) on the gold 
mineral ization near Cleary Summit, north of Fairbanks, has added much 
t o  the understanding of these gold deposits and to  the basic geologic 
framework of  the area. Recent work by Weber, Churkin, and Chapman, 
( i n  press) has added new information and resulted i n  the  reassignment 
of the age of some Paleozoic rocks within the quadrangle. Recent 
geophysical work by Gedney e t  a1 (1972) and Packer e t  a1 (1975) have 
added information on seismicity and earthquakes w i t h i n  the area. 

Regional Geol ogy and Petrology 

Rocks i n  the Livengood quadrangle have complex s t ructural  
relationships.  Precambrian(?) or lower Paleozoic polymetarnorphic 
schis t ,  phyll i t e  and quartzite sequences a re  juxtaposed w i t h  
Mesozoic sedimentary rocks across several large northeast-trending 
th rus t  f au l t s  and high-angle normal fau l t s  near the central  part  of 
the quadrangle. . 

A north trending high-angle norrcal f a u l t  near the Tolovana River 
marks the boundary between an upthrown eastern block composed 
dominantly of Mesozoic rocks and a western, downthrown block of 
dominantly Paleozoic rocks. 

Rocks of the Permian Rampart Group crop out northwest of 
Livengood. This sequence of interbedded t u f f ,  tuff  breccia, a rg i l -  
1 i t e ,  minor chert  and sedimentary rocks i s  cu t  by several northeast 
trending, high-angle normal f au l t s .  

A small graben-1 i ke basin between the valleys of Hess and Isom 
Creeks contains interbedded, coarse-grained chert-pebble conglomerate, 
l i t h i c  sandstone, sandstone and shale believed to  be Tert iary i n  age. 

The Rampart Group was f i r s t  described by Spurr (1898). Later 
work by Mertie (1937), Brosge e t  a7 (1969), and Chapman, Weber 
and Taber, (1971) has described the Rampart Group a t  i t s  type loca l i ty  
near Rampart, Alaska. The Rampart Group a t  i t s  type loca l i ty  consists 
mainly of bedded volcanic and sedimentary rocks of Permian age (Brosge 
e t  a l ,  1969). Early workers assigned a Mississippian age to  these 



rocks based on paleontologic data, but recent work has shown these 
foss i l s  t o  be Permian. Intrusive rocks found within the volcanic and 
sedimentary sequences have .been dated by K-Ar methods a t  205+6 mi 11 ion 
years B.P. (Brosge e t  a l ,  1969), therefore the Rampart ~roup-is a t -  
l e a s t  Triassic  in age. 

The Rampart Group as Plertie (1 937) described i t ,  consists of 
basal t ic  and andesi t ic  flows, basal t ic ,  andesit ic and rhyol i t ic  
t u f f s  and tuf f  breccias and a smaller amount of interbedded chert ,  
shale, a r g i l l i t e  and sandstone. The apparent l i thologic  sequence, 
a t  the type loca l i ty ,  consists of;  dark greenish-gray l i t h i c  tuf f  
and tuf f  breccia interbedded with s i l iceous a r g i l l  i t e  and minor , 

limestone. Overlying the basal t u f f  u n i t  is  a sequence of brown- 
weathering volcanic breccia containing cl a s t s  of argi 11 i t e  and 
1 imestone. Next, a sequence of greeni s h-gray s ha1 e,  dark-gray chert  
and interlayered basalt  and l i t h i c  tuf f  i s  present, which i s  i n  
turn overlain by an a1 tered sequence of chl or i  t i c ,  greeni sh-gray 
v i t r i c  tuf f .  A suspected f a u l t  separates t h i s  lower package of 
rocks from a somewhat different  overlying sequence. 

The upper package of rocks consis ts  of a basal u n i t  of medium- 
t o  dark-gray, very fine-grained l i t h i c  wacke and s i l t s tone ,  w i t h  
shaly partings and a few s i l t y  concretions. A covered interval 
obscures the relat ion between the upper basal sequence and an over- 
lying sequence of andesit ic,  basal t ic  and mafic-rich intrusive rocks 
of Triassic age. Next, a thick sequence of yellow chert  and orange- 
weathering, sheared volcanic breccia i s  present which i s  i n  t u r n  
overlain by greenish-gray mottled s i l t s tone  and c h l o r i t i c  sandstone, 
which is  interbedded w i t h  fine-grained crys ta l l ine  pyroxene andesite. 

Rampart Group rocks present in the pi pel ine corridor general l y  
consists of interbedded a r g i l l i t e ,  metasiltstone, fine-grained l i t h i c  
sandstone, crystal  -1 i t h i c  tuf f  and tuff  breccia of basal t i c  
composition, s i l l - l i k e  and clear ly intrusive bodies of hornblende 
d io r i t e ,  and basalt ,  dacite and diabase dikes tha t  cut  a l l  of these 
rocks . 

The tuff sequences generally consist  of highly a1 tered, crystal  - 
l i t h i c  tuff t ha t  contain fragments of volcanic and sedimentary rocks, 
plagioclase la ths  and augite. The rocks a re  highly chlori t ized and 
a t  some loca l i t i e s ,  ch lor i te  makes up  a s  much as 30% of the rock. 
The volcanic rock fragments generally a re  rounded and subrounded 
c l a s t s  t ha t  contain subhedral plagioclase grains and minor augite,  
s e t  in a matr ix of glass and chlori te .  

A typical model composition f o r  the l i t h i c  t u f f  is; 30 t o  40% 
volcanic rock fragments, 15 to  30% chlor i te ,  5 t o  10% quartz, 0 
t o  20% glass,  u p  t o  30% ca lc i t e  locally,  and up t o  25% plagioclase 
t h a t  ranges from andesi ne to  1 abradori t e  i n  composition. Minor 
amounts of hornbl ende, ser ic i  t e  and sedimentary and  metamorphic rock 
fragments a re  present. A1 terat ion varies in in tens i ty ,  but generally 
the rocks a re  highly chlori t ized and much of the plagioclase exhi b i t s  



signs of ser ic i t iza t ion .  Locally, the plagioclase la ths  have been 
completely al tered and pseudomorphs of c a l c i t e  and ch lo r i t e  o r  ca l c i t e  
and s e r i c i t e  a f t e r  plagioclase a re  present. 

The tuff  sequences a re  commonly well-bedded and where i n  contact 
w i t h  interbedded sedimentpry rock sequences, 1 i t t l e  or  no zone of 
a l te ra t ion  i s  present. The contacts between the layers of t u f f  and 
tuf f  breccia and the sedimentary rocks are  sharp and l i t t l e  in te r -  
mixing was observed. However, tuff  breccia layers  contain fragments 
and c l a s t s  of sedimentary rocks locally.  Some flow structures  ape 
present and where elongate c l a s t s  and mineral grains a re  present, 
they tend to  a1 1 ign themselves para1 7e'I t o  bedding. 

Sedimentary rocks interbedded with the tuf f  and tuf f  breccia 
1 ayers include shale, s i  1 tstone and medium-grained 1 i t h i c  sandstone. 
Locally, the shale and s i l t s tone  a r e  weli indurated and resemble 
a r g i l l i t e s  and meta-siltstone. T h e  l i t h i c  sandstone units contain 
some s e r i c i t e  and chlor i te  which probably represents incipient e f fec ts  
of regional metamorphism. 

Hypabyssal intrusives occur throughout the Rampart terrane and 
include s i l l - l i k e  bodies of chlor i t ized hornblende d i o r i t e  tha t  
appear t o  be in conformable contact with the enclosing tu f f s  and 
sedimentary rocks, and probably represent flows and o r  shallow 
intrusions. The contact zones between the s i l l - 1  i ke intrusive bodies 
and the tu f f s  and sediments do not show much hornfelsing, and 
the contacts a re  sharp and d i s t inc t .  The d io r i t e s  a re  character- 
i s t i c a l l y  fine-to medium-grained, a l tered,  hornblende d i o r i t e  w i t h  an 
average modal composition of ;  25 t o  40% plagioclase, 20 to  30% 
hornblende, 20 to  25% chlori te ,  generally l e s s  than 5% potassium 
feldspar, minor quartz and accessory ca lc i t e ,  s e r i c i  t e ,  apa t i te ,  
sphene, and augi te (?) .  Many of the s i l l - l i k e  bodies have been 
highly altered w i t h  major ch lor i t iza t ion  and some saussuri t izat ion.  

The clear ly intrusive bodies of hornblende d i o r i t e  crop out on 
many of the hi l l - tops north of Hess Creek. Compositionally, t h i s  
variety of d i o r i t e  is  similar to  tha t  occurring in the s i l l - l i k e  
bodies, however, maf ic-rich zones of hornblende d ior i  t e  o r  gabbro a re  
present local ly. Magnetite contents of these rocks may reach a s  much 
as 10%. Unlike the f i r s t  variety of hornblende d i o r i t e ,  the  contact 
zones surrounding the clear ly intrusive variety show marked a l te ra t ion .  

North of Hess Creek a sequence of interbedded quartz-chert, 
volcanic-pebble conglomerate, sandstone, crystal  -1 i t h i c  tu f f  and 
tuff breccia crop out. This sequence of rock i s .  believed t o  be 
Tertiary in age (Chapman e t  a l ,  1971). The l i t h i c  tuf f  and tuff  
breccias are  s imilar  t o  those that  const i tute  the bulk of the rocks 
i n  the  Permian Rampart Group. The rocks in the Tert iary sequence 
are  we1 1 bedded. The sands tones a r e  commonly f i ne-to medi um-grai ned, 
1 i t h i c  sandstones t h a t  contain abundant volcanic and metamorphic 
rock fragments. Some crossbeddi ng and graded bedding i s  present. 
within the sedimentary sequences. 



Tertiary rocks tha t  crop out about 13 kilometers (8 miles) 
north of Hess Creek do not contain interbedded t u f f s  or  tuf f  breccias. 
This package of rocks contajns quartz-chert, volcanic pebble con- 
gl omerate, interbedded with medium- t o  coarse-grai ned 1 i t h i c  sandstone, 
very fine-grained, dark-gray shale and s i l  tstone. The coarse-grained 
sands tone contains abundant carbonaceous material . Thin zones of 
graphitic material generally less  than 0.5 meter (1.5 f ee t )  thick 
a r e  i nterbedded w i t h  the sandstone and conglomerate sequence. This 
material, analyzed by Dr. P. D. Rao (Mineral Industry Research 
Laboratory a t  the University of Alaska) i s  graphite, and probably 
represents upgraded coal. 

The conglomerate layers within th i s  sequence of rocks generally 
consist  of rounded t o  subrounded pebbles of chert ,  quartz and sand- 
stone and volcanic rock fragments tha t  range u p  t o  4 centimeters 
(1.6 inches) in diameter s e t  in a matrix of coarse-grained calcareous 
wacke. Some crossbedding and what appear t o  be channel. s t ructures  
a re  present. Elongate pebbles within the conglomerate layers tend . 
t o  be alligned parallel  t o  bedding. A typical modal composition 
fo r  the conglomerate i s  30% sandstone rock fragments, 15% chert  
pebbles, 10% volcanic rock fragments, 40% quartz pebbles and 5-10% 
calcareous wacke matrix. 

Interbedded with the 1 i th ic  conglomerates a re  coarse-grained, 
calcareous, quartz-pebble conglomeratic sandstones. These sandstones 
a re  composed of angular t o  subangular grains of quartz and plagioclase 
as  well as sandstone and volcanic. rock.fragments. 

Lower Paleozoic rocks near Livengood consis t  of a thick sequence 
of interbedded chert ,  thin-bedded 1 imestane and t h i n  layers of shale 
and s i l t s tone .  .This sequence, the Livengood Chert, was f i r s t  
described by Mertie (1926). and consists predominantly of chert  and 
chert-breccia a t  i t s  type loca l i ty  near Livengood. The chert  occurs 
in  a great variety of colors ranging from red t o  gray and green t o  
black. Local ly ,  t h i n  zones of s i  1 ic i f ied  1 imestone and dolomi t i c  
1 imestone are  interbedded with the chert. Fossi 1 evidence coll  ected 
from shaly interbeds w i t h i n  the u n i t  have shown confl ic t ing evidence 
as  t o  the age of t h i s  unit .  Mertie (1937) and R. M .  Overbeck of the 
Geological Survey collected foss i l s  near upper Lost Creek, north of 
Livengood. These fossi  1 s ,  mostly crinoid stems and bryozoans, yielded 
a n  indicated age of Mississippian. Recent work by Chapman and Weber 

. ( i n  press) north of Livengood near Lost Creek, has shown these rocks 
t o  be upper(?) Ordovician in age, based on grapto l i tes  found i n  a t h i n  
shaley uni t  within the chert  sequence (Florence Weber, U. S. Geological . 

Survey, personal communications, 1977). The rock sequences i n  which 
Mertie found his f o s s i l s  may indeed be Mississippian. T h i s  sequence 
has been reassigned t o  a new group and i s  no longer considered to  be 
part  of the Livengood Chert uni t  (Weber, persona1 communication, 1977). 

The rocks themselves are  highly variable in nature. A t  many 
loca l i t i e s  within the Fipeline Corridor, highly fractured sequences 
of chert ,  shale and thin-bedded limestone tha t  contain c a l c i t e  veins 



are present. 

The siliceous limestone beds found interbedded with the chert 
sequence appear to be devoid of fossils. Locally the limestone is 
recrystallized and silicified. 

Rocks east of the Tolovana River consist of interbedded dark- 
gray to black shales, metasi 1 tstones, subordinate slate and coarse- 
grained, pebble-to cobbl e-congl omerate. We1 1 indurated rocks 
resembling argillites are present just east of the Tolovana River, 
near Shorty Creek. This sequence of rocks is a well-bedded unit of 
dark-gray to black rnetasiltstone and argill i te that is highly 
fractured 1 ocal ly and shows some i socl i nal overturned folding . The- 
isoclinal overturned fold axes trend northwest and dip slightly to 
the east. The argillaceous rocks are highly fractured and pencil 
cleavage is developed locally. Interbedded with the argillite is a 
thick sequence of coarse-grained pebble-to cobble-conglomerate. The 
conglomerates contain clasts of greenstone, quartzite, dark-gray 
1 imestone, sandstone, chert, sil tstone and minor dark-gray slate 
(Chapman, 1971). The matrix in these rocks is commonly coarse-grained 
1 ithic wacke that is calcareous in part. Bedding is well developed 
and generally dips to the southeast. This package of rocks is 
believed to be either Cretaceous or Jurassic in age, (Chapman et al, 
1971) based on scant paleontologic data. Paleozoic rocks west of 
the Tolovana River dip generally to the northwest while the Mesozoic 
rocks east of the Tolovana River dip southeast. A high-angle normal 
fault in the valley of the To1 ovana has been mapped by Chapman et a1 , 
(1971 ). The western block is down-dropped relative to the eastern 
block. Intrusive rocks east of the Tolovana River near the head of 
Wi 1 bur Creek consist of 1 ight colored, fi ne-to medium-grained, 
a1 tered intrusive rocks that vary from monzonite to quartz nonzonite 
in composition. - The intrusive rocks occur in di kes and as small 
i ntrusive bodies that intrude the metasi 1 tstone countryrock. The 
rocks are highly fractured and many quartz and calcite veinlets cut 
the metasil tstones east of Wilbur Creek. Near the head of Slate Creek 
and farther to the east near Globe Creek a thick sequence of Mesozoic 
rocks composed primarily of shale, si 1 tstone, quartzite, and medium- 
grained quartzose sandstones is present. This sequence of rocks is 
wei 1 bedded and exhibits graded bedding, flow casts and rill-marks 
(Chapman et al, 1971 ). The shales generally consist of medium-gray, 
very fine-grained rocks that are clayey in part. Medium-gray, fine- 
to coarse-grained lithic wacke in beds of variable thickness grade 
1 oca1 ly into conglomerate and shale. Medium-to coarse-grained quartzose 
sandstones near Globe Creek have been metamorphosed to at least the 
lower greenschist facies of metamorphism. These rocks contain 
abundant muscovi te in the interstices between rounded to subrounded 
grains of quartz, potassium-fe1 dspar and plagioclase. Incipient 
epidote is also present. 

At Globe Creek an extensive section of Tolovana limestone crops 
out. This unit, first described by Brooks and Randle .(1902), is a 
light-to medium-gray, finely-crystalline, thick and massively bedded, 
dolomitic limestone that is locally recrystallized and silicified. 



The t rue  thickness of the unit  i s  unknown, but may be several thousand 
meters ( f e e t )  (Chapman e t  a l ,  1971). The rocks of the Tolovana Lime- 
stone u n i t  within the Pipeline Corridor a re  highly fractured and 
recrystal  1 ized s i  1 iceous-dolomi t i c  1 imestone and recrystal  1 ized 
1 imestone tha t  contain abundant c a l c i t e  and quartz vein1 e t s .  Fossils 
a r e  ra re  within this uni t ,  b u t  those collected by Chapman e t  a1 (1971), 
chiefly corals ,  stromatoporoids and amphipora indicate a Si lur ian o r  
Devonian age. Jus t  northwest of Globe Creek, near Pump Station 
Number 7, the rocks a r e  dark-green t o  black, medium-grained greenstones. 
The hetamorphic grade of the rocks i n  t h i s  area i s  higher than the 
metamorphic grade of the rocks to  the west. The greenstones have 
well-developed epidote and are  probably upper greenschi s t  fac ies  rocks. 
Metamorphosed sedimentary rocks found in the area also exhibit  .a 
higher metamorphic grade than the rocks to  the west. Quar tz i te  
uni ts  t o  the west show only incipient  development of muscovite, while 
similar rocks near Pump Station 7 contain well-developed muscovite, 
epidote and incipient hornbl ende. Interbedded w i t h  the quartzi te  
a re  dark, very-fine grained a r g i l l i t e s .  The a r g i l l i t e s  contain 
muscovi t e  and incipient hornblende and an incipient  fol  ia t ion i s  
present local ly .  All of the rocks i n  t h i s  area a r e  highly fractured 
and contain quartz and ca lc i t e  veinlets.  Southeast of Globe Creek, 
an interbedded sequence of argi l  1 i t e ,  s l a t e ,  quartzi te ,  s i l  tstone 
and 1 imestone crops out. The a r g i l l  i t e  and s l a t e  are generally 
medium t o  very dark red or  maroon, but sometimes range to  light-gray 
to  grayish-green in color. They are  moderately well bedded in t h i n ,  
f i s s i l e  or  chunky layers and form a d is t inc t ive  uni t  throughout the 
area (Chapman e t  a l ,  1971). Thin qayers of gray t o  very dark-gray, 
f inely-crystal1 ine limestone are  interlaminated w i t h  the a rg i l l  i t e s  
and s la tes .  The limestones are  devoid of f o s s i l s .  

Rocks near Washington Creek, south of Globe Creek, consist  of 
interlaminated micaceous quartzite,  quartz muscovite schis t ,  a r g i l l  i t e  
and minor phyll i t e .  Minor s l a t e  interbeds a re  also present. Fossil 
evidence found in l e s s  metamorphosed sections consis t  of specimens 
of Oldhamnia, which indicate a Cambrian age (Churkin and Brabb, 1965). 
A1 though Mertie (1937), f i r s t  ident i f ied these f o s s i l s  and assigned 
the rocks t o  the Mississippian. This package of interlaminated quartz 
muscovite schis t ,  micaceous quar tz i te ,  phyl l i te ,  s l a t e  and subordinate 
a r g i l l i t e  i s  present southeast of Washington Creek and as f a r  south 
as the Chatanika River. South of the  Chatanika River, the rocks a re  
much the same as those near Washington Creek. However, this package 
of rocks appears t o  have been subjected to  some thermal metamorphism, 
possibly resulting from the intrusion of the Pedro Dome quartz d i o r i t e  
stock. The rocks i n  t h i s  area a re  highly al tered local ly ,  and contain 
abundant muscovite, b io t i t e ,  epi dote, hornbl ende and sibordinate 
garnet. Veinlets of quartz and c a l c i t e  a re  common and highly-altered 
sequences of rocks contain muscovite, while some small intrusive dikes 
show signs of s e r i c i t i c  a l terat ion.  

Structural Geology 

The structural geology of the rocks i n  the Livengood quadrangle 



is  dominated by northeast trending thrust f a u l t s  and high-angle normal 
f au l t s .  Fold sy t l e s  in the rocks southeast of Globe Creek are  iso- 
c l ina l  t o  recumbent, overturned t o  the northeast, while those north- . 
west of Globe Creek are  isocl inal , overturned to  the northwest. 
Several large l inear  features tha t  may be f a u l t s  a re  present i n  the 
northwestern part  of the-quadrangle. 

South of the Chatanika River the rocks exhibi t  a t  l e a s t  two 
phases of metamorphism and two d i s t inc t  s t ructural  trends. The 
e a r l i e s t  metamorphic pulse, u p  t o  almandine amphi bo1 i t e  grade, i s  
probably early Paleozoic and is apparently associated w i t h  isoclinal 
recumbent folding about northwest-trending axes, while the l a t e r  phase, 
probably mid Mesozoic, appears to  be retrograde t o  upper greenschist 
fac ies ,  and i s  associated w i t h  open upright folds about northeast- 
trending axes. Euhedral overgrowths on subhedraf poi kilobl a s t i c  
garnets i n  the v ic in i ty  of Pedro Dome may be evidence fo r  a l a t e r ,  
possibly l a t e  Mesozoic, thermal event (Swainbank and Forbes, 1975). 

Several large thrust f au l t s  mapped by Chapman and others (1971) 
north and west of Globe Creek, separate the lower Paleozoic or  Pre- 
cambrian schis t ,  g r i t  and quartzi te  sequence t o  the southeast from a 
Mesozoic terrane composed of metasiltstone, a r g i l l  i t e ,  metagraywacke 
and minor. greenstone, to  the northwest. The northeast-trending thrust 
f au l t s  and associated high-angle nomal f a u l t s  a re  marked by several 
mafic and ultramafic bodies northwest of the zone of overthrusting. 

Northwest of a high-angle normal f au l t ,  known as the Beaver 
Creek Fault (Chapman and others, 1971 ) metasil tstone, a r g i l l  i t e ,  
metagraywacke and pebble-to cobble-conglomerate a re  i soc l ina l ly  
folded and folds are  overturned to  the northwest. This Mesozoic 
sequence of rocks i s  recrystal l ized,  and some low-grade metamorphic 
minerals are  present. Just  eas t  of the Tolovana River a prominent 
escarpment parallel  t o  the r iver  valley i s  present. Chapman and 
others (1971 ) have mapped a large north-trending normal f a u l t  along 
the escarpment and the eastern, dominantly Mesozoic, block i s  
upthrown re la t ive  to  the western, dominantly Paleozoic block. In 
the vall ey of the Tolovana River an eas t  northeast-trending 
serpentini t e  body i s  present. Chapman (1 971 ) be1 ieves tha t  the 
serpent ini te  may be cut  by the f a u l t  mapped on the Tolovana escarp- 
ment and the body i s  of fse t  not more than 1.6 kilometer (1.0 miles) 
(F .  Weber, U. S. Geological Survey, personal communications, 1977). 

Northwest of Livengood a f a u l t  known as the Victoria Creek Fault 
i s  present. The f a u l t  trends about N80°E and can be traced for  
about 80 kilometers (50 miles). The Victoria Creek f a u l t  separates 
a Cambrian sequence of quartzi te  and g r i t  from a lower Paleozoic 
sequence of chert ,  dolomite and recrystal l ized limestone near Liven- 
good. Northwest of the Victoria Creek Fault, Chapman and others (1971) 
have mapped another high-angle normal f a u l t  t ha t  i s  subparallel t o  
the Victoria Creek Fault. In the northeastern part  o f  the Livengood 
quadrangle, t h i s  f a u l t  separates a Cambrian sequence of g r i t ,  quartzi te ,  
s l a t e ,  a r g i l l i t e  and chert  from a mid-Paleozoic sequence of chert ,  



1 imestone, c l a s t i c  rocks and minor volcanics. The presence of the 
f a u l t  t o  the southwest i s  marked by a s imilar  discontinuity i n  rock 
type. A strong l inear  feature i s  present i n  the valley of Hess Creek. 
This feature can be traced fo r  about 72 kilometers (45 miles) and 
trends sub-parallel t o  the Victoria Creek Fault. No of fse t  or  
discontinuity i n  rock types has been found on opposite s ides  of this 
1 inear. The rocks a re  part  of a thick sequence of interbedded sedi- 
mentary and volcanic rocks of the Permian Rampart Group. Another 
strong l inear  feature sub-paral l e l  to  the Hess Creek lineament is 
present i n  the valleys of Isom and Rogers Creeks. Rocks present on 
both sides of this l inear  a re  also part of the Ranpart Group and no 
offset  or discontinuity can be determined. 

Jus t  south of Isom Creek, a we1 I-bedded sequence of volcan'ics 
and associated a r g i l l i t e  and l i t h i c  wacke i s  highly folded and 
fractured. Small scale folds a re  abundant and fold axes generally 
trend northeast. 

Geochemistry 

Geochemical reconnaissance in the Livengood quadrangle during 
the current study consisted of the collection of 369 rock samples 
[see Table 18, Appendix A )  from the inner pipeline corridor between 
Goldstream Creek, north of Fairbanks, and the Yukon River. S t a t i s t i c a l  
analysis of the geochemical data has shown tha t  48% of the samples 
co1 lected contain weakly anomalous, anomalous and strongly anomalous 
concentrations of a t  l eas t  one element: Threshold values (see Tables 
19 and 20, Appendix A) for  the 90%, 95% and 98% confidence intervals  
fo r  each element were derived from a s t a t i s t i c a l  manipulation of the 
raw geochemical data and the calculation of concentrations of the 
elements a t  the arithmetic mean plus; 1.645 x standard deviation, 2.0 x 
standard deviation, and 2.33 x standard deviation for  the 90%, 95% and 
98% confidence levels respectively. Where the analytical va r i ab i l i t y  
i s  zero o r  near zero, the threshold values f o r  the confidence 1 eve1 s 
are  e i the r  the detection level or nearly the same value. 

Bedrock south of the Chatanika River consis ts  mainly of quartz 
mica schis t  and micaceous quartzi te  tha t  a re  cut by quartz veins and 
grani t ic  dikes and plugs. The schis t s  and quartzi tes  a re  al tered 
to  varying degrees and contain sporadic potassium, sodium and boron 
anomalies tha t  may be the r e su l t  of hydrothermal a1 te ra t ion  or  
contact metamorphic e f fec ts  associated with the  intrusion of the 
grani t ic  bodies. Combined sodium and potassium concentrations as 
high as 13% a r e  known in samples of granite and what UrS. Bureau of 
Mines personnel have identified as alaski te .  Minor s i l v e r  and 
arsenic values were also detected i n  the grani t ic  rocks. The rocks 
throughout the area a re  shattered and cut  by f au l t s  a t  many loca l i t i e s .  
Limonite staining, probably associated with the a l te ra t ion  of pyri te  
and other iron-bearing minerals, i s  common, a1 t h o u g h  no su l f ide  
mineralization was found during the current study. North of the 
Chatani ka River and south of Washington Creek, the bedrock consists 
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of a monotonous sequence of quartz mica schist and quartzite. Locally, 
quartz veins cut the schist and quartzite oblique to the foliation 
and contain strongly anomalous gold and silver values. Anomalous , 

molybdenum concentrations are also present locally. The rocks between 
Washington Creek and Slate Creek consist of banded slate, quartz 
mica schist, meta-siltstone, mafic intrusive rocks, and massive 
1 imes tone. The maf ic intrusi ves contain anomalous and strongly 
anomalous concentrations of strontium and weakly anomalous concentrations 
of calcium and molybdenum. North of Slate Creek, the shale, slate, 
graywacke and lithic conglomerate countryrock has been intruded by 
quartz porphyry and rhyol i te porphyry dikes and a small granitic 'plug . 
Samples of the intrusive rocks contain visible sulfides including 
pyrite, chalcopyrite and minor molybdenite. Copper concentration 
found in samples of the mineralized intrusive were as high as 
520 ppm. Zinc concentrations of 1000 ppm and molybdenum values of 
12 ppm were also detected. North of Wi 1 ber Creek and south of 
Shorty Creek the metasiltstone countryrock is cut by sulfide- 
bearing veins locally. The vein material contains clots and kidney- 
shaped zones of massive sulfides as much as 5 inches thick. The 
sul f ide mineral ization consists of arsenopyri te(?) , sti bni te, 
galena, and chalcopyrite. Strongly anomalous concentrations of cobalt 
and bismuth suggest the presence of other unrecognized mineral phases. 

Northwest of the Tolovana River, black chert of the Livengood 
Chert is intensely shattered and contains strongly anomalous concen- 
trations of copper, zinc and molybdenum. The chert is cut by 
randomly-oriented quartz vei nl ets and contains tourquoise(?) and 
faustite. No primary sulfide mineralization was found during the 
current study. 

Scattered, weakly anomalous and strongly anomalous concentrations 
of calcium, molybdenum, titanium, vanadium, magnesium and gal 1 ium 
were detected in samples of metasil tstone and chloritized diorite 
between Lost Creek and Erickson Creek. No mineralization of obvious 
significance was found during the current study. 

North of Erickson Creek, the bedrock consists of metasiltstone 
and sill-like bodies of diorite. Locally, the siltstone contains 
strongly anomalous concentrations of zinc and copper, no sulfide 
minerals were seen however. Near Hess Creek, samples of a1 tered 
hornblende diorite contain strongly anomalous concentrations of 
copper, bismuth, titanium, vanadium and gal 1 ium. The copper values 
are contained in disseminated chalcopyrite and range up to 2800 ppm. 
Minor molybdenum values were also detected. 

North of Hess Creek rocks of the Rampart Group dominate the 
bedrock geology. The lithic tuffs of the region contain weakly 
anomalous concentrations of calcium, molybdenum and titanium. The 
volcanic rocks a1 so contain strongly anomalous concentrations of 
gallium, magnesium, scandium and yttrium. Locally, argillites that 
are interbedded with the volcanic rocks contain barium concentrations 
as high as 4%. 
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North of the Yukon River, the volcanic sequences seem to be 

more maf i c  rich and scat tered,  strongly anomalous concentrations of 
nickel and chrome were detected. No mineralization was found during 
the current study however. 

Mining Activity and Economic Geol ogy 

Felix Pedro discovered gold in the Fairbanks d i s t r i c t  on Pedro 
Creek, north of Fairbanks in 1902 and ac t ive  min ing  has been i n  
progress since t h a t  time. Gold was discovered in the Tolovana 
d i s t r i c t  i n  1914 when workable placers were found on Livengood Creek, 
near the town of Livengood. The placer gold deposit on Livengood 
Creek i s  being act ively mined and about 1,000,000 ounces of gold may 
remain in the deposit (B .  Thomas, personal communications, 1977). 

Placer mining in the Fairbanks d i s t r i c t  has produced about 
7,239,000 ounces of gold from 1903 through 1959, and gold production in 
the Tolovana d i s t r i c t  has amounted to  about 375,000 ounces of gold u p  
t o  1959 (Koschmann and Bergendah1 , 1968). Active placer mining 
continues i n  both d i s t r i c t s .  

The source of the placer gold deposits i s  believed t o  be lode 
go1 d deposits of gold-quartz and gold-quartz-sulf ide vein a f f in i t i e s ,  
t h a t  a re  closely associated with small intrusive bodies found through- 
out the terrane. The placer deposits occur as bench deposits, as 
abandoned channel deposits, and a lso  as active stream channel deposits. 
Production from 1 ode gold, antimony, lead, s i lve r  and tungsten 
deposits has occurred i n  the Fairbanks d i s t r i c t .  Lode deposits of 
gold and s i lve r  a re  generally vein deposits be1 ieved by some investi-  
gators (Forbes e t  a7, 1969) to  be associated w i t h  small granite,  
d i o r i t e  and quartz d io r i t e  stocks tha t  occur throughout the Yukon- 
Tanana Ilplands. The veins a re  of several de f in i t e  types and include 
gold-quartz veins,  gold-stibnite-quartz veins, sulfide-quartz veins 
and gold-sulfide-quartz var ie t ies .  Podiform deposits of s t ibn i t e  
occur commonly associated w i t h  shear zones and some quartz veins. 
Production of antimony has taken place from these deposits. Tungsten 
deposits, c1 osely associated with small intrusive bodies found through- 
out the Yukon-Tanana Uplands, occur near thin,  discontinuous beds of 
limestone or calcium-rich layers within the Birch Creek Schist. 
Several small tungsten deposits near G i  lmore Dome, north of Fairbanks, 
have produced i n  the past and one deposit on Gilmore Dome i s  currently 
being mined. 

The tungsten lodes of the Gilmore Dome area are  locallized near 
the contact with the Gilmore Dome quartz d io r i t e  stock. The schee l i te  
mineral ization i s  concentrated i n  1 imy layers w i t h i n  the schis t-  
quar tz i te  country-rock and may represent remobilization of sedimentary 
tungsten (Metz, 1977). Contact metamorphic rocks consist  of ca lc i te -  
epidote s karn and cal c i  te-diopside skarn and are  closely associated 
with the tungsten deposits. Work by the U .  S. Bureau of Mines a t  the 
Col bert  Lode on Gilmore Dome has resulted in the discovery of about 



20,000 tons of h i g h  grade ore  averaging 3.29% WO . (U.S.B.M.,  1943- 
1945). There a r e  o ther  tungsten lodes known i n  ? he Cleary S u m i t  
a rea ,  and t he  probabi l i ty  of f inding other  such tungsten deposits  i n  
t h e  region seems high. 

On the  north-flank of Murphy Dome and south of the  Chatanika 
River many small quartz veins and shear zones were found during the  
examinations of the pipel ine  excavation. The veins and zones of 
shearing a r e  heavily iron s ta ined loca l ly .  No su l f i de  minerals o r  
v i s i b l e  gold were seen i n  these  rocks, however, analys is  of rock. 
samples revealed anomalous concentrations of si 1 ver, go1 d ,  molybdenum, 
nickel ,  lead,  tungsten and zinc. 

An extensive zone of potass ic  a l t e r a t i on  surrounds the  Pedro 
Dome quartz d i o r i t e  stock. Combined sodium and potassium concentrations 
of t he  rocks north Pedro Dome in  t he  a l t e r ed  zone a r e  a s  h i g h  a s  13%. 
The extensive shearing and quartz veining in  the rocks near Murphy 
Dome i s  probably spac ia l ly  and genet ical ly  re la ted  t o  t he  in t rus ive  
ac t i v i t y .  Sandvik (1967) believes t ha t  the re  were a t  l e a s t  four  
d i s t i n c t  periods of mineral iza t ion i n  the  Fairbanks d i s t r i c t .  The 
f i r s t  phase of mineral iza t ion is  characterized by barren quartz veins. 
The second phase of mineralization consis ts  of quartz-arsenopyrite- 
pyrite-gold veins t h a t  a re  post quartz monzonite, of the  Cleary area,  
i n  age. The t h i r d  generally high-grade phase of mineralization belongs 
t o  t h e  quar tz - s t i  bni te-gold-arsenopyri t e  and antimony sulfosal  ts veins. 
The four th  and f i n a l  phase of mineralization consis ts  of quartz and 
s t i b n i t e  w i t h  l i t t l e  o r  no gold. 

Several small lode mining operations were in  production i n  the  , 
Cleary Summit area i n  1977. One vein, known as  t he  Kawalita vein i s  
located near the  Keystone Mines property, northeast  of Cleary Summit 
and has been described as a typical  Bonanza type vein by Sandvi k (1 967). 
The vein systen contains abundant f ree  gold and t r ace  su l fo sa l t s .  The 
footwall of the vein is  marked by lenses of s t i b n i t e  t h a t  l i e  along 
the  contact .  Forbes e t  a1 (1968) reported t ha t  vein material from 
the  Kawal i t a  assayed between 10.6 and 238 ppm gold, w i t h  a weighted 
average grade o f  74 ppm f o r  the e n t i r e  width of the  vein. Assays 
a s  high a s  100 ounces of gold per ton a r e  known from t h i s  high-grade 
o r e  shoot (Rudy Vet ter ,  owner, personal communication, 1977). 
Forbes e t  a1 (1968) have shown t h a t  the  wall-rock i n  both the  foot- 
wall and t he  hanging wall contain anomalous gold concentrations t h a t  
extend a t  l e a s t  f i v e  f e e t  i n to  the  country-rock. 

Another mineralized zone on Willow Creek, j u s t  north of Pedro 
Dome, is being developed and some ore  was shipped i n  1977. The zone 
contains a d i s t i n c t l y  d i f f e r en t  type of minerali'zation then t h a t  of the 
Kawalita vein. The Willow Creek deposi t  i s  a highly mineralized 
shear (? )  t h a t  can be traced f o r  almost 0.8 kilometers (0.5 miles) .  The 
mineralized material i s  predominantly quar tz ,  carbonate, clay and 
su l f i de  mineral i za t ion .  The mineral ized zone i s  marked by intense 
sha t te r ing  of t he  schist-quartzite-marble-countryrock. One sect ion of 
t he  mineralized zone does not appear t o  be a vein, ra ther  i t  appears 



t o  be e i ther  a replacement deposit in a limy layer in the schist-  
quar tz i te  countryrock or  a metamorphosed syngenetic carbonate-hosted 
accumulation of sulf ides .  .Similar zones of mineralization are  known on 
Chatham Creek and a t  one loca l i ty ,  northwest of Pedro Dome. The 
mineral ization consists of thinly 1 aminated and rhythmi cal l y  banded 
marmatitic sphaleri t e ,  galena, s t i  bnite,  pyri te  and locally massive 
antimony su l fosa l t s ,  tha t  a re  probably jamesonite and boulangerite. 
Trace gold, and up t o  80 ounces of s i lve r  per ton have been reported 
from high-grade galena samples. 

The Cleary Summit-Pedro Dome area has long been recognized as  a 
highly mineralized d i s t r i c t .  The probabi 1 i t y  of finding unknown veins 
and mineralized zones i n  the region seems high. I t  i s  also possible 
tha t  mining of many of the previously uneconomic deposits i n  the 
region may become economically feas i  bl e i n  the future.  

Nor th  of the Chatanika River, the country-rock i s .  much the 
same as tha t  south of the Chatani ka only with a d i f fe rent  s t ructural  
grain. The rocks south of the Chatanika River exhibit  a t  l e a s t  two 
d i s t i n c t  phases of deformation while those to  the northwest do not. 
The schis t-quartzi te  country-rock near Pedro Dome exhi b i t s  evidence 
t h a t  the rocks were affected by a l a t e  Mesozoic thermal event t h a t  
may by related to  the intrusive ac t iv i ty  and mineralization. 

No mineral ization of significance was found in the pipe1 ine 
corridor between the Chatanika River and Globe Creek. A t  Globe Creek 
an extensive outcrop of Tolovana Limestone i s  present in the pipe1 ine 
r igh t  of way, as well as on the E l l io t  Highway. The limestone i s  
charac ter i s t ica l ly  a low magnesian limestone. Quar tz i te  and some 
dolomitic limestone are  present in close proximity t o  the limestone 
occurrence. The Tolovana Limestone and associated rocks may represent 
and important source of raw materials fo r  the production of Portland 
cement i f  the f e a s i b i l i t y  of such an industry should come about in 
the in te r ior .  

Near Globe Creek, medium-grained greenstones a re  present. .The 
rocks a re  probably metamorphosed mafic igneous rocks and samples of 
the greenstone contain anomalous concentrations of s i lve r ,  gold, t i n  
and tungsten. No anomalous nickel or copper values were detected, and 
no su l f ide  minerals were found during t h i s  study. The probability 
of finding s igni f icant  metal concentrations associated with these 
metaigneous rocks seems low. North of Globe Creek, the country-rock 
consis ts  of a Mesozoic sequence of shale, s i l  tstone, quartzi te  and 
sandstone. No anomalous metal concentrations were detected during 
t h i s  study a1 though the bedding surfaces of the shale and s i l t s tone  
members a re  often coated with subhedral c rys ta l s  of pyrite or 
marcasite. Some small quartz and ca lc i t e  veinlets  cu t  these rocks, 
however only pyri te  was found in the veinlets.  Near Wilbur Creek, the 
Mesozoic rocks become more cl a s t i c  i n  character and congl omeratic 
layers cons t i tu te  a major portion of the rock sequence. The sedi- 
mentary rocks a re  intruded by dikes and a small intrusive body composed 
of f ine-to medium-grained monzoni t e  and quartz monzoni te .  The 



intrusive rocks exhibit  varying degrees of a l te ra t ion  and disseminated 
sulf ide mineralization occurs throughout the dikes and intrusive 
bodies. The sulf ides  are  dominantly pyrite,  chalcopyrite, and molyb- 
deni te .  Copper concentrations as high as .052% and molybdenum concen- 
t ra t ions  as high as 12 ppm were detected. Minor lead and zinc 
concentrations were a l so  detected. The intrusive rocks near Wilbur  
Creek appear t o  have a rather 1 imited extent and the probability of 
this occurrence being of economic tenor seems 1 ow. 

Northeast of the Wilbur Creek occurrence, s imilar  intrusive.rocks 
crop out. The intrusives a re  heavily ironstained and intensely 
fractured. No v i s ib l e  sulfides were detected, however the rocks do 
contain manganese concentrations as high as  1.7%, lead concentrations 
a s  h i g h  as  397 ppm and zinc concentrations as high as  460 ppm. The 
high manganese content i s  probably related t o  a heavy coating of 
pyrolusite(?) tha t  occurs locally.  The rocks i n  this area seem t o  
have a moderate potential and fur ther  work i s  needed. The rocks 
between Wilbur Creek and Shorty Creek are  composed of very f ine-  
grained, s i l iceous metasiltstones that  are  fractured and sheared. 
Locally, the metasiltstones are  cu t  by numerous quartz-sulf ide veins. 
The veins cut  the metasil tstone obl ique to  the bedding surfaces and 
generally s t r i k e  northeast w i t h  a southerly dip. The sulf ides  tha t  
const i tute  most of the vein material a re  present as c lo t s  and kidney- 
shaped concentrations as much as 13 centimeters ( 5  inches) thick. 
Major arsenopyrite, s t ibn i t e ,  galena, and chalcopyrite const i tute  
the bulk of the vein material and secondary scorodite and malachite 
a r e  a l so  present. Boron concentrations as high as 300 ppm, b i smuth  
concentrations as high as 610 ppm and cobalt  concentrations as h i g h  
as .43% were detected in vein material. Copper values as high as 
.21%, nickel values as  high as .17% and antimony values as high as 
.05% were detected in high-grade samples of sulfide-bearing vein 
material. The v'eins found during the examination of t h i s  area a re  
small, however the potential fo r  finding other such mineral ized vein- 
systems i n  the area seems high. 

A "porphyry" prospect belonging to  B.P. '  Minerals, Co. near the head 
of Shorty Creek was act ively dr i l led  in the ear ly part  of the 1970's. 
A claim block consisting of a t  l e a s t  44 claims was staked, however, 
the  r e su l t s  of the d r i l l i ng  and the present s t a tus  of the claim group 
i s  not known. I t  i s  possible t h a t  the intense shearing and shattering 
of the metasiltstones and the mineralized vein systems in the area 
a re  somehow related to  the intrusive ac t iv i ty .  

West of the Tolovana River, the bedrock i s  d i f fe rent  than tha t  
e a s t  of the Tolovana, and i s  composed primarily of chert ,  dolomitic 
1 imestone and highly a1 tered vol canics . Northwest of the Livengood- 
Manley Hot Springs Road, the black chert member of the Livengood 
Chert u n i t  i s  intensely shattered. The zone of fracturing can be 
traced f o r  about 300 meters (1,000 fee t )  and is  of in t e res t  because 
the fractures  a re  coated with tourquoise(?) and f aus t i t e ,  which i s  
essent ia l ly  a zinc equivalent of tourquoise. Samples from the area 
have produced somewhat confl ic t ing  geochemical responses. Samples 
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collected by the U. S. Bureau of Mines i n  the area contained anomalous 
copper values as high as 680 ppm and molybdenum concentrations as high 
as  41 ppm. Samples collected during this study from the same area 
contained only minor anomalous concentrations of zinc, s i lve r ,  t i n  
and phosphorous. The copper and zinc a re  obviously of a secondary 
nature and the source of the metals i s  unknown. Further work is  
needed i n  the area to  determine i f  there i s  a relationship between 
the secondary copper and zinc mineralization in the cherts,  and a 
sequence of saussurit ized dac i t ic  volcanics tha t  a re  i n  contact w i t h  
the cherts  t o  the north. The presence of mineralization i n  the 
associated chert  and volcanics indicate an area tha t  has a moderate 
t o  high probabi 1 i t y  of containing metal concentraticns of unknown 
s i z e  and dis t r ibut ion.  

J u s t  south of Lost Creek, an extensive zone of s i l i c i f i e d  
dolomite, dolomitic 1 imestone, chert ,  s i l  ts tone and dac i t ic  volcanics 
i s  present. The chert  and s i l t s tone  members a re  highly sheared and 
cut  by many small quartz s t r ingers  locally. The rocks in the area 
contain anomalous concentrations of s i  1 ver, gold, molybdenum, t i n ,  
tungsten and lead. No mineralization was v is ib le  in these rocks,, 

' however, the area does contain the anomalous metal concentrations 
and needs fur ther  work. 

North of Lost Creek, the bedrock i s  composed of interbedded 
gray, black, green, red, white and brown chert ,  s i l t s tone ,  shale 
and sandstone. The sediments a re  cu t  by dikes tha t  range from trachyte 
t o  basalt  in composition. Locally, coarse-grained intrusive rocks 
composed of maf-ic-rich d io r i t e  a re  also present. The intrusive rocks 
contain minor disseminated sulfides.  Minor pyri te  and magnetite are  
present i n  the mafic-rich phases. None of the sulf ide or magnetite 
accumulations in the area appeared to  be of significance. 

North of Lost Creek near Erickson Creek, the character of the 
bedrock changes and rocks of the Permian Rampart Group are  present. 
The rocks generally consist  of interbedded t u f f ,  tu f f  breccia and 
arg i l  l i t e  w i t h  minor chert and sedimentary rocks. The Rampart Group 
a lso  contains a marked intrusive igneous rock component tha t  generally 
consists of medium-to coarse-grained hornbl ende d io r i t e .  A t  an 
occurrence jus t  south of Hess Creek, a sequence of meta-siltstone and 
shale has been intruded(?) by a s i l l - l i k e  body of hornblende d io r i t e  
tha t  contains as much as 70% disseminated sulf ides .  The su l f ide  
mineralization is composed of pyri te  and chalcopyrite, and copper 
values as  high as 0.28% were detected i n  selected samples. The dior i  t e  
a t  t h i s  l oca l i ty  is a medium-to coarse qrained hornblende d i o r i t e  
porphyry tha t  i s  sausser i t iz ied and ser ic i t ized .  Secondary quartz 
veins a re  abundant and cross-cut the d io r i t e  extensively. The d i o r i t e  
contains secondary b io t i t e  a f t e r  hornblende and some of the dior i  t e  
i s  highly ch1 or i  t ized. The mineralized intrusive rock near Hess Creek 
does not appear t o  be of economic tenor, however the occurrence of 
the porphyry-type mineralization in rocks of the Rampart Group indicates 
tha t  the terrane may have good mineral potential and may contain 
copper porphyry type deposits . 



North of Hess Creek, c lear ly  intrusive forms of hornblende 
d i o r i t e  crop out. The intrusives contain up  t o  10% magnetite, and 
a re  extremely chlori t ized.  No sulf ide minerals were found during the 
current study. The genetic re1 a t i  onship between the c1 ear ly intrusive , L 

d io r i t e s  north of Hess Creek and the s i l l - l i k e  forms t h a t  occur 
throughout the Rampart terrane is not known. The clear ly intrusive 
forms may a lso  have some -potential for  copper porphyry-type mineral i- 
zation. North of Hess Creek, a r g i l l i t e  beds within the volcano- 
sedimentary sequence contain up to  4% barium. Samples of tuff  and 
tuff  breccia from the area contain anomalous concentrations of chrome, 
molybdenum, vanadium, tungsten and s i lver .  No mineralization was 
found during the present study however. 

South of Isom Creek, a sequence of  rocks tha t  a re  thought t o  be 
Tertiary i n  age i s present and consists of interbedded conglomerate, 
l i t h i c  sandstone, graphite layers,  dikes of various compositions and 
minor sil iceous s i l  ts tone and sandstone. The sequence is  probably 
correlatabl e w i t h  simil a r  Tertiary rocks tha t  a re  known along the 
Yukon River t o  the west and to  the n o r t h  in the Fort Ham1 in Hi1 1s. 
The rocks occupy a graben-like s t ructure outlined by a lineament i n  
Hess Creek and by a similar lineament i n  the Isom-Rogers Creek 
valleys. To the west, Tertiary rocks a re  the host for  the coal 
deposits a t  the Drew Mine, near the mouth of Hess Creek. If  these 
rocks a re  correlatable ,  the Ter t ia ry(?)  rocks found in the Pipeline 
Corridor may contain s imilar  deposits. No above background uranium 
concentrations were detected, in the Tertiary rocks however fur ther  
work i s  needed to fu l ly  evaluate the uranium potential of t h i s  area. 

Just  south of Isom Creek a large shear zone(?) about 15 meters 
(50 f e e t )  wide i s  present. The material i n  the shear zone contains 
sphaler i te ,  pyr i te  and minor galena. Zinc concentrations as high as 
.21% and lead concentrations to  300 ppm were detected. Minor nickel 
and chrome values were also present. 

In summary, the rocks of the Livengood quadrangle have good 
mineral potential and may contain a variety of mineral deposit types. 
The complex s t ructural  and geologic framework of the rocks coupled 
with the heavy fores t  cover over most of the region will  complicate 
most exploration programs. However, the probabili ty of finding 
s t i l l  undiscovered deposits seems h i g h .  
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Tanana Quadrangle 

I Previous Investigations - 
Geologic investigations i n  the Tanana Quadrangle began a s  early 

as 1898 when geologists of the U. S. Geological Survey traversed 
the  area- Recent work on the bedrock geology of the region include 
work by Chapman e t  a1 (1972); Detterman (1973); Foster e t  a1 (1973); 
Patton and Ri l ler  (1970) and C h u r k i n  (1973); a l l  of the U. S. Geo- 
logical Survey. Regional geophysical surveys i n  the quadrangle 
include work by Brosge e t  a1 (I 970) ; and two open f i l e  reports by 
the U. S. 'Geological Survey (1 973) on a~romagnetic surveys conducted 
i n  the quadrangle. Papers by Detterman (1973) and Patton (1973) 
a r e  the l a t e s t  works on the tectonics of the region- 

Regional Geology and Petrology 

The regional geology of the northeastern portion of the Tanana . 
quadrangle i s  much the same as that of the northwestern part of 
the Livengood quadrang1 e. Interbedded sequences of tuff ,  tuff  
breccia, and argi l l  i t e  of the terrnian Rampart Group, crop out north 
and east  of the Ray River. North of-, a thick sequence of 

' s la te ,  quartzite,  schis t  and phyllite i s  present. T h i s  sequence is 
believed to  be upper Paleozoic i n  age (Chapman and Yeend, 1972). 
The phy11 i t e s  are interbedded w i t h  very-f ine grained, micaceous 
metasil tstone, s late,  and minor quartzite, and are general l y  very 
f ine  grained, dark-gray t o  black phyllites that  contain pods and 
irregular veinlets of quartz. Patton and Miller (1970) correlate this . . 
u n i t  w i t h  similar rocks to the north near the Kanuti River. 

The phyllites of the Kanuti River region have been correlated 
. w i t h  plutonic and metamorphic rocks o f  the Kokrines ' -  Hodzana 
highlands area complex to the west (Patton and Miller, 1970). The 
phyll i te  terrane in  the Tanana Quadrangle is intruded and al tered 

. . by granit ic  intrusives of Mesozoic age (Patton and Miller, '1970). 
. . 

Structural Geology 

The structural geology of the rocks i n  the Tanana quadrangle is 
dominated by the Kaltag Fault. This major right-lateral , stri ke-sf i p  
fau l t  has been mapped by Chapman and others (1975) and is be1 ieved 
t o  follow the structural low occupied by the Yukon River. The fau l t  
I s  a major structural break and can be traced for  about 440 kilo- 
meters (275 miles) across west-central A1 aska. The eastern 
extension of the fau l t  into the Livengood quadrangle has not been 
identified. However, several large northeast trending f au l t s  and 
strong 1 ineaments i n  the Livengood quadrangle a t  Beaver Creek, 
Victoria Creek, Hess Creek, Isom-Rogers Creeks, and the Porcupine 



lineament north of the Yukon Flats  may be the eastern extension of 
the  Kal tag Fault (Florence Weber, Personnal Communications, 1977). 
Evidence of Quaternary movement along t races  of the f a u l t  west o.f 
Tanana have been found. 

The phyl l i te  uni ts  in the Tanana D-6 quadrangle a re  highly folded 
and sheared. A strong fo-liation i s  developed and quartz s t r ingers  
and pods a re  present along fractures  within phyl l i te  sequence. The 
folding produces a highly variable fol ia t ion generally s t r i  king 
between 020" and 11 5" and dipping 25 to  40 degrees to  the southwest. 
A t  one local i t y ,  small crenul ations were found indicating secondary 
folding a t  370" and dipping 22" south. 

Geochemistry 

Geochemical reconnaissance in the Tanana quadrangle during the 
current study consisted of the collection of 12 rock samples (see 
Tables 21 and 22, Appendix A) from the inner pipeline corridor. The 
sampling was concentrated i n  an area where the bedrock i s  dominated by 
dark gray phyl l i te .  S t a t i s t i ca l  analysis of the geochemical data has 
shown tha t  58% of the samples collected contain weakly anomalous, 
anomalous and strongly anomalous concentrations of a t  1 eas t  one element. 
Threshold values (see Tables 23 and 24, Appendix A )  fo r  each element 
were derived from a s t a t i s t i c a l  manipulation of the raw geochemical 
data and the calculation of concentrations of the elements a t  the 
arithmetic mean plus; 1.645 x standard deviation, 2.0 x standard 
deviation, and 2.33 x standard deviation f o r  the 90%, 95% and 98% 
confidence levels  respectively. Where the analytical variabi 1 i t y  i s  zero 
o r  near zero, the threshold values for  the confidence levels a re  e i the r  
the detection level or  nearly the same value. 

The phyll i t e s  tha t  crop out north of 5 Mile Camp contain 
strongly anomalous concentrations of zinc and copper. No sulf ide 
mineralization was found during the current study, and fur ther  work 
i s  c lear ly needed in the area. 

Economic Geology and Mining Activity 

Gold was f i r s t  discovered in the Rampart Dis t r ic t  in about 1882. 
No signif icant  production occurred until  about 1896 when rich gold 
placer deposits were discovered on L i t t l e  Minook Creek, south of 
Rampart. Gold placers of the Rampart d i s t r i c t  have produced about 
86,800 ounces of gold up to  1959 (Koschmann and Bergendahl, 1968) and 
ac t ive  placer mining i s  continuing i n  the region.. Many of the placer 
deposits in the Rampart Dis t r ic t  contain accessory t i n ,  cinnabar, 
pyri te ,  galena, ba r i t e  and scheel i t e  (Waters, 1934). 

Coal was discovered about 32 kilometers (20 miles) northeast of 
Rampart i n  1897, when Oliver Miller found several coal seams on the 
Yukon River, opposite the mouth of Hess Creek. This loca l i ty ,  l a t e r  



known as the Drew Mine, produced about 1,200 tons of coal up t o  1903. 
The coal occurs i n  a thick section of Tert iary sedimentary rocks 

' composed of sandstone, conglomerate, shale and coal, believed t o  be 
Pliocene(?) in  age. A similar deposit occurs on Lower Minook Creek, 
south o f  Rampart. 



- .  . .. . . -.. . . " 
i:. 

',.:A ., . . 

120 
REFERENCES CITED 

Brosge, W.P., Brabb, E . E . ,  and King, E.R. 1970, Geologic interpretat ion 
of reconnaissance aeromagneti c survey of northeastern A1 aska: U .  S. 
Geol. Survey Bull. 1271-F, p. Fl-F14. 

Brosge, W.P., and Reiser, H . N . ,  1964, Geologic map and section o f  the 
Chandalar quandrangle, Alaska: U.S. Geol . Survey Misc. Inv. Map 
1-375, 1 sheet, scale 1:250,000. 

Chapman, R.M., Coats, R.R. ,  and Payne, T.G., 1963, placer t i n  deposits 
in central  Alaska: U.S. Geol . Survey open-file rept. 239, 53 p. , 

Chapman, R.M. ,  and Yund, W.E. ,  1972, Preliminary geologic map of the 
northeastern part  of the Tanana quadrangle, Alaska: U.S. Geol . 
Survey Misc. Field Studies Map MF-342, 1 sheet, scale 1 :250,000. 

Churkin, Michael, Jr. ,  1973, Paleozoic and Precambrian rocks of Alaska 
and t h e i r  ro le  i n  i t s  s t ructural  evolution: U.S. Geol. Survey 
Prof. Paper 740, 64 p. 

Detterman, R. L. , 1973, Mesozoic sequence in Arctic A1 aska, 2 Arctic 
Geology: Am. Assoc. Petroleum Geologists Mem. 19, p. 376-387. 

Foster, H . L . ,  Weber, F.R. ,  Forbes, R .B . ,  and Brabb, E . E . ,  1973, 
Regional geology of Yukon-Tanana up1 and, A1 aska: in Arctic 
Geology: Am. Assoc. Petroleum Geologists Mem. 1 9 , p .  388-395. 

Koschmann, A. H. , and Bergendahl , M. H . ,  1968, Princi pa1 gold-producing 
d i s t r i c t s  of the United States  : U .  S. Geol . Survey Prof. Paper 
610, 283 p. 

Mertie, J .Be, and Harrington, G . L . ,  1924, The Ruby-Kuskokwim region, 
Alaska: U.S. Geol. Survey Bull. 754, 129 p. 

Patton, W.W.  J r . ,  1973, Reconnaisance geology of the northern Yukon- 
Koyu ku k province, A1 as ka : U. S. Geol . Survey Prof. Paper 774-A, 
p. A1-A17. 

Patton, b/ .W. ,  J r .  and Miller, T .P . ,  1970, Preliminary geologic 
investigations in the Kanuti River region Alaska: U.S. Geol. 
Survey Bull. 1312-5, p. 31-10. 

Waters, 9.E., 1934, Placer concentrates of the Rampart and Hot Springs 
d i s t r i c t s :  U.S. Geol. Survey Bull. 844-D', p. 227-246. 



TANA NA 

Alosko Deportment of Mines, 1945, Report of the Cmmisiionar of Mines lo the 
Governor for the hwu biennia ended Decsnbet 31. 1944: Juneou, Alasko, 48 p. 

Alosko Deportment of Miner, 1946, Rcport of the Commissioner of M i n s  for the 
biennium ended December 31, 1946: Juneou, Alosko, 50 p. 

Alarko Dcprrrtment of Mines, 1952, Rcport of  the Commirsioner of Mines for t b  
biennium ended December 31, 1952: Juneau, Alosko, 66 p. 

Alosko Departmsnt of Mines, 1955. Report of  the Commissioner of Mines for tha 
biemiun ended December 31, 1954: Junaou, Alorko, 110 p. 

Alosko 9eprhnsnt of Mines, 1957, Report of the Commissioner of Mines for the 
biennium ended December 31, 1956: Juneau, Alarko, 103 p. 

Alasko Department of Mines, 1950. Report of the bmmiuioner of Mines for the 
biennium ended Dec. 31, 1950: Juneau, 57 p. 

Alosko Department of Mines, 1954, R a p t  of the Commissioner of Mims for the 
biennium ended Dec. 31, 1954: Juneau, 110 p. 

Alasho Division o l  Cc.o lo~~ic~~l  o l d  Ctaplqsicol Swvwyr, 1971, Asntsu~d J iv l*~I  1973: 
Anchotogo, Alosko, 59 p. 

Alosko Division of Mines and Geology, 1968, Rcport far the year 1968: Collsge, 
Alorko, 67 p. 

AIosko Division of Mines and Minerals, 1960, Report for the ycor 1960: J u n ~ u ,  
AIasko, 88 p. 

Alorko Dirision of Mines and Minerols, 1965, Rcport far t k  ysor 1965: Juneou, 
Alosko, 99 p. 

Anderson, G.  5.. 1970, Hydrologic r ~ ~ o n n a i l l a ~ e  of the Tonom borin. csnttal' 
Aloska: U.S. Gcol. Survey Hydrol. Inr. Atlas FA-319, 4 skch.  

Anonymous, 1974, Mullimodol tronrportotion and utility corridor system in Alosko; 
o p~c!imiwry, conccptuol omlysis: U.S. Dept. Interior, Bur. Lond knoge-  
ment, 77 p. 

Anonymous, 1974, Multimodol lronrpartction and utility corridor systems in Alosko; 
genroiizcd description of the 40 primary corridorr, !ocotionr, modes. idcntiiying 
agencies, purposes, environmsntol impacts, and statur of lond, crossed: U.S. 
Dept. Interior, En. Lond thnogemcnt, 184 p. 

b i n ,  H. F., 1946, AlosLoLs minerolr or o basis f or  industry: 
. Circ. 7379, 89 p. 

U.S. Bur. Miner Inf. 

Bornes, D. F., 1967, Four preliminary grority maps of ports of Alosko: U.S. Geol. 
Suvay open-file rept., 5 p. 

Bomcs, D. F., 1971, Preliminary Bougusr ammoty and lpcsific grovity mps o f  
%ward Peninsula and Yukon Flots. Alosko: U.S. Geol. Suuey open-file rept., 
II p. 

Barnes, F. F., 1967, Cool resources of Alosko: U.S. Gaol. Svvcy &!I. 1242-8, 
p. 81-836. 

Borton, W. R., 1962, Columbium ond tontalwn, a mteriols survey: U.S. Bur. 
Mines. Inf. Circ. 8120, 1 ID p. 

Eater, R. G., and Wedow, Helmuth, Jt., 1953, Preliminary summary review of 
thorium-beoting mineral occurrences in Alorio: U.S. Gcol. Survey Circ. 2U2, 
13P. . 

Berg, H. C., bnd Cobb, E. H., 19-57. Metall ikrow lode deporils of Alaska: U.S. 
Gcol. Surrey Bull. 1246, 254 p. 

Lrg,  Edword, 1973. Crustol rtrlrcture in Alako, in Tne structure of t h  Earth's crurt 
b9r.d on seismic doto: T e c t o ~ p h ~ s i o ,  v.  n, n. 1-4, p. 165-182. 

Bilbrey, J. H.. Jr. ,  1962, Coboll, o materi~lr survay: U.S. Bur. Minn. Inf. 
Circ. 81a. 140 p. 

Blosing, T .  J., and Ftitts, H. C., 1975, Past climate of Alorko ond northrotem 
Conodo as recon~tructed from tree rings: Alosko Sci. Conf. Pmc. 24, 
p. 48-58. 

Bropon, George E., Cliff, Lloyd S., Dwringo, Marjorie K., et 01 ., 1975, Activ. 
faults of Alosko: Tectonophysics, v. 29. p, 73-85. 

Brooks. A. H., ond Copps, 5. R., 1924, T h a  Alaskan mining industry in 1922: 
U.S. Geol. sutvey Bull. 755, p. 3-49. 

brooks, A. H., and h'ortin, G. C., 1921, Tha Alorkon mining industry in 1919: 
U.S. Geol. Survey Bull. 714, p. 59-95. 

QUADRANGLE 121 

brooks, A. H., 1902, The cool resources of Alosko: U.S. Geol. Survey 22nd Ann. 
Rept., pt. 3, p. 515-571. 

Brooks, A. H., 1903, Ploocr gold mining in AIczko in 19m: U.S. Geol. Surrey 
Bull. 213, p. 41-48. 

kooks, A. H., 1904, Placer mining in  Alako in 19CO: U.S. Geol. Surry &II. 
225, p. 43-59. 

Brooks, A. H., 1905, Plocer mining in  AIosko in 1904: U.S. Geol. Surrey Bull. 
259, p. 18-31. . 

books, A. H., 19C6, The geagrophy and geology of Alosko, o sumory of existing 
knowledge, with 0 section on climate by Clerclond &be, I., and o topo- 
gtophic mop and description thereof, by R. U. Goode: U.S. Geol. Survey Prof. 
Popn 45, 327 p. 

Brooks, A. H., 1907, The mining industry i n  la: U.S. Gwl. Survey 6ull. 314, 
p. 19-39. 

books, A. H., 1908, The mining indmtry i n  1907: U.S. Geol. Survey Bull. 345, 
p. 30-53. 

books, A. H., IPW, Mineral rcroucss of Alodo, i n  U.S. Gnrlogicol Suwy. 
Popar on the ~onrsrvotion of mineral resowccs (;;printed from report of the 
Notioml Comarwtion Comminiorr. February, l9Wi: U.S. Geol. Survey 
Bull. 394, p. 172-207. 

Brooks, A. H., 1909, The mining industry i n  1908: U.S. Gcol. Survey Bull. 379, 
p. 21-62. 

kooks, A. H., 1910, The mining industry i n  1909: U.S. Geol. Surrey Bull. 442, 
. p. 20-46. 

Brooks, A. H., 1911, Geologic features of Aloskon memlliferou. lodes: U.S. Gcol. 
Surrey Bull. 480, p. 43-93. 

Brooks, A. H , 1911, The Mount McKinley region, Alosko, with dclcriptions of the 
igneous rocks and of t k  Bonnifield ond Kontishm districts, by. L. M. Prindle: 
U.S. Geal. Survey Prof. Paper 70. 234 p. 

books, A. H , 1914, The Alaskan mining industry in 1913: U.S. Geol. Survey 
Bull. 592, p. 45-74. 

books, A. H., 1915, The Aloskon mining industry in 1914: U.S. Geol. Surrey 
Bull. 622, p. 15-68. 

Brooks, A. H., 1916, The Alasko mining industry in 1915: U.S. Geol. Surrey 
&11. 642, p. 16-71. 

books, A. H., 1918, The Alaskm mining industry in 1916: U.S. Gcol. Surrey 
. Bull. 662, p. 11-62. 

Looks. A. H., 1919, Alorko's mineral supplies, in  McCosLey, H. D., and Suchord, 
E. F., Our mineral supplies: U.S. Geol. r r v e y  8ull. 646, p. 89-102. 

brooks, A. H., 1921, The iutute of Alaska mining: U.S. Geol. Surrey Bull. 714. 
p. 5-57. 

Brook,, A. H., 1922, The Alako mining industry in 1920: U.S. Geol. Sumy 
Bull. 722, p. 7-67. 

Brooks, A. H., 1923, The Alorkon mining indurtry in 1921: U.S. Geol. Sufrey 
Bull. 739, p. 1-44. 

books, A. H., 1925, Alasko's minerol reulurcss ond production, 1923: U.S. Geal. 
Survey Bull. i73, p. 3-52. 

brosgc, W. P., ond bnrodi, Arthur, Jr., 1971. Wognetic susceptibilities of cry- 
stolline rock samples, Yukon River-Porcrpine River oreo, east-ccnnol Alosko: ' 
U.S. Geol. Survey open-file rept., 8 p. 

&orge, W. P., Brobb, E. E., ond King, E. R., 1970, Geologic interpretation of. 
reconnois,once o.romognctic survey of northeastern Alosko: U.S. Geol. Surrey 
Bull. 1271-F, p. FI-F14. - 

brosge, W. P., Lonphare, M. A., Reiter, H. N., and Cho~mon, R. M., 1969, 
Proboole Permion oge of the Rompart Gcoup, centrol Alosko: U.S. Gecl. 
Survey Bull. 1294-8, p. 81-818. 

Burond, W. M., and Sounders, R. H., 1964, A geochemical inv.stigstion of Miwok 
Creek, Rompart district, Alosko: Alosko Div. Mines and Minerols Geochem. 
Rept. 12, I 5  p. 

Burond, W. M., 1966, A geocheinicol investigation o f  stream sedimenh in h e  
Elliott Highway oleo, Aloska: Alosko Dir. Mines and ~ ine ro ls  Geockm. 
Rept. 11, 30p. 

Brooks, A. H., 1900, A teconnabronce in the White ond Tomno river basim, 
Alarko, in 1898: U.S. Geol. Survey 20th Ann. Rept., pl. 7, p. 425-494. 



TANANA OUADRANGLE Cant. 122 

Cody, W. M., Wolloce. R. E., Haare, J. M.. and Vletbcr, E. J., 1955. The 
central Kurkokwim region, Alaska: U.S. Gaol. Survey Prof. Pmpsr 268, 132 p. 

..n 

Ellsworth, C. E., and Doranport, R. Vi., 1913, Woter supply of the YuLon-Tomna 
regbn. 1912: U.S. Geol. Survey Bull. 542, p. 223-278. 

Capps, 5. R., 1924, Gtrrlogy and mienrol remurces of the region bovened by thc 
Almko Roilrod: U.S, Geol. Survey Bull. 755, p. 73-150. 

Ellrwrth, C. E., and Davenport, R. W.. 1915, Surface water supply of the Yukon- 
Twono region, Alosko: U.S. Geol. Surrey water-Supply Paper 342, 3 U  p. 

Coppr, 5 .  
Bull. 

R.. 1940, Geology 
907, 201 p. 

region: Gaol. Ellsmxth. C. E,, o d  Parker, G.  L.. 1911, Placer mining in the Yukon-Taona 
region: U.S. G a l .  Swrey Bull. 460, p. 153-172. 

Cotter, Claire, (cd.), 1974, United Stotn Geological Swvey Alaska Program, 1974: 
U.S. Gsol. Surrey Circ. 700, 63 p. 

Ellswrth, C. E., and Porkir, G. I.., 1911, Woto supply of the Yukon-Tomm 
region, 1910: U.S. Geol. Survey Bull. 480, p. 173-217. 

Ellswth, C. E., 1910, Placer mining in the Yukon-Tanan. region: U.S. Geol. 
Survey Bull. 442, p. 23C-245. 

Cedwtrom, 0.  J., 1952, Summary of ground-wler development in Alosho, 1950: 
U.S. Geol. Survey Circ. 169, 37 p. 

Chopin, Thedwe, 1914, Plocer mining in the Yukon-Tonom regbn: U.S. Gcol. 
Survey Bull. 592, p. 357-362. 

Ellsworth, C. E., 1910, Water supply of,the Yukon-Tonon. region, 1909: U.S. 
GeoI. 5urv.y bll. 442, p. 251-283. 

Emmett, W. W., 1972, The hydraulic geomctry of unu Alolkan drcona south of 
th. Yukon River: U.S. Geol. Survey open-file rep*., 102 p. 

*in. Thodore, 1919, Mining in  thc Hot Springs district: 
b i t .  692. p.  331-335. 

U.S. Geol. Survey 

Chopmon, R. M., and Yeend, W. E., 1972. Preliminory qoolqic .wp or tha mrth- 
eoslwt* port o l  IIsc Tutuvto qwdtu*yle, Ala,Lo: U.S. Cool. St,rvcy Mi,c. 
Field Studies Mop MF-342, 1 sheet, scale 1:250,MM. 

krriorn. Ckcor J,. Jr., and Kochadmrian, Reuben. 1973, Pornofrost-related 
etqir>coeir.y prd,lom wnl tl,c. t<o$n-Alosko pipel;ne lobr.,, i n  Coldilie~on Section, 
69th Am. Mtg.: G e l .  Sac. America Abs.. v. 5, n. 1,-p. 41-42. 

Chopman, R.  M., Coots, R. R.. and Poyne, T. G., 1963. Plocer tin deposits i n  
centrol Alaska: U.S. Geol. Surwy wen-file rcpt., 53 p. 

Foster, Helen L.. babb, Eorle E., Vlcbcr, Florence R., e l  01.. 1970, Regional 
g ~ l c q l  of Yukon-Tonono upland, Alosko labs.), i n  Interwtioml tympaiwn on 
Arqtic geology, 2nd: Am. Assoc. Petroleum GeoFgirn Bull.. v. 54, 
p. 248C-2481. Childerr, J. M., Mccbl ,  J. P., and Anderwn, G. I., 1972, Floods of Augwt 

IS67 in  east-centcol AIosko, with o section on Weother fuotu*es cpntributing 
to the flmdc, by E. 0. Diemer: U.S. Geol. Survey Water-Supply Paper 1880-A, 
p. A I -An .  

Foser, Helen L\, Wcber, Florence R., Forbes, Robert 8., et el.. 1973, Regioml 
gaolog7 of Yukon-Tamno uplond. Alorko, in Arctic Geology: Am. Assoc. 
Petroleum Geologists h m .  19, p. 388-393: 

Chutkin, Michael, Jr. ,  1973, Paleozoic ond Precambrian rockr of Alorko and their 
role i n  it5 ctructurol evolution: U.S. Geol. Swvey Prof. Poper 740, 64 p. Foster, R. L., 1967. Tectonic inclurionc froma serpentinite, east-ccnlrol Alosko, 2 

Geolcgicol Svva), reworch 1967: U.S. Geol. Survey Rof. Poprr 575-0. 
p. 0120-0122. Cobb, E. H., 197'2, Mctolllc mineral rnourcer mop or the Tonano quodrongle, 

Alwko: U.S. Gcol. Survey Misc. Field Studies hbp MF-371, I sheet, scale 
1 :250,O€Q. Freeland, G w g e  L,, ond Dicrr, Robert 5.. 1973, Rotation history of AloslrM 

tectonic blocks: Tectonophpicr, v .  18. n. 3-4, p. 379-389. 
Cobb, E. H., 1973, Plocer dapcrits of Aloska: U.S. Gaol. Surrey Bull. 1374, 

213 p. Frirchkncht, Frank C., ond Stanley, W. D.. 1970, Airborne and ground electrical 
resistivity slvdier along proposed Irons-Alosko pipcline system fThPSl route 
(obs.), i n  internotionol symposium on Arctic 2 4 :  Am. Assoc. Petro- 
leum Gz;;logists Bull., r. 54, p. 2481. 

Co!liar, A. J., 1903, C w l  resources of the Yukon besin, Alosko: U.S. Geol. 
Surrsy Bull. 213, p. 276-283. 

Gednry. L., Shpiro. 1.. Van VJormer. D., and Wrber, F., 1972, Corcelotion of 
epicenter* r i t h  mapped fnultr, east-central Alosko, 1968-1971: U.S. Geal. 
Survey open-file rept., 7 p.  

Collier, A. J., 19m. The ccal rewwces of the Yukon, Aloska: U.S. Gcal. 
Survey Bull. 218, 71 p. 

Collier, A. J., 1903, The Glenn Creek gold-mining district, AIo~ko: U.S. Geol. 
Survey Bull. 213, p. 49-56. HLlper. James B., 1972, North Slops oil; phpicol end political problems: Prof. 

Geography, v. 24, p. 17-22. 

- Hess, F. L., 1912, Tin tesowces of Alaska: U.S. Gsol. Surrey Bull. 520, p. 89-92. 
Covert, C. C., and Ell~worth. C. E . ,  1909, Woter supply of the Yukon-Tonom 

tcgion, 1907-1908: U.S. Gcol. Swvey Bull. 379, p. 201-228. 

Hollick, Arthur, 1930, The lJppep.r C~rctocco~r floras o i  Alosko, r i t h  0 description 
the plant-beo,ing beds, by G. C. Mortin: U.S. Geol. Sutuey Prof. Paper 159. 
123 p. 

Covert, C. C.. ond Ellsworth, C. E., 1909, Vhter-supply inrcstigotions in th.  

Yukon-Tonon. region, Alosko (Foitbanks, Circle, ond Ramport district,): U.S. 
Gsol. Swrcy Wotar-Supply Paper 228, 108 p. 

Hatlick, hthur, 1936, The Tertiary floras of Alorko, with 0 chapte; on the pcology 
of the Tertiary deposits, by P. S. Smith: U.S. Geol. Survey Prof. Poper 182. 
I85 p. 

Doll, W. H.. 1896, Repwt of coal ord lignite of Alaska: U.S. Geol. Survey 17th 
Ann. Rept., pt. 1 ,  p. 763-908. 

Donermon, Robert L., 1973, Mesozoic sequence in Arctic Alnrka, 2 Arctic geolcgy: 
Am. Asroc. Pet,oleum Geologists Msm. 19, p. 376-387. Holmas, G. W., campile,, 1967, Locolion of pingolike mounds Observed from tbe 

pmund, from octiol teconmirsoncc, ond on aerial phatogtopk in  interim Alorko: 
U.S. Geol. Swvey open-file tept., I 3  p. Eokin, H. M., 1912, The Rompart and Hat Springs rsgion: U.S. Geol. Survey 

Bull. 520, p. 271-286. 
~toimes, G. w., mpkim, 0. M., and foster, H. L., 1968, Pingws i n  control 

Alosko: U.S. Geol. Survey Bull. 1241-H, p. HI-H40. Eokin, H. M,, 1913, A prologic reconnoiscance of 0 port of the Rampart qwdrongle, 
Alosko: U.S. Geol. Swwy Bull. 535, 38 p. 

Jockman, Albert H., 1973, Ti* impact of MW highways upan wilderness oleos: 
ac t i s ,  v. 26, n. 1. p. 68-73. Eokin, H. M., 1914, Mineral resauces of the YvLon-Koyukvlr region: U.S..Geol. 

h v c y  Bull. 592, p. 371-384. 
hs t ing ,  H. R., 1942, Strategic mineral oscurrmccs i n  intetia Alaska: Alosko 

Dept. Mines Pomph. I, 46 p. Eokin, H. M., 1915, Mining in the Hat Springs dishict: U.S. Geol. Survey Bull. 
622, p. 239-245. 

h s t i n g ,  H. R., 1943; Svpplem.nt to Pomph:et No. I - Strategic mineral occur- 
rences in  interim AloJa: AImska Depc. M i n n  Pomph. 2, 28 p. Eokin, H. M., 1915, Tin mini- i n  Alosko: U.S. Geol. Survey Bull 622, p. 81-94. 

Joh-n, 8. L., 1910, Occurrence of rolf,omite and colsitrrite i n  the  old placers 
of Deadmod Cleek, Birch Geek dirtrict: U.S. Geol. Svre)l Bull. 442, 
p. 246-250. 

Eokin. H. M., 1916. Th. Yukon-Koyvkuk fegion, Alaska: U.5- tea l .  Survey 
Bull. 631, 88 p. 

Eakin, H. M.. 1918, Tho Cosno-Nowitm region, AlosLa: U.S. Geol. S u ~ r s y  
Bull. 667, 54 p. Kochodmion, R e h ,  1971, Prelimiwry engineering geologic mops of t k  p t o p ~ e d  

tram-Alorko p i p l i n  route, L i v i n ~ w d  and Tonom quadrangln: U.S. G-1. 
Survey opcn-file mop, 2 sheatr. scale 1:125,060. Eokins, G. R., 1968, Vroniun in Alako (dl.), in Almko Division of M i n n  and 

Geology. Report for the year 1968: 6 1 1 a g ~  Alaska, p. 23; 
Kouffmon, A. J., Jr., and &It, D. C., l%5, Zircon: o rewiar, with rmphosk 

on west coost resowces and morketr: U;S. Bur. Mines Ini. Circ. 8268, 69 p. Ellsrorth, C. E., ~ n d  Dovepoll, R. W., 1913, PIocct minir) i n  the Yukon-Tomm 
region: U.S. Goal. Survey Bull. 542, p. 203-20. 



TANANA QI 

Koufmon, Alvin, 1964, teo tk tmo l  power. An ecnnmic evolwtion: U.S. .Bur. Mines 
Inf. Circ. 8230, 24 p. 

Koschmonn, A. H., ond Sergendohl, M. H.. 1968, Principal gold-poducing diatrictr 
of the United State%: U.S. Geol . Swvey Prof. Popn 610, 283 p, 

Cothrom, Elnest H.. 1972. Nimbus IV view of the moiw structwol kotutes of Alosko: 
Science, v. 175, n. 4029, p. 1423-1427. 

Lotorom, Ernart H., 1973. Tectonic fromeuork of wrthetn and centtal Alosko, i n  
Arctic Geology: Am. Arrtlc. Petroleum Gwlogirts Mnn. 19, p. 351-36r  

Lothrom. &nest H., 1970. Tectonic lromewk of n m l h ~ n  and ce~~ l ro l  Alorko (abs.1, 
in International sympmium on Arctic geology, 2nd: Am. Anoc. Petrolrun 

~eologista Bull., v. 54, p. 2493, 

kddren, A. G.. 1909, Placers of the Gold Hi l l  district: U.S. Gcol. Surrey &>It. 
379, p. 234-237. 

Maddren, A. G., 1910, The lnmko gold-plocer district, Alasko, with oceovntr of ths 
csntrol Kuskokwim Volley and the Ruby Creek and Gold Hill placers: U.S. 
Gsol. Snsvry null. .lli7, 87 p. 

Emlorr, hcrin. 1965, Mrtrwy irz Alurko, it, U.S. Ruteuu a1 Mi~ws, Mr-tcuay potm- 
tiol of the Wi led States: U.S. Bvr. Xiniinss Inf. Circ. 8252, p. 31-59. 

h loney,  R. P., 1971. Invartigotions of garonr of Hot Springs Dome, near Monley 
Hot Springs, Alarko: U.5. &I. Miner open-iile rep!. 8-71, 28 p. 

Nalaney. William, 1916, Repwt of the Tevritoriol Mine Inspector to the' Governor of 
Almsko fw the year 1915: Juneau. Alarko, 36 p. 

Nalomy, Willimn, 1917. Report of William h loncy ,  Territoriol Mine Inspctor to 
the Govunot of AlorLo far  the yeor 1916: Juneau, Alaska, 84 p. 

Maloney, William, 1918, Report o i  the Territoriol Mine Inspector to the Governor of 
Alasko fm the yeor 1917: Juneou, Alosko, 50 p. 

h r t i n ,  G. C., 1907, The Alorko coal finllh: U.S. GeoI. Swvsy &If. 314, 
p. 40-44. 
" 

Martin, G. C., 1919. The Alaskan mining indvrtry in 1917: U.S. Geol. Swvey 
hll. 692, p. 11-42. 

k c t i n ,  G. C., 1920, The Alaskan rr.ining industry i n  1918: U.S. Geol. Swvey 
Bull. 712, p. 11-52. 

h r i i n .  C .  C., 1926, The Meaaxoic strotigrophy of Alosko: U.S. Geal. Surrey 
Bull. 776, 493 p. 

Motzko, J. J.. and Freeman, b. L., 1963, Summary of rcconnoissonca for oruDnivm 
' 

in Alasko, 1955: U.S. Gcol. Swuey Bull. 1155, p. 33-49. 

Mcrtia, J. 8.. Jr., 1923, The occurrence o i  mctollilerous dcpos'b in the Yukon and 
Kurkokwim reyiom: U.S. Gaol. Survey b11. 739, 1. 140-165. 

Mertie, J. 8.. Jt., 1934, Mineml deporin of the Romport and Hot Sprinpr dirtticts, 
Ala,ko: U.S. Geol. Survey Bull. 864-0, p. 163-226. 

Msrtie, J. B. ,  Jr., 1937, The Yukon-Tanam region. Alosko: U.S. Gaol. Survey 
Bull. 672, 276 p. 

Miglioccio, Roiph R., and Roony, James W., 1970, Engineering geolqic ond sub- 
sutfoce roil inuestigolion for trow-Alorko p ipc l im ay$tcm Icbs.), in lnte'notionol 
rympaium on Arctic geology, 2nd: Am. Asloc. Petroleum ~eoloy is t t  Bull., 
v. 54, p..2496. 

Miller, 0. J., Pope, 7. G.. and Gryc, .George. 1959, Geolcpy of possible 
pctroleun pfovinces i n  Alosko, with an onnototed bibliography by E. H. Cobb: 
U.S.. GeoI. Survey Bull. 1094, 131 p. 

Miller, T. P., brnes, Ivan, and Potton, W. W., Jr., 1973. Geolcgic setting ond 
chtmicol chorocteristicr o i  hot springs in  central and western Alasko: U.S. 
Geol. Survey open-iile rrpt.. 19 p. 

Miller, T. P., 1973, Distribution o ld  chemical armlyrs of thetmol sp in9  in Aloska: 
U.S. Geol. Swvey open-file rept., 1 sheet. 

Mocning, Harold J., 1973, An overview of the trom-Alako pipeline; engineering and 
mviromentol geology problems, in Geology, seismicity, and environmental 
impact, p., 405-409: Assoc. ~ n g ~ ~ c o l o ~ ~ ,  Lor Angeles. 

Moffit, F. H., 1927, Mineral industry i n  Almko in  1925: U.S. Gaol. Swvey &It. 
752, p.  1-39. 

Moxhmn, R .  M., 1954, Rcco~oiuonce for rodiooctive deposits i n  the Monley Hot 
Spingrdompurt district, east-centrol Alosko, 1948: U.S. Geal. Sw*ey Circ. 
317, 6 p. 

Mull ipn, J. J., 1974, Mineral resources of the tram-Alaska pipeline cotridw: U.S. 
&a. Mims Inf. Citc. 6626, 24 p. 

JADRANGLE Conk. 

Notional Research Council, Committee on the Alorko Eorthqmke, 1973, Sunmory and 
recommandatiom: including index to r r i es  in  the colleclion T k  Great Alaska 
Earthquolre of 1964, No. 8, 291 p., &tl. A d .  Sci., Vfoshingtm, D.C. 

Nova, Joseph A., and krriaan, Peter, 1974, A note on hot springs in the interior 
01 Alorko: Qstlc, v. 27, n. 3, p.  241-242. ' 

Ovostree+, V I .  C., 1967. The geologic occurrence of monorite: U.S. Geol. Sur- 
vey Prof, Popr 530, 327 p. 

Pocker. Dwne R., %ooon, George E., and Stone, Dovid 8.. 1975, New doto on 
plate tectonics of Alosko: Tectomphpics. v. 29, p. 87-102. , 

Patton, W. W., h. ,  and Hoere, J. M., 1968. The Koltog fault, rcst-csntrol 
Alaako, 3 Gealogicol Surrey research 1968: U.S. Geol. Survey Prof. Paper 
6OC-0, p. 0147-0153. 

Patton, W. W., Jr., and Miller, 1. P., 1970, P t e l i m i ~ r ~  geolopic inrestipotians 
in the Konvti River region, Alorko: U.S. GeaI. Survey Bull. 1312-J, 
p. Jl-JIO. 

Putton, W. Vt., It ., 1973, Re<nrntoi.wncr rp-ulnr~y of ti*: ,mtlm,n '/,tlon-YopbuC 
pmrincc, Alosko: U.S. Geol. Survey Prof. Pop- 774-A, p. Al-Al7. 

Peorn, Williom H., 1971. Arctic pipelining; tough, calll, but feasible: UMR .bur., 
n. 2, p. 53-59. 

Pietsch, 0. 0.. Shingle, J. H.. McOcrman. W., et 01.. 1975. The trom-Alorko 
pipeline. 2 Molwrie, Jean, cd., Le pt ro le et Is gor occtiques; protierno 
ot parspectivn, p.  302-317: Centr~ E t d .  kct . .  Paris. 

Prindle, L. M., and HIIS. F. L., 1905, Romport placer region: U.S. Grol. Swvey 
Bull. 259, p. 1W-119. 

P~indle, L. M., and Herr, F. L- ,  1906, Th. Rompmlpold placer region, Alaska: 
U.S. Gaol. Survey 841. 280, 54p. 

Prindle, 
P. 

L. M.. 
109-127. 

Yukon placer fields: U.S. 

Prindle, L. M.. 1908, Occurrence of *Id i n  the Yukon-Tcmrm region: U.S. Geol. 
Survey Bull. 345, p. 179-186. 

Prindle, 1. M., 1908, The Foirbnks ond Rnmpart qwdrongles, Yukon-Tomfie region. 
Alosko, with o section on the Ramport ploccra, t y  F. I.. Hers, end o paper on 
the rater  supply of the Faicbonks tegion, by C. C. Covert: U.S. Geal. 
Survey b11. 337, 102 p. 

Purington, C. W.. 1905, Mohoda and costs af g~ovel and plocet mining in  Alorko: 
U.S. Gsol. Surrey 6ull. 263, 273 p. 

Rirhvrds, H. Glenn. 1974, Tectonic emlulion of Alaska: An. Arroc. Petrolrum 
Gcologirts Lll., r. 58, n. 1 ,  p. 79- la .  

Rosarblum, bm,  end Morier. Elwin L., 1975, Nonnetomict niohschynilr-1Ce) 
from Alaska: Am. Minemlog;st, v. 60, n. 3-4, p. 3OP-315, 

binsbury, C. L., 1969, Tin resources of the world: U.S. Geol. Survey Bull. 
1301, 55 p. 

bunders. R, ti., 1967, Mincrol occurrence i n  the Yukon-1onor.o tegion, Alako: 
Alorko Dir. Mima and Minerals Spec. Rept. 2, 58 p. 

Smith, North. and Berg, Richard. 1973, Encounterin+ massire grovnd ice during 
rood construction in  central Alosko, i n  Permofrort; North American bntribu)kn, 
kcond  IInlclnot. Conf.; Principles 0f;omt~ucliOn in prmofrou (egiom, 
p. 730-736: Noti. Acod. Sci., Washington, D.C. 

Smith, P. S., 1926, Mnrnol industry of Alosh in  1924: U.S. Geol. krrvey Bull. 
783, p. 1-30.. 

Smith, P. 5.. 
797, p. 

U.S. Geol. 

Smith, P. S., 1930, ~ i n r o l  industry of Alaska irl 1927: U.S. Geol. Svrrmy &I!. 
810, p. 1-64. 

Smith, P. S., 1930, Miocrol industcy of Alarka i n  1921: U.S. Geol. Survey &I). 
813, p. 1-72. 

Smith, P. S,, 1932, Mincrol industry of Alasko in 1929: U.S. Grol. Survey Bull. 
824. p. 1-81. 

Smith, P. S., 1933, Mineral indmrry of  Alosko in 1931: U.S. Gml .  Survey &!I. 
BLP-A, p. 1-82. 

Smith, P. 5.. 1933, Mineml indvstry of Alorko in 1930: U.S. Geol. Survey &fI. 
836, p. 1-83. 

Smith, P. S., 1934, Mineral indurtry of Aloako in  1952: U.S. Geol. Surcy &I!. 
857-A, p. 1-91. 



TANANA QUADRAN 

Smitk, P .  S., 1934, Mineral indurhy of Alosko in 1933: U . S .  Gcol. Swvay bII. 
&4-A, p. 1-94. 

Smith, P. S., IPM. Mineral industry of AIMLO in  1934: U.S. Geol. Survey bll. 
&%A, p. 1-91. 

Smith, P. S., 1937, Mineral indrwtry of Alasko in 1935: U.S. Geol. Survey Bull. 
880-A. p. 1-95. 

Thorne, R. L., ond Wright, W. S., 1958, kmpfing nnthwh and rsrulh at the 
Sullivon Creek t in ploccr deposih. h n l e y  Hot Spills, Tolty, Alaska: U.S. 
Bur. Mines Rept. Inv. 4346, 8 p. 

U.S. Geologicol Surrey, 1899, Mops and descriptions of routes of exploration in  
Alorka in  1898, with general i n i o m t i a ,  concerning the Territory: U.S. G a l .  
Surrey Spec. Pub., 138 p. 

U.S. Geological Survey, 1960, Geologiwl Svrvey rescorch, 1960, synopsis of 
geologic fnults: U.S. Geol. Survey Ptof. Paper 400-A, p. A1-At%. Smith, P. S., 1938, Minerol industry of Alosko in  1936: U.S. Geol. Survey bII. 

897-A,p.I-107. . 
U.S. Geological Surrey, 1%2, Geological Survey research 1962: U.S. Geol. 

Survey Proi. Poper 4501~,  p. Al-A257. • Smith. P. S., 1939, Areal geology of  Aloska: U.5. Geol. Survey Plol. Paper 192, 
100 p. 

U.S. Geological Survey. 1963, Geologicol Surrey research 1963. summery of inves- 
tigotion, prepored by members of the Conservation, Geologic, ond 'ffoter Rr- 
sources Divisiom: U.S. Geol. Survc", Prof. Paprr 475-A, p. Al-A300. 

Smith, P. S., 1939. Mineral indwtry of Alasko in  1937: 2.S. Gaol. b v e y  Bull. 
910.A, p. 1-113. 

Smith, P. S., 1939, Minemi industry of Alaska in 1938: U.S. Garrl. Survey Bull. 
917-A, p. 1-113. 

U.5. G ~ O ~ O Q ~ C O ~  Survey, 1964, tcaiogicol h v 8 y  t e ~ c h  1961:. U.5. hi. 
Survey Pvof. Paper 501-A, p r  At--7. 

Smith, P. S., 1941, Fineness of gold from Alaska placers: U.S. Gaol. hrvey Bull. 
910-C, p. 147-272. 

U.S. Gaolog~col Survey, 1969, Grologicol Sv~rey research 1969- U.S. Geol. 
Suvuy Prof. Pupvr 6504 ,  p. Al-A425. 

Smith, P. 5.. 1941, Minctol industry o l  Alosko in  1939: U.S. Gaol. Surey bll. 
926-A. p. 1-105. 

U.S. Geolq icol  Survey. 1%9. U.S. Ccologicul Surey he.- metolr prwiyom p o -  
grers reports, 1968 - Field studies: U.S. Geol. Swvey Circ. 621, 35 p. 

U.S. G~ologicol  Surrey, 1972, Geological Swrey research 1972: U.S. G e ~ l .  
Survey Prof. Popar 8 W A .  p. AI-A320. 

Smith, P. 5.. 1941. Past lode-gold production from Alosko: U.S. Gsol. Survey 
, Bull. 917-C. p. 159-212. 

h i t h ,  P. 5. .  1942, Minool industry of Alosko in  1940: U.S. Geol. Swvey Bull. 
9334, p. I-!@. 

U.S. Geologicol Suvey, 1973, Aermognetic survey, Tomw A-1, A-2, A-3, A-4, 
A-5, A-6, 51 ,  52, 5 3 .  E-4. 9-5, 8-6, C-I, C-2, C-3, C 4 ,  C-5, C-6. 
0-1, D-2, 0-3, 0-4, 0-5, 0-6, ord ports of Kontishno Rirer D-I, 0-2, 0-3, 
D-4. 0-5 quod.ongles, northeast Alosko: U.S. Geol. Svrey open-file mop, 
19 shats, %ole 165,360. 

Smith, 5. S., 1914, Report of the mine invector for the Territory of AImko to the 
Srctrtary of the Inletior for the l i rm l  year ended June 30, 1914: Washington, 
D.C., 36 p. 

U.S. Geological Swvey, 1973, Aeromagnelic wrvcy, Tomm gucdrmngle, wthemt 
Almka: U.S. Geol. Survey open-file mop, I sheet, scole 1:25G,UX). Smith, 5 ,  5.. 1917, The mining in iur~ry i n  the Territory of AImsko durins the 

colrndar year 1915: U.S. Bur. Miner Bull. 142, 66 p. 
U.S. Geological Survey, 1973, Geologicol Surrey mcorch I 9 n :  U.S. Geol 

Surrey Prol. Poper 850, 366 p. Smith. 5. S., 1917, The mining industry i n  the Territory of AlmLo during the 
wicndcrr yeor 1916: U.S. Bur. Mines bil. 153, 89 p. 

U.S. Gcoiogicol Survey, 1973, United Stoles Gcologicol Survey Alosko proprom. 
1973: U.S. GeoI. Survey Circ. 683. 56 p. Spvrr, J. E., 1898, Gso lgy  of the Yukon gold district, AInrko, with on introduc- 

!or) choptcr on ti?e iristary and conditions of t k  dirrrict ro 1897. by H. B. 
Goodrich: U.S. Geol. Survey 16th Ann. Rept.. pt. 3, p. 87-392. Woring, G, A., 1917. Mineral springs of Alusko, with a chopte. on the :hemica1 

ciurrocter of some wrfocr rotsrs 01 Alosko, by R. 8. Dole cnd A. A .  Chmhcrs: 
U.S. GcoI. Survey Water-Supply Popcr 418. 118 p.  Stevens, A. E.. and Milne, W. G., 1974, A %tudy 01 seismic risk m a r  pipeline 

corridors in northwestern Conodo and sostern Alorko: Conadion Jour. Earth Sci., 
v. 11, n. 1, p, 117-164. Waters, A. E., j r . ,  1934, Placer concentrates of the Romport ond Hot Spring 

dirtrich: U.S. Geol. Survey Bull. W-0, p. 227-246. 

Wayiond, R. G.. 1961, Toffy tin-&It, Manley Hot Spring district, &Iosko: U.S. 
Geol. Survey 6~11. 1058-1, p. 363-414. 

Wcdow, Helmuth, Jr., Killeen, P. I., end otkrs. 1954, iieconnoissunce for rodio- 
' 

active dcpmitr in eastern interior Alosko. 1946: U.S. G-I. Surrey Ckc.  331, 
3.5 P. 

Wedor, Hclmuth, J r . ,  Whife, M. G., and Jhxhom, R. M., 1952. lntnim r e w t  
on on opproisol of the uronium posribilities of Aloska: U.S. Gaol. Survey 
open-rile rept., 123 p. 

White, M. G., Stevens, J. M., ond Marrko, I. J.. 1963, Rodimeftic ttoverse 
along t h .  Yvkon River from Fort Yukon ro Ruby, Alosko, 1949: .U.S. Seal. 
Survey Bull. 1155, p. 82-89. 

William, J. R., 1964, Geologic ~econnoisronce of the Yukon f lon Cenozoic boain, 
Alorka: U.S. Gcol. Suvey open-lilt rept., 19 p. 

Wimmlcr, lu. L., 1923, Placer mining in  AlwLo in 1922, in Stevort, 8. D., 
Annual report 01 the Mine Inspector to thc G 0 n . r ~  ;TAlasko, 19.12: Juneau, 
Aloako, p. 23-56, 

Wimmler, N, L.. 1924, Placer mining i n  Alosko in  1923, i n  Stewort, 8. D., 
Annuol r e p 1  of the Mine lmp~ctor to t k  Gorcrnora Alo~ko. 1923: Juneou. 
AlmLo. p. 11-54: 

Yecnd, \Vorr.n, 1971, Glociotion o l  the Ray Mounmins. centrol Alo,lro. in Geologi- 
cal Survey research 1971: U.S. Geol. Surrey Prof. Poper 750-D. 0122- 
0126. 

Stevens, Anne E., ond Milne, W. G., 1973. Seisniicity rtudiar in the lvbckenzia 
Volley, Yukon Territory, and costern Alwho (obs.): EOS iAm. Geophys. 
Union irons.), v. 54, n. 3, p. 143, 

Sterort, 3. 0.. and Dyer. 6. W., 1922, h n w l  report of the Tctritwioi Mine 
Inspector to the Governor of  Aloslo, 1921: Juneou, Alorho, 96 p. 

Sterort, B. D., 1923, Annuol report of the Mine Inspector to the GOWCIW of 
Almka, 1922: Junwu, Aloskn, 175 p. 

Stewart, 8. D., 1931, Report on cooperorion between the Territory 01 4loslo ond the 
Wiled Stoles in m~k ing  mining inve~tigotions ond in the inspection of mines for 
the biermim ending Morc.6 31, 1931: Jwrcou, Alorko, 145 p. 

Sterort. 8. D., 1933, Mining investigatiora and mine inrwcrion in  Alasko, insludinp 
oasiitowt to prospecrwr, biemiun ending Merch 31, 1933: Junwu, AIesko, 
192 p. 

Stcroft. 8. D., 1941. Report of thc Commissioner of Miner to the Govetnor of 
Alosko lor thc biennium ended Drcember 31, 1940: Juneau, AIasko, 92 p. 

Thanas, 8. I., ond Wtight, W. 5.. 1948, Investigation of Mo~elock Gcek t in 
plocer dcporik, fort Gibbon dishict, Alosko: U.S. Bur. Miner Rept. Inv. 
4322. 8 p. 

T h o l ~ ~ ,  8. I., ond \Wight, W. 5. .  1948, Inrestigotton o l  the Toziwon Creek tin 
placer deporitr, Fort G;bbon distfict, Alosko: U.S. Bur. Mines Rept. Inv. 
4323, ll p. 

Thomor, 8. I., 1957, Tin-bewing placer deposin near Tafty, Hot Springs dirtrict, 
centrol Aloska: U.S. Bu. Mines Rept. Inr. 5373. M p. 

7homor. 8. I., 1965, P~elimgmry invertigotion 01 limestone. quartzite. onddo la i l a  
rcrwccr  nem the proposed Rapart Dom in  central Alosko: U.S. Bur. Miner 
open-fils 1ept. 9-65, 11 p. 

Th-. 8. 1.. 1965, Reconmirxmce rompling of the Amct mongonese proapec*, 
Tanma qvodtongle, centrol AlosLo: U.S. Bur. Mines opcn-file rep!. 1045, 
8 P. 



Bettles Quadrangle 

Previous Investigations 

Geologic investigations along the upper Koyukuk and Chandalar 
Rivers i n  north-central Alaska began as ear ly  as 1899 when F. C. 
Schrader of the U. S. Geological Survey conducted reconnaissance 
geologic investigations. The Kanuti River area in the south-central 
par t  of the Bettles quadrangle was f i r s t  v i s i ted  by W.C. Mendenhall 
(1902) ,of the Geological Survey. The f i r s t  def in i t ive  work i n  the 
area was done by A.G. Maddren (1913) of the U .  S. Geological Survey, 
who vis i ted most of the important mining d i s t r i c t s  north of the 
Yukon River and reported on the regional geology and nining a c t i v i t i e s  
throughout the area. Maddren (1 91 3 )  recognized the complex geology 
present i n  the quadrangle and his work combined with tha t  of other 
workers served to  describe the regional geology of the 'area.  Recent 
work by Patton and Miller (1973) has resulted i n  a reconnaissance 
geologic map of the quadrangle and some regional geochemical data 
has been co1 1 ec ted. 

Prel iminary geologic investigations by Patton and Mil 1 e r  (1970) 
in the Kanuti River area have del ineated several areas with high 
mineral potential .  Detailed geologic mapping and geochemical 
sampl ing by Herreid (1 969) near Si thylemenkat Lake in the south-central 
part  of the quadrangle has outlined areas t h a t  contain high con- 
centrations of nickel, cobalt, chromium, and iron. Herreid (1969) 
also produced detailed petrographic descriptions of many of the rocks 
found throughout the region. 

Geophysical - investigations by Lathram (1 972), Barnes (1967, 
1971), Gedney e t  a1 (1972), and Packer e t  a1 (1975) have resulted i n  
a bet ter  understanding of the tectonics of the region and work by 
Lathram (1973), Detterman (1973)', and Patton (1973) has led t o  a 
be t te r  understanding of the bedrock relationships and the tectonic 
framework of the region. 

Regional Geology and Petrol ogx 

The Bettles quadrangle i s  s i tuated on the eastern extension of 
. the Kokrines - Hodzana Highlands areas of the upper Yukon - Koyukuk 

province, in north-central Alaska. The region i s  dominated by a 
crystal  1 i ne terrane composed largely of metasedimentary and 
metaigneous rocks tha t  have been intruded by Mesozoic grani t ic  
rocks and mafic and u l  tramafic bodies of e i t h e r  Paleozoic or  
Mesozoic age. The metasediments a r e  chiefly p e l i t i c  schis t s  and 
quartzi tes  with subordinate calc-schist ,  quartzo-feldspathic schis t ,  
and phyll i t e  of lower Paleozoic or Precambrian age. Carbonate layers 
w i t h i n  t h i s  sequence of rocks contain fossi'l s tha t  a re  mid-Paleozoic 
in  age and the metasedirnents are  believed t o  interf inger  local ly  with 
Devonian carbonates (Patton and Mil l e r ,  1970). 



The metasedimentary rocks present in the pipeline corridor a re  
generally quartz-muscovite schis t  and orthoquartzi t e s  tha t  ran e a from the greenschist facies t o  lower amphibolite fac ies  grade Patton 
and Miller, 1973). Locally, near the contact with Mesozoic grani t ic  
bodies, the sch i s t  and quartzi te  country rock has been upgraded to  
the pyroxene hornfel s facies.  Euhedral andal usi t e  and cordieri t e  
grains a r e  present localfy (Patton and Miller, 1973). 

~t several l o c a l i t i e s  i n  the east-central part  of the quadrangle, 
an ophiol i te-1 i ke assemblage of a1 tered pi1 low basa? t ,  diabase, gabbro, 
serpentinized peridoti  t e  and duni t e ,  and bedded chert  i s  present 
(Patton and Miller, 1970). This assemblage of rocks may ref lec t  a 
major s t ructural  hinge, tha t  marks the southern edge of the Yukon- 
Koyukuk basin. 

Payne (1955) and l a t e r  workers have long recognized the wedge- 
l i k e  Yukon Geosyncline tha t  i s  bounded on the south by the Ruby 
Geanticline and on the north by the Brooks Range Geanticline and 
the Kobuk Trough. A be1 t of mafic and ultramaf i c  complexes tha t  
para l le l s  the southern margin of the Yukon Geosyncl ine can be traced 
from the upper Melozitna River west o f  the Bettles quadrangle t o  
Caribou Mountain, i n  the east-central par t  of the quadrangle, a 
distance of about 104 kilometers (65 miles) (patton and Miller, 1970). 

Two rcafic-ultramafic complexes along the southern margin of the 
Yukon Geosyncl ine have received some detailed examinations. 
One complex, located southwest of the pipe1 ine corridor,  near 
Sithylemenkat Lake, was described by Patton and Miller (1970) as  an 
area with good mineral potential ,  and as a resu l t ,  Gordon Herreid 
(1969) of the Alaska Division of Geological and Geophysical Surveys 
conducted detailed mapping and geochemical sampling in  the area. The 
Sithylemenkat Lake complex i s  composed chief ly of gabbro, diabase, 
basal t ,  d ior i  t e ,  peridcti  t e ,  pyroxeni t e ,  greenstone, and minor 
metamorphic rocks of greenschist facies  grade. The 01 ivine-bearing 
rocks are moderately-to highly serpentized and local 1y sheared. Some 
cross-fiber asbestos veinlets ,  about 3 m i 7  l imeters (0.72 inches) wide 
a re  present (Herreid, 1969). No sulf ide mineralization or chromi t e  
accumulations of significance were found. The mafic-ultramafic 
complex a t  Caribou Mountain, just south of Old Man Pipeline Camp, i s  
s i tuated within the Kanuti-Hot Springs g ran i t i c  batholith.  The rocks 
w i t h i n  the mafic-ul tramaf i c  complex consist  primarily o f  harzbergites 
and duni tes .  Local 1y , these rocks are serpenti n i  zed. The contact 
between the Caribou Mountain complex and the surrounding grani t ic  
rocks i s  possibly a f a u l t  contact (Patton and Miller, 1970). Herreid 
(1969), be1 ieves tha t  the mafic-ul tramafic complexes formed during 
the  Jurassic  when steep thrust f a u l t s  were act ive on the southern 
hinge-zone of the  Yukon Geosyncl ine,  and the f au l t s  tapped deep zones 
of maf i c  and u1 tramafic magmas, t ha t  subsequently were intruded and 
tectonical ly  mixed. Patton and Miller (1566) have mapped similar 
mafic-ultramfic complexes t o  the north i n  the Hughes Quadrangle, 
and believe tha t  the complexes were emplaced along steep thrus t  
f a u l t s  along the northern margin o f  the Yukon Geosyncline. 
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The Kanuti-Hatsprings plutonic complex i s  composed mainly of 
coarse-grained, porphyritic b i o t i t e  granite and medium-to coarse- 
grained, porphyritic quartz. monzoni te .  The complex, dated a t  106 
m i  1 1 ion years B. P. , is be1 i eved to  have formed penecontemoraneous ly  
w i t h  the up l i f t  of the margins of the Yukon Geosyncline (Herreid, 
1969). 

Rocks north of the Kanuti-Hot Springs plutonic complex consist  
mainly of Paleozoic phyl l i te  and schis t ,  tha t  are  probably cor- 
re la tab le  w i t h  the metamorphic rocks south of the Kanuti complex. The 
phyl l i te  units a re  generally dark-gray to  black phyl l i te  with 
subordinate f ine-grained metagraywacke. The sch i s t  units a re  dominantly 
quartz-muscovite schis t ,  ch lor i te  schis t ,  quartz-feldspathic schis t  
and subordinate quartzi te ,  a1 1 of greenschi s t  and lower amphi bol i t e  
facies .  

North of Prospect Creek, in the northeastern part  .of the 
quadrangle, upper Paleozoic or  Mesozoic mafic volcanic and plutonic 
rocks crop out. This sequence of rocks i s  composed mainly of basalt ,  
diabase, and gabbro, a l l  of which have been metamorphosed. The 
metavol canic and metapl utonic rocks contain we1 1 -developed epidote 
t h a t  probably represents a lower greenschist facies  metamorphic 
event. 

Locally, throughout the Kanuti terrane bodies of fe l  s i c  igneous 
rocks a r e  present. These f e l s i c  rocks occur as flows, breccias, and 
t u f f s ,  and have been dated a t  58 + 7 million years B.P.  (Patton and 
Miller, 1973). The f e l s i c  rocks ~ommonly contain disseminated sulf ide 
mineral ization and upon weathering, produce promi nant gossan zones. 

Near the northeast corner of the Bettles quadrangle, Mesozoic 
sedimentary rocks a re  present. This sequence of rocks is  composed 
of massive pebbl e-to cobbl e-congl omerate and minor sandstone. The 
conglomeratic uni ts  have been broken into two members, one that  has 
igneous pebbles and one tha t  i s  composed of volcanic graywacke and 
mudstone. The sequence of rocks was f i r s t  described by Mendenhall 
(1902), who assigned i t  to  the Bergman Series of probable Cretaceous 
age. 

Structural Geology 

The s t ructural  geology of the Bettles quadrangle i s  dominated 
by tectonic events associated with development of the Yukon Geo- 
sync1 ine (Lathram, 1973). The Yukon Geosyncl ine i s  bounded on the 
south by the Ruby Geanticline and on the north by the Brooks Range 
Geanticline and the Kobuk Trough. The convergence of the genanti- 
CI  ina1 s t ructures  forms. the recumbant "Vt '  shaped Yukon Geosyncl inal 
trough, whose apex f a l l s  i n  the Bettles quadrangle. 

Lathram (1 973) feel  s t ha t  interaction between two continental 
masses in the Paleozoic and Mesozoic resulted in the down-warping or  



subsidence of the margins of the continental masses and subsequent 
eugeosync 1 i nal depos i ti  on. Deposit ion i n  the Yukon Geosyncl i ne during 
the Mesozoic was controlled by u p l i f t  and erosion of the marginal 
fold be1 ts  and resulted i n  the deposition of the Mesozoic sedimentary 
sequence seen i n  the area today. The Lower Paleozoic o r  Precambrian 
sch i s t  be l t  t h a t  para l le l s  the south flank of the Brooks Range and 
the  sch i s t  terrane i n  the Kanuti River area may be the remnants 
of the,old marginal fold be l t s  (Lathram, 1973). 

Deep-seated faul t ing associated with the down-warping of the 
continental margins and intrusion of mafic and u l  tramafic magmas 
along the f a u l t s  i s  marked by a thin belt  of mafic and ultramafic 
complexes along the south flank of the Brooks Range and also the 
northern margin of the Kokrines - Hodzana Highlands (Herreid, 1969). 
Patton and Miller (1973) have mapped thrust  f a u l t  contacts between 
several of the u l  tramaf i c  bodies and associated maf i c  volcanic 
assemblages. The thrus ts  a re  mapped as over-thrust from the north. 

The Mesozoic and Tertiary volcanic and sedimentary rocks found 
within the Yukon Geosynclinal sequence are  folded and faulted and only 
regional geologic mapping has been done over most of the area. 

Geochemistry 

Geochemical reconnaissance in the Bettl es quadrangle during the 
current study consisted of the collection of 55 rock and stream sedi- 
ment samples by M. I .R .L .  personnel between the Ray River on the south 
and the south fork of the Koyukuk River on the north. Seventy-three 
percent of the samples collected contain weakly anomalous, anomalous 
and strongly anomalous concentrations of a t  l eas t  one element (see 
Tables 25 and 26, Appendix A ) .  Threshold values (see Tables 27 and 28, 
Appendix A )  f o r  the 90%, 95% and 98% confidence intervals  fo r  each 
element were derived from a s t a t i s t i c a l  manipulation of the raw geo- 
chemical-data and the calculation of concentrations of the elements a t  
the arithmetic mean plus; 1.645 x standard deviation, 2.0 x standard 
deviation, and 2.33 x standard deviation f o r  the 90%, 952 and 98% 
confidence levels  respectively. Where the analytical va r i ab i l i t y  i s  
zero or  near zero, the threshold values a re  e i the r  the detection level 
o r  nearly the same value. 

Rocks of the Caribou Mountain mafic-ultramafic complex contain 
strongly anomal ous concentrations of cobalt, chrome, magnesium, nickel, 
lead, t i n ,  copper and zinc. The cobalt ,  copper and magnesium values 
in rocks of the Caribou Mountain Complex a r e  about average for  mafic 
and ultramafic rocks, and high chrome and nickel' values have been 
detected in chromi te-r ich harzbergites and d u n i  tes.  

Samples of b i o t i t e  granite and quartz monzonite from the Kanuti- 
Hot Springs plutonic complex contain strongly anomalous concentrations 
of  sodium and strontium which are  commonly associated w i t h  these rock 
types. 



Samples of quartz muscovite schist and chlorite schist collected 
near Bonanza Creek contain strongly anomalous concentrations of si 1 ver 
and lead, and weakly anomalous concentrations of zinc and vanadium. 

Mining Activity 'and Economic Geology 

Placer gold was first discovered in the Koyukuk district some- 
time between 1895 and 1900, on the sand bars of the Koyukuk River 
(Koschmann and Bergendahl , 1968). Total gold production in the 
district through 1959 has been estimated to be about 278,000 ounces 
(Koschmann and Bergendahl, 1968). Most of this production, however, 
is from the Wiseman area. The U. S. Bureau of Mines reports about 
5,300 ounces o f  gold production from the Bettles quadrangle proper. 
No production from lode gold or base-metal deposits has-occurred in 
the quadrangle. I 

The mafic-ul tramaf ic complexes along the southern margin of the 
Yukon-Koyukuk geosyncline are alpine peridotites composed of 
harzbergi tes and duni tes. The maf ic-ul tramaf ic compl ex at Caribou 
Mountain, just south of the Kanuti River, is believed to be Jurassic 
in age (Patton and Miller, 1970) and is situated in the center of the 
Kanuti-Hot 'Springs granitic bath01 i th of Cretaceous age. The harz- 
bergites and dunites exhibit varying degrees of serpentinization. The 
serpentinization may be in response to the intrusion of the granitic 
complex. -This situation is highly favorable for the development of 
asbestos. Hydrothermal fluids from the granites may have migrated 
away from the intrusives due to a positive water gradient that usually 
accompanies this type of intrusion. The fluids would be drawn 
toward the ul tramaf ics, which usual ly have negative water gradients, 
thereby providing an avenue for the migration of fluids and subsequent 
serpentinization of the olivine-bearing rocks. Cross-fiber asbestos 
veinlets to 4 millimeters (0.16 inches) in length were found during the 
current study, however further reconnaissance is needed to evaluate 
fully the asbestos potential of the area. Chromite and magnetite 
accumulations in the ul tramafic body at Caribou Mountain are generally 
restricted to very thin, discontinuous layers generally less than 5 
millimeters (0.12 inches) thick. The potential for finding economic 
quantities of chromite in this ultramafic body seems low. Patton and 
Miller (1 970) indicate that the average chromium value was less than 
.26%. The stream sediment geochemistry of the area indicated that 
stream sediment sampling may be useful in del ineating unknown and un- 
discovered u1 tramaf ic bodies. 

Tertiary volcanic rocks that consist of rhyol i tic-flows, tuffs 
and breccias are closely associated with the Mesozoic granitic 
batholith of the eastern extension of the Kokrines - Hodzana Highlands 
area. The volcanic rocks are the host for disseminated copper, lead 
and zinc mineralization locally. One such locality near the head of 
the Kanuti River contains lead concentrations as high as 2%, zinc 
concentrations as high as 0.3% and silver concentrations as high as 
1 ounce per ton. The volcanic rocks are mainly sericitized and 



sil ic i f ied  rhyol i t e s  and rhyol i te  breccias. The rhyol i te  breccias 
generally consist  of angular fragments of quartz and f e l s i c  rock 
fragments s e t  in a groundmass of cryptocrystall ine quartz and 
se r i c i t e .  Galena and sphaler i te  occur in grains as much as 5 mi l l i -  
meters (0.2 inches) in diameter and are  disseminated i n  a pyr i t ic  zone 
about 100 meters (300 f ee t )  long (Patton and Miller, 1970). The 
rhyol i te  r e s t s  on and probably intrudes the Cretaceous b io t i t e  quartz 
monzonite of the Kanuti batholith. The rhyol i te  zone i s  highly 
oxidized and heavily iron-stained and i s  permeated by 1 imonite. Patton 
and Mil 1er (1970) feel  t ha t  deposits of t h i s  type a re  favorable ta rge ts  
f o r  exploration i n  north-central A1 aska. Similar deposits are  
located near Indian River, 120 kilometers (75 miles) southwest , 

of the Kanuti area, where lead, z inc and silver mineralization a lso  
occurs. 

In the extreme northeastern corner of the Bettles quadrangle, 
the Jim River pluton i s  in contact w i t h  a sequence of mafic volcanic 
and intrusive rocks of Mesozoic age. The mafic rocks a re  al tered 
and are  greenstones. Locally, the greenstones contain abundant 
pyrite.  Stream sediment samples collected by the U. S. Geological 
Survey along the Jim River contain anomalous concentrations of 
lead and copper. On t h e i r  regional geologic map of the Bettles 
quadrangle, Patton and Miller (1973) have mapped the contact between 
the Jim River g ran i t i c  pluton and the mafic igneous rocks in  the 
valley of the Jim River. The favorable geologic se t t ing  and 
anomalous stream sediment geochemistry indicate an area tha t  may have 
potential  fo r  base-metal sulf ide accumulations. 

Rocks of the Bergman Group i n  the northern part  of the Bettles 
quadrangle exhibi t  low radiation levels when tested w i t h  a s c i n t i l -  
lometer. The conglomerate a t  one loca l i ty  near the Middle Fork of 
the Koyukuk River, consists of interbedded cobbl e-to boulder 
conglomerate and bl ack-to dark-gray, thin-bedded, f i s s i  l e  shale. 
The shale interbeds contain some carbonaceous material t ha t  was 
probably plant material. The source of the sediments tha t  const i tute  
the bulk of the Bergman Group was probably the fold be l t s  t ha t  flank 
the Yukon Geosyncl inal basin. No s ignif icant  urani um concentrations 
were found during t h i s  study,  however there may be moderate potential 
fo r  the development of secondary uranium concentrations in the 
Bergman Group rocks . 
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W i seman Quadrangle 

Previous Investigations 

Geologic investigation of the Wi seman quadrangle began as ear ly 
a s  1899, when Schrader (1900) of the U. S. Geological Survey 
conducted reconnaissance geologic investigations along the Chandal a r  
and Koyukuk Rivers. Brooks (1904) discussed the early mining a c t i -  
v i t i e s  i n  the area and described the gold placer deposits found 
along the Middle Fork of the Koyukuk River a t  Tramway Bar, about 
48 kilometers (30 miles) above Bettles. Smith and Mertie (1930) 
discussed the mineral resources of northwest A1 as  ka and described 
the coal deposits and gold placers a t  Tramway Bar. Smith (1926- 
1942) compiled information on many of the mining a c t i v i t i e s  and 
mineral production in Alaska. Brosge (1960) described .a sequence 
of metasedimentary rocks tha t  occurs along the south-flank of the 
Brooks Range. Payne (1 955) defined the major tectonic features 
of north-central Alaska, including the Brooks Range Geanticline, 
Kobuk Trough and Yukon Geosyncl ine, tha t  dominate the tectonic 
h i  s tory of northern A1 aska. Barnes (1 967) conducted regional 
gravity studies i n  the area and l a t e r  work by the U.S.G.S. (1973) 
resulted i n  aeromagnetic maps a t  various scales ,  fo r  the eastern 
par t  of the quadrangle. Recent work by Brosge and Reiser (1971) and 
Brosge e t  a1 (1 970) on the bedrock geology i n  the quadrangle has 
resulted i n  a reconnaissance geologic map of the quadrangle and 
work by Brosge and Reiser (1970) has resulted in regional geochemical 
investigations throughout the quadrangle. Work by Lathram (1973), 
Detterman (1 973), Brosge and Dutro (1973) and Churkin (1973) has 
resulted in tectonic reconstructions and a be t te r  understanding of 
the history of the Precambrian ( ? )  , Paleozoic and Mesozoic rock 
sequences present in no-rthern Alaska. Work by the U. S. Geological 
Surveys i s  continuing in an e f fo r t  to  evaluate the resource potential 
of the rocks i n  the region. 

Regional Geology and Petrology 

The regional geology of the Wiseman quadrangle i s  dominated by 
a Precambrian ( ? )  t o  Cretaceous sequence of carbonate, shale, con- 
glomerate, chert ,  sch is t ,  phyl l i te ,  calc-schist  and meta-igneous 
rocks. The en t i r e  sequence has been folded, faul ted and metamorphosed 
i n  part .  Structural thickening of the sequence has occurred as  a 
r e s u l t  of imbricate thrus t  faul t i n 9  and isocl inal folding o f  the 
rocks along the south-flank of the Brooks Range. 
' A thick sequence of massive and interbedded, pebble-to 
cobble conglomerate and shale, crops o u t  in the southernmost par t  
of the Wiseman quadrangle. The conglomerate u n i t  has been broken 
in to  two d i s t inc t  members, one tha t  i s  composed dominantly of 



igneous rock c l a s t s  and one tha t  is composed of volcanic rock 
and mudstone c las t s .  Both members have a wacke matrix and 
some iron cement. This sequence has been assigned to the Bergman 
Group of probable Cretaceous age, by Mendenhall (1902). Brosge and 
Reiser (1964) have mapped similar Bergman Group rocks t o  the eas t  
i n  the Chandalar quadrangle. 

North and eas t  of the Middle Fork of the Koyukuk River, a 
f a i  r l y  thick sequence of interbedded meta-igneous -rocks (greenstones) 
and chert  of probable Mesozoic age crops out. The greenstones a re  
dominantly metabasal t, metadiabase and metagabbro , and we1 1 developed 
p i  11 ow .s t ructures  a re  present locally.  The greenstones contain 
c l o t s  of ch lo r i t e  and epidote, and probably represent a lower 
greenschist fac ies  metamorphic event. The greens tone-chert sequence 
near the Koyukuk River may be correlatable  w i t h  similar greenstone 
sequences t o  the west along the south-flank of the Brooks Range. 
A thick sequence of greenstones in the Angayucham Mountains, near 
Walker Lake, may occupy a similar s t ructural  and or  s t rat igraphic 
position as those a t  Cathedral Mountain near Coldfoot, i n  the southern 
Wiseman quadrang1 e. Fri t t s  (1 970) described the greenstone sequence 
in the Angayucham Mountains as a weakly-metamorphosed sequence of 
a1 tered pi 11 ow basal t s  and interbedded phyl? i t e ,  chert  and 1 imestone 
of probable Devonian age. Recent work by the U. S. Geological Survey 
on chert  samples from the Angayucham Mountains has shown the cherts 
t o  be Triassic  i n  age (Donald G. Grybeck, U.S. Geological Survey, 
personal communicati on, 1 977). The greenstone sequence a t  Cathedral 
Mountain i s  a we1 1 -bedded sequence of weakly-to moderately metamorphosed 
pillow basal t ,  interbedded with dark gray-to black chert .  Clastic 
rocks of Cretaceous age are  i n  contact with the greenstone sequences 
i n  both areas. The contact between the Cretaceous c l a s t i c  rocks and 
the greenstones i n  the Angayucham Mountains has been described as 
a thrus t  f a u l t  contact, w i t h  the Cretaceous c l a s t i c  sequence thrust 
over the greenstones from the south ( F r i t t s ,  1970). The contact 
between the Cretaceous c l a s t i c  sequence (Bergrnan Group rocks) and 
the greenstone sequence a t  Cathedral Mountain i s  obscurred by over- 
burden, and the contact relationships a r e  uncertain. 

On the north-flank of Cathedral Mountain, a sequence of 
graywacke sandstone and subordinate quartzose sandstone and 
quartzi te  is present. This sequence contains isolated bodies of 
greenstone tha t  may be equivalent t o  the greenstones t o  the south. 
The age of these ~ o c k s  i s  uncertain and may be Paleozoic or Mesozoic. 
North of the Rosie Creek Pass, just north of Cathedra1 Mountain, 
a f a i r l y  thick sequence of dark-gray to  black phyl l i te  and sub- 
ordinate fine-grained metagraywacke crops out. The s t ructural  and 
s t rat igraphic relationships between th i s  u n i t  and the graywacke 
to  the south i s  unknown. The age of these rocks i s  uncertain, but 
they are  probably Devonian or l a t e  Paleozoic (Patton and Miller, 1973). 

North of S la te  Creek and Twelvemile Creek, in the eastern 
Wiseman quadrangle, a thick sequence o f  metamorphic rocks w i t h  
complex s t ruc tura l  and s t ra t igraphic  re1 ationships i s  present. This 



sequence of rocks, composed of phyll i t e ,  quartz-feldspathic schis t ,  
marbl e, calc-schi s t ,  micaceous marble, quartzi te  and s l a t e ,  i s  
complexly folded and faulted and i s  cut by large quartz veins a t  
several l oca l i t i e s .  A t  one loca l i ty ,  j u s t  south of Minnie Creek, 
a good exposure of graphitic, quartz, muscovite sch i s t  is present. 
The rocks range from a medium-to coarse grained, graphitic,  quartz, 
muscovite sch i s t  t o  a micaceous quartzite.  Locally the sch i s t  
contains as much as 10% sulf ide mineralization. Large boudins and 
lenses of optically-clear smokey quartz to  15 centimeters ( 6  inches) 
thick are  present. T h i s  metamorphic sequence may represent the eastern 
extension of the "schis t  be l tn  of the western Brooks Range. 

North of Wiseman, in the area of Vermont Dome and the Hammond 
River, a sequence of schis t ,  phylli t e ,  quartzi te ,  s l a t e ,  and g r i t  
i s  present. These rocks are  of a lower metamorphic grade than the 
schis t s  and quartzi tes  to  the south. The phyll i t e  units i n  t h i s  
sequence are  generally dark-gray t o  black phyl l i te  w i t h  abundant 
quartz s t r ingers .  Inter1 aminated s l a t e  sequences a re  black, 
thinly laminated s l a t e  with local ly  abundant pyrite.  North of the 
Hammond River, a thick sequence of highly deformed and tectonical ly  
thickened 1 imestone, schistose marble, dolomite, micaceous-sil t y  1 ime- 
stone, s l a t e ,  phyl l i te  and s i l t s t o n e  i s  present. This package of rocks 
forms the southern be1 t of the core of the Brooks Range province. 
Imbricated thrus t  faul t ing coup1 ed with hi gh-angl e reverse and normal 
faul t ing of the sequence has complicated the s t rat igraphic relationships 
betweeen the rock units.  The lowest most uni t  recognized in the central 
Brooks Range Devonian sequence is- the Skaji t Limestone of middle 
Devonian age. The Skaji t Limestone unit  i s  composed predominantly of 
1 i g h t  gray, thin-to massively bedded, loca l ly  carbonaceous, dolomi t i c  
1 imestone; and includes minor ch lor i te  sch i s t ,  muscovite sch i s t  and 
marble (Chipp, 1972). Overlying the Skaj i t  Limestone t o  the north i s  
an unnamed sequence of limestone, s i l t s t o n e  and sandstone of l a t e  
Devonian age, t ha t  grades upward into a sequence of 1 imestone, quartzi te ,  
and conglomerate of l a t e s t  Devonian age. 

Structural Geol ogy 

The s t ructural  geology of the rocks i n  the Wiseman quadrang1 e 
i s  dominated by large-scale isocl inal t o  overturned folds ,  th rus t  
fau l t s ,  high-angle f au l t s  and small-scale folds .  

Miogeosyncl inal deposition during the Paleozoic near the core 
of the present day Brooks Range resulted in the  deposition of a thick 
sequence of 1 imestone, s i  1 t y  1 imestone, s i  1 ts tone and shale .  Pene- 
contemporaneous volcanic ac t iv i ty  deposited basal t s ,  rhyol i t i c  
volcanics and tu f f s  of various compositions within the 1 imestone- 
shale sequence. Subsequent regional metamorphism of the sequence 
has transformed the volcanic rocks into quartz muscovite sch i s t ,  
quartz feldspathic schis t ,  meta-rhyol i t e  and greenstone, and has 
transformed the sedimentary rocks i n t o  marbles, rnetasil tstones,  grits 
and phyll i te .  



Foreshortening of the en t i r e  sequence has resulted from the 
development of imbricate thrust  faul t ing a1 ong the south-flank of 
the Brooks Range. The thrust  faul t ing has superimposed the rocks i n  
s t ructural  ra ther  than depositional sequences. 

Oceanic volcanism along the south-flank of the Brooks Range 
during the Mesozoic produ-ced a f a i r l y  thick sequence of pillow 
basalts and inter-bedded limestone and chert  t ha t  can be traced 
i ntermi t t a n t l y  from the western Brooks Range, near Wa1 ker Lake, 
a t  l eas t  as f a r  a s  the Middle Fork of the Koyukuk River in the 
eastern Wiseman quadrangle. 

High-angle faul t ing has been act ive throughout the Brooks 
Range province and has added to  the complexity of the geology i n  
the region. 

Geochemistry 

Reconnaissance geochemical investigations in the Wiseman quad- 
rangle during t h i s  study consisted of the collection of 69 rock and 
stream sediment samples. Fifty-nine percent of the samples contained 
weakly anomalous, anomalous, and strongly anomal ous concentrations 
of a t  l eas t  one element (see Tables 29 and 30, Appendix A). Threshold 
values f o r  the various elements (see Tables 37, 32, 33, and 34, Appendix 
A )  were derived from a s t a t i s t i c a l  manipulation of the raw geochemical 
data and the calculation of concentrations o f  the elements a t  the 
arithmetic mean plus; 1.645 x standard deviation, 2.0 x standard 
deviation, and 2 .33  x standard deviation f o r  the 90%, 95%, and 98% 
confidence levels  respectively. Where the analytical var iab i l i ty  i s  
zero o r  near zero, the threshold values f o r  the confidence levels a re  
the detection level o r  nearly the same value. 

Samples of greenstone and gabbro from the Cathedral Mountain 
area contain weakly anomalous copper concentrations, anomalous 
concentrations of iron and titanium and strongly anomalous concen- 
t r a t ions  of chromium and magnesium. The anomalous values may re f l ec t  
the normal high background metal content of these mafic igneous 
rocks. 

Sporadic anomalous concentrations of manganese, iron and sodium 
occur i n  samples of sch i s t  and iron-stained quartz vein material. No 
base metal anomalies of significance were found i n  the schis t  and 
quar tz i te  countryrock near Wiseman, however the area needs further 
work. 

Mining Activity and Economic Geology 

Placer gold was f i r s t  discovered i n  the Koyukuk d. is t r ic t  on the 
bars of the Koyukuk River, some time between 1895 and 1900. The f i r s t  
major placers were discovered on Myrtle Creek and on the Hamond 



138 
River, around 1899 and 1900 respectively (Cobb, 1973). Placer gold 
production fo r  the d i s t r i c t  through 1961 amounted t o  about 270,000 
ounces of gold. Most of the production has been res t r ic ted  t o  an 
area within about a 32 kilometer (20 mile) radius of Wiseman. 

Lode production in the Koyukuk d i s t r i c t  has been small, and 
generally res t r ic ted  to  production of antimony from s t i  bnite- 
quartz veins tha t  cut  the c rys ta l l ine  sch i s t  country-rock throughout 
the region. 

Mining ac t iv i ty  i n  the region today consists mainly of small, 
gold placer operations on many of the old producing creeks. One 
large operation on Mascot Creek, west of Wiseman, was i n  operation- 
in 1977. No known lode mining was i n  progress i n  1977. 

The metamorphic roc'k sequence between Wiseman on the north and 
Twelvemile Creek on the south, in the Pipeline Corridor, has been 
correlated with a similar sequence of rocks in the western Brooks 
Range (Grybeck e t  a l ,  1977). The metamorphic sequence in the 
western Brooks Range has been interpreted as resul t ing from pene- 
contemporaneous miogeosyncl inal sedimentation and volcanic ac t iv i ty  
sometime i n  the ear ly Paleozoic (Thomas E.  Smith, Univ. of Alaska, 
personal communication, 1977). The metamorphic rocks in  the 
western Brooks Range are  the host for the metamorphosed volcanogenic 
massive sulf ide deposits of the Ambler mining d i s t r i c t .  This sequence 
of metamorphic rocks i s  composed of marble, metasil tstone, g r i t  and 
phyl 1 i t e  of sedimentary origin and quartz-muscovi t e  sch i s t ,  quartz- 
feldspathic schis t ,  meta-rhyol i t e  and -greenstone of volcanic origin.  
The known massive sulf ide deposits of the Ambler d i s t r i c t  a re  fo r  
the most part  res t r ic ted  to the meta-volcanic rocks. Rocks in 
the Pipe1 ine Corridor tha t  have been correlated with rocks of the 
Ambler d i s t r i c t  - a re  composed of a re la t ive ly  thick sequence of 
phyll i t e ,  marble, calc-schist ,  quartz-feldspathic sch i s t ,  quartz- 
muscovite schis t  and quartzi te  wi t h  compl ex s t ructural  and s t r a t i -  
graphic re1 ationshi ps. This metamorphic sequence i s  complexly folded 
and faulted and north-vergent i socl inal overturned fo1 ds dominate 
the s t ructure of the region. A t  Minnie Creek, southwest of Wiseman, 
a sequence of graphi t ic  quartz-muscovite sch i s t  and micaceous quartzi te  
i s  present. These rocks contain disseminated su l f ides ,  t ha t  
const i tutes  as much as 10% of the rock. The su l f ide  mineralization 
consists of major pyrrhotite with minor chalcopyrite, sphal e r i t e  
and galena. No massive sulfides were found during t h i s  investigation, 
however, the nature of the disseminated su l f ide  mineralization and 
the country-rock i n  the Wiseman area a re  s imilar  to the "country- 
rock schis t"  of the Ambler d i s t r i c t  (Thomas E. Smith, Univ.  of 
Alaska, personal comm., 1977). The poss ib i l i ty  of finding volcano- 
genic massive su l f ide  deposits in the Wiseman area seems good. More 
work i s  needed in the Wiseman area and to  the west i n  the Wiseman 
quadrangle to  fur ther  understand the stratigraphy and s tructure of 
the rocks and t h e i r  relationships to  the volcanogenic massive 
su l f ide  deposits of the southern Brooks Range sch i s t  bel t .  



North of Wiseman a schis t ,  phyl l i te ,  quar tz i te ,  s l a t e  and g r i t  
sequence contains di sserninated sulf ide mineral ization local ly. No 
signif icant  mineralization was discovered during t h i s  study. This 
metamorphic sequence i s  similar to  the package of rocks south of 
Wiseman b u t  of a lower metamorphic grade. The disseminated sulf ides  
found i n  the area consis t  of well-developed cubes of pyri te  on the 
parting surfaces of a s l a t e  u n i t ,  and only minor blebs of pyri te  in 
a quartz muscovite schis t .  A t  Vermont Dome, a northeast-trending 
zone of quartz veining i s  about 100 meters (300 f e e t )  wide and 
contains a t  l e a s t  f ive  veins up t o  2.4 meters (8 f e e t )  wide. T h e  
U. S. Geological Survey has identified s t i b n i t e  in the vein material, 
p r ior  to  th i s  study, -however, no sulfides other than pyri te  were 
found.during the present study. The  veins a re  composed of bull 
quartz and large euhedral quartz crystals  t o  7.6 centimeters ( 3  inches) ' 

inches in diameter a re  present. The vein material a l so  contains 
large c lo t s  of ch lo r i t e  and muscovite tha t  a re  generally res t r ic ted  
t o  the vugs and open-spaces of the veins. 

Most of the Creeks i n  the Viseman area have been prospected 
f o r  gold placers i n  the past and many have produced gold. A t  
several l o c a l i t i e s  above gold-bearing creeks, quartz veins of various 
s izes  have been found. The veins a re  typical open-space f i l l i n g  
type veins that  a re  probably the source of the gold i n  the creeks. 
One vein above Confederate Gulch, north of Wiseman, contains 
euhedral pyrite octahedrens and no other sulf ides .  

A st ibnite-quartz vein i s  present on Smith Creek, northwest 
of Wiseman. The vein i s  composed of s t i b n i t e  and quartz and l i t t l e  
more. About 20 tons of s t ibn i t e  has been mined from the vein, some 
of which was recovered by ground sluicing the surface exposure of 
the vein, i n  the creek bottom. Several s t ibni te-quartz  veins a re  
known in the Wiseman area and the probabili ty of f i n d i n g  undis- 
covered antimony resources in the Wiseman area seems high. 

South of Wiseman, calc-schist  and marble layers in the meta- 
morphic sequence contain scheelite.  The extent of the t u n  sten 
mineral ization i s  unknown (WGM, Inc. ,  personal comm., 19777. 
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Chandal a r  Quadrangle 

Previous Investigations - 

Geologic investigations and topographic mapping i n  the 
Chandalar quadrangle began as early as 1899 when Schrader (1900) 
traversed the Koyukuk and Chandalar Rivers. Gold production in the 
Chandalar d i s t r i c t  began as ear ly as  1906 with the discovery of 
placer gold deposits on Big Creek and St.  Mary's Creek, eas t  of 
Chandalar Lake. Brooks (1 907-1 923) described much of the mining 
a c t i v i t y  i n  the Chandalar region. These reports served as a base 
from which Mertie (1925) produced the f i r s t  regional geologic maps 
of the area. Later work by Mertie (1930) t o  the eas t  near the 
Sheenjek River, was the f i r s t  geologic work done i n  the eastern 
par t  of the quadrangle. Maddren (1913) of the U. S. Geological 
Survey conducted geologic investigations a1 ong the upper Koyukuk 
and Chandalar Rivers and compiled geologic information obtained 
by previous investigators in the region. Maddren's work resulted . 
i n  one of the most comp7ete descriptions of the bedrock geology 
and mining ac t iv i ty  in the Chandalar d i s t r i c t .  Recent work by 
Brosge and Reiser (1964) has resulted i n  a geologic map and 
s tructural  section of the Chandalar quadrangle. Some regional geo- 
chemical investigations have been conducted in conjunction w i t h  the 
mapping programs. 

Detai 1 ed geologic investigations by Chi p p  (1 970) were conducted 
i n  the area near the Mikado Lode, a gold-quartz vein deposit, j u s t  
e a s t  of Chandalar Lake. Chipp (1 970) described the bedrock geology 
and conducted geochemical sampling.of the area and presents a 
s t ruc tura l  interpretat ion of the rock sequences near Chandal a r  Lake. 

Recent work by Lathram (1971) on the tectonics of northern 
Alaska has provided the basic tectonic  framework of the region and 
has produced the base upon which Churkin (1973) and others have 
made pal eo- tectonic reconstructions and have developed models of 
the depositional history of northern A1 aska from the middle Cambrian 
through the Cretaceous. The reconstructions a re  based on 1 i tho- 
environmental interpretat ions from o i l  well logs and measured sections 
throughout the area. Packer e t  a1 (1975) present new data on the 
seismicity of the area. Alaska Sta te  Division of Geological and 
Geophysical Surveys work i n  the eastern Chandalar quadrangle describes 
some contact metasomatic orphyry" deposits near the Mathews River 
(Wiltse, 1975, 

Regional Geology and Petrology 

The regional geology of the Chandalar quadrangle i s  dominated 
by a Precambrian ( ? )  to  Tert iary-  sequence of metasedimentary and 



metaigneous rocks, cl a s t i c  sedimentary rocks and intrusive igneous 
rocks of varying composition. The metamorphic.rock sequences a re  
folded, faulted and s t ructural  1y thickened. Imbricate thrus t  faul t ing 
along the south-f lank of the Brooks Range, coup1 ed with questionable 
s t rat igraphic relationships between rock units add to  the complexity 
of the geology and to  the uncertainty of the.s t rat igraphic position 
of the various rock units.  

Rocks i n  the southeastern part  of the quadrangle a re  dominantly 
intrusive rocks tha t  vary from granite t o  d i o r i t e  in composition. 
Several 1 arge bath01 i th i c  complexes a re  present and the intrusive 
rocks have a gneissic texture and a re  sheared and crushed locally 
(Maddren, 1913). The grani t ic  rocks a re  generally medium-to coarse- 
grained, porphyritic b io t i t e  grani te  acd gneissic granite t h a t  a re  
chl o r i  t ized. Gneissic quartz monzoni t e  and granodiori t e  a re  present 
local ly  and contain secondary epidote and ca lc i te .  A potassium argon 
age determination of 101+5 mi11 ion years B.P. was obtained from the 
grani te  of the Hodzana Piuton i n  the southwestern corner of the quad- 
rangle. The Hodzana Pluton i s  in contact w i t h  a uni t  composed 
predominantly of andesi te- to  daci t e  flows, pyroclastics and dior i  t i c  
intrusives believed t o  be Devonian i n  age. The volcanics a re  pre- 
dominantly pyroxene andes i t e  and hornbl ende andes i t e .  The intrusive 
rocks a r e  mainly pyroxene d io r i t e  and some gabbroic rocks occur 
local ly .  This uni t  crops out in a thin be l t  t ha t  can be traced from 
the Mosquito Fork River i n  the southwest corner of the quadrangle t o  
Caro, near the confluence o f  Flat  Creek and the Chandalar River, in 
the south-central par t  of the quadrang.le, a distance of about 96 
k i  1 ometers (60 mi l e s )  . 

Rocks of the Cretaceous Bergman Group have been recognized along 
the Mosquito For-k River. The Bergrnan Group i n  the Chandalar quadrangle 
i s  characterized by a sequence of pebble-to cobble-conglomerate and 
i nterbedded f el dspathi c graywac ke. The congl omerate i s  composed of 
pebbles and cobbles of quartz, quartzi te ,  s ch i s t ,  s l a t e ,  black and 
red chert  and minor volcanic rock fragments. Fossils found in the 
Wi seman quadrangle in Bergman Group rocks a re  A1 bian i n  age and plant 
f o s s i l s  of l a t e  Cretaceous age have also been recognized (Brosge and 
Ref ser ,  1964). The conglomerates occur in smal I , discontinuous 
outcrops i n  close proximity t o  the Devonian volcanics and Cretaceous 
g ran i t i c  complexes to  the south. The conglomerates stri ke east-west 
and dip an average of 30" south. 

Jus t  n o r t h  of the South Fork of the  Koyukuk River, sma'll, dis- 
continuous bodies of green, schistose,  hornbl ende diori  t e  and 
pyroxene d io r i t e  of probable Devonian age crop o u t .  The d i o r i t e  
plugs and s i l l s  are  i n  contact with black phyll i t e  and s l a t e  tha t  
a re  interbedded with fine-grained quartzite.  Schistose graywacke 
and 1 i t h i c  graywacke are  present 1oca11y. North of the South Fork 
Fla ts  and south of Slate  Creek a sequence of red, black; green, gray 
and white chert  and sil iceous a r g i l l i t e  i s  present. The chert  i s  a 
radiolarian chert  local ly  and i s  be1 ieved to  be l a t e  Devonian i n  
age (Brosge and Reiser, 1964). Recent work in the Western Brooks 



Range by the U.S. Geological Survey has shown tha t  cherts i n  the 
Angayucham Mountains may be correlatable w i t h  those near the South 
Fork River, and are  Triassic  in age. 

North of Slate Creek i n  the western Chandalar quadrangle, a 
f a i r l y  thick sequence of metamorphic rocks i s  present. The meta- 
morphic rocks consis t  of-quartz  muscovite schis t ,  quartz feldspathic 
schis t ,  ca1 c-schist ,  rnicaceous marble, marble, quartzi te ,  s l a t e  and 
phyll i te .  This sequence i s  probably equivalent t o  Chipp's upper 
p la te  sequence near Chandalar Lake (Chipp, 1970). Chipp has sub- 
divided his sequence into several mappable units. The lowest most 
uni t  i s  the Mikado Phyll i te  and i s  composed of dark-gray, fine- 
grained phyl l i te  w i t h  quartz segregations generally l e s s  then 5 
millimeters (0.20 inches) thick (Chipp, 1970). Petrographically, the 
phyll i t e  is composed of about 35% quartz, 40% muscovite, 10% 
ch lo r i t e  and 15% opaques. Interlaminated w i t h  the phyl l i te  layers 
a re  sequences of quartz-muscovi t e  schis t  and schi s tose quartzite.  
The dominant rock type i n  the sch i s t  interlaminations i s  s l ight ly  
carbonaceous, quartz, muscovite sch i s t  with minor ch lor i te  and rare  
a1 bi te .  The upper most uni t  of Chi  p p '  s upper plate sequence is  a 
sequence of interbedded schistose quartzi te ,  quartzi te  sch i s t  and 
minor phyll i t e .  The schistose quartzi te  generally consists of 
about 90% quartz and minor muscovite, ch lor i te ,  and t race apa t i te ,  
sphene, epidote and a lb i te .  

Jus t  south of Sukakapak Mountain the character of the schis t  
sequence changes and calcareous sch i s t  and marble becomes a prominant 
member of the rock sequence. The calc-schist  is generally a brown- 
weathering, thin-bedded, calcite-muscovite-quartz-chlori t e  schis t  and 
schistose marble. A few beds of noncalcareous sch i s t  and phyl l i te  
occur locally.  Another prominant rock sequence in the Sukakapak 
Mountain area i s  a sequence of schis t ,  phyl l i te ,  quartzi te ,  s l a t e  and 
grit. The g r i t  u n i t  is  general 1y a g r i t t y  sandstone tha t  locally 
grades to  conglomerate. Minor s i l t s tone  i s  a l so  present. 

North of Sukakapak Mountain, the Skaj i t  Limestone uni t  of upper 
Devonian age const i tutes  a major par t  of the rock sequence. The 
Skaj i t  Limestone i s  represented by about 606 meters (2000 f e e t )  of 
section composed of c rys ta l l ine  and semicrystalline limestone t h a t  
i s  dolomitic i n  part. The limestone ranges i n  color from white or 
light-gray t o  red and brown, where weathering of iron minerals i n  
the 1 imestone has produced the red-brown coloration. The 1 imestones 
a r e  t h i n -  t o  massively-bedded and a re  1 ocal l y  carbonaceous. The 
1 imestone sequence contains minor interbeds of calc-schis t, muscovite 
schis t ,  chi o r i  t e  sch i s t  and marble. The sequence may -a1 so contain 
some mafic dikes and volcani-clastics local ly .  .The en t i r e  sequence 
is folded, faulted, metamorphosed and s t ruc tura l ly  thickened i n  par t  
by imbricate thrust faul t ing.  

Overlying the Skaj i t  Limestone to  the north i s  an unnamed 
sequence of s l a t e ,  phyll i t e ,  shale and s i l  tstone w i t h  minor schistose 
sands tone. The contact between t h i s  sequence and the underlying 



Ska j i t  Limestone i s  be1 ieved to  be gradational (Gryc e t  a1 , 1976), 
however, local unconformities may exis t .  A sequence of calcareous . 
and noncal careous s i 1 t s  tone, s l a t e ,  phyll i t e  and ca1 careous g r i t t y  
sandstone w i t h  minor black 1 imestone interbeds i s  in unconformable 
contact with the unnamed slate-phyl l i te  uni t  overlying the Skaj i t  
Limestone. . 

1 ,  

I C  

I I 

The plutonic rocks in the central Chandalar quadrangle occur 
i n  subparallel northeast-trending belts.  An igneous complex north 

. _  , and eas t  of Twin Lakes i s  composed of gneissic,  chlor i t ized,  b io t i t e  
granite,  quartz monzani t e  and granodiori te.  Minor hornblende grani te  
with secondary epidote and c a l c i t e  occurs locally.  

, 

A narrow be1 t of hornbl ende granodiori t e  porphyry intrusives eas t  
of Mathews River can be traced t o  the northeast as f a r  as Thru  Creek 
i n  the north-central par t  of the quadrangle, a distance of about 
48 kilometers (30 miles).  The granodiori t e  bodies a re .  genera1 l y  
composed of f ine-to medium-grained hornblende granodiori te, w i t h  
hornblende phenocrysts to  5 mi 11 imeters (0.2 inches) in length. 
The margins of the intrusives are highly sheared and local ly  the 
shearing and pervasive metamorphism has transformed the grano- 
d io r i  t e  in to  quartz-chl or i  te-muscovi t e  sch i s t  (Wil tse, unpubl ished 
data, 1975). Where the granodiori t e  intrudes 1 imestone and calc- 
schis t ,  the calcium-rich rocks have been thermally and hydrothermally 
a1 tered and calc-si1 ica te  hornfel s skarns a re  developed. We1 1 - 
developed epidote and garnet appear to have select ively replaced 
the 1 imy country rock (Wil t s e ,  unpublished data,  7975). 

- - 
A northeast-trending be l t  of greenstone and greenschist is  

present in the Mount Snowden area and extends to  Your Creek i n  the 
north-central par t  of the quadrangle. The greenstones generally 
occur i n  isolated bodies o f  dark-green, fine-to medium-grained, 
schistose,  hornblende d io r i t e  and pyroxene d i o r i t e  and also as 
a? tered andesi t i c  flows. The greenstones contain secondary ca lc i t e ,  
epidote and ch lo r i t e  tha t  probably represent a lower greenschist 
fac ies  metamorphic event. Similar greenstones i n  the Christian 
quadrangle to  the e a s t  have been dated a t  168+8 million years B.P. 
(Reiser e t  a1 , 1965). The greenstones vary in grain s ize  and texture 
b u t  a re  generally composed of. ac t ino l i t e ,  c l  inozoisi t e  and epidote 
with mi nor ca l c i t e ,  chlor i te ,  sphene and quartz. Textural 1y the 
greenstones range from aphani t i c  t o  granobl a s t i c  and b1 astoporphyri t i c  
w i t h  actinol i t e  phorphyroblasts to  5 mill imeters (0.02 inches) i n  
length. Small segregations of a1 b i  t e  w i t h  minor ca l c i t e ,  quartz, 
epidote, cl  inozoi s i  t e ,  sphene and ch lo r i t e  occur throughout the 
greenstones (Chipp, 1970). 

Discontinuous sequences of Kanayut Conglomerate of upper 
Devonian age and Kayak Shale of lower Mississippian age crop out in 
the northwest corner of the Chandal a r  quadrangle. Associated with the 
upper Devonian rocks a re  the lower members of the Lisburne Group of 
1 ower Mississippian age. 



Structural Geology 

The s t ructure of the rocks i n  the Chandalar quadrangle i s  
dominated by northeast and east-trending large scale  fold bel ts  and 
imbricate thrus t  faul t ing.  The thrus t  faul t ing has superimposed 
rnetasiltstone, marble, black s l a t e ,  g r i t  and calcareous schis ts  i n  
s t ructural  ra ther  then depositional sequences (Mi 1 t se ,  unpublished 
data, 1975). 

A t  l ea s t  two metamorphic events have affected' the rocks in the 
western Chandal a r  quadrangl e. The polymetamorphi c character of the 
rocks i s  exhibited by isoclinal overturned folding and a smaller 
pervasive s t ructural  event tha t  produced crenul ations , quartz boudi ns 
and s t r ingers  whose s t r i k e  i s  oblique t o  the regional s t r i k e  of the 
major structures.  Locally, small generally l e s s  than 5 centimeters 
( 2  inches) wide premetamorphic quartz veins a re  enfolded w i t h  s ch i s t  
and quartzi te  and ptygmatic folding i s  we11 developed. 

Brosge and Reiser (1964) believe t h a t  one pulse of metamorphism 
affected - the rocks in the region some time in the early Paleozoic, 
and have dated samples of sch i s t  a t  465+74 mill ion years B.P. and 
520 million years B.P. This metarnorphicevent i s  believed t o  be 
related t o  the isoclinal overturned folding present throughout the 
terrane. Another event sometime in the Cretaceous i s  believed t o  be 
related t o  a more pervasive metamorphic pulse t h a t  produced small 
crenulations and a secondary cleavage tha t  s t r ikes  obliquely to  the 
regional s t r ike  of the country rock. This event has been dated a t  

' 103 million years B.P. and 100 mill ion years B.P. (Brosge and Reiser, 
1964). - 

Geochemistry 

Approximately 71 rock and stream sediment samples were collected 
in the Chandalar quadrangle during t h i s  study by M. I.R.L. personnel. 
S i xty-f ive percent of the sampl es were weakly anomalous , anomal ous and 
strongly anomalous in a t  l eas t  one element (see Tables 35 and 36, 
Appendix A ) .  

Threshold values (see Tables 37, 38, 39 and 40, Appendix A )  f o r  
the 90%, 95% and 98% confidence intervals  f o r  each element were derived 
from a s t a t i s t i c a l  manipulation of the raw geochemical data and the 
calculation of concentrations of the elements a t  the arithmetic mean 
plus; 1.045 x standard deviation, 2.0 x standard deviation, and 2.33 x 
standard deviation fo r  the 90%, 95% and 98% confidence levels re- 
spectively. Where the analytical va r i ab i l i t y  i s  zero -or near zero, the 
threshold values fo r  the confidence levels a re  e i the r  the detection 
level or  nearly the same level.  

Sporadic base metal anomalies were detected i n  stream sediment 
samples i n  the quadrangle. One stream sediment sample'from Nugget 
Creek in the Chandal a r  B-6 quadrangle contains strongly anomalous 



concentrations of zinc in excess of 1,000 ppm. The area has been 
prospected in the past and gold placers in the area have produced 
gold. Schrader (1904) reported the discovery of galena near the head 
of Nugget Creek, however no other lode mineral occurrences have 
been reported in the area. 

Samples of phyll i t e  and metasiltstone from the area south of 
M t .  Snowden contain weakly anomalous concentrations of copper and 
strongly anomalous concentrations of copper arid zinc. The phyll i t e  
contains disseminated pyrite and is  heavily iron-stained locally.  The 
bedrock i n  the area consists of phyll i t e ,  metasi 1 tstone, calc-schist  
and porphyroblastic schis t ,  and fur ther  work i s  c lear ly  needed t o  
ful  ly evaluate the areas mineral resource potential .  

Mining  Activity and Economic Geology 

Placer gold was f i r s t  discovered i n  the Chandalar quadrangle i n  
1899 or 1900, when rich placers were found on Gold Creek, a 
t r ibutary  of the Middle Fork of the Koyukuk River. Gold Creek, and 
Linda Creek and Magnet Creek which are t r ibu ta r i e s  of Gold Creek have 
produced a t  l e a s t  19,600 ounces of gold through 1968 (U. S. Bureau 
of Mines). The r ichest  ground on Gold Creek occurs where d io r i t e  
dikes and r e s i s t an t  units in the sch i s t  produce constrictions i n  the 
vall  ey walls. . One such constriction, near the mouth of Magnet Creek 
i s  the s i g h t  of the r ichest  accumulation of gold in the area. The 
ground i n  Gold Creek i s  f a i r l y  shallow, although ground a s  much as 
30 meters (100 f e e t )  deep i s  known in'an abandoned stream channel near 
Linda Creek. Five miles northeast o f  Gold Creek, on Emory Creek, 
minor production from gold placers has occurred. Only about $10,000 
in  production has been reported from the shallow placers there. 

Placer gold was discovered on Big Creek, a t r ibutary  of the 
North Fork of the Chandalar River, i n  1906. Big Creek has yielded 
about 15,000 ounces of gold, of which about 10,000 ounces has been 
produced from 1950 w i t h  the introduction of mechanical equipment. 
Other creeks in the Chandalar Lake area t h a t  have had past production 
include: L i t t l e  Squaw Creek; Big Squaw Creek; Tobin Creek; L i t t l e  
McClellan Creek; S t .  Mary's Gulch and Woodchuck Creek. Bedrock 
depths i n  the creeks ranges from 0 to 30 meters ( 0  to  100 fee t )  and 
exceeds 30 meters (100 f e e t )  locally.  Total production from the placers 
in the area has been about 40,000 ounces of gold (Heiner and Wolff, 
1968). 

About 1908, several go1 d-bearing quartz veins were discovered 
near the head of Tobin Creek. By 1913, a shaf t  30 meters (100 fee t )  
deep had been sunk and approximately 150 meters (500 fee t )  of tunnel 
had been driven on the Mikado Property. One of the tunnels cross 
cu t  a 12 meter (40 foo t )  wide shear zone. The shear zone appears 
t o  be a sheeted shear system that  contains discontinuous gold 
values and minor concentrations of arsenopyri t e ,  sphaler i te ,  galena, 
s t i b n i t e  and pyrite.  A 100 ton per day mi11 has been erected on 



s i t e  and only sporadic production has taken place t o  date. Several 
other gold quartz veins i n  the area have received some attention 
b u t  none have produced any ore. 

A northeast-trending be l t  of hornblende granodiorite intrusives 
and associated copper mineralization is  present along a l i n e  from 
Wiehl Mountain t o  Thru  Creek, in the north-central part  of the 
quadrangle. The copper mineral ization has received considerable 
at tent ion since the ear ly 1960's, and no production has occurred. 
Nil t s e  (unpublished data, 1975) be1 ieves tha t  these deposits a r e  
pyrometasomatic skarn deposits t ha t  are.genetical1y associated 
with the hornblende granodiori t e  bodies. The su1 f ide  mineral ization 
i s  primarily res t r ic ted  to  pyrite and chalcopyrite tha t  occur as  dis- 
seminated grains throughout the intrusives and a1 so as enriched zones 
near the contact w i t h  the 1 imy country rock. High-grade pods of 
massive magnetite and concentrations of chalcopyrite tha t  const i tute  
as much as 15% of the rock are  present locally.  Since 1960, a t  l e a s t  
15 claim groups have been staked on similar deposits and the 
probabili ty of finding other deposits of t h i s  type in the western 
Chandal a r  quadrangle seems high. 

A shear zone tha t  marks the contact between dark-gray phyl l i te  
and a massive limestone unit  tha t  const i tutes  the bulk of the rocks 
in  the Mount Snowden area can be traced fo r  a t  l eas t  3 . 2  kilometers 
( 2  miles).  The zone of shearing contains discontinuous segragations 
o f  pyri te  and chalcopyrite. No mineral ization of obvious significance 
was found however. 

Jus t  south of Mount Snowden, a f a i r l y  large body of greenstone 
crops out. The greenstone body i s  gabbroic inpart  and contains 
disseminated pyrite and chalcopyrite. The su l f ide  mineralization 
does not appear 'to be of an economic nature, hcwever, other 
greenstones in the region may contain s imilar  mineralization. 

Phyl 1 i t i c  rocks south of Mount Snowden are  polymetamorphosed 
s i l  ts tcnes and mudstones tha t  contain disseminated pyrite.  The 
pyri te  occurs in rudimentary cubes and as blebs tha t  a re  a l l  igned 
in  layers paral le l  t o  the dominant fo l ia t ion .  No other su l f ide  
minerals were recognized i n  the phyl l i tes ,  however, fur ther  work is 
needed in the area t o  fu l ly  assess the t rue mineral potential .  
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P h i l  ip  Smith Mountains Quadrangle 

Previous Investigations 

Detailed geologic investigations i n  the Phi 1 i p  Smith Mountains 
quadrangle began as early as 1901 when F. C. Schrader of the U. S. 
Geological Survey traversed the area between Bettles and Barrow. 
Earlier work by several groups of explorationists along the northern 
coast of Alaska began as ear ly as 1826 when the Earl of Bathhurst, 
S i r  John Frank1 i n  decended the MacKenzie River to  i ts  mouth and 
explored westward t o  about the 149th degree o f  1 ongi tude (Schrader, 
1304). Later work by Dease and Simpson around 1837 surveyed the 
general geography of the region. Their surveys a l so  described some 
f i r s t  geologic observations made during t h e i r  traversing. Work by 
Leffingwell (1919) in the Canning River region contributed much t o  
the  early geographic and geologic information of the area. Detailed 
descriptions of permafrost conditions and periglacial  processes t h a t  
a re  active i n  the high a r c t i c  a re  included in Leffingwell 's  work. 
Geologic investigations in the region continued a t  a slow pace unt i l  
about 1940 when the U .  S. Geological Survey and the Department of 
the Navy undertook a program to  evaluate the gas and o i l  potential 
of Naval Petroleum Reserve #4, now known as National Petroleum Reserve 
Alaska. 

Recent work by Bowsher and Dutro .(1957) of the U. S. Geological 
Survey i n  the Shainin Lake area has resulted i n  a be t te r  under- 
standing o f  the stratigraphy and s tructure of the rock units i n  
the region. Detailed geologic investigations eas t  of Shainin Lake 
i n  the Shaviovi k and Sagavanirktok Rivers region by Keller e t  a1 
(1 961 ) has resulted in detailed descriptions of the Mississippian 
t o  recent geologic section present in the 2rea. The detai led rock 
descriptions contained i n  t h e i r  report  serve as a base f o r  much 
of the l a t e r  work in the area. Geologic mapping and sampling by Patton 
and Tai l leur  (1964) in the Ki l l ik - I tk i l l i k  region, eas t  of Shainin Lake 
has resulted i n  a regional geologic map and detailed s t ra t igraphic  data 
fo r  the rocks in the area. Brosge e t  a1 (1962), produced the f i r s t  
good synthesis of the geologic se t t ing  and bedrock geology of the 
region between Gal braith Lake and the Canadian border. Detailed 
geologic work by Porter (1965), i n  the Anaktuvak Pass region contributed 
much to the understanding of the geologic history and s t ruc tura l  
evolution of the rock sequences on the north-flank of the Brooks Range. 
Detailed mapping and s t ructural  interpretat ions by Reed (1968), in an 
area of the northeast Brooks Range near Peters Lake, Pesulted i n  a 
good treatment of the bedrock geology of the area. Geologic invest i -  
gations, by Tourtelot and Tai l leur  (1971), on the Shublik Formation 
in northern Alaska described the u n i t ,  and i t ' s  depositional and 
diagenetic history as well as i t ' s  t race and major elemental compositions. 
Similar work by Wood and Armstrong (1975) on the Lisburne Group lime- 
stones resulted i n  the most complete description of the Lisburne Group, 



i t s  stratigraphy and i t s  diagenetic history. 

Armstrong and Mamet (1 975), have studied eight carboniferous 
s t rat igraphic sections i n  north-east Alaska and have described the 
biostratigraphy of these rocks. .Detterman e t  .a1 (1 975) conducted 
detai  led investigations of the post-carboni ferous rocks i n  north- 
eastern Alaska tha t  resuTted in a complete description of these 
rock units. 

Regional Geology and Petrol ogy 

The north-central Brooks Range i n  the Philip S m i t h  Mountains 
quadrangle i s  underlain by a thick sequence of highly deformed 
marine and non-marine de t r i t a l  sedimentary and marine carbonate rocks 
of Paleozoic and Mesozoic age (Porter,  1965). 

The oldest rocks tha t  crop o u t  in the southern Phi l ip  Smith 
Mountains quadrangle consis t  of discontinuous outcrops o f  the middle 
and upper Devonian Ska j i t  Limestone. The Ska j i t  Limestone is 
represented by a t  l e a s t  610 meters (2,000 f e e t )  of thin-to massive- 
bedded, 1 ight gray t o  red-brown, recrystal  1 ized 1 imestone and do1 omi t i c  
1 imestone. Chert const i tutes  a major portion o f  the Skaj i t  Limestone in 
the Philip Smith Mountains quadrangle, unlike the Ska j i t  Limestone i n  
the Chandalar quadrangle, where chert  i s  lacking and s l a t e  and minor 
sandstone make u p  a major par t  of the sequence. Unconformably over- 
lying the Skaj i t  Limestone in the southern part  of the quadrangle i s  a 
sequence of s i l t y  shale ,  s i l t s tone  and sandstone tha t  make up the 
lowest member of the H u n t  Fork Shale. The shale and s i1  tstone are  
generally dark-gray and weather dark yellow t o  red. The sandstones a re  
charac ter i s t ica l ly  gray-green, thin-bedded, very fine-grained, cal- 
careous sandstones. Locally, beneath the lower member o f  the H u n t  Fork 
Shale i s  an unnamed uni t  t ha t  i s  composed of brown t o  orange, gray and 
black, shale, sandstone, s i l t s tone ,  conglomerate and limestone tha t  
may contain reef s t ructures  (Brosge e t  a l ,  1977). Minor shaly lime- 
stone, conglomeratic l imestone, red and green shale, and phyl 1 i t e  a re  
also present. A t  i t ' s  type section on Fire  Creek, about 40 kilometers 
(25 miles) eas t  of the Kill ik River, the Hun t  Fork Shale i s  about 
970 meters (3,200 f e e t )  thick, the lowest 240 meters (800 f e e t )  
const i tutes  the 1 owest member. 

The lowest member of the H u n t  Fork Shale grades upward in to  a 
sequence of rocks composed of about 300 meters (1,000 f e e t )  of s i l t y  
shale and s i l t s tone .  The shale i s  generally gray t o  greenish-gray, 
dark yellow-red weathering shale w i t h  dark-gray s i l ty-concret ions t o  
10 centimeters (4 inches) in diameter. Conformably overlying the 
shale-slate member i s  a sequence of about 379 meters (1,250 f e e t )  of 
clay shale, s i l t s tone  and s i l t y  shale. The lower 76 meters (250 
f e e t )  of t h i s  member i s  d is t inc t ive  because of the nonresistant nature 
of the clay shale horizons. The clay shales weather eas i ly  and usually 
form areas of lower topographic expression. The s o i l s  produced from 
the weathered clay shale i s  charac ter i s t ica l ly  bright red, and are  
eas i ly  recognized. A charac ter i s t ic  feature of the H u n t  Fork Shale is 



the  r e l a t ive  abundance of anastornozing quartz veins. Pyri te  and 
marcasi t e  c rys ta l s  a re  common w i t h  small amounts of galena (Chapman 
e t  a1 , 1964). Fossil marine brachiopods, pelecypods, gastropods and 
f i s h  teeth found i n  the  Hun t  Fork Shale a re  mid Devonian i n  age (Chapman 
e t  a1 , 1964). 

Conformably overlying the H u n t  Fork Shale i s  the Kanayut Con- 
glomerate, a dominantly non-marine sequence of interbedded chert 
pebbl e t o  cobble conglomerate, sandstone and shale. The Kanayut 
conglomerate has been subdivided i n t o  three members a t  i t ' s  type 
loca l i ty  near Shainin Lake. The overall extent of the Kanayut 
conglomerate is n o t  known, however, i t  has been recognized as f a r  
west as Feniak Lake i n  the western Brooks Range and as  f a r  eas t  as the 
Sheenjek River in the eastern Brooks Range. 

The to ta l  s t rat igraphic thickness of the Kanayut probably does 
not exceed 1,515 meters (5,000 f e e t ) .  The uni t  apparently thins to  
the  south, where Kayak Shale of lower Mississippian age 1 i e s  d i rec t ly  
on middle Devonian sandstones and shales possibly of the Hunt Fork 
Shale. The Kanayut a l so  thins t o  the north, where i t  i s  not recognized 
i n  the northern be l t  of Paleozoic rocks. I t  may be absent or  may be 
equivalent to  a t h i n  conglomerate uni t  named the Keki k t u k  Conglomerate 
( ~ r o s g e  e t  a l ,  1962). The lowest member of the Kanayut Conglomerate 
i s  composed of thin-bedded, fine-grained sandstone and interbedded 
shale. The sandstone is  general 1y an 01 ive-gray, red-brown weathering, 
quartzose sandstone t h a t  is  c ross-s t ra t i f ied  and occurs i n  beds l e s s  
than 0.3 meters (1 foot )  thick. The intercalated shale is mainly 
composed of thin- bedded and cross-bedded, dark-green t o  black, 
p la ty ,  s i l t y  shale and shale. The contact between this lower u n i t  
of the Kanayut Conglomerate and the underlying Hun t  Fork shale i s  
conformable and appears t o  be gradational (Chapman e t  a l ,  1964). The 
maximum s t ra t igraphic  thickness of this lower u n i t  is about 545 meters 
(1,800 f e e t ) ,  near Red Rock Mountain, southeast of Anaktuvak Pass 
(Porter ,  1965). The middle member of the  Kanayut Conglomerate con- 
s t i t u t e s  the bulk of the unit  and is characterized by the presence of 
conglomerate beds. The middle member exposed a t  Shainin Lake i s  
composed of about 311 meters (1,026 f e e t )  of conglomerate, sandstone 
and shale t h a t  a re  interbedded i n  a possible cycl ic  pattern throughout 
the  member (Porter,  1965). Porter (1965) describes the cycl ic  
sedimentation as  a f ining upward sequence of conglomerate tocoarse 
sandstone t o  shale. Near the top of the conglomerate member (middle 
member) the amount of conglomerate decreases and i s  replaced by 
cross-bedded, platy sandstone. The conglomerate layers do not pers i s t  
l a t e r a l l y  f o r  great  distances,  and generally are  lensoid i n  shape 
w i t h  thicknesses ranging from 0.3 t o  10 meters (1 t o  30 f e e t )  (Porter,  
1965). Eighty-five percent of the pebbles in the conglomerates a re  
composed of chert  ranging to  5 centimeters (0.2 inches) i n  diameter. 
The chert  varies widely i n  color w i t h  gray, white, black, bluish green, 
ye1 lowish brown, and red var ie t ies  known. White quartz- pebbles make 
up about 5% of the pebbles and the remaining 10% of the pebbles are  
composed of quartz sandstone, argi 11 i t e  and chert  breccia. The 
pebbles l i e  i n  def in i te  layers or a r e  scat tered throughout a finer- 



grained matrix of coarse-grained, quartz sandstone tha t  const i tutes  
between 50 and 80% of the rock. The primary cementing agents a re  
s i l i c a  and iron oxide. Where s i l i c a  i s  the cementing agent, the rock 
i s  extremely competent and cross-grain fracturing occurs. The sand- 
stones of the middle member of the Kanayut Conglomerate range from 
poorly bedded units to  we1 1 -bedded layers of brownish-gray to  1 ight  
01 ive-gray, medium-to coarse-grained, thin-bedded t o  massive, local ly  
ferruginous quartzose sandstone. Local ly,  t h i n  beds of black pyr i t i c  
shale  containing plant fragments a r e  present (Porter,  1965). 

The upper part  of the Kanayut Conglomerate, known as the 
Stuver Member, consis ts  mainly of conglomerate and sandstone. A t  
i t ' s  type loca l i ty  near Shainin Lake, the Stuver Member is composed 
of between 25 and 50% shale and 50 to 75% fine-grained sandstone 
and sil  tstone, and no conglomerate layers a re  present. The sandstone 
i s  usually massive and poorly bedded near the base of the member, and 
becomes well-bedded near the t o p  of the section. The sandstone is 
normally a fine-grained, 1 i ght gray, ye1 1 ow-weathering sandstone. 
Shale interbeds a re  typical ly  brownish-gray-to 01 ive gray o r  black, 
platy shale. Raindrop impressions, mudcracks, r ipple  marks and worm 
t r a i l s  a re  found on the bedding surfaces as well as we1 1 preserved 
plant fos s i l s .  The sandstones and shales of the Stuver Member a re  
gradational w i t h  the underlying conglomerate member. As much as 
300 meters (1,000 f e e t )  of Stuver Member rocks a re  present i n  the 
Anaktuvak Pass area and about 260 meters (860 f e e t )  of section i s  
represented a t  i t ' s  type loca l i ty  near Shainin Lake, therefore Porter 
(1965) f ee l s  tha t  the Stuver Member thickens to  the southwest, which 
is  the case for  the en t i r e  Kanayut Conglomerate sequence. 

Unconformably overlying the Kanayut Conglomerate i s  the Kayak 
Shale of lower Mississippian age. Bowsher and Dutro (1957) sub- 
divided the Kayak Shale into f ive  informal members near Shainin Lake. 
Total thickness of the  Kayak Shale i s  about 290 meters (960 f e e t ) .  
However, due to  i t ' s  incompetent nature, the shale i s  extremely 
deformed. The basal sandstone member consists of about 40 meters , 

(130 f e e t )  of poorly-bedded, grayish-brown s i  1 tstone and a more 
competent medium-gray t o  brown-gray , very f i ne-grai ned quartzose 
sandstone. The sandstones a re  r ipple  marked and worm t r a i l s  a re  
present locally.  The lower black shale member overlying the basal 
sandstone, i s  grayish-black, hard, f i s s i l e ,  yellow-weathering shale. 
The shale contains a strong, we1 1 developed axial -plane cleavage 
(Porter,  1965). The argillaceous 1 imestone member of the Kayak Shale 
i s  a bl uish-gray, coarsely crystal  1 ine, argillaceous, bioclast ic  1 ime- 
stone. The to ta l  thickness of the limestone member i s  about 30 meters 
(1 00 f ee t ) .  Intercalated shale horizons contain abundant 1 imonite 
t h a t  gives the rock a red-ye1 low coloration. The upper shale member 
is  composed of dark-gray, calcareous shale and medium-dark gray, 
s l  ight ly  a rg i l l  aceous, bi ocl a s t i c  1 imestone tha t  weathers dusty red 
and reddish brown, and i s  about 43 meters (141 f e e t )  thick. Conformably 
overlying the upper shale member i s  a very d is t inc t ive ,  reddish 
weathering, ferruginous, f ine-to medium-grained biocl a s t i  c 1 irnestone. 
The limestone layer ranges between 0.3 and 5 meters (1 and 15 f e e t )  



thick and is an eas i ly  recognized uni t  marking the upper l imi t  of the 
Kayak Shale. 

Unconformably overlying the Kayak Shale i n  northern A1 as ka a r e  
rocks of the early and l a t e  Mississippian Lisburne Group. The 
Lisburne Group was f i r s t  described by Schrader (1904) as the  Lisburne 
Formation, and has since been upgraded to  the  group s ta tus .  The 
Lisburne Group i s  subdivided into three formations, the Wachsmuth 
Limestone of early Mississippian age and the Alapah Limestone of 
l a t e  Mississippian age and the Wahoo Limestone of Pennsylvanian 
and Permian age. The Wachsmuth Limestone has been subdivided into 
four members a t  i t ' s  type loca l i ty  near Shainin Lake. The lowest 
member of the Wachsmuth Limestone a t  Shainin Lake is  a u n i t  
t ha t  i s  much the same as  the upper par t  of the underlying 
Kayak Shale and consists of dark-gray t o  01 ive-gray, fine-grained, 
shaly, argi 11 aceous, nodular 1 imestone and shale. The dominance 
o f  the carbonate content of this member i s  the marked difference 
between t h i s  u n i t  and the underlying Kayak Shale. This sequence of 
rocks probably represents a continuation of quiet ,  open-water marine 
sedimentation tha t  persisted during the deposition of the Kayak Shale 
(Wood and Armstrong, 1975). The shaly 1 imestone member of the 
Wachsmuth Limestone i s  about 6 meters (18 f e e t )  thick a t  the type 
1 ocal i ty. Conformably overlying the shaly member of the Wachsmuth 
Limestone i s  a r ichly foss i l i fe rous  member tha t  i s  composed of 
medium-to dark-gray, medi um-to coarse-grained, crinoidal 1 imestone 
in which the bioclast ic  content i s  as h i g h  as 20%. The crinoidal 
1 imestone member of the Machsmuth Limestone is about 55 meters (180 
f e e t )  thick a t  i t s  type loca l i ty  and l.ike the en t i r e  Wachsmuth 
Limestone member, i t  t h i n s  t o  the northeast and i s  en t i re ly  absent 
in the Peters Lake section, i n  the Romanzof Mountains (Reed, 1968). 

Conformably overlying the crinoidal 1 imestone member of the 
Wachsmuth Limestone i s  a f a i r l y  thick sequence of light-gray t o  
white, medium-to coarse-grained, s l  ightly argil laceous,  bioclast ic ,  
dolomitic limestone, t ha t  i s  about 171 meters (564 f e e t )  thick a t  
the type loca l i ty  a t  Shainin Lake. loca l ly  w i t h i n  the member, t h i n ,  
discontinuous layers of chert  a re  present. The dolomitic phase of the 
middle member of the Wachsmuth Limestone has been recently interpreted 
as resul t ing from sedimentation i n  a sabkha-type environment near the 
margin of a semi-restricted marine s table  platform, sometime in the 
ear ly  Mississippian (Armstrong e t  a1 ,1975 p. 1 ). The chert  of this 
member is usually present throughout the section, however, the amount 
of chert  appears to  decrease toward the top of the section. Locally, 
i n  the lower quarter of the middle member, the chert  const i tutes  as 
much as 40 to  50% of the section. The upper banded chert  member 
of the Wachsmuth Limestone is a 130 meter (429 foot )  thick section of 
thin-banded limestone and chert .  The chert  is  usually a thin-bedded, 
light-gray t o  dark-gray, thin laminated t o  nodular chert .  Minor 
.do1 omi t i c  1 imestone layers a1 so occur, interbedded w i t h  medium-gray 
t o  1 ight-gray, f ine-to medi urn-grained, evenly and i r regular ly bedded, 
bioclast ic  1 imestone (Patton, 1957). Fossils a re  f a i r l y  common in a1 1 
of the members of the Wachsmuth Limestone and include crinoids,  brachio- 



pods, rugose corals , colonial corals ,  cephalopods and bryozoans. Total 
thickness of the u n i t  a t  the type local i t y  is about 373 meters (1,230 
f e e t ) ,  and about 409 meters (1,350 f e e t )  of Wachsmuth Limestone has 
been measured t o  the west near Anaktuvak Pass (Porter,  1965). The 
en t i r e  Wachsmuth Limestone is absent t o  the eas t  near Peters Lake 
(Reed, 1968). In two measured sections south o f  Shainin Lake, the 
banded limestone-chert member may be as  much as 90 meters (300 fee t )  
thinner than a t  Shainin Lake (Brosge e t  a l ,  1962). Therefore, the 
Wachsmuth Limestone uni t  appears t o  t h i n  t o  the eas t  and south. 

Conformably overlying the Wachsmuth Limestone i s  the Alapah Limes- 
stone, the l a t e  Mississippian component of the Lisburne Group. The 
Alapah Limestone has been subdivided into nine members a t  Shainin 
Lake. Most of the member can be recognized t o  the eas t ,  however, 
many investigators have lumped the members into three units fo r  ease of 
geologic mapping. The lower four members of the Alapah Limestone uni t  
a t  Shainin Lake have been lumped by Porter (1965) and others i n t o  a 
lower Alapah member t h a t  is composed of a thick section of lime- 
stone and chert .  The lower par t  of t h i s  member consists of a basal 
sequence of dark-gray, fine-grained shaly 1 imestone and minor in te r -  
bedded black chert ,  overlain by a thick sequence of dark-gray, fine- 
grained, argi  11 aceous, massive and thin-bedded, cherty, bioclast ic  
1 imestone. Next, a sequence of 1 ight  brown t o  gray, f ine- to medium- 
grained, fos s i l  iferous 1 imestone is present. The 1 imestones exhibit  
a coarsening upward habit ,  w i t h  f i ne-grained 1 imestone grading into 
medium-grained 1 imestone near the top of individual 1 imestone beds. 
T h i s  sequence i s  in turn overlain by a member tha t  i s  composed of 
brownish-gray, fine-to medium-grained bioclast ic  1 imestone. The 
middle member of the Alapah Limestone i s  composed o f  about 76 meters 
(250 f e e t )  of non-resistant, dark-gray, calcareous shale and grayish- 
black chert .  Mi-nor interbeds of dense, hard, dark-gray, platy lime- 
stone t h a t  i s  interbedded w i t h  l i g h t  olive-gray shale and dark-gray 
argillaceous phosphorite (Porter,  1965). The 1 imestones contain well - 
developed cross-1 aminations. The upper 1 umped u n i t  of the A1 apah 
Limestone consis ts  of the upper four  members of the Alapah a t  i t s  type 
1 ocal i t y .  The upper member i s  composed of 1 ight-gray, f ine-grained 
1 imestone w i t h  interbeds of dark-and 1 ight-gray, thin-bedded chert  and 
thick bedded, 1 ight gray, fine-grai ned 1 imestone tha t  contains abundant 
brachiopods and a coral assemblage including 1 i thostrotionel la .  This 
uni t  is wide-spread and quite d is t inc t ive  and i s  invariably found a 
short  distance above the base of the  upper member (Porter,  1965). 
Gigantoproductus, a productid brachiopod, is  qui te  common near the 
top of the upper limstone member. Specimens of Gigantoproductus t o  
10 centimeters ( 4  inches) across have been found in the Galbraith 
Lake area, i n  a t h i n  limestone bed believed t o  be par t  of the upper 
1 imestone member of the Alapah Limestone. 

Total thickness of the Alapah Limestone a t  the type loca l i ty  
near Shainin Lake i s  about 294 meters (970 f e e t )  (Bowsher and 
Dutro, 1957), and i t  is about 704 meters (2,325 f e e t )  thick near 
Anaktuvak Pass. The u n i t  thins to  the eas t  near Galbraith Lake, 
where about 182 meters (600 f e e t )  of Alapah Limestone i s  present and 



then thickens t o  the eas t  near Wahoo Lake, where 590 meters (1,947 
f e e t )  of section i s  present. The Alapah thins northward along the 
northeast f ront  of the Broo.ks Range (Brosge e t  a l ,  1962). 

Conformably overlying the A1 apah Limestone i n  the northeastern 
Brooks Range i s  the  Uahoo Limestone of Pennsylvanian and lowest 
Permian age (Armstrong, 1970). The Wahoo Limestone i s  absent near 
Gal brai t h  Lake and thickens to  414 meters (1,367 f e e t )  in the eastern- 
most Brooks Range. Brosge e t  a1 (1962) have subdivided the Wahoo 
i n t o  two informal members, the upper member and a lower member. 
The lower member of the Wahoo 1 imestone i s  character is t ical  ly a medium- 
gray, fine-to coarse-grained, 1 imestone w i t h  minor chert. The upper 
member of the Wahoo Limestone is  s imilar  i n  composition t o  the .basal 
crinoidal limestone member of the Wachsmuth Limestone. The rocks 
commonly consist  of coarse-grained crinoidal 1 imestone with minor' 
interbeds of shale and thin-bedded shaly limestone. The upper 
member i s  distinguished from the lower member by a zone of black 
nodular chert  t ha t  occurs a t  the base of the upper member. Dolomite 
is lacking i n  both members, and coarse-grai ned, 1 imestone const i tutes  
as much as 65% of the upper member. A t  Galbraith Lake, the upper 
member of the Wahoo Limestone is  missing and rocks of the Permian 
Si ksi kpuk Formation r e s t  unconformably on rocks of the lower member. 
The upper beds of the lower member a re  pyr i t ic ,  where they under1 i e  
rocks of the Si ksikpuk Formation. 

Disconformably overlying rocks of the Mississippian Lisburne 
Group and disconformably underlying rocks of the  Triassic  Shubl i k 
Formation i s  a Permian sequence of shale, s i l t s t o n e  and minor chert  
known as the Si ksi k p u k  Formation. A t  the type loca l i ty  on Skimo 
Creek, west of Chandler Lake, the Siksikpuk Formation consists of 
about 107 meters (354 f e e t )  of variegated green, gray and dark-red, 
calcareous, cherty, local ly  ferruginous, shale and s i l t s tone .  The 
shale and s i l t s tone  occur in beds t h a t  vary from thin and f i s s i l e  t o  
massive beds as much as  15 centimeters (6 inches) thick. The uni t  
i s  eas i ly  recognizable because i t  weathers a characteris t i c  red- 
yellow color. Minor limestone interbeds occur i n  the section and 
calcareous cannon-ball concretions a re  found i n  and interbedded with 
the shale and chert .  The Siksikpuk Formation i n  the Galbraith Lake 
area is  a t  l eas t  181 meters (600 f e e t )  thick and probably as much as 
300 to  600 meters (1,000 t o  2,000 f e e t )  of section may be present 
(Brosge e t  a1, 1962). Structural thickening, crumpling, thrust 
faul t ing and isoal inal overturned folding in the Atigun Canyon area 

. has obscured the true thickness of the Siksikpuk Formation. The lower 
par t  o f  the Si ksi kpuk Formation i s  r ich ly  pyr i t i c  and t h i n  zones and 
concretions of pyri te  a re  present, Bladed ba r i t e  concrcetions and 
discontinuous zones of bar i te  are  present throughout the Atigun Canyon 
section. Strat igraphical ly ,  the Si ksi k p u k  Formation i s  equivalent t o  
the Echooka Formation, the lowest formation i n  the Sadlerochit Group. 
The Echoo ka Formation i s  n o t  recognized i n  the Gal brai t h .  Lake section 
and the Siksi k p u k  i s  considered the lower member of the Sadlerochit 
Group. The rocks of the Siksikpuk Formation contain an abundant 
assemblage of f o s s i l s  including brachipods, corals ,  and some gastropods, 



t ha t  yield an ear ly Permian.age (Brosge e t  a l ,  1962). 

East of the Sagavanirktok River, the Siksikpuk Formation i s  
not recognized (Yochelson and Dutro, 1960) and the lower member of 
the Sadlerochi t Group tha t  is recognized is the lower part  of the 
Echooka Formation. The Echooka Formation i s  equivalent i n  age to  
the Siksikpuk Formation b u t  d i f f e r s  l i thological ly .  The Echooka 
Formation has been subdivided in to  two members; the Joe Creek Member, 
composed of about 112 meters (371 fee t )  of thin-bedded, poorly 
indurated, calcareous, 1 imy s i l  tstone and shale, minor chert  interbeds 
and some quartzose sandstone occurs locally.  The sandstones a re  
glauconitic in part  and generally consis t  of de t r i t a l  quartz and some 
ca lc i t e .  The lower 60 meters (200 fee t )  of the Joe Creek Member i s  
predominantly a dus ky-ye1 1 ow, calcareous muds tone and calcareous 
s i l  tstone. The r e s t  of the Echooka Member i s  dominantly quartzose 
sands tone, quar tz i te  and quartzi t i c  s i  1 tstone. The upper member of 
the Echooka Formation, the Ikiakpaurak Member, is composed 
predominantly of orthoquartzite, qua r t z i t i c  sandstone and s i l t s tone .  
The Ikiakpaurak Member i s  about 85 meters (280 fee t )  thick a t  i t s  
type loca l i ty  and i s  composed of dark, quartzose sandstones and 
s i l  tstones tha t  are  interbedded w i t h  minor orthoquartti t es ,  tha t  a r e  
glauconitic i n  part .  The Ikiakpaurak Member i s  not recognized i n  the 
Gal braith Lake section (Detterman et a1 , 1975). 

Conformably and locally unconformably overlying the Echooka 
Formation i s '  the Ivashak Formation, an early Triassic  sequence of 
s i l t y  shale,  s i l  tstone, massive sandstone and shale,  t ha t  is  considered 
the upper formation of the Sadlerochit Group. The Ivashak Formation 
has been subdivided into three members. The lowest member, the Kavi k 
Member, i s  composed of thinly laminated t o  t h i n  bedded, s i l t y  shale 
and s i l t s t o n e  t h a t  a re  composed f o r  the most part  of a1 ternating 
layers of d e t r i t a l  quartz grains and dark bands of s e r i c i t i c  clay. 
Quartz const i tutes  as much as 40% of the rock. Conformably overlying 
the Kavik Member is the middle, Ledge Sandstone Member of the 
Ivashak Formation. The Ledge Sands tone Member commonly forms 
prominant hogback ridges and questas, due t o  i t s  r e s i s t an t  nature. 
The Ledge Sandstone. i s  composed of 58 meters (190 f e e t )  of medium- 
grained, massive, quartz arenite.  The areni te  is composed of 30 
t o  40% chert  fragments and 50 t o  60% quartz in subrounded and 
we1 1 -rounded grains. Minor d e t r i t a l  tourmal ine,  pl agioclase 
feldspar,  zircon and pyrite are  a l so  present. Locally, the sandstone 
i s  conglomeratic and the conglomerates occur in well defined zones i n  
the upper part  of the member. T h e  conglomerates a re  composed of sub- 
angular t o  well-rounded granules and pebbles of quartz and chert up t o  
2.5 centimeters (1 inch) in diameter. A few t h i n  s i l t s tone  and s i l t y  
shale beds a re  intercalated w i t h  the sandstone beds. The  upper 33 
meters (110 f e e t )  o f  the Ivashak Formation i s  composed of thin-bedded 
t o  massive, s i l iceous s i l  tstone and minor s i l t y  shale and argillaceous 
sandstone of the Fire Creek Member (Detterman e t  a1 , 1975). The 
s i l t s tones  a r e  predominantly composed of 40 t o  80% mineral grains i n  
a s i l iceous clay matrix. The mineral grains a re  a l l  well-rounded and 
a re  composed of 40 t o  60% quartz and as much as 20% chert .  Calcite 



and pyri te  occur local ly  and minor garnet and zircon a r e  present 
(Detterman e t  a1 , 1975). 

Recent work by Detterman (1976) on rocks of the Permian and lower 
Triassic  Sadlerochit Group has shown tha t  a t  l e a s t  some of the rocks 
of Permian age in the north eastern Brooks Range are  volcanic rocks. 
A t  two l o c a l i t i e s ,  one on the Ivishak River and the other near 
Porcupine Lake, Detterman (1 976) has identified t u f f s ,  volcanic breccias 
and flows t h a t  exhibi t  some pillow structures.  The tu f f s  near the 
Ivishak River a re  1 ight-to dark-green, fine-grained, amygdaloidal flows. 
The section near Porcupine Lake i s  part  of a major thrus t  complex tha t  
r e s t s  on lower Cretaceous s t r a t a  (Detterman, 1976). The vol canics 
a re  1 ight grayish-green, fine-to medium-grained flows. Dutro e t  a1 
(1977) have shown t h a t  some of the rocks of the upper Devonian 
sequence in the central Brooks Range i ncl ude vol canocl a s t i  c rocks and 
flows and include mafic pillow lavas tha t  Dutro be1 ieves marks the 
onset of deeper water deposition in Frasnian ( l a t e  upper Devonian) 
time. Sporadic volcanic ac t iv i ty  from the Devonian t o  the Permian 
i n  north-central Alaska may have resulted in the deposition of 
tuffaceous sedimentary rocks as well as  s t i l l  unrecognized volcanic 
sequences w i t h i n  the predominantly marine sedimentary sequence. 
Tai l leur  (personal communication, 1977) be1 ieves tha t  much of the shale 
and s i l t s tone  present in the northcentral Brooks Range may i n  f ac t  be 
tuffaceous sedimentary rocks. 

Conformably overlying the Fire  Creek Si l t s tone  Member of the 
Sadlerochit Group i n  northeastern Alaska i s  the Shublik Formation 
of middle and l a t e  Triassic  age. The Shublik Formation has been 
informally subdivided into three members, based on changes i n  
lithology. The basal s i l t s tone  member i s  composed of 21 meters (70 
f e e t )  of thin-bedded, organic-rich, phospathic s i l t s tone .  Phosphatic 
concretions and -grains with quartz nucl ei a re  f a i r l y  common, and 
de t r i t a l  grains of plagioclase and ser ic i  t e  a re  present. The middle 
member of the Shubl i k Formation i s  composed of 100 meters (300 f e e t )  
of thin-to thick-bedded, 1 ight-gray, s i l t y ,  foss i l i fe rous  1 imestone 
and dolomite. The limestone i s  phosphatic i n  par t  and contains small 
phosphate pebbl es and green-gray and black chert grains. Local ly ,  
chert  layers a re  interbedded with thin interbeds of s i l t y  shale. The 
remaining 27 meters (90 f e e t )  of the Shubl i k Formation, a t  the type 
loca l i ty ,  i s  composed of a very s o f t ,  incompetent, sequence of f i s s i l e ,  
calcareous shale. The shale contains 1 imestone and phosphatic 
concretions. Local ly ,  the Shubl i k Formation near Gal brai t h  Lake, i n  

. Atigun Canyon, i s  represented by a sequence of folded and faul ted,  
highly fractured, s i l t y  shale, cher t  and 1 imestone. The contact w i t h  
the underlying Siksikpuk Formation may be a f a u l t  and local discon- 
formable relationships a re  present. 

Conformably and local ly  unconformably overlying the Shubl i k 
.Formation i n  northeastern Alaska i s  the Kingak Shale of lower to  upper 
Jurassic  age (Detterman e t  a l ,  1975). The Kingak Shale i s  not 
recognized eas t  of the Lupine River, and apparently thickens and t h i n s  
i r regular ly over short  distances. Near the Canning River, as much as 
900 meters (3,000 f e e t )  of section tha t  is  most l i ke ly  Kingak Shale 



i s  present (Detterman e t  a1 , 1975). However, folding and fatilting 
of the rocks i n  the area may have resulted i n  s t ructural  thickening 
of  the incompetent shaly horizons. The lower par t  of the Kingak Shale 
is  represented by a t  l e a s t  181 meters (600 f e e t )  of very f i s s i l e  
paper shale t h a t  decomposes in to  small fragments generally less  than 
2 centimeters (1 inch) i n  diameter. Overlying the f i s s i l e  shale 
interval is a t h i n  tone of clay shale t h a t  i s  inturn overlain by 
a section of f i s s i l e  shale and s i l t s tone  about 303 meters (1000 
f e e t )  thick. The s i l t s tone  is  composed of 70 t o  80% rounded quartz 
grains and s i d e r i t e  const i tutes  as much as  10% of the sil tstone. '  
Minor de t r i  t a l  grains of plagioclase, zircon, pyri te ,  glauconite, 
and phosphate a r e  present. The matrix of the s i l t s t o n e  is  mainly ,, 
s i1 iceousc lay .  Rocks be l i eved to  b e p a r t o f  t h e K i n g a k S h a l e i n t h e  . 
Atigun Canyon area,  near Galbraith Lake, a r e  mainly dark gray t o  black, 
f i s s i l e  shale tha t  disconformably overl ie  the upper limestone member 
of the Shublik Formation. Fossil fragments were found i n  rocks 
believed to  be Kingak Shale, however no def in i t ive  foss i l  ident i f i -  
cations have been made. 

Disconformably overlying rocks of Shublik Formation, Kingak 
Shale and Ivashak Member of the Sadlerochit Group i n  northern Alaska 
i s  a lower Cretaceous sequence of quartz a reni te ,  clay shale and 
graywacke sandstone, known as the Kongakut Formation. The contact 
between the Kongakut Formation and the underlying s t r a t a  marks a 
major ear ly Cretaceous unconformi t y  in northern Alaska (Detterman, 
1975). The Kongakut Formation has been subdivided into one formal and 
three  informal members, The clay shale member i s  the lowest member 
of the Kongakut Formation and i s  composed of 106 meters (350 f e e t )  
of clay shale. Conformably overlying the clay shale member is  the 
Kemik Sandstone Member, a sequence of very fine-grained quartz a reni te  
with minor amounts of glauconite, phosphate, s e r i c i  t e ,  and zircon. 
Overlying the Kemik Sandstone Member i s  the pebble shale member t h a t  
is  158 meters (520 f e e t )  thick. The pebble shale rtember contains a 
section of about 53 meters (175 f e e t )  of highly manganiferous beds of 
s i l t y  shale. The manganese beds a re  uniformly black w i t h  small 
pel l e t s  and th in  beds of manganese carbonates (Detterman e t  a l ,  1975). 
Conformably overlying the pebble shale member i s  the s i l t s tone  member 
composed of a thick sequence, 291 meters (690 f e e t ) ,  of thin-bedded 
sil  ts tone w i t h  minor interbeds of sands tone. 

The Okpikruak Formation, named by Gryc e t  a1 (1951, p. 159) is 
exposed along the Okpikruak River i n  the Chandler River area west of 
Anaktuvak Pass, and i s  present i n  the Atigun Canyon area. The 
formation was extended to  the eastern Brooks Range by Detterman (1963, 
p. 195), who defined the base of the Okpi kruak Formation as the  base 
of the Kemik Sandstone Member of the Kongakut Formation, therefore the 
two formations a re  a t  l e a s t  in par t  equivalent correlatable  units. 
In the Atigun Canyon area, the u n i t  i s  composed of several hundred 
meters ( f ee t )  of clay shale and minor  s i l t s t o n e  and fine-grained 
sandstone. 

Unconformably overlying rocks of the Okpi kruak Formation and 

I 



rocks of the Kongakut Formation i s  a f a i r l y  thick sequence of marine 
sandstone, si 1 tstone, s haly 1 imes tone, clay s ha1 e and conglomerate 
of the Fortress Mountain Formation of lower Cretaceous age. The 
conglomerate and sandstones a re  typical ly  graywacke-type sedimentary 
rocks t h a t  contain abundant c l a s t s  and fragments of black and green 
chert ,  feldspar and angular mafic igneous rock fragments, a l l  s e t  i n  
a green mudstone matrix (Keller e t  a ? ,  1961). A t  i t ' s  type section, 
the Fortress Mountain Formation i s  about 3,000 meters (10,000 f e e t )  
thick, however, the type loca l i ty  i s  probably the thickest section 
of Fortress Mountain Formation exposed on the north-flank of the  Brooks 
Range, and exposures of 1,500 meters (5,000 fee t )  of section a re  common. 

The Torok Formation of lower Cretaceous age i s  be1 ieved t o  be 
the la te ra l  equivalent of the Fortress Mountain Formation (Keller 
e t  a1 , 1961 ) . The Torok Formation i s  predominantly dark-gray and 
dark-bluish-gray, f i s s i l e  t o  platy,  so f t ,  s i l t y  shale and clay shale. 
Locally, len t icu lar  bodies of sandstone, as much as 242 meters (800 
f e e t )  thick, occur i n  the shale sequence. The base of the Torok 
Formation i s  not exposed, however, 1,820 meters (6,000 f e e t )  of section 
is  present a t  the type loca l i ty .  

Kel l e r  e t  a1 (1961) be1 ieve tha t  a l a t e ra l  facies  change and 
major i n te r f i  ngering between the two formations accounts fo r  the 
l i thologic  differences between the two units. 

Unconformabl y overlying rocks of the Kongakut Formation, Torok 
Formation and Fortress Mountain Formation i n  the northern foo th i l l s  
be l t  of the Brooks Range are  rocks of the Nanushuk Group of early 
Cretaceous age. The Nanushuk Group contains both marine and non- 
marine rocks and has been subdivided into two formations. The Tuktu 
Formation i s  a marine sequence of interbedded, thin-bedded, f ine-  
grained, greenish-ye1 low, calcareous sandstone; dark s i  l t s tone  and 
shale. The sandstone-contains abundant so1 e markings, mainly f l u t e  
cas t s ,  skip and drag marks, and flame structures ,  a l l  of which a re  
suggestive of deep water turbidi t e  deposition. The T u k t u  Formation 
may be as thick as  515 meters (1,700 f e e t ) ,  b u t  exposures of about 212 
meters (700 f e e t )  thick are  common. Conformably overlying the T u k t u  
Formation a re  rocks of the non-marine Chandler Formation. The Chandler 
Formation i s  composed of 1,447 meters (4,775 fee t )  of cycl i ca l ly  
deposited polymictic conglomerate, s a l t  and pepper sandstone, 
s i l t s t o n e  and shale. The sequence i s  en t i r e ly  non-marine and contains 

, abundant features of fluvial  deposition including; cut and f i l l  
s t ructures ,  crossbedding, channel deposits, and f ine-grained shaly 
s i l  tstones containing abundant plant fragments. The shaly s i l  tstones 
a re  interpreted as being overbank f luvial  deposits. Coal i s  a f a i r l y  
common feature i n  the Chandler Formation. 

Structural Geology 

The s t ructural  geology of the rocks i n  the Philip Smith Mountains 
quadrangle i s  dominated by imbricate thrus t  f a u l t s ;  high-angle normal 

, 



fau l t s ;  an t ic l ines  and synclines of various s izes ;  and large, t i g h t ,  
overturned folds.  Thrust faul t ing throughout the north-flank 
province of the Brooks Range has juxaposed rock uni t s  into structural 
ra ther  than depositional sequences. Rock uni ts  t h a t  contain a 
large percentage of incompetent rock such as shales and s i l t s tones  
have reacted different ly-  to  the regional s t resses  than the rock units 
w i t h  more competent rocks such as cherts ,  s i l  i c i f iced  1 imestone and 
conglomerate. Incompetent rocks make up the bulk of the Kayak Shale, 
H u n t  Fork Shale and Si ksi k p u k  Formation. These uni ts  have been 
compressed into t i g h t  folds and a re  cut by many small faul ts .  The 
shale horizons also tend t o  local ize f a u l t s  paral le l  t o  t h e i r  bedding 
(Porter,  1965). Porter (1965) be1 ieves tha t  the shale sequences have 
acted as  lubricating zones t h a t  decrease the f r ic t iona l  resistance 
of faulting. The Kanayut Conglomerate on the other hand is a f a i r l y  
competent rock uni t  and has been folded into antic1 ines and synclines 
of various s izes .  Locally, the folds a re  overturned, and i n  the 
Atigun River va l le  , spectacular overturned folds about one thousand 
meters (3,000 f e e t  f i n  amplitude a r e  present. The Lisburne Group 
1 imestones a re  general 1y competent rocks tha t  a re  a1 so folded into 
1 arge-sca1 e structures.  The 1 imes tones do exhibi t  extensive 
deformation where s t resses  on the rocks cause them t o  react  
p las t ica l ly .  

Locally, rocks of the Lisburne Group have been t i g h t l y  folded 
and large north-vergent folds are  present. Subsequent thrust-  
faul t ing along the axial t race of one such overturned fold,  i n  Atigun 
Canyon, has thrust older rocks of the Mississippian Lisburne Group 
over rocks of the Si ksi kpuk  Formation of Permian age. Porter (1965) 
believes that  the H u n t  Fork Shale may represent the base of a zone 
o f ,  de'col lement involving the l a t e  Paleozoic section of north-central 
Alaska. The predominence of east-west s t r i  k i n g  s t ruc tures  i n  the 
Philip Smith  Mountains quadrangle indicates tha t  the major tectonic 
pressures were directed i n  a north-south direction. The presence of 
north vergent s t ructures  throughout the region may indicate tha t  
most of the tectonic  s t resses  were released t o  the north (Porter, 1965). 

Geochemistry 

Geochemical reconnaissance in the Phil i p  Smith Mountains quad- 
rangle during the current study consisted of the col le t ion of 85 
rock and stream sediment samples (see Tables 41 and 42, Appendix A) 
by M. I. R. L. personnel and coll  ection of 109 stream sediment samples by 
U.S. Geological Survey personnel as a r t  of an AMRAP study of the 
quadrangle (see Table 43, Appendix A!. Fif ty-f ive percent of the samples 
collected by M. I .  R. L. personnel contain weakly anomalous, anomalous, 
and strongly anomalous concentrations of a t  l e a s t  1 element and 70% o f  
the stream sediment samples collected by the U.S. Geological Survey 
contain weakly anomalous, anomalous and strongly anomalous concentrations 
of a t  l e a s t  one element. The geochemical analyses conducted by the 
U.S. Geological Survey Laboratory on t h e i r  samples and the analyses 
conducted by the U,S. Bureau of Mines Laboratory i n  1976 and 1977 on 



the samples collected by M. I.R.L. were found t o  be incompatable w i t h  
each other, i n  t ha t  the detection levels fo r  the various elements 
d i f f e r ,  i n  some cases, by orders o f  magnitude. Therefore, each s e t  
of data was treated as  a seperate sample set fo r  the s t a t i s t i c a l  
analysis. Threshold values (see Tables 44, 45, 46, 47, and 48, 
Appendix A )  for  the various elements in each data s e t  were derived from 
a s t a t i s t i c a l  manipulation of the raw geochemical data and the calcu- 
la t ion  of concentrations of the elements a t  the arithmetic mean p lus ;  
1.645 x standard deviation, 2.00 x standard deviation, and 2.33 x 
standard deviation fo r  the 90%, 95% and 98% confidence levels respectively. 
Where the analytical var iabi l i ty  i s  zero o r  near zero, the threshold 
values f o r  the confidence levels  a re  the detection level o r  nearly 
the same value. Due t o  the incompatability o f  the sample analyses 
and detection level var iabi l i ty ,  many samples tha t  would normally be 
considered weakly anomalous, anomal ous or  strongly anomalous i n  one 
data se t ,  are no t  weakly anomalous, anomalous or strongly anomalous 
in the other data sets .  The incompatabil i ty  problem has resulted f n 
an uncertainty as t o  what elemental concentrations are  t rue ly  anomalous. 

The northern footh i l l s  of the Brooks Range are  underlain by 
marine and non-marine c l a s t i c  sedimentary rocks of various compositions. 
The rocks contain abundant organic material and re1 at ively h i g h  back- 
ground radioactivity measurements were detected w i t h  a hand-he1 d 
s c i n t i l  lometer. No signif icant  uranium concentrations were found during 
t h i s  study, however the rocks of the northern foo th i l l s  be1 t may have 

-- some potential fo r  uranium accumulations. Locally, stream sediment 
samples collected by the U.S. Geological Survey, along the north-flank 
of the Brooks Range contain greater than 2,000 ppm manganese. The 
manganese anomalies may represent the presence of thin-bedded 

,- manganese or manganese nodules i n  the pebble shale member of the 
Kongakut Formation. Detterman e t  a1 (1975) have reported manganese 
concentrations as h i g h  as 5% and minor lead and copper values in rocks 
o f  the pebble shale member of the Kongakut Formation. 

In the A t i g u n  Canyon area, rocks of the Shublik Formation contain 
strongly anomalous concentrations of barium, phosphorous and strontium. 
Barium concentrations a s  high as  3% and strontium concentrations 
1,000 ppm are probably related t o  bar i te  and minor c e l e s t i t e  in these 
rocks. Phosphorous concentrations as  high as  21 were a1 so detected. 

Rocks of the Si ksi kpuk Formation a re  predominantly black shale 
and carbonaceous chert  tha t  contain bar i te  and pyri te  concentrations 
1oca11y. Samples of pyr i t i c  shale and mudstone from the Si k s i k p u k  
u n i t  contain strongly anomalous concentrations i n  as many a s  23 
elements including; s i lve r ,  arsenic, gold, bismuth, cadmium, cobalt, 
molybdenum, nickel, lead, vanadium, t i n ,  tungsten and zinc. No 
obviously s ignif icant  metal 1 i c  and non-metal1 i c  mineral ization i s  
known in rocks of the Si ksi kpuk  Formation. However, the h i g h  back- 
ground of metal values, and the presence of bedded bar i te  in rocks of 
the Siksikpuk Formation i n  the A t i g u n  Canyon area,  strongly suggest a 
high probably fo r  the occurrence of s ignif icant  base metal and bari te  
deposits in these rocks and equivalent formations i n  northern Alaska. 



Rocks of the Li s burne Group contain sporadic anomalous concen- 
trations of barium and magnesium. The barium is associated w i t h  bar i te  
and the magnesium is  thought to  r e su l t  from dolomitic phases i n  the 
1 imestone. No anomalous metal values were detected i n  rocks of the 
Lisburne Group during t h i s  study. 

Stream sediment samples from streams draining rocks o f  the 
Kanayut Conglomerate contain anomalous and strongly anomalous concen- 
t ra t ions  of manganese, nickel, chrome, phosphorous, 1 ead, bismuth, and 
iron. The bedrock source of the anomalous elemental concentrations 
is  not known. 

Mining Activity and Economic Geology 

Remoteness and the lack of adequate infrastructure i n  the past 
have limited the amount of mineral exploration i n  the Philip Smith 
Mountains quadrangle. The only known mineral claims in the 
quadrangle a r e  located near the head of the Wind River, where massive 
sulf ide f l o a t  samples were found. The U.  S. Geological Survey also 
reports the presence of mineralized quartz veins i n  the area between 
the Middle Fork of the Chandalar River and the Wind River. The vein 
and stockwork deposits contain chalcopyrite, galena and sphal e r i  t e  
(Grybeck, 1977). Stream sediment samples collected by the U. S,  
Geological Survey during t h e i r  AMRAP program i n  the Wind River area 
contain anomalous concentrations o f  lead, zinc, copper, barium and 
vanadium. The bedrock i n  the area has been mapped (Brosge e t  a l ,  
1977) as par t  of the H u n t  Fork Shale u n i t ,  of mid and upper Devonian 
age. Some exposures of S k a j i t  Limestone a re  also known in the area. 
Rocks mapped as H u n t  Fo rk  Shale in the Pipeline Corridor a re  mainly 
shaly s i l t s tones  tha t  are  phy l l i t i c  locally.  These rocks contain 
numerous anastomozi ng quartz veins and Chapman (1 964) has reported 
the presence of pyri te  and marcasite crystals  and minor galena in some 
of these quartz veins. No sulf ide minerals were seen in Hun t  Fork 
Shale in the Pipe1 ine Corridor, however, stream sediment samples 
collected by the U. S. Geological Survey, and by M. I.R.L. personnel 
during t h i s  study, contain anomalous concentrations of zinc, copper, 
vanadium, barium, lead and s i lve r .  The massive su l f ide  occurrences 
i n  the Wind River area,  coupled w i t h  the anomalous stream sediment 
geochemistry i n  areas where the bedrock i s  known t o  be H u n t  Fork 
Shale indicate that  the H u n t  Fork Shale may contain stratabound o r  
stratiform massive su l f ide  deposits o f  copper, lead, zinc, vanadium 
and barium a f f i n i t i e s ,  and may also have some potential f o r  vein 
type mineral deposits . 

Rocks of the Kanayut Conglomerate r e f l ec t  a' change i n  de- 
positional environment from the open-marine deposition of the H u n t  
Fork Shale to  an environment of deposition charac ter i s t ic  o f  near 
shore and de l ta ic  conditions. Most of the Kanayut Conglomerate i s  
considered non-marine and the source of the sediments tha t  const i tute  
the bu1 k of the u n i t  were derived from a northerly source area. 
The sediments were introduced into a local ly  reducing environment 



in which pyri te  and possibly other sulf ide minerals were accumulating. 
Locally, the Kanayut Conglomerate does contain disseminated pyrite 
and galena and near the top. of the unit ,  black pyr i t i c  shales 
cons t i tu te  the dominate rock type. Therefore, there may be some 
potential f o r  black shale hosted base-metal sulf ide accumulations 
i n  the upper part  of the Kanayut Conglomerate. To the eas t  i n  the 
Romanzof Mountains, the Kanayut Conglomerate may have some uranium 
potential .  The core of the Romanzof Mountains is dominated by a Pre- 
cambrian(?) and lower Pa7eozoic sequence of shales, limestones and 
conglomerates t h a t  a re  intruded by Devonian(?) grani t ic  intrusives 
(Sable, 1965). The grani tes  are  stanni ferous granites and contain 
a higher than background content of uranium and thorium (Donald 
Grybeck, U. S. Geological Survey, Personal Comunication, 1977), and 
could be a good source f o r  uranium accumulations i n  the younger 
sedimentary rocks. The Kanayut Conglomerate near Atigun Pass, i n  
the Pipe1 ine Corridor i s  very we1 1 indurated. The s i1  iceous cement- 
a t ion of the conglomerate has resulted i n  a t i g h t  rock . w i t h  low 
porosity and permeability. No anomalous uranium concentrations were 
found in these rocks and the potential for  finding sedimentary 
uranium accumulations in the Kanayut Conglomerate near the Pipeline 
Corridor seems low. 

Unlike the rocks of the Kanayut Conglomerate, rocks of the 
overlying Kayak Shale a re  dominantly marine shales and limestones 
t h a t  were deposited i n  a marine stable-shelf environment. Both the 
shales and carbonaceous limestones of the Kayak u n i t  contain dis- 
seminated pyrite,  indicating t h a t  a reducing, sul f ide-producing 
environment was present 1 ocal ly. Stream sediment samples collected 
by the U. S. Geological Survey in areas where the dominant rock uni t  
i s  Kayak Shale, contain anomalous concentrations of copper, lead, 
zinc,  barium and s i lver .  One stream sediment sample from a stream 
in the Atigun ~ a ' l l e y ,  draining rocks of the Kayak Shale contains 
a t  l e a s t  500 ppm lead and another sample contained 110 ppm zinc. 
The potential for  finding bedded 1 ead-zinc deposits of stratabound 
or  s t rat i form lead and zinc a f f i n i t i e s  seems high fo r  the rocks of 
the  Kayak Shale u n i t .  Near the top of the Kayak Shale, the u n i t  
contains a large proportion of anastomozing quartz veins. Porter 
(1965) reported the presence of quartz veins, near Anaktuvak Pass, 
t h a t  contain chalcopyrite, borni t e ,  azur i te  and malachite. The 
probabili ty of finding other such mineralized veins near the top of 
the Kayak Shale u n i t  seems high. 

Rocks of the Lisburne Group, although composed largely of 
bioc las t ic  limestone, have good potential fo r  base-metal sulf ide 
and bari te  deposits. The Lisburne Group rocks in the eastern Brooks 
Range were deposited in part  in a sabkha-type environment (Arm- 
strong, 1975). The accumulation of fine-grained sediments and 
1 irnestone in a r e s t r i c t ed ,  stable-shelf,  marine environment tha t  
impinges on some so r t  of de l t a i c  complex i n  a semi-arid climate, where 
a high r a t e  of evaporation i s  present, often resu l t s  in the 
deposition of sabkha-1 i ke sequences of sediments. The movement of 
ground waters and ocean waters containing compl exed metal ions, 



through the sabkha interface,  which usually contains a large amount 
of decaying organic material t ha t  produces a reducing environment, 
may resu l t  i n  the precipitation of sulfides i n  the sabkha. If  the 
interpretat ion of sabkha-type environment of deposition for  some 
of the rocks i n  the Lisburne Group i s  correct ,  the potential fo r  
finding base-metal sulf ide deposits of the sabkha-type i n  the Lisburne 
Group i s  high. 

A t  Drenchwater Creek, in the Howard Pass quadrangle, west of 
the Pipeline Corridor (TlOS, R1E Kateel River Meridian) the U. S .  
Geological Survey has recognized volcanic rocks tha t  a re  believed t o  
be part  of the Lisburne Group. The volcanics a re  mainly tuf fs  tha t  may . 
be genetically associated with black shales and chert  t ha t  a re  the host . 
of "significant" base-metal su l f ide  mineral ization. The U. S. Geo- 
1 ogical Survey be1 ieves tha t  the base-metal su l f ide  mineral ization may 
be syngenetic and stratiform. Further work i s  needed to  understand 
f u l l y  the genetic relationship between the volcanic rocks and the f ine-  
grained sediments in the region. The massive su l f ide  occurrence a t  
Drenchwater Creek indicates tha t  the Li sburne Group contains volcano- 
genic massive su l f ide  deposits of stratiform or stratabound lead, zinc 
and bari te  a f f i n i t i e s .  

West of Shainin Lake, the Lisburne Group contains a marked i n -  
crease i n  the amount of black shale and chert .  A t h i n ,  generally 
continuous zone of black chert and paper shale near the top of the 
Alapah Limestone contains phosphate concentrations as high as 
35.8% P205 (Patton and Matzko, 1959). The phosphate-bearing horizon 
in the Alapah Limestone has been traced from the Kiruktagiak River, 
approximately 64 kilometers (40 mi 1 es)  northeast of Anaktuvak Pass, 
to' Shainin Lake, about 32 kilometers (20 miles) northeast of Anaktuvak 
Pass, a distance of about 80 kilometers (50 miles). The black chert  
and shale member i s  not recognized east  of Shainin Lake, and no 
phosphate accumulations of significance have been found eas t  of the 
Shainin Lake local i ty .  A t  the Skimo Creek loca l i ty ,  about 24 kilometers 
(15 miles) northwest of Anaktuvak Pass, the en t i r e  black chert  and 
shale  horizon of the Alapah Limestone i s  exposed (Patton and Matzko, 
1959). The phosphate-bearing zone i s  11 meters (36 f e e t )  thick and 
one zone 1 meter (40 inches) thick contains an average of 21% P 05. 
The phosphatic beds vary in thickness from 5 to 23 centimeters $2 
t o  9 inches) and contain up t o  35.8% P205.. Trace amounts of 
vanadium, copper, barium, lead, manganese and uranium have been 
detected i n  samples from the black chert and shale members. If an 
eastern extension of the black chert  and shale member can be 
found eas t  of Shainin Lake, the potential fo r  finding phosphate 
deposits near the Pipe1 ine Corridor seems high.. ~oweie r ,  the Alapah 
Limestone in the Pipeline Corridor apparently contains only minor 
shale and chert  and i s  composed predominantly of massive bioclast ic  
1 imestone. 

Rocks of the Si ksi k p u k  Formation of Permian age a'nd rocks of 
the  Echooka Formation of mid Permian and lower Triassic  age have 
moderate t o  high potential for  bar i te  and base metal sulf ide deposits 



of s t rat i form or stratabound lead, zinc and bari te  a f f i n i t i e s .  
Detterman (1976) has for  the f i r s t  time recognized volcaniclastics 
i n  the Permian Echooka Formation of the northeastern Brooks Range. 
The presence of volcanic rocks indicates tha t  there may be a high 
probabili ty of finding volcanogenic base-metal sulf ide deposits 
associated w i t h  the flows, breccias and tu f f s .  Stream sediment 
samples, highly anomalous i n  base metals and barium, collected by 
the U .  S. Geological Survey along the north-flank of the Brooks 
Range indicate t h a t  the region contains a high background of metal 
concentrations and may contain base-metal and bar i te  deposits of 
unknown s i z e  and dis t r ibut ion.  Barium concentrations as  high as 
7,000 ppm; zinc concentrations as high as 300 ppm; lead concentrations 
a s  high as 70 ppm and vanadium concentrations as high as 200 ppm 
a r e  n o t  uncommon f o r  stream sediment samples. Rocks of the Si ksi k- 
p u k  Formation i n  the Pipe1 ine Corridor contain thin t o  moderately- 
thick,  discontinuous zones of ba r i t e  and disseminated as  well as con- 
cretionary forms of pyrite. The rocks a re  dominantly shale,  s i l t s tone  
and thin-bedded carbonaceous chert .  The bari te  occurs in concordant 
layers  tha t  pinch and swell along s t r ike .  Layers as much as 0.3 meters 
(1 foot)  thick a r e  present i n  the Siksikpuk section i n  Atigun Canyon. 
No lead or  zinc mineralization has been found i n  the area, however, 
stream sediment samples from the area contain anomalous concentrations 
of lead and zinc. The Atigun Canyon occurrence may or  may not be of 
economic significance, however, the occurrence of bedded bar i te  
reinforces the probabil i t y  of finding s t rat i form and stratabound base 
metal and bar i te  deposits in the Permo-Triassic of northern Alaska. 

The Shublik Formation contains phosphate concentrations west 
of the Pipeline Corridor, near Chandler Lake. Minor occurrences of 
phosphate a re  known i n  the Pipeline Corridor, and samples of shale 
col ? ected in Atigun Canyon contain phosphorous concentrations 
a s  high as  2%. The occurrence of phosphate-bearing s i l t s tone  and 
shale t o  the west indicates tha t  the u n i t  may contain phosphate 
deposits of unknown s i ze  and dis t r ibut ion.  Pyrite i s  commonly 
found i n  rocks of the Shublik Formation and occurs as concretions 
and as rhombs and i r regular  masses of sol id pyrite.  The overall 
mineral potential of these rocks seems high, and fur ther  work on 
the  Shublik Formation i s  clear ly needed. Rocks of the Shublik 
Formation i n  the Atigun Canyon contain higher than background radio- 
a c t i v i t y  when tested w i t h  a hand-held s c i n t i l  lometer. Readings on 
the order of 200 to  300 counts per second were detected. No deposits 

. of uranium a re  known i n  rocks of the Shubl i k Formation, however the u n i t  
may have some uranium potential .  
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Sagavani r k t o k  Quadrangle 

Previous Investigations 

Geologic investigations in the region near the Sagavanirktok 
quadrangle began as early as 1901 when F. C .  Schrader of the U. S. 
Geological Survey traversed the area between Bettles and Barrow. 
A1 though Schrader may not have actual ly  been i n  the Sagavanirktok 
quadrangle, his observations of the various rock units west of the 
quadrangle served as a base f o r  future explorationists.  Work by 
Ernest De K. Leffingwell (7919) has proven to  be one of the c lass ic  
s tudies  of geology i n  the northeastern Brooks Range. Leffingwell 's  
work centered i n  the area eas t  of the Sagavanirktok quadrangle, 
near the Canning River. In 1940, the U. S. Geological Survey 
in i t i a t ed  a program to  evaluate the  o i l  and gas potent.ia1 in the 
Naval Petroleum Reserve f4. Several publications have been produced 
a s  a r e su l t  of this work. Keller e t  a1 (1961) investigated the 
geology between the Sagavanirktok River and the Shaviovik River 
region. Keller out1 ined the regional geology and s tructure of the 
rocks in the area and also commented on the petroleum potential of 
the  region. Recent work by Wood and Armstrong (1975) on the diagenesis 
and stratigraphy of the Lisburne Group has resulted i n  a be t te r  
understanding of the depositional history and diagenesis of rocks i n  
the  Lisburne Group i n  the northeastern Brooks Range. Work by Detter- 
man (1976) i n  the Ivashak River area has resulted in the recognition 
of volcanic flows, t u f f s  and breccias i n  Permian rocks, probably 
be1 onging t o  the Ivashak Formation of the Sad1 erochi t Group. Work 
by the U. S. Geological Survey, as part  of the i r  Alaska Mineral 
Resource Assessment Program (AMRAP), has shown tha t  the rocks i n  the 
northern foo th i l l s  be l t  of the Brooks Range contain a h i g h  back- 
ground of metal concentrations. Other work by the U. S. Geological 
Survey t o  the west has shown tha t  the rocks of the Lisburne Group 
contain s t r a t i  form and stratabound mineral occurrences of lead, 
zinc and bari te  a f f i n i t i e s .  Work by the U. S. Bureau of Mines i n  
the Porcupine Lake area to  the southeast has shown tha t  similar 
mineral ization may occur in other parts of the northeastern Brooks 
Range. In addition t o  the lead, zinc and bar i te  mineralization, 
some f l u o r i t e  concentrations a re  known. Detailed work by Reed (1968) 
i n  the Pe ter ' s  Lake area has resulted in a good treatment of the 
bedrock geology of the area. Detailed geologic and geochemical 
investigations by Tourtelot and Tai 1 leur  (1971) have resulted in a 
be t t e r  understanding of the nature, deposition history and dia- 
genesis of rocks i n  the Shubl i k Formation. Armstrong and Mamet 
(1 975) have studied i n  de t a i l ,  e ight  carboniferous s t rat igraphic 
sections i n  northeastern A1 aska, and have described the b ios t ra t i -  
,graphy of these rocks. 



Regional Geology and Petrology 

Rocks i n  the Sagavanirktok quadrangle a r e  part  of a thick 
sequence of marine and nonmarine cl a s t i c  sedimentary, submarine 
volcanic and marine carbonate rocks of Mississippian through 
Tert iary age. Basic to  jntermediate volcanic flows, t u f f s  and 
breccias have been recognized (Detterman, 1976) i n  the  Ivashak River 
area. 

The 01 dest rocks t o  crop out i n  the Sagavanirktok quadrangle 
consis t  of 1 ight-to dark-gray 1 imestone, dolomitic 1 imestone, s i l i -  
ceous 1 imestone, a rg i l l  aceous 1 imestone, chert ,  shale,  shaly 1 ime- 
stone, and dolomite of the Lisburne Group of lower and upper Mis- 
sippian age. The Lisburne Group has been subdivided in to  three for-  
mations, the klachsmuth Limestone of. ear ly Mississippian age, the  
Alapah Limestone of mid-to l a t e  Mississippian age, and the Wahoo 
Limes tone of Pennsylvanian age. The Wachsmuth Limestone has been 
subdivided into four members. The  lowest member i s  composed of 
i nterbedded, dark-gray to  01 ive-gray, f ine-grained, shaly, a rg i l -  
laceous, nodular limestone and shale. The shaly limestone member i s  
about 5 meters (18 f e e t )  thick a t  the type loca l i ty ,  and probably 
represents sedimentation in a quiet  water, open-marine environment 
during the early Mississippian. Conformably overlying the shaly 
limestone member of the Wachsmuth Limestone is a r ich ly  f o s s i l i -  
f erous sequence of medi urn-to dark-gray , medi um-to coarse-grai ned 
crinoidal limestone. The crinoidal limestone member i s  about 55 
meters (180 f e e t )  thick a t  the type loca l i ty  near Shainin Lake and 
th ins  t o  the northeast. Conformably overlying the crinoidal lime- 
stone member i s  a thick sequence of light-gray t o  white, medium-to 
coarse-grained, s l  ight ly  argi 1 laceous, bioclast ic ,  dolomi t i c  
limestone. Theedolomitic section o f  the Wachsmuth Limestone i s  
about 170 meters (564 fee t )  thick. a t  Shainin Lake. The dolomitic 
1 imestone i s  locally interbedded w i t h  chert  and mir~or shale. The 
cher t  i s  present throughout the section and appears t o  increase i n  
abundance toward the top of the section. Chert const i tutes  as  much 
a s  40 t o  50% of the section local 1y. The upper member of the 
Wachsmuth Limestone i s  composed of about 130 meters (429 f e e t )  of 
thin- banded 1 irnestone and chert .  Minor dolomi t i c  7 imestone in ter -  
1 aminations occur throughout the section and some interbedded bio- 
c l a s t i c  limestone i s  also present. The to ta l  thickness of the 
Wachsmuth Limestone a t  the type loca l i ty  i s  about 375 meters (1,230 
f e e t ) .  The u n i t  appears to  thicken t o  the west, near Anaktuvak 
Pass, where 410 meters (1,350 f e e t )  of section i s  present (Porter ,  
1965). To the eas t  near Peters Lake the en t i r e  Wachsmuth u n i t  is 
not recognized (Reed, 1968). 

Conformably overlying the Wachsmuth Limestone i s  the A1 apah 
Limestone of mid and l a t e  Mississippian age. The Alapah Limestone 
has been subdivided into nine members and i s  represented by about 
295 meters (970 f e e t )  of section a t  i t s  type loca l i ty  near Shainin 
Lake. The Alapah uni t  thickens to  the eas t  and west and thins  t o  the 
north along the north f ront  of the  Brooks Range. About 710 meters 



(2,325 f e e t )  of Alapah Limestone i s  present near Anaktuvak Pass and 
about 595 meters (1,947 fee t )  of section, recognized as Alapah 
Limestone i s  present near Wahoo Lake. For ease i n  mapping, the 
nine members of the Alapah have been lumped into three units.  The 
lowest four members of the Alapah'have been lumped by Porter (1965) 
in to  a uni t  consisting of a basal sequence of dark-gray, fine-grained, 
shaly 1 imestone and minor black chert. The basal sequence i s  inturn 
over1 ain by a thick sequence of dark-gray, f i ne-grained, argi 11 aceous, 
thin-bedded t o  massive, cherty, bioclast ic  1 imestone. Next, a 
sequence of 1 ight-brown to  gray, f ine- to medium-grained, foss i l  i- 
ferous limestone is present. This sequence is  overlain by a member 
composed of brownish-gray, fine-to medium-grained, bioclast ic  
limestone. The middle lumped u n i t  of the Alapah limestone i s  . 
composed of about 75 meters (250 f e e t )  of non-resistant, dark-gray, 
calcareous shale and grayish-black chert .  Minor interbeds of platy 
1 imestone and phosphorite a re  also present. The upper lumped 
sequence of Alapah Limestone consists of interbedded 1 jght-gray 
1 imestone and dark-gray , thin-bedded chert .  Minor interbeds of thick- 
bedded, light-gray limestone a re  a l so  present. The thick-bedded 
1 ayers contain a rich foss i l  assemblage including l i thostrot ionel la  
coral s and Gigantoproductus brachi pods 

Recent work by Amstrong (1975) has shown evidence of a great  
var iety of environments of deposition during the time of Lisburne 
Group sedimentation. The environments of deposition represented by 
the  Lisburne Group rocks incl ude open marine sedimentation, stabl e- 
shelf sedimentation, open-platform sedimentation, res t r ic ted  plat-  
form sedimentation and in ter t ida l  and supratidal sedimentary 
environments. The in ter t ida l  and suptrat idal  environments of 
deposition are  characterized by the deposition of i r regular ly lami- 
nated dolomite and dolomitic 1 imy mudstone, anhydrite and pseudo- 
morphs of ca l c i t e  a f t e r  anhydrite; Algal mats a re  common i n  the 
sediments of this zone. Armstrong (1975) f ee l s  tha t  the in te r t ida l  
and supratidal environments of deposition may represent deposition 
i n  a. sabkha-like environment. 

In northeastern Alaska, the Wahoo Limestone, of Pennsylvanian 
and 1 owest Permian age conformably over1 i es the A1 apah Limestone, and 
has been recognized as the upper uni t  of the Lisburne Group. The 
Wahoo Limestone marks a regional transgression from stabl  e-platform 
sedimentation, represented by the upper Alapah Limestone, t o  an open 

. platform-shoal environment of deposition. The Wahoo Limestone has 
been divided into two informal members. The lower member i s  
characterized by the lack of dark-gray limestone and by the presence 
of medium-and 1 ight-gray, coarse-grained, 1 imestone and 1 i thographic 
1 imestone (Reed, 1968). The upper member consists of coarse-grained, 
crinoidal limestone interbedded w i t h  shale and shaly limestone. 

Disconformably overlying the rocks of the Lisburne Group i n  
northeastern Alaska are  rocks of the Sadlerochit Group of Permian 
and early Triassic  age. The Sadlerochit Group i s  composed of a 
var iety of rock types including orthoquartzi t e ,  chert ,  1 imestone, 



sandstone, s i l t s tone  and shale. Detterman (1976) has f o r  the 
f i r s t  time recognized volcanic rocks i n  Permian s t r a t a  near the 
Ivashak River and to  the south near Porcupine Lake. The Sadlerochit 
Group has been subdivided into two formations, the Echooka Formation 
of early and l a t e  Permian age and the Ivashak Formation of early 
Triassic  age. The Echooka Formation has been fur ther  subdivided 
in to  two members; the Joe Creek Member and the Ikiakpaurak Member. 
The Joe Creek Member is composed of thin-bedded, calcareous s i  1 tstone 
and calcareous mudstone near i t s  base. The s i l t s tone  and calcareous 
mudstone a re  poorly indurated and weather t o  a dusky yellow and 
yellow-brown color. Near the middle'of the Joe Creek Member, medium- 
t o  massive-bedded chert  i s  the dominant rock type. The chert  zone 
i s  i n  turn overlain by a sequence of irregularly-bedded c l a s t i c  
1 imestone. The Joe Creek Member contains an abundant fos s i l  assemblage 
including brachiopods, bryozoans, corals ,  and l e s s  commonly t r i l o b i t e s  
and pelecypods. The t race foss i l  zoophycos i s  diagnostic of rocks i n  
the Echooka Formation. Overlying the early Permian Joe Creek Member 
is  the Ikiakpaurak Member of l a t e  Permian age. The contact between 
the Joe Creek Member and the Ikiakpaurak Member i s  conformable and 

. local l y  gradational. The Ikiakpaurak Member consists mainly of 
dark, highly quartzose, sandstone and s i  1 tstone with interbeds of 
s i 1  ty  shale. The sandstones a re  mainly fine-to very-f ine grained 
quartz areni tes .  The quartz grains tha t  make u p  the areni tes  a re  
generally subrounded to subangular and are  commonly cemented by 
s i l i c a  although c a l c i t e  cement i s  known. Glauconite i s  a common 
constituent of the quartz a reni te  and const i tutes  as much as 10% of 
the  rock local ly .  Nhere the glauconite i s  a dominant consti tuent 
of the sandstone, the rock should be called a glauconitic quartz 
wacke (Detterman e t  a l ,  1975). 

The Echooka Formation i s  recognized as the lower formation of 
the Sadlerochit Group in the northeastern Brooks Range. However, 
the Echooka Formation-is not recognized west of the Sagavanirktok 
River and the Siksikpuk Formation of early Permian age is  considered 
the lower formation of the Sadlerochi t Group. The Si ksi kpuk  Formation 
consis ts  of about 110 meters (354 f ee t )  of variegated red and green, 
cherty,  shale and s i l t s tone ,  a t  the type loca l i ty  on Skimo Creek, 
west of Chandler Lake. The Siksikpuk rocks weather to  a charac ter i s t ic  
red-yellow color and are  often eas i ly  recognizable. Rocks of the 
S i  ksi kpuk  Formation have been recognized along the north-flank of the 
Brooks Ra'nge from the Sagavanirktok River, on the eas t ,  t o  the Lisburne 
Peninsula, i n  northwest Alaska, a distance of over 640 kilometers 
(400 miles). The Si ksi kpuk  Formation contains an abundant foss i l  
assemblage including brachiopods, corals and some gastropods. 
Detterman (1976) has recognized volcanic rocks in the Permian rocks 
of northeastern Alaska. The volcanic rocks occur as flows, tuffs 
and tuff breccia near the Ivashak River and a lso  near Porcupine Lake 
i n  the Arctic quadrangle. The volcanic rocks occur i n  a sequence of 
rusty-weathering s i  1 t y  1 imestone and tuf f  t h a t  conformably over1 i e  
rocks of the Lisburne Group (~e t t e rman ,  1976). The 1 imestone contains 
brachiopods and corals tha t  yield a Permian age. 
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Unconformably overlying the Echooka Formation i s  the Ivashak 
Formation of early Triassic age. The Ivashak Formation has been 
subdivided into three members and i s  considered the upper formation of 
the Sadlerochi t Group. The lowest member of the Ivashak Formation 
i s  the Kavik  Member tha t  consists of thin-bedded, s i l t y  shale and 
s i l  tstone, interlaminated w i t h  very-fine grained argillaceous sand- 
stone. Rocks of the Kavi k Member contain Ophiceras commune Spath 
and Claraia stachei Bittner; two diagnostic cephalopods tha t  mark 

, .  the base of the lower Triassic  in northeastern Alaska. Conformably 
overlying rocks of the Kavi k Member are rocks of the Ledge Sandstone 
Member also of lower Triassic age. The Ledge Sandstone Member con- 
s i s t s  primarily of massively-bedded, quartz areni te .  The quartz 

I - 
I areni te  is  generally a light-gray t o  dark red-brown, well bedded, 
I quartz a reni te  i n  beds ranging from 0.6 t o  3 meters ( 2  t o  10 f ee t )  
I 
I thick. Petrographically, the sandstone i s  composed of subrounded 

t o  well rounded grains of quartz tha t  cons t i tu te  as much as 60% of 
I - the rock. Chert is a dominant consti tuent and const i tutes  up t o  40% 
1 .I of the rock, while plagioclase feldspar,  zircon, tourmal ine and pyri te  

a r e  present as accessory minerals. Conformably overlying rocks of the 
Ledge Sandstone Member are  rocks o f  the Fire Creek Si l t s tone  Member. 

- A  The Fire Creek Si l ts tone Member, as  i t s  name imp1 ies  i s  composed 
of thin bedded t o  massive, dark-gray t o  black, s i1  iceous s i l t s tone .  

I I Petrographically, the s i l t s tone  is  composed of 40 to  80% well- 
rounded, quartz and chert grains s e t  in a matrix of s i l iceous,  
s e r i c i t i c  clay. Secondary c a l c i t e  const i tutes  as much as 15% of 
the rock locally.  Pyrite is the most common accessory mineral, b u t  
usually does not exceed more than a few percent of the rock. 

Unconformably and local ly  conformably overlying the Sadlerochit 
Group in northern Alaska are  rocks of the Shublik Formation of mid 
Triassic  age. The Shubl i k Formation consists of a sequence of 
s i l  tstone, phosphatic s i l  tstone, and shale and has been subdivided 
in to  three members. The basal s i l t s tone  member i s  composed of about 
20 meters (70 f e e t )  of thin-bedded, phosphatic s i l  tstone tha t  contains 
l imestone concretions 1 ocal ly. Petrographical ly ,  the s i  1 tstone i s  
composed primari 1y of angular t o  subangul a r  quartz grains 0.02 t o  
0.05 m i l  1 imeters (0.001 to 0.002 inches) i n  diameter. Secondary 
c a l c i t e  i s  a common constituent in the rocks and i s  often the primary 
cementing agent and may be as much as 40% of the rock. Phosphate 
grains w i t h  quartz nuclei a re  common and minor plagioclase and s e r i c i t e  
a r e  a l so  present. Conformably overlying the basal s i l  ts tone member 
i s  a sequence of rock composed of limestone and phosphatized coquinite 
layers. Detridal quartz is  present in subrounded grains and loca l ly  
const i tute  as  much as 20% of the rock. The clay shale member a t  the 
top of the Shublik Formation is very s o f t  and incompetent. A few 
s i l t y ,  very fine-grained calcareous sandstone beds a re  also present. 

Conformably overlying the Shubl i k Formation i n  northeastern 
Alaska i s  a th in  u n i t  composed of very-fine grained, massively 
bedded, dark, s i l  iceous, quartz a reni te  known as  the Karen Creek 
Sandstone. The Karen Creek Sandstone i s  of l a t e  Triassic  age and 
1 i es  between the Shubl i k Formation and the overlying Kingak Shale. 



The Karen Creek Sandstone has a res t r ic ted  dis t r ibut ion and i s  exposed 
best between the Kavik and Aichili k Rivers, where i t  forms d is t inc t ive  
hogback ridges. The u n i t  thins rapidly to  the west and i s  not readily 
recognized west of the Kavik River. The Karen Creek Sandstone a l s o  
th ins  t o  the north and changes character away from the north f ron t  
of the Brooks Range. The rocks of the northern bel t  a re  generally 
more carbonate-rich and apparently ref1 ec t  a change i n  depositional 
environment to  the north i n  the l a t e  Triassic  (Detterman e t  a l ,  1975). 

Unconformably overlying rocks of the Shubli k Formation in 
north central  Alaska and rocks of the Karen Creek Sandstone in north- 
eastern Alaska i s  a thick sequence of s i l  tstone, shale, claystone and 
clay-ironstone known as the Kingak Shale Formation. The lowest par t  
of the Kingak Shale u n i t  is composed of about 181 meters (600 f e e t )  
of black, f i s s i  l e ,  paper shale. Large cannonball concretions a re  
present near the center of the paper shale section. Overlying the 
paper shale section i s  a sequence between 91 to  300 meters (300 t o  
1,000 f e e t )  of so f t ,  dark-gray, clayshale and minor claystone. 
The upper par t  of the  claystone sequence contains nodules o f  clay- 
ironstone and weathers to a charac ter i s t ic  brick-red color. 

Overlying the clay-shale section i s  a sequence of thin-bedded 
s i l t s t o n e  and s i l t y  shale. The s i l t s tone  i s  composed of 75 to  
80% rounded quartz grains and up t o  10% s ide r i t e .  Accessory 
plagiocl ase, zircon and minor phosphate and glauconi t e  a re  a1 so 
present. The s i l  tstone and s i l t y  shale sequence contains an 
abundant ammoni t e  and pelecypod assemblage tha t  yield an early 
Jurassic  age. 

Unconformably overlying rocks of Shubi i k Formation, Kingak 
Shale and 1vasha.k Member of the Sadlerochit Group in northern Alaska 
i s  a lower Cretaceous sequence of quartz a reni te ,  clay shale and 
graywacke sandstone,--known as the 'Kongakut Formation. The contact 
between the Kongakut Formation and the underlying s t r a t a  marks a 
najor early Cretaceous unconformity in northern Alaska (Detterman, 
1975). The Kongakut Formation has been subdivided into one formal 
and three informal members. The lowest member of the Kongakut Formation 
i s  composed of 106 meters (350 f e e t )  of clay shale. Conformably 
overlying the clay shale member i s  the Kemi k Sandstone Member, a 
sequence of very fine-grained, quartz a reni te  with minor amounts 
of g1 auconi t e ,  phosphate, s e r i c i  t e ,  and zircon. Overlying the Kemi k 
Sandstone Member i s  a pebble shale member tha t  i s  158 meters (520 f e e t )  
thick. The pebble shale member contains a section of about 53 meters 
(175 f e e t )  of highly manganiferous beds of s i l t y  shale. The 
manganese beds a re  uniformly black w i t h  small pe l le t s  and t h i n  beds 
of manganese carbonates (Detterman e t  a l ,  1975) .' Conformably over- 
lying the pebble shale member i s  a thick sequence, 291 meters (960 
f e e t )  o f  section, composed of thin-bedded s i l  ts tone w i t h  minor inter-  
beds of sandstone. 

The Okpikruak Formation, named by Gryc e t  a1 (1951, p. 159) is 
exposed along the Okpikruak River i n  the Chandler River area west of 



Anaktuvak Pass. The formation was extended t o  the eastern Brooks 
Range by Detterman (1961, p. 1951, who defined the base of the 
Okpi kruak Formation as the base of the fc.emik Sandstone Fienber of the  
Kongakuk Formation, therefore the two formations are  a t  l e a s t  i n  
par t  equival ent  correlatabl e units. 

Unconformably overlying rocks of the 0 k p i  kruak Formtion and 
rocks of the  Kongakut Formation i s  a f a i r l y  thick sequence of marine 
sandstone, s i l t s tone ,  shaly limestone, clay shale and conglomerate 
of the  Fortress Mountain Formation of lower Cretaceous age. The 
conglomerate and sandstones are  typically graywacke-type sedimentary 
rocks t h a t  contain abundant c l a s t s  and fragments of black and green 
chert ,  fe ldspar  and angular mafic igneous rock fragments, a l l  s e t  i n  
a green mudstone matrix (Keller e t  a l ,  1961). A t  the type section, 
the  Fortress Mountain Formation i s  about 3,000 meters (10,000 f e e t )  
thick, however, the type loca l i ty  is probably the  thickest section of 
Fortress Mountain Formation exposed on the north-f l an k of the  Brooks 
Range, and exposures of 1,500 meters (5,000 f e e t )  of section a re  
common. 

The Torok Formation of lower Cretaceous age is be1 ieved t o  be 
t h e  1 a tera l  equivalent of the Fortress Mountain Formation (Kell e r  
e t  a1 , 1961 ). The Torok Formation is predominantly dark-gray and 
dark bluish-gray, f i s s i l e  t o  platy,  sof t ,  s i l t y  shale and clay shale. 
Locally, l en t i cu la r  bodies of sandstone, a s  much as 242 meters 
(800 f e e t )  thick, occur i n  the shale sequence. The base of the 
Torok Formation is not exposed, however, 1,818 meters (6,000 f e e t )  
of section is present a t  the type local i ty .  Keller e t  a? (1961) 
be1 ieve t h a t  a l a t e ra l  facies change and major in ter f  ingering between 
the  two formations accounts for  the l i thologic  differences between 
the  Torok Formation and Fortress Mountain Formation. 

Unconforrzably overlying rocks of the Kongakut Formation, Torok 
Formation and Fortress Mountain Formations in the northern f o o t h i l l s  

. be1 t of the  Brooks Range a r e  rocks of the Nanushuk Group of ear ly 
Cretaceous Age. The Nanushuk Group contains both marine and non- 
marine rocks and has been subdivided i n t o  two formations. The T u k t u  
Formati on i s  a marine sequence of interbedded, thin-bedded, fine- 
grained, greenis h-ye1 l ow, calcareous sandstone, dark si 1 t s tone  and 
shale. The sandstone contains abundant so le  markings, ~ a i n l y  f l u t e  
cas t s ,  skip and drag marks, and flame structures ,  a11 of which a r e  
suggestive of deep water turb id i te  deposition. The T u k t u  Formation 
may be as  thick as  515 meters (1,700 fee t ) ,  but exposures of about 
212 meters (700 fee t )  thick are common. Conformably overlying the  
Tu k t u  Formation are  rocks of the non-mari ne Chandler Fornation. 
The Chandler Formation is composed of 1,447 meters (4,775 fee t )  of 
cycl ica7 l y  deposited polymictic conglomerate, sa1 t and pepper sand- 
stone, si l i s tone  and shal e. The sequence is ent i re ly  non-marine 
and contains abundant features of fluvial deposition including: 
cut  and f i  11 s tructures;  crossbedding; channel deposits; and fine- 
grained, shaly s i l  tstones containing abundant plant fragments. 
The shaly s i l t s tones  are  interpreted as  being overbank f luvia l  
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deposits and coal i s  a f a i r l y  common feature. The polymictic conglo- 
merate consists mainly of c l a s t s  of black and gray chert  and limestone. 
The c l a s t  a re  well rounded and average between 1 and 5 centimeters 
(0.5 and 2 inches) i n  diameter. The conglomerate beds tend t o  be 
len t icu lar  and cu t  and f i l l  structures a re  common. The sandstone 
beds associated w i t h  the conglomerate a re  generally medium-to 
coarse-grained, massively bedded, 1 i t h i c  sandstone. Petrographically, 
the  sandstone i s  composed of 40 to  70% l i t h i c  fragments, 10 t o  
15% quartz, 5 to  10% feldspar and minor accessory- minerals. 

Unconformably overlying the Kingak Shale and rocks of the 
Nanushuk Group i n  northern Alaska a re  rocks of the Colville Group 
of upper Cretaceous age. - The contact between the Colvil l e  Group 
and the underlying s t r a t a  marks another major Cretaceous unconformity 
across northern Alaska. The Colville Group has been subdivided into 
two formations: the Seabee Formation and the Prince Creek Formation. 
The Seabee Formation has been fur ther  subdivided into the Shale Wall 
Member and the Ayiyak Member. The Shale Wall Member consists of 
dark, poorly consol idated, thin bedded, bentoni t i c  clay shale. The 
bentonite occurs primarily in beds 1.3 t o  5 centimeters (0.5 to  2 
inches) thick throughout the Shale Wall Member. Near the  top of the 
Shale Wall Member, the rocks are dominantly f i s s i l e ,  paper shale 
i nterbedded w i t h  bentonite 1 ayers genera1 l y  1 ess then 1 centimeter 
(0.5 inches) thick. The upper par t  of the Shale Wall Member consists 
mainly of bedded, devi t r i f ied ,  welded tuf f  composed o f  about 90% 
glass.  -The Ayiyak Member of the Seabee Formation i s  composed of a 
sequence of interbedded sandstone, shal e, and s i l  tstone. Minor 
interbeds of tuff  a re  present near the top of the sequence. The 
overlying Prince Creek Formation includes a11 of the l a t e  Cretaceous 
nonmarine rocks above the Seabee Formation. The Prince Creek Formation 
consis ts  of interbedded sandstone, conglomerate, s i  1 ts tone,  s ha1 e, 
coal and carbonaceous shale. The sandstone i s  primarily a subfelds- 
pathic l i t h i c  a reni te ,  composed of 30 to  60% chert ,  quartzi te ,  shale 
and phyll i t e  cl  a s t s ,  30 t o  40% quar tz ,  up t o  8% feldspar and 
generally l e s s  5% matrix composed of s e r i c i t i c  clay. The s i l t s tone  
and shale cons t i tu te  a major part of the Prince Creek Formation, and 
a r e  carbonaceous local ly .  The Prince Creek Formation has been 
subdivided into the stratigraphical 1y lower, Tuluvak Tongue and the 
upper Kogosukrok Tongue. The sandstones of the Tuluvak Tongue are 
usually clean and porous and occur i n  beds 3 t o  15 meters (10 to  50 
f e e t )  thick. The sandstones of the Kogosukruk Tongue occur mainly 
in  t h i n  beds and a re  generally d i r t y  sands ton~s  containing pebbles 
between 0.5 and 5 centimeters (0.25 and 2 inches) i n  diameter. T h s  
sandstones of the Kogosukruk Tongue also contains coal beds ranging 
up to  1 .25 meters (4  f e e t )  thick, no coal beds a re  known from rocks 
of  the Tuluvak Tongue (Detterman e t  a1 , 1975). ' 

The Schrader B1 uff Formation occurs across the 1 ow foo th i l l s  
of the Brooks Range from the type loca l i ty  on the lower Anaktuvak 
River to  the Canning River i n  the northeastern part  of the Brooks 
Range. The s t ra t igraphic  relationship between the Schrader Bluff 
Formation and the Prince Creek Formation i s  uncertain. The Schrader 



Bluff Formation has been subdivided into three members. The lowest 
member, the Rogers Creek Member, i s  composed of rusty-weathering 
bentoni t i c  clay shale w i t h  . t h i n  interbeds of very f ine  grained 
sandstone and s i l t s tone .  The s i l t s tone  i s  micaceous and tuffaceous 
(Detterman e t  a l ,  1975). Overlying the Rogers Creek Member is the 
Barrow Tail Member, t h a t  consists mainly of f ine- to coarse grained, 
thin-to massively-bedded, feldspathic wacke t h a t  i s  tuffaceous 
locally.  Tuff and bentonite a re  common in the Barrow Tail Member, 
and are  generally interbedded with sandstone and s i l t s tone .  The 
overlying Sentinel Hill Member i s  composed of light-gray t o  tan, 
t h i n -  bedded, tuffaceous si 1 tstone and s i  1 t y  s ha1 e. 

Conformably(?) overlying the Kogosukruk Tongue of the Prince 
Creek Formation a re  Tertiary nonmarine and marine sedimentary rocks 
of the Sagavanirktok Formation. The Sagavanirktok Formation has 
been subdivided into three members. The lowest member, the Sagwon 
Member, i s  the coal -bearing sequence of the Tert iary i n  northerg 
Alaska. The coal in the Sagwon Member i s  1 ign i t e  coal w i t h  
carbonaceous shale partings. The coal i s  i nterbedded with dark-gray 
t o  brown, f i s s i l e ,  clay shale and s i l t s tone .  Massive, 1 i t h i c ,  a ren i t i c  
sandstone and conglomerate form the upper par t  of the Sagwon Member 
near Sagwon. The 1 i t h i c  areni te  and conglomerate is  composed of 60 
t o  70% c l a s t s  of chert  and quartzi te .  The remainder o f  the c l a s t s  
a r e  chief 1y quartz, feldspar and carbonaceous materi a1 . The Sagwon 
Member is about 142 meters (470 f e e t )  thick a t  the type loca l i ty  and 
contains coal beds as much as 6 meters (20 f ee t )  thick. conformably(?) 
overlying the Sagwon Member i s  a sequence of cycl ically-bedded clay 
shale and s i l  tstone known as the Frankf in Bluffs Member, t ha t  were 
apparently deposi ted i n  a subaerial environment. Interbedded w i t h  
the varve-1 i ke sequences of clay-shal e and s i  1 tstone are  1 ayers of 
massively bedded, pink, tan, orange and ye1 low, unconsol idated 
sand and gravel. Large-scale cross bedding of probable eol in origin 
a r e  common i n  the sand and gravel intervals .  Beds of volcanic ash 
a r e  also present. Conformably overlying the Frank1 in Bluffs Member 
i s  the Nuwok Member t h a t  apparently r e f l ec t s  a return t o  nearshore 
marine deposition. The Nuwok Member i s  composed of a sequence of 
cross-bedded sandstone and pebble conglomerate tha t  i s  overlain 
by a sequence of pebbly mudstone and s i l t y  1 imestone, be1 ieved to  
have been deposited in a lagoonal environment. The sandstone and 
conglomerate sequence has been interpreted as being the r e su l t  of 
deposition i n  a bar r ie r  beach environment. 

Structural Geology 

The structural  geology of the rocks in the Sagavanirktok quad- 
rangle i s  dominated by east  and west plunging, asymmetric folds ,  
normal faul t ing,  high-angle reverse faul t ing,  and thrus t  faul t ing.  
The northern foothi 11 s province of the east-central Brooks Range 
consists of several d i s t inc t  s t ructural  zones t h a t  a re  sub-parall el t o  
the Brooks Range mountain front.  The southern-most s t ructural  be1 t is 
generally res t r ic ted  to  rocks of the Mississippian Lisburne Group. 



The rocks i n  t h i s  zone appear as a regular southerly dipping sequence 
of marine carbonates and shales t h a t  may be as much as  3,000 meters 
(10,000 f e e t )  thick,  and occupies a be l t  16 kilometers (10 miles) 
wide local ly .  However, upon close examination of the Mississippian 
sequence, i t  has been shown tha t  the en t i r e  sequence i s  s t ruc tura l ly  
thickened by isocl inal folding and imbricate thrust  faul t ing and 
perhaps the t rue  s t rat igraphic thickness of Lisburne Group rocks 
does not exceed 910 meters (3,000 f e e t )  (Patton and Tailleur,  1964). 
To the south, i n  the Philip Smith Mountains quad~angle,  the imbricate 
thrus t  faul t ing appears to  have been the resu l t  of shearing along the 
axial  t race  of north-vergent isocl i nal overturned folds.  The axial 
plane shearing and subsequent imbricate stacking of thrus t  s l i ces  
has resulted in the s t ructural  thickening of the rocks in the en t i r e  
Lisburne Group. The northward directed overthrusting has juxaposed 
rocks of the Lisburne Group over rocks of the younger Siksikpuk 
Formation, Echooka Formation, and Shubl i k Formation. 

Rocks tha t  a r e  found w i t h i n  upper  Paleozoic and Mesozoic sequence 
of  the northern foo th i l l s  province in the central Brooks Range, have 
complex s t ructural  relationships tha t  a re  characterized by t ight ly  
compressed north-vergent isocl i nal overturned folds. The folded 
s t r a t a  a re  commonly cut by south-dipping high-angle reverse f au l t s  
and l e s s  commonly by normal Saul ts and transverse f a u l t s  (Patton 
and Tai 11 eur, 1964). The high-angle reverse f au l t s  have thrust 
s l i c e s  of the  underlying Paleozoic rocks over rocks of the Mesozoic 
sedimentary sequence. Cretaceous rocks of the northern foothi 11 s 
province a re  folded into large-scale, eas t  trending, open ant icl ines  
and. sync1 ines tha t  general l y  have steepened northern 1 imbs. Local ly ,  
rocks of the Fortress Mountain Formation are  t igh t ly  compressed and 
isocl inal ly  fo1 ded. This intense deformation i s  accompanied by 
high-angle faul t ing and some thrust faul t ing.  

Mining Activity and Economic Geo log~  

Remoteness of the Sagavanirktok quadrangle has limited the amount 
of mineral exploration within the quadrangle. A1 though no known 
mineral claims are  present i n  the region, the overall mineral 
potential of the rocks seems high. 

Rocks of the Lisburne Group i n  the Sagavanirktok quadrangle a re  
1 argely biocl a s t i c  1 imestone w i t h  minor shale and s i 1  tstone. The 
carbonates, shale and s i l t s tone  were deposited in a variety of 
depositional environments ranging from open marine t o  carbonate reef 
and sabkha environments . Penecontemporaneous volcanic ac t iv i ty  , is 
evf denced by f e l  s ic - to  intermediate-flows, t u f f s  and breecias i n  
Lisburne Group rocks near Drenchwater Creek in the north-central Brooks 
Range (Nockleberg, 1978), and by basic flows in the I k t i l l i k  River area,  
west of Galbraith Lake. The f e l s i c - to  intermediate-volcanics a re  the  
hast of "s ignif icant"  concentrations of galena, sphaler i te  and minor 
bar i te .  The sulf ides  occur in t u f f  and in chert  and dark shales 
adjacent to  the tuf f  units. Nockleberg (1978) believes the minerali- 



zation a t  Drenchwater Creek, formed from volcanic exhalations, i s  
stratiform, and may represent a piece or  fragment of a larger  dis- 
membered stratiform body. Although the occurrence of lead and zinc 
mineralization a t  Drenchwater Creek i s  more than 150 kilometers (100 
miles) west of the Pipeline Corridor, the s imi lar i ty  and continuity 
of the rocks i n  the Lisburne Group across northern Alaska, strongly 
suggest t ha t  the Lisburne Group rocks near the Pipe1 ine Corridor may 
have moderate t o  high mineral potential and may indeed contain 
s t r a t i  form lead, zinc and bari te  mineral ization. Armstrong (1 975) has 
shown tha t  the rocks tha t  const i tute  the Lisburne Group i n  the eastern 
Brooks Range were a t  l eas t  in part  deposited i n  a sabkha-type environ- 
ment. The deposition of fine-grained sediments and limestone in a 
res t r ic ted  s tab le  shelf marine environment tha t  impinges on some s o r t  
of de l ta ic  complex often resu l t s  in the deposition of sabkha-li ke 
sediments, i n  an a r id  climate. The sabkha interface usually contains 
a large amount of organic material, mainly alga1 mats, t h a t  upon decay 
r e su l t  i n  a reducing environment. The movement of ground waters and 
seawaters containing complexed metal ions through the sabkha may r e su l t  
in  the precipitation of sulf ide minerals a t  the reductive interface.  
If the interpretat ion of sabkha-type environments of deposition f o r  
some of the rocks i n  the Lisburne Group i s  correct,  the potential for  
finding base-metal sulf ide deposits of the sabkha-type in rocks of the 
Lisburne Group seems high. West of Shainin Lake, the Lisburne Group 
contains a marked phospathic shale component. The phosphatic zone 
occupies a thin,  generally continuous zone of black shale and chert  
near the t o p  of the Alapah Limestone, and contains phosphate con- 
centrations as high as 35.8% P O5 (Patton and Matzko, 1959). The 
phosphate-bearing horizon i n  t 6 e Alapah Limestone has been traced fo r  
a distance of about 80 kilometers (50 miles) across northern Alaska. 
The black chert  and shale member i s  n o t  recognized eas t  of Shainin 
Lake, and no phosphate accumulations of significance are  known east  of 
the Shainin Lake loca l i ty .  On Skimo Creek, northwest of Anaktuvak Pass, 
the en t i r e  phosphate-bearing zone of the Alapah Limestone i s  exposed. 
The zone i s  about 10 meters (36 f e e t )  thick and one section, 1 meter 
(40 inches) thick contains an average of 21% P205. Trace amounts of 
vanadium, copper, barium, lead, manganese and uranium have been 
detected in samples from the black shale and chert  member. The 
potential for  finding phosphate accumul ations in the A1 apah Limestone 
in  the Pipe1 ine Corridor seems low, because the rocks of the  Alapah 
Limestone in the Pipeline Corridor are composed mainly of bio- 
c l a s t i c  1 imestone and 1 i t t l e  i f  any shale and chert. However, i f  

. an extension of the phosphate-bearing black shale and chert  zone 
can be found east  of Shainin Lake, there i s  good potential fo r  
finding other phosphate deposits. 

West of the Sagavanirktok River, rocks of the Siksikpuk For- 
mation have a moderate to  h i g h  potential f o r  bar i te  and base metal 
su l f ide  deposits of stratiform lead, zinc and bar i te  a f f i n i t i e s .  
East of the Sagavanirktok River, the Echooka Formation of the 
Sadlerochit Group i s  equivalent t o  the Si ksi k p u k  Formation, and 
Detterrnan (1976) has recognized volcanoclastic rocks in the Echooka 
Formation. The volcanic rocks occur as flows, tu f f s  and breccias 



and a re  intercalated with 1 imestones tha t  contain Permian fossi  1s. 
To the south near Porcupine Lake, volcanic rocks t h a t  may be part  
of the Sadlerochit Group contain f luo r i t e ,  lead and zinc minerali- 
zation (U. S. Bureau of Mines, 1978). No lead or zinc mineral ization 
has been identified i n  the Ivashak River sequence. However, the 
favorable geology coup1 ed with highly anomalous stream sediment 
geochemistry i n  the area, indicate an area i n  which there ex i s t s  a 
high potential f o r  lead, zinc, bar i te  and f l u o r i t e  mineralization. 

The Shubl i k Formation contains phosphate concentrations and 
anomalous metal concentrations locally.  No obviously economic 
phosphate deposits a re  known, near the Pipel ine Corridor, however, 
the occurrences of phosphate-bearing s i l t s tone  and shale near the 
base of the Shublik Formation indicate tha t  the uni t  may contain 
phosphate deposits of unknown s i ze  and dis t r ibut ion.  The phosphate 
occurs primarily as concretions and as ool i tes  w i t h i n  the s i l t s tone  
and shale sequence. Pyrite is  the most common su l f ide  mineral found 
i n  the Shublik Formation. The pyri te  occurs in concretions and as 
rhombs and i r regular  lenses of nearly sol id pyrite.  Samples of 
s i l t s tone  and s i d e r i t e  collected by the U .  S. Geological Survey 
contained chromium values as high as 1,500 ppm and vanadium con- 
centrations as high as 3 percent. No sulf ides  other than pyri te  
were found in these rocks, however. Even though only minor phosphates 
and bari te  concentrations were found in rocks of the Shublik For- 
mation, in the Pipeline Corridor, the overall mineral potential of 
these rocks seems h i g h .  Further work on rocks of the Shubl i k Formation 
i s  c lear ly needed. 

The lower Cretaceous Kongakut Formation contains a zone of 
manganiferous shale. The  paper shale member contains a section 
53 meters (175 f e e t )  thick, of black, thin-bedded, pebble shale. 
The pebble shale contains pel l e t s  - and thin beds of manganese carbonates. 
Manganese concentrations as high a s  5 percent were detected by the 
U .  S. Geological Survey (Detterman e t  a l ,  1975). The presence of 
manganese concentrations in the pebble shale member of the Kangakut 
Formation i s  interest ing and c lear ly  needs fur ther  work. 

The Mesozoic rocks of the north slope province represent a wide 
range of depositional environments. The rocks may have some potential 
f o r  sedimentary uranium deposits. Locally, the Mesozoic sediments 
south of Happy Valley Pipeline Camp contain a higher than background 

-- response when tested with a scinti l lometer.  Readings a s  high a s  180 
counts per second were recorded near a f a i r l y  thick sequence of 
quartzose sandstone and dark-gray shale. No obvious uranium mineral- 
ization was found however. 

I 

I North o f  Happy Valley Pipeline Camp near Sagwon, the rocks of 
the Sagwon Member of the Sagavanirktok Formation contain 1 ign i t e  
and sub-bituminous coal seams as much as 6 meters (20 f e e t )  thick. 
Several seams are  exposed a t  the Sagwon bluffs  loca l i ty  and one 
2 meter ( 6  foot)  seam was sampled fo r  analysis.  
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APPENDIX A 

Rock and Stream Sediment Sample Trace Element 
Concentrations and Threshold Values . 



. TABLE 1 

VALDEZ QUADRANGLE 

Rock Sample Descript ions and Trace E l  ement Concentrations 

Sampl e Sampl e 
Number Descr ip t ion 

Weakly Anomalous Anomalous Elements Strongly Anomalous 
Elements 90zC.L. 95%C. L. Elements 98xC.L. 

Graywac ke S r  
Graywacke ~ i t h  quartz vein ing Cu 
Metagraywacke w i t h  1 meter wide 
quartz ve in  
Metagraywacke w i t h  quartz vein ing 
Graphi t ic  s l a t e  
Graywac ke 
Graywac ke 
Graywacke w i t h  quartz vein ing B i , V  . 
Graywacke and s l a t e  w i t h  p y r i t e  ' 

Graywac ke 
Graywac ke 
Graywac ke 
Graywac ke 
Graywac ke 
Graywacke and s l a t e  w i t h  p y r i t e  
Graywacke w i t h  quartz vein ing 
Graywacke w i t h  quartz vein ing C r , N i  ,Ta 
Graywacke 
Graywac ke Cu 
Graywac ke w i  t h quartz vein ing 
and p y r i t e  
Graywacke 
Graywacke w i t h  quartz vein ing 
Graywacke w i t h  quartz vein ing 
Graywacke w i t h  quartz vein ing 
Graywacke w i t h  quartz vein ing 



TABLE 1 

VALDEZ QUADRANGLE 

Rock Sample Descriptions and Trace Element Concentrations (continued) 

Samp 1 e Samp 1 e 
Number Description 

Weakly Anomalous Anomalous Elements Strongly Anomalous 
Elements 90%C.L. 95%C. L . Elements 98%C. L. 

Graywac ke 
Graywacke and mudstone 
Graywac ke 
Graywac ke 
Meta-argi 11 i t e  and graywacke 
Graywacke and argi l  1 i t e  
Graywac ke 
Sla te  and graywacke 
Graywac ke 
Graywac ke 
Graywacke and s l a t e  with pyrite 
Chlorite schis t  
Graywac ke 
Graywac ke 
Graywacke 
Graywac ke 
Graywacke with quartz veining 
Graywac ke 
Graywac ke 
Meta-volcanic 
Greenstone with pyri te  and 
(?)chalcopyrite 
Chert and volcanics w i t h  pyrite 
and (?)chalcopyrite 

Y 
Ca,Cr,Cu,Fe,Mn,Ni,Sc 

Sc, Y Z r 



TABLE 2 

VALDEZ QUADRANGLE 

Stream Sediment. Sampl e Trace El emen t Concentrations 

Sampl e Weakly Anomal ous Anomalous El ements Strongly Anomal ous 
Number Elements 90%C. L. 95%C. L. El ements 98%C. L.  
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TABLE 3 

. NIRL Rock Samples, Chugach Terrane, 1976 
(based on 47 samples) 

Values i n  PPM o r  Percent ( a s  noted) 

Minimum o r  Thresh01 d Values 
t o  give indicated  confidence level  

Level Weakly Anomalous Anomalous a t  Strongly Anomalous 
Element of a t  90Xconf idence 95%conf idence a t  98Xconfidence 

Detection 1 eve1 1 eve1 1 eve1 
_, 

Ag 20 3 2 34 36 
A1 12.16% 12.70% 13.16% 
As 8 00 800 80 1 801 
Au 20 20 20 20 
B 100 100 100 100 
Ba 7 00 779 793 807 
Be 10 10 10 10 
B i 200 443 484 522 
Ca 40 5.81% 6.65% 7.44% 
C d 4 00 400 400 400 
C o 40 40 40 40 
Cr 20 145 161 175 
Cu 40 91 100 109 
Fe 6.97% 7.53% 8.05% 
Ga 2 0 31 3 3 35 
K 1.1% 4.59% 5.01% 5.40% 
La 2 00 200 200 200 
L i 1 .O% 1 .O% 1 .O% 1 .O% 
Mg 3.11% 3.42% 3.71% 
M n 60 1420 1558 1686 
Mo 10 2 6 2 9 3 1 
11 3 1 % 1.11% 1.13% 1.16% 
Nb 800 800 801 801 
N i 2 0 8 5 94 102 
P 800 ' 1045 1088 1128 
P b 80 298 338 374 
Pd 20 2 0 2 0 2 0 
P t 20 20 2 0 20 
S b 500 51 9 523 526 
Sc 10 3 3 37 41 
Se 3 00 300 300 300 
S i 10.0% 10.0% 10.0% 
Sn 60 71 74 76 
S r 10 125 135 144 
Ta 3 00 366 381 396 
T e 2 00 291 31 8 343 
Ti 500 2843 3023 31 90 
V 4 0 104 111 118 
W 200 200 200 200 
Y 70 122 129 136 
Z n  10 51 8 609 693 
Zr 2 0 71 7 8 84 



TABLE 4 

MIRL Stream Sediment Samples, Chugach Terrane, 1976 
(based on 23 samples) 

Values i n  PPM or  Percent (as noted) - 

M i n i m u m  o r  Threshold Values 
t o  give indicated confidence level 

Level Weakly Anomalous Anomalous a t  Strongly Anomalous 
Element of a t  90%conf i dence 95%conf idence a t  98%conf i dence 

Detection 1 eve1 1 eve1 1 eve1 



TABLE 5 

GULKANA QUADRANGLE 

Rock Sample Descriptions and Trace Element Concentrations 

Sample 
Number 

Samp 1 e 
Description 

Weakly Anomalous Anomalous Elements Strongly Anomalous 
Elements 90%C. L . 95%C. L . Elements 98%C.L. 

A1 tered andesi t e  with epi dote 
Green basal t  with epidote 
Dark green basalt with epidote 
Sheared greenstone with quartz 
veining 
Coarse-grained gabbro 
Greenstone with pyri te  
Biot i te  grani te  w i t h  pyrite 
Biot i te  grani te  with pyri te  
Gneissic grani te  with pyrite 
Gneissic b i o t i t e  granite 
Gneissic b i o t i t e  grani te  wi th  
epidote 
Gneissic grani te  w i t h  pyri te  and 
c ha1 copyri t e  
Granite and gneissic granite 
Greenstone with pyrite 
Greenstone with ca l c i t e  veining 
Greenstone 

1 



TABLE 5 

GULKANA QUADRANGLE 

Rock Sample Descriptions and Trace Element Concentrations (conti nu&) 

Sampl e Samp 1 e 
Number Description 

Weakly Anomalous Anomalous Elements Strongly Anomalous 
Elements 90%C.L. 95%C. L.  Elements 98%C.L. 

76AMR394 Greenstone T i  
395 Greenstone with malachite and 

azuri te  
396 Greenstone w i t h  pyrite and' V Co,Cu,Sc 

ma1 achi t e  
397 Greenstone with pyri te  and Co , Sc Al,Co,Cu,Ga,La,Mo,Sc, 

quartz veining Se,Sn,Ti ,W,Zn,Zr,Au 
762220 Greenstone w i t h  quartz veining, Cd,Cr,K,Mg,Ni,Sc, Cu,K,Mg,Ti,Y,Zn Ag,Co,Cu,La,Mg,Mn,Ni, 

pyri te  and chalcopyrite Te, V Y 



TABLE 6 

MIRL Rock Samples, Amphi  t h ea t e r  Terrane, 7 976 
(based on 85 samples) 

Values i n  PPM or Percent (as  noted) - 

Minimum o r  Threshold Values 
t o  give indicated confidence level  

Level Weakly Anomalous Anomalous a t  Strongly Anoma1o.u~ 
Element of a t  90%conf i dence 95%conf i dence a t  98Zconf i dence 

Detection 1 eve1 1 eve1 1 eve1 

Ag 20 33 3 5 37 
A 1 12.37 13.61 14.29 
As 800 800 800 800 
Au 20 22 2 2 22 
B 100 100 100 100 
B a 700 1098 1174 1245 
Be 10 10 10 10 
B i 200 435 478 51 8 
Ca 4 0 11.22% 12.71% 14.09% 
C d 400 400 400 400 
Co 4 0 49 5 I 52 
C r 2 0 164 184 203 
Cu 4 0 201 228 254 
F e 12.19% 13.50% 14.73% 
Ga 20 2 6 27 2 8 
K 1.1:; 8.46% 9.45% 10.37% 
La 200 237 244 251 
L i 1.0% 1 .O% 1.0% 1 .O% 
Mg 7.21% 8.11% 8.95% 
Mn 60 2113 2334 2540 
Mo 10 44 49 54 
Na 1% 1.20% 1.26% 1.31% 
N b 800 800 800 800 
N i 2 0 90 100 110 
P 800 1015 1054 1090 
P b 80 96 99 1 02 
P d 20 2 3 2 4 2 5 



TABLE 7 

MT . HAYES QUADRANGLE 

Rock Sample Descriptions and Trace Element concentrations 

Sampl e Sampl e 
Number Description 

WeaklyAnomalous Anomalous Elements StronglyAnomalous 
Elements 90%C. L. 95%C.L. Elements 98%C.L. 

Iron-stained quartz muscovite 
schis t  
Chlorite sch i s t  Ca , Fe 
Quartz muscovite schis t  with 
pyrite 
Quartz muscovite schis t  and B i 
micaceous quartzi te  
Quartz muscovite schis t  with 
quartz veining 
Quartz muscovite schis t  and ' 

micaceous quartzi te  with pyrite 
Quartz mica schis t  with quartz 
veining 
Quartz mica schis t  
Altered granoblastic amphibolite 
Micaceous quartzi te  and quartz 
muscovite sch i s t  
Quartz mica schis t  with pyri te  
and (?)arsenopyri t e  
Sheared basalt  w i t h  pyrite 
Graphitic sch i s t  and micaceous 
quartzite 
Iron-stained quartz mica schis t  
and micaceous quartzi t e  
Quartz muscovite schis t  
Sheared gabbro(?) 



TABLE 7  

MS. HAYES QUADRANGLE 

Rock Sample Descr ip t ions  and Trace Element Concentrat ions (cont inued) 

Sample Sampl e  Weakly Anomal ous Anomalous Elements St rong ly  Anomalous 
Number Desc r ip t i on  Elements 90%C.L. 95%C. L . Elements 98%C.L. 

76AMR346 Quar tz  muscovite s c h i s t  w i t h  Mo I 

c a l c i t e  ve in ing  
I 
I 

348 I ron -s ta ined  quartz mica alb-ite 
s c h i s t  

349 Quar tz  muscovite s c h i s t  
350 Quar tz  muscovite s c h i s t  
351 Amphiboli t e  w i t h  p y r i t e  and Cu Mn ,Mo 

c h a l c o p y r i t e  
352 Quar tz  muscovite s c h i s t  Mo 
353 C h l o r i t e  s c h i s t  
354 Quar tz  muscovite s c h i s t  and Mo 

micaceous q u a r t z i t e  
356 Sheared b a s a l t  w i t h  c a l c i t e  

v e i n i n g  
357 S i l i c i f i e d ,  a l te red,  igneous rock  

w i  tti p y r i t e  and cha lcopy r i t e  

1 

358 C h l o r i  t i z e d  d i o r i t e  w i t h  p y r i t e  
359 Gneiss ic  q u a r t z i t e  w i t h  c h a l c o p y r i t e  
360 A1 t e r e d  i n t r u s i v e  rock 
361 A1 t e r e d  f e l  s i t e  w i t h  p y r i t e  
362 Diabase 
363 Quar tz  m o n z ~ n i t e  porphyry 
364 A1 t e r e d  quar tz  monzonite porphyry 

w i t h  cha lcopy r i t e  
365 Prophl i ti zed i n t r u s i v e  rock  
366 A l t e r e d  diabase w i t h  p y r i t e  B i  
367 L i t h i c  t u f f  w i t h  c a l c i t e  v e i n i n g  



TABLE 7 

MT. HAYES QUADRANGLE 

Rock Sample Descriptions and Trace Element Concentrations (continued) 

Sample Sampl e 
Number Description 

Weakly Anomalous Anomalous Elements Strongly Anomalous 
Elements 90zC.L. 95%C. L. Elements 98%C.L. 

76AMR368 Propyl i ti zed intrusive rock 
369 Lithic tuff  with ca l c i t e  veining 
370 A1 tered d i o r i t e  with pyrite 
371 Lithic tuff Cr,Mi 
372 Hornblende d i o r i t e  with quartz 

and ca lc i te  veining 
373 Altered l i t h i c  tuff  



TABLE 8 

MT. HAYES QUADRANGLE 

Stream Sediment Sample Trace El ement Concentrations 

Sample . Weakly Anomalous Anomalous Elements Strongly Anomalous 
Number El emen ts 90%C. L. 95XC. L. Elements 98%C.L.. 



TABLE 9 

MIRL Rock Samples, Birch Creek Terrane, 1976 
(based on 155 samples) 

Values in PPM or  Percent (as noted) 

Minimum o r  Threshold Values 
t o  give indicated confidence level 

Level Weakly Anomalous Anomalous a t  Stronqly Anomalous 
Element of a t  96%conf idence 95%conf idence a t  98%confi dence 

Detection 1 eve1 1 eve1 1 eve1 



TABLE 10 

MIRL Stream Sediment Samples, Birch Creek Terrane, 1976 
(based on 31 samples) 

Values i n  PPM o r  Percent (as noted) 

to  give indicated confidence 1 evel 
Level Weak1 Y Anomalous Anomalous a t  Strongly Anomalous 

Element o f  a t  9$%conf i dence 95%conf i dence a t  98%conf idence 
Detection 1 eve1 1 eve1 1 eve1 



TABLE 11 

MIRL Rock Samples, Amphitheater Terrane, 1976 
(based on 85 samples) 

Values in  PPM o r  Percent ( a s  noted) . 

Minimum o r  Threshold Values 
t o  give indicated confidence 1 evel 

Level Weakly Anomalous Anomalous a t  Strongly Anomalous 
~leme.nt of a t  90%conf i dence 95%conf i dence a t  98%conf i dence 

Detection 1 eve1 1 eve1 1 eve1 

A g 2 0 3 3 35 37 . 
A1 12.87 13.61 14.29 
As 800 800 800 800 
AU 20 22 2 2 22 . 
B 100 100 100 . 100 
B a 700 1098 11 74 1245 
Be 10 10 10 10 
B i 200 435 478 51 8 
Ca 40 11.22% 12.71% 14.09% 
C d 400 400 400 400 
Co 40 49 51 5 2 
Cr 2 0 164 184 203 
Cu 40 201 228 2 54 
Fe 12.19% 13.50% 14.73% 
Ga 20 2 6 27 28 
K 1.1% 8.46% 9.45% 10.37% 
La 200 237 244 251 
L i 1.0% 1 .O% 1 .O% 1 .O% 
Mg 7.21% 8.11% 8.95% 
M n 60 2113 2334 2540 
Mo 10 44 49 54 
Na 1 % 1.20% 1.26% 1.31% 
N b 800 800 800 800 
N i 20 90 100 11 0 
P 800 101 5 1054 1090 
Pb 80 9 6 99 102 
P d 2 0 2 3 2 4 25 
P t 20 26 28 29 
Sb 500 506 507 508 
Sc 10 58 64 70 
Se 300 382 398 41 3 
S i 10.0% 10.0% 10.0% 
S n 60 6 5 67 68 
S r  10 173 198 221 
Ta 300 41 7 448 477 
T e 200 271 289 306 
T i  500 5285 5906 6484 
V 4 0 234 260 285 
W 200 237 244 251 
Y 70 184 199 231 
Zn 10 77 87 96 
Z r 20 1 02 114 125 



TABLE 12  

BIG DELTA QUADRANGLE 

Rock Sample ~ e s c r i ~ t i 0 n . s  and Trace Element Concentrations 

Sample 
Number 

Samp 1 e 
Description 

Weakly Anomalous Anomalous Elements Strongly Anomalous 
Elements 90%C.L. 95XC.L. Elements 98%C.L. 

76AMR304 Quartz muscovite sch i s t  
306 Garnetiferous quartz, muscovite 

schis t  
307 Micaceous metasiltstone 
308 Quartz b io t i t e  schis t  
309 Quartz muscovite sch i s t  
323 Quartz b io t i t e  schis t  
324 Cal c i c  amphi bol i t e  



. TABLE 13 

BIG DELTA .QUADRANGLE 

Stream Sediment Sample Trace E l  ement Concentrations 

Sampl e Weakly Anornal ous Anomalous E l  ements Strongly Anomalous 
Number Elements 90%C.L. 95%C.L. Elements 98%C.L. 



TABLE 14 

MIRL Rock Samples, Birch Creek Terrane, 1976 
(based on 155 samples) 

Values in PPM o r  Percent ( a s  noted) 

c 
t o  give indicated confidence level 

Level Weakly Anomalous Anomalous a t  Strongly Anomalous 
Element of a t  90Xconf idence 95%conf idence a t  98%conf idence 

Detection 1 eve1 1 eve1 I eve1 

Ag 20 26 27 28 
A1 11.58% 12.67% 13.69% 
As 800 855 867 877 
A u 2 0 2 1 22 2 2 
B 100 1 08 11 0 112 
Ba 700 881 91 8 953 
Be 10 10 10 10 
B i 200 385 41 2 436 
Ca 40 4.20% 4.95% 5.64% 
C d 400 400 401 401 
C o 40 47 4 9 50 
C r 20 141 159 176 
C u 40 238 278 31 4 
Fe 7.14% 7.94% 8.69% 
Ga 20 24 2 5 25 
K 1 . l% 7.44% 8.31% 9.11% 



TABLE 15 

MIRL Stream Sediment Samples, Birch Creek Terrane, 1976 
(based on 31 samples) 

Values i n  PPM o r  Percent (as  noted) 

Minimum o r  Thresh01 d.  Values 
t o  give indicated confidence 1 eve1 

Level Weakly Anomalous Anomalous a t  Strongly Anomalous 
Element of a t  90%conf idence 95Zconfi dence a t  98%confidence 

Detection 1 eve1 1 eve1 1 eve1 

Ag 20 23 24 25 . 
A 1 10.68% 11.28% 11.83% 
As 800 800 800 800 
A u 20 2 0 ' 20 2 0 
B 100 100 100 - 100 
B a 700 700 700 701 
Be 10 10 10 10 
B i  200 344 371 396 
Ca 40 601 0 6642 7229 
Cd 400 400 400 400 
Co 4 0 40 40 40 
Cr 20 87 9 5 102 
Cu 40 40 40 40 
F e 4.84% 5.15% 5.44% 
Ga 20 20 20 20 
K 1 . l %  4.67% 5.16% 5.61% 



TABLE 16 

FAIRBANKS QUADRANGLE 

Rock Sample Descriptions and Trace Element Concentrations 

Sample Samp 1 e 
Number Description 

Weakly Anomalous Anomalous Elements Strongly Anomalous 
Elements 90%C.L. 95%C. L. Elements 98XC.L. 

Garnetiferous quartz muscovite Z r 
schist  
Muscovite sch i s t  
Quartz muscovite schis t  and Mg 
micaceous quartzi te  
Porphyroblastic schist  
? 
? 
? 
? 
? 
Quartz vein material 
Quartz vein material 
A1 tered rock 
? 
A1 tered rock 
Gouge 
? 

. Granite ' 
Quartz monzonite 
? 
? 
? 
? 
? 
? 



TABLE 16 

FAIRBANKS QUADRANGLE 

Rock Sample Descr ip t ions  and Trace Element Concentrat ions (cont inued) 

Sample Sampl e  
Number Desc r ip t i on  

Weakly Anomalous Anomalous Elements S t rong ly  Anomalous 
Elements 90%C.L. 95%C. L . Elements 98%C.L. 

- - - -  - 

? 
? 
? 
? 
? 
Quar tz  muscovite s c h i s t  
Quar t z  mica s c h i s t  
Quar t z  mica s c h i s t  
Q u a r t z i t e  
Quar tz  mica s c h i s t  
Q u a r t z i t e  and amphi bol  i t e  
Quar tz  mica s c h i s t  
Q u a r t z i t e  
Quar tz  mica s c h i s t  
Quar tz  mica s c h i s t  
Q u a r t z i t e  



TABLE - 17 

MIRL Rock Samples, Birch Creek Terrane, 1976 
(based on 155 samples) 

Values in PPM o r  Percent (as  noted) 

Minimum o r  Threshold Va 1 ues 
t o  give indicated confidence level 

Level Weakly Anomalous Anomalous a t  Strongly Anomalous 
Element of a t  90%conf i dence 95%conf i dence a t  98%conf i dence 

Detection 1 eve1 1 eve1 1 eve1 



TABLE 18 

LIVENGOOD QUADRANGLE 

Rock Sample Descr ip t ions  and Trace Element Concentrat ions 

Sampl e  Sample 
Nunlber D e s c r i p t i o n  

Weakly Anomalous Anomalous Elements S t rong ly  Anomalous 
Elements 90%C. L. 95%C. L . Elements 98%C.L. 

Metagraywac ke 
Rhyol i t e  porphyry 
Quar t z  porphyry w i t h  epidote and Cu 
c h l o r i t e  
Quar tz  porphyry w i t h  epidote, S r 
c h l o r i t e  and b i o t i t e  
Metas i 1 t s t o n e  
S i l  t s tone  w i t h  qua r t z  ve in ing  B i  
and i r o n - s t a i n i n g  . s 

Coarse-grai ned conglotnerate B i 
Meta -s i l t s tone  and meta-conglomerate 
S i l  t s tone 
S i l  t s tone  
Quar tz  monzonite porphyry w i t h  
p y r i t e  
S i  1 t s tone 
Meta-s i l  t s t o n e  
Me ta -s i l t s tone  
S i l  t s tone  
S i l  t s tone 
S i l  t s tone 
S i l  t s tone  
S i  1  t s  tone 
S i l  t s tone  w i t h  l i m o n i t e  s t a i n i n g  
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TABLE 18 

LIVENGOOD QUADRANGLE 

Rock Sample Descriptions and Trace Element Ctincentrations (continued) 

Sampl e Sample 
Number Description 

Weakly Anomalous Anomalous Elements Strongly Anomalous 
Elements 90%C. L. 95XC.L. Elements 98%C.L. 

-- - -- - - 

Black chert w i t h  quartz s t r ingers  
Chert 
Chert 
Chert 
Chert 
Chert with limonite staining 
Vesicular basalt 
Chert 
Chert 
Chert 
Meta d ior i te (?)  w i t h  galena(?) 
Diabase 
Sil  tstone and sandstone 
Chert with limonite staining 
Chert 
Chert 
Chert 
Chert 
Chert 
Chert 
Chert with heavy 1 imonite 
staining 
Chert 
Chert 
Chert 
Amygdal oidal basalt  
Chert 
Chert 



TABLE 18 

LIVENGOOD QUADRANGLE 

Rock Sample Descript ions and .Trace Element Concentrations (continued) 

Sampl e  Sample 
Number Descr ip t ion 

Weakly Anomalous Anomalous Elements Strongly Anomalous 
Elements 90%C.L. 95XC.L. Elements 98%C.L. 

Chert 
Chert 
Interbedded cher t  and carbonaceous Mo 
s  i 1 t s  tone 
Chert w i t h  manganese s ta in ing  and Ca,Mn,Mo 
quartz ve in ing 
Trachyte w i t h  c a l c i t e  ve in ing Mo 
Ch lo r i t i zed  hornblende d i o r i  t e  
Interbedded s i l t s t o n e  and sandstone 
Sandstone and shale 
Sandstone w i t h  c a l c i t e  and quartz 
vein ing 
Trachyte V 
S i  1 tstone 
Ch lo r i t i zed  hornblende d i o r i t e  
w i t h  b i o t i t e  
S i l t s t o n e w i t h l i m o n i t e s t a i n i n g  Ca 
Ch lo r i t i zed  d i o r i t e  
S i l  ts tone w i t h  heavy i r o n  
s ta in ing  a 

Ch lo r i t i zed  d i o r i t e  w i t h  p y r i t e  Ca ,Mo ,Ti ,V 
Ch lo r i t i zed  d i o r i  t e  C a  
Chert and s i l t s t o n e  
Coarse sandstone w i t h  i r o n  Ca,Mo,Ti 
s ta in ing  
S i l  i c i f  i e d  s i l  ts tone w i t h  
l imon i t e  s ta in ing  
S i l i c i f i e d  sandstone Ca 



. TABLE 18 

LI VENGOOD QUADRANGLE 

Rock Sample Descriptions and Trace Element Concentrations (continued) 

Samp 1 e Sampl e' 
Number Description 

Weakly Anomalous Anomalous Elements Strongly Anomalous 
Elements 90%C.L. 95%C. L. Elements 98%C.L. 

Chloritized diorite 
Si 1 tstone Bi ,V 
Chloritized diorite 
Silicified siltstone 
Silicified siltstone 
Silicified siltstone 
Silicified siltstone at contact 
with diorite sill ( ? )  
Chloritized diorite 
Siliceous siltstone 
Chert 
Hornblende diori te with P 
chalcopyrite and pyrite 
Chloritized granodiorite with 
pyrite 
Hornblende granodiori te with Mo 
pyrite, chalcopyrite,malachite 
Chl ori tized granodiori te 
Granodiori te with pyrite and Mo ,Y  
chalcopyrite 
Chlori tized diori te with pyrite Ca ,Mo 
Sil icified metasil tstone with 
pyrite 
Chloritized, biotite Ca 
diorite with pyrite 
Si 1 tstone 
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TABLE 18 ' 

LIVENGOOD QUADRANGLE 

Rock Sample ~ e s c r i p t i o n s  and Trace Element Concentrations (continued) 

Sampl e Sample Weakly Anomalous Anomalous Elements Strongly Anomalous . 
Number Description El ements 90%C. L. 95%C. L. Elements 98gC.L. 

76AMR112 Biotite d i o r i t e  w i t h  pyrite Ca T i  ,V 
113 Chert B i  , 

114 Biot i te  d i o r i t e  
11 5 Greenstone Mg Sc 
11 6 Hornblende d io r i t e  Ga 
117 Chert 
118 Chert 

Chert 
Vo1 cani cs and a rg i l l  i t e  Ca ,Mg K 
Lithic tuff  
Si 1 ts tone P Y 
Argi l l i te  i n  contact w i t h  
vol canics 
Sheared vol canics w i t h  ca l c i t e  Y 
veining 
Volcanics and a r g i l l i t e  Mo 
A1 tered vol cani cs - Mo 
Sandy s i l  tstone 
Lithic t u f f  w i t h  ca lc i t e  and C a 
quartz veining 
Si1 icif ied tuf f  with pyri te  and Ca ,Mo ,Ti 
quartz vei n l  e t s  
Well -indurated sandstone Ca . . 

Diori te Ca ,Mo 
Basalt w i t h '  c a l c i t e  veining Ca 
Greenstone w i t h  ca1 c i  t e  veining Ca ,Mo 



TABLE 18 

LIVENGOOD QUADRANGLE 

Rock Sample Descriptions and Trace Element Concentrations (continued) 

Sampl e 
Mumber 

Sampl e 
Description 

Weakly Anomalous Anomalous Elements . Strongly Anomalous 
Elements 90%C.L. 95%C.L. Elements 98%C.L. 

76AMR134 Andesi t e  with ca lc i t e  veining C a 
135 Tuff 

136 Lithic tuff  with c a l c i t e  veining 
137 Argi l l i te  w i t h  manganese staining 
138 Argi l l i te  with manganese staining Cd 

and quartz s t r ingers  
139 Tuff with limonite staining and 

ca lc i t e  s t r ingers  I 

140 Lithic tuff  w i t h  c a l c i t e  and 
quartz s t r ingers  

141 Argi l l i te  
142 Shale with limonite staining 
143 Argi l l i te  
144 Lithic tuff with ca lc i t e  veinlets 
145 Lithic tuff  
146 Argi l l i te  
147 Tuff V 
148 Lithic t u f f  with manganese 

staining 
150 Greenstone w i t h  ca l c i t e  s t r ingers  Ca 
151 Lithic tuff with c a l c i t e  s t r ingers  

and manganese staining 
152 Micaceous arg i l l  i t e  
153 Argi 11 i t e  with manganese staining 




