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ABSTRACT .

(\
The Pine Point district contains about 40 Pb-Zn ore bodies .-
within a Middle Devonian carbonate barrier comple§ which developed

-

along 'a tectonic hinge zone separating contemporanevus evaporite

. and shale basins. The ore“bodies occur in two trends along the North

-

and Main Hinge Zones and are stratabound in dolostones of several

’

depositional facies over a 200-meter section of the barrier. The

sulfide bodies range in size from 100,000 tons to more than 15 million

. 7

. - . .
tons and contain up to 20 percent combined Pb-Zn as sphalerite and

galena. Margasite and pyrite are ubiquitous accessories, and Fe
g

~
2,

content of/ore bodies ranges from léss than 1 percent to above 10

percent. The overall Pb:Zn:Fe ratio for the district is about 2:5:3.

]

Ore bodies are "prispatic“ with.large vertical relative to horizontal .-
\ ?:’ . -
dimensions, and Ptabdiar" with large-horizontal relative to vertical

¥

dimensions. Prismatic ore bgdies are Pb-rich with Pb/(Pb + Zn) ra&ios
avéraging about 0.4; tabular ore bodies are Zn-rich with ratios

averaging less tHan 0?3. Individual ore bodies are zoned with a

.
N

Pb~rich, high grade core passipg outwarq in;;“a Zn-rich, high grade ' .
;one which grades into én F:zrich, low grade envelope. The sulfide

concentratiogs have abfupt/contacésmwith barren hOSF rocks. A distriét4 o
wide study of majér metal distribution shows that the ore bodies in j

~

both the Main and North Trends aré more Pb-rich and less Fe-rich from "“

southeast to northwest. .

/~ C iid

’
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Detailed stratigraphic, investigations reveal major

. . .
paleo-solution structures related to post-middle Givetian subaerial

. \\
exppsure of the barrier complex. Numerous irregularly elliptical

dolines as much as 400 meters long and 35 meters deep éeveloped through '
t ’ '
dissolution of limestones by meteoric water. These dolines subsequently
[} o

were fi\led with erosional defritus. Caves and tabular zones of .-*
increasedpermeability were formed in the upper part of the phreatic
zone. The ‘coarse-crystalline Facies K dolostone was created by mixing

of fresh watdr and‘sea water during subaerial exposure, as indicated

by stratigrapkic relations, paleogeography, hydrologic principles,
dolostone Na-content, and comparison with recent carbonates. These
.paleo-solution features were aquifers and loci for sulfide deposition

in the coarse-crystalline Facies K dolostone. Dolines host prismatic
’ \

ore bodies, whereas caves and tabular permeablg\;ohks contain tabular

y . , . \‘\_/\ .

ore bodies.  Origin of the breccias zpich host sulfides\in the

[

fine-crystalline dolostone of the lower barrier is less apparent, but

- .

these are believed to bé solution features as well.

Ore textures are complex and exhibit paragenetically early

.

marcasite and pirite with rare pyrrhotite followed by colloform and
. ‘ N ., ’ > .
banded spﬁgizrite with skeletal galena. Large, well~formed sphalerite

and galena crystals are late. Dolomite is both earlier and later than
sulfides; calcite, celestite, gypsum, fluorite, sulfur,, and bitumen

are later and generally not associated with the sulfides. Sphalgrjise

%

ranges from tan to dark brown, generally depending on variations in Fe

content from 0.15 to 10.3 weight percent; Bb, Mn,‘Cu, and Cd are

.

present in minor amounts. Galena, pfrite, Ehﬁ\marcasite are extremely
L * ’-

iv

~
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low in trace elements, with Cu erratically pfesent.

- Fluid inclusion :yidence indicates that the Pine Point-sulfides

vere depoS@ted by highly saline, 50° to 100° C brines, prbbably upon

, encountering reduced sulfur. These brines appear to have originated

within the sedimentary sequence, but the immediate metal source cannot
be defined by present data. The most likely source of sulfur is the

N \
Middle Devonian evaporites. Lead isotope analyses.of different galena

types confirm their non-radiogenic nature and indicate a mean

. 206Pb/204

Pb ratio of about 18.1. These data suggest a mid-Carbonifer-
ous (310 million years) age of mineralization, considerably younger

than the middle Givetian (375 million years) dolostone host. Colloform

sphalerite and skeletal galena indicate rapid early sulfide Aeposition,
‘: while coarse cr;stals suggest slower late sulfide.growfh. E;idence_
il for both sulfide-carbonate equilibrium and disequilibrium conditions
is apparené, ﬁerhaps relating to periodic fluctuations in*tpe éﬁ;ﬁly
of reduced sulfur. éulfide concentrations are localized in paleo-
dolines and brecc;a zones becayse Ehgse transgressive structures were
bypasses between different aq%}fers ahq loci for mixing of fluids of
different character, one of which contained metals and the other reduged

sulfur.

.
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CHAPTER ONE
INTRODUCT ION

Statement of the Problem

Tne Pine Point mi;éng~district consists of about 40 lead-zinc
oéé bodies in a Middle Devonian carbonate barrier complex exposed on(
the south shore of the Great élave Lake, Northwest Territories. The
geologicéi setting of the district has been used to define a widely
accepted model for the genesis of carbonate-hosted lead-zinc deposits
~of the so-called Mississippi Valley-type (Beales and’J;ckson, 1966;
Jaéﬁson and Beales, 1967). Although the district has been the §ﬁbject
of a nﬁmber of studies and informaéion on many aspects is available,
previous research may be considered to fall into two general fields:

1. General studies primarily concerned with the regional

>
- geologic setting.

Detailed studies of various mineralogical aspects such as

isotopes, sulfide textures, trace elements., and fluid
inclusions.

Little information is available on such fundamental aspects as geometry

i

of the mineralized zones, relationships between sulfide concentrations

and hosting structures, and variations in metal percenteges and ratigs,

mineralogy, textures, and isotopic composition within individual ore

-

» N ot -
bodies' and ‘throughout the district. Earlier analytical work was
°

perfornmed onusémples from a limited area and reflects only a small

°




N

1
# H

proportion of the geological variables in the entire district. This
study bridges the gap between the previous megascopic and microscopic

research and provides additional analytical data to enable a more
-« comprehensive understanding of the geology of the district. The main
objectives are to: - ‘

1. Investigate the diagenetic processes affecting the

barrier complex, particuli;ly with regard to development of

______g:e:hesffgg structures.

2. Study the distribution of lead, zinc, and irog/within

four geologically dissimilar ore bodies and within the

district.
- 3. Determine and -jaterpret the distripution of lead isotopes
in galena. \
4, ‘ Document and iqtefpret the significance of mineralogical

. (9
and textural variations, sulfide-carbonate relationships,

sulfide trace -¢Tement distriGutions, and isotopic and fluid
inclusion data for various-ore and ganéué mineral é;nerations.
Many of the stratigraphiqﬁcomplexities of the barrier com le§\have been
unraveléd (Skall, 1975), and the results of 10 years of dntense
prodﬁétién and over a million feet of diamond core drigéing are
j

available. Therefore, the foundation has been established for document-

ing fundamental relationships between host rocks and sulfide concentra-

Y
. tions with the ultimate goal of solving some aspects of ore genesis at
" Pine Point.
-
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Location and Access

4

The Pine Point mining district is located on the south shore of
Great Slave Lake in the District of Mackenzie, Northwest Territories,
about 800 kilometers north of Edmonton, Alberta, and 180 kilometers

south of Yellowknife, N. W. T. (Fig. 1). The study area of about

N . . ~
1,700 square kilometers is defined by the Buffalo River on the west;—
the Great Slave Lake shore on the north, the Little Buffalo River on
the east, and a northeasterly trending line approximately 25 kilometers

south of the Lake shore (Fig. *2). K?own sulfide bodies occur in a zone
. p

about 10 kilometers -wide trending N 65° E through the center of this
area (Fig. 2). The Pine Point townsite with a population of about
1,200 is located at latitude 60° 49' N., longitude 114° 28' W.

The area is accessible by commercial airline to Hay River, 75

4

kilometers to the west. An airstrip for light planes is located, five

kilometers northeast of the Pine Point townsite. Access can be gained
- ’ ’ .

also by an all-weather road from the Mackenzie Highway in Hay River. A

1

spur from the Great Slave Railroad at Hay River provides freight and

concentrate shippiné facilities. ?

-

Topography and Vegetation ‘

.

-

Thé area is a muskeg terrain with many shallow ponds and a cover
of black spruce and pine with some degiduous trees and shrubs.
Elevations range from 136 meters above sea level at the Great Slave
Lake to as much as 250 meters above sea level on the higher beaéh

ridges from the ancestral lake which once extended many kilometers

-
3
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* south of the present shore. Outcrops are virtually nonexistent with

only a few exposures near the lake shore and river banks.

-

Histor
_______X!.‘

The lead-zinc occurrences on the south shogjudf the Great .Slave

Lake were examined by prospectors enroute to the geld fields of

Alaska and the Yukon in 1898 (Bell, 1899). Campbell (1966{ -and

Jackson (1971) provide summaries of early exploration work in the area,

ané only a few important events will be mentioned here. Bell (1929)

classified Ehe deposits as Mississippi Valley-type and identified the

ﬁost rock as the Presqu'ile Dolostone of Middlé Devonian age. Reserves

of only 500,600 tons of ore grade material had been outlined during

exploration to"the late 1930's. The exploration program of The

Consolidated Mining and Smg}ting Company of Canadq,Liﬁited from 1940

to 1955 was Sased on the concept ;hat the ?ine Point sulfide deposits

were related fgtthe Macbonald Fault wpiéh could be traced southwestward
. 1 N

from the Precambrian Spield in the East Arm/of the Great Siave Lake and

projected beneath Paleozoic cqver to the Pine Point area. If numerous
}‘)‘

e

concealed ore bodies lay along a linear trend in the Devonian dolostones
overlying the projection of .the fault zone, the aggregate reserves from
many isoldted near gurface degosits might make a major mining operation

feasible in spite of the femoté locauion.‘ This concept resulted in the

discovery of ore bodi€s with no surface expression,. and mining
operations became écoﬁomically viable in 1961 with the decision of the

Canadian Government to build a railroad to the Great Sla¥e Lake.

Increased exploration drilling, aided by induced polarization




4

» 7

techniques, resulted iﬁ_the establishment of substanﬁial'reserves,.and
the first ore shipment was made in late 1964. Thé édérse-crystalline
Presq;'iae Dolostone was c7hsidered t&-be the favorable host rock
during this stage of~explqﬁation, but PyramidlMines Limited discovered

\cdo large<$ré'bodies:(§l& and W17) in tge fine-crystalline dolostonesp F,,.~//
of_the Pine Point Formation wﬂich underlie the Presqu'ile. Further

« exploration r;vealed'the presence of a larée mineralizéd zone (N204) 7}
the contipt of the Pine Point Formation and the Keg River Formation.

- near its subcrop'’in the eastern part of the property and another

.mineralized trend in the Presqu'ile parallel to and north of the Main

Trend. Recent prelimiﬁary drillifg results of Western Mines Ltd. - _

~ 7~

indicate the presence of substantial sulfide concentrations along the

Main Trend west of the Buffalo River (The Northern Miner, Qctober 14,

-

1976). A total of about 40 ore bodies has been outlined in the

Sy

district, some of which have been mined completely. Pine Point Mines
Limited is the sole producer in the district, and Cominco Limited is

the operator, holding a 69.1 percent interest. Total production of the ,

-
~

district to the end of 1975 is 33.7 million tons of ore grading 7.3 .
percent zinc and 3.7 percept lead (Table 1). Mine production is

currently 11,000 tons per day. Present official ore reserves are 39.2

million tons of 5.4 percent zinc and 2.0 percent léad (Pine Point Mines

4 7

Ltd. Annual Report, 1975).

Field and Laboratory Work Performed

-~

i -

The author spent a total of six months in the study area in the

summers of 1974 and 1975. Cores from closely spaced diamond drill holes

.
2
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TABLE 1

~

Pine Point District Production and.Reserves 1964 - 1975

Compiled from Pine Point Mines Limited Annual Reports 1964 -

- . RESERVES
Tons Ore  Pby
41 - J X 10‘9'
0 T T
1964
1965 21.5 4.0
1966 37.8 2.9
. 1967 40.5 2.6
- 1968 39.3 2.6
: 1969 41,8 2.4
4
T 1970 4375 2.5
1971 41.9 2.4
1972 40.9 2.4
1973 38.3 2.3
1974 39.5 2.2
1975 39.2 2.0

- " Total Milled

3

1975
PRODUCTION i
Znz  Tons Ore” PbZ ZnZ Tons Pb  Tons Zn
X 10° X 105
. 14,070 I8.6 25.8 2.6 _ 3.6
7.2 75,356 4.277 7.63 3.2 . 5.
364,168 22.5 29.1 81.9 106.0
6.8 1,457,996 4.9 10.5 71.4 153.1
282,309 18.8 26.3 53.1 74.2
6.8 1,521,000 4.7 9.7 71.5 100.4
333,000 18.0 27.9 59,9 92.9
6.8 2,138,000 3.5 6.6 74.8 141.1
353,000 19.0 25.0 67.1  88.3
6.3 3,605,000 3.2 7.4 115.4 266.8
6.0 3,860,000 3.0 7.1 115.8  274.1
92,600 14.5 21.5 13.4 19.9
6.0 3,892,000 2.6 6.5 101.2 253.0
6.0 3,810,000 2.7 6.2 102.9 236.2
5.7 3,896,000 2.9 6.0 113.0 233.8
5.7 4,135,000 2.5 5.3 103.4 219.2™
5.4 3,905,000 2.4 4.9 93,7 191.3
32,295,346, 3.0 6.4 966.3 2,074.8
1,439,147 19.3 26.7 278.0 384.9

Total Direct Shipping

‘

l ;-
TOTAL

A

. 33,734,493

-

'\

3.7 7.3 1,244.3 .2,459.7

LYy o T "
R S
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in @ number of ore bodies were examined, and relationships determined
from drilling were compared with those' observable in mining exposures

in an attempt to determine controls of sulfide concentration. K57,

.

A70, and W17 ore bodies were selected for detailed studies (Fig. 3).

¥

Cores from close-spaced drilling were logged totaling 30,000 feet for o
K57, 6,500 feet for A70, and 14,000 feet for W17, and samples of ore
and host rock were collected. 1In addition 1,000 feet of N204 core 1

were logged, and selected cores from other ore bodies were examined

“to study variations within the district. Because these cores were

from ore outline drilling, all significantly mineralized intervals had
beén split, and half of the core had been removed for asSaying purposes.’
Occasionally, minerglized intervals had bgen taken in their éntifety

éor m;tallurgical testing. In these cases the original deékriphions-
were used in-conjunction with the remaining core, ané increased

emphasis was placed on adjacent drill holes. Several thousand feet of
core from widely spaced exploration drilling were examined tq_é;ailiayize
the author with regional stratigraphic vari%tionﬁ, and samples were

collected for stady of diagenetic modifications of barrier-lithologic

o .

units. Geologic relationships were documentedyby field notes and

photographs in all accessible mining operations_(X15, W17, 028, P29,

N31, P31, N32, 032, P32, N38A, M40, N&2, 042, J44, K57, R61, and K62),

and samples were collected for study. \
Approximately 175 mine specimens and 400 core samples were

slabbed, polished, and examined with a binocular microscope. Some rock

* . —

slabs were stained with Alizarin red-S as an aid in differentiating

between geénerations of carbonate cements. Approximately 150 polished

e
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L 3

sections, polished thin sections, and thin sections were examined with

< ¢

a petrographic microstope and described as to their mineralogy and

. .‘ -
textural relationships. Visually and optically uﬁgdentifiable minerals

and fine-crystalline mineral aggregates were identified by x~ray

Cathodoluminescence techniques using a Nuclide Model
ELMA2A LUMINOSCOPE were attempted to differentiate carbonate and

sphdlerite generations; initial results were only modestly encouraging,
3 ]

- and the technique was not pursued to its fullest potential. Polished

doublets were made‘from sphalerite-bearing samples at the University

<&
of Western Ontario and at the United States Geological Survey National

Headquarters, Reston, Virginia, and homogenization and freezing

—

temperatures of fluid inclusions in 15 of these specimens were measured

using the facilities of the U. S. Geological Survey. Thirteen hand-

~

separated galena cdoncentrates for lead isotope andlyses were selected .

<

from mine samples and drill cores to represent.as many variables as ' —_—
possible im terms of district-wide geographic, stratigraphic, and
paragenetic distribution of ore Ieads. Approximately 100 hand-separated

galena, sphalerite, and-pyrite/marcasite concentrates were prepared for

*

- [> 2
a later district-wide study of sulfide sulfur isotope disQribution by

D. F. Sangster and the author. Selected sphalerite, galena, pyrite,

and marcasite samples were analyzed for trace element compositions

"
-- _using microprobe facilities of the University of Western Ontario. The

study of metal zoning in K57, A70, and W17 used diamond drill core

assay data provided by Pine Point Mines Limited and the modified MEPS .
7 ™~ - . . .
<. . . » .

program and facilities of Cominco Limited Data Processing Section in

-

Trail, B. C. .

&
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CHAPTER TWO

-
.

GEOLOGIC SETTING

+ . .

PR ‘.

Stratigraphy - , )
- : L

.

Pré-Givetian Strata

«

PR .

Three diamond drill holes (G-1, G-4, 'and w;?rBAS,extend;to the

- 4 y ,
Precambrieﬁ}hasement in the study area (Fig.'2).T:Pre-Civetian
’stratiéraphy in these holes and fof the southern, Great, Slave Lake
'}ﬁgion as defined by Norris (1965);from subsurface'anq outcrop data

; p P

The easternmost mlnerallzed zone (NZO&) in

———r

- -
~

) is sdﬁmarized in_Tablé 2.

‘, NCEEIR

‘the P1ne Po1nt dlstr1ct is about 75 kllometers SOuthwest of the' first -

~ < - =

The |

o exposure of Precambrlan rocks in the Churchlll Ppov1nce (Fig., 1).

.., » . <

nature’gf the Precambr;an underlylng the 1mmedlate Plne Pognt area is

.. 4 <

11ttle known nG~l and G-4 penetrate short sectlons of “nicaceous quart-

-~ ‘P

.nzite'and blot;te gfanod1or1tetrespectivelyu w__

i

.
-
=" Te M -
“* .
e
.

a ‘.
- .
- .
S

P

. The Mlddle Ordovxc%an or older Old Fort Island For&atlon

P

v l - .

.
-
s

.l

-4 <

unconformably overlles the Precambrian (Plaxe 1:1).

\"

.

The'erage Point

ALY
- W .

Formation tran31t10nally overlles ﬁhe Old Fort IslanduFbrmatlon or
} ' ‘
unconformahly overlies the Frecambrian basemgnt where the basal sand—

e .,, ‘

stone unit is absent (Plate l 2 3) xéthe early Mlddle Devonian

A .

.. e
(Elfellan) Chlnehaga Formatlon (Plate*1:4) unconformably overlies the

Mirage Point Formation (Norris, 1965).

~
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Givetian Strata

Generalized Givetian stratigraphic features of the Pine Point
area are shown in plan in figure 2 and in section in figure 4;
stratigraphic positions of selected'ore bodies are illustrated

schematically in figure 5. The nomenclature and definitions of‘Skall

(l97§) will be closely followed for Givetian facies relationships of

the Pine Point barrier complex; figure 6 is a correlation chart for

£3

comparison of the stratigraphic termino}ogy of ea;lier workers in the
area. Skall (1975) has shown that previous‘subdivisions oé Givetian
stratigraphy areiinadequate to represent the hi;hly variable strata

of the Pine Point barrier complex. Formational nomenclature has been
replaced by-facies designated A through P (Table 3); these facies aﬁd
subfacies are clearly defined by composition, fabric, and paleoecology,
although the contacts are generally gradational and interdigitated
(Skall, 1975). ! b

The early Givetian ﬁeg River Formation (Facies A) conformably

overlies the Eifelian Chinchaga Formation (Plate 1:5). One to three

- v

widely distributed thin shale beds, termed E-Shale markers (Campbell,

1950), occur abéut 35 to 50 meters above the base (Plaée 1:6). Middle
Givetian strata consist reg%égflly of a narrow carbonate barrier, the

Pine Point barrier complex, which separategﬂflcarbonate and shale

sequence deposited in the deep water environment of the Mackenzie Basin -
from extensive back-reef evaporifé deposits of th? El# Point Basin

(Fig. 7); The Pine Point Group has beéh*éefined to include the middle .
Givélian strata (Facies B through K) which form integral parts of the ;

barrier complex (Skall, 1975). It includes the Sulphur Point Formation,

-
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6. Middle Devonian Stratigraphiq Cogrelétions,

Southern Great Slave Lake Area
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Modified after Skall (1975)
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. (Frasnian) Hay River Shale. Facies M contains a -shale member, termed

the Amco Shale, 'which can be used as a stratigraphic marker in -

; S
®
the Presqu'ile Formation, and most of the Pine Point Formation of

- Norris (1965). The lower part of the barrier (Fig. 4) consists

largely of the fine-crystalline dolostones of Facies B (Off-reef), ,

D (brganic Barrier), E (Fore~reef), and J (Back~reef) and of the

<
-

bituminous limestones of Facies F (Marine); the evaporite strata of
the Muskeg Formation are, in part, lateral equivalents of these units.

The upper part of the barrier (ﬁgg. 4) consists of limestones of

v

Facies B, C (Fore-reef), D, and H and I (Back-reef), the coarse-

crystalline dolostone of Facies K developed from these units, and the

Buffalo River Shale of Facies G (Marine). A partial disconformity <=

e o 3 g

separates ghe upper barrier from the late Givetian Watt Mountain

Formation (Facies L). The.Slave Point Formation (Facies M through P)
e [

. . . @
conformably overlies Facies L and is overlain by the Upper Devonian

.

conjunction with the E-Shales to document development of the Pine

. -

Point barrier complex. The®Givetian lithologies of the Pine Poing
area are illustrated in Plates 1 through 6, and the reader is referred
to the excellent work of Skall (1975) for details of sﬁratigrapﬁic

relationships among the facies.

o .

3

Structural Evolution in the Pine Point Area

/ -~ i »

Pre-Givetian Tectonics ' .

»Ehé fault zone trending N 45° E can be traced for over 500

ﬁiloﬁeters iniPrecambrian rocks of the Churchill Province of the .

= ,‘t:f.---\;.

5
ey
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Canadian Shield before it is covered by Péleogoic rocks northeast of

Pine Point (Fig. 1); a similar structural trend is present along its

v
-

projection in the subsurface of northeaét British Columbia (Sikabonyi
and Rogers,‘1959). This trend marks a major zone of prolonged tectonic
éisturbancg which first b;came active in early Procerbédic time.
DetaiTed sedimentologic\shd structural investigations by Hoffman (1969)
* have revealed that the Proterozoig¢ succession in the East Arm of Great

Slave Lake was deposited in a long-lived, deeply subsiding, linear

. R PO

trough, and Hoffman- et—al—(1974) have interpreted the zone to be an

aulacogen. It is not known how far this feature extends to the west
of the exposed Precambrian rocks under ,Phanerozoic cover and the Great
Slave Lake. Hoffman &t al. (1974) suggest that aulacogens are

%

especially susceptible to reactivation and may control sedimentation

Y
even after dong periods of dormancy. ~

Development of the Pine Point éarrier Complex

The detdiled stratigraphic analysis of Skall (1975) has
- .

s pérmitted documentation of -the development of the carbonate sediments

*

of the Pine Poiiit barrier (Fig. 8). Following deposition of the
platform carbonates of the Keg River Formation (Facies A), gentle
tectonic arching of the area between early and middle Givetian was

responsible for establishment of shoal conditions and initiation of

) ~ .

barrier development. During this first stage (Fig. 8A), the

L4

A

depositional environments of the Organic BarrierA¥acies (D), the Clean
Arenite Facies (E), the South Flank Facies (J), and probably the

Tentaculites Facies (F) came into existence (Skall, 1975). The

¢ -~

F)

TN

—— — e - -
LT A VR BRI RO W ’ —



v
e s

. « - :
v ) - -
‘e . - . 2 4 :
. . . . . ) . .
: . . ]
\ g
| j - ] - }
W00 Burrace Mgk . oerLar Stave (Y
SO ' - ¢
;4 ! ! ! e I ;
[3-1] 1648 1938 1358 SIS ave My vaw LR cow
A . I . : {
. b T . —— N25 W
. N * O
v
©

2
. . ' )
- T T o= —-—_0;>E7—:'*_——_‘___—_~_““”“
@ uretr K6 RIVER pi— S PO L me—— —~—
AT T AL S, = ey e e e = owee o el ) . 4
= iiatn il SPU S, LAEC Pugo T
== -~ ad L TIE
B wwer e M - € s5aLEs
T LTLTL T LTt TN T emincinck — :
T T T T, ———
o e e P BN S e
e T i
N e
. e e
e =TS TR NAVORITE , CYRSUM {771 canaonnres, nssumes 72 8c epepommnantey Limesrone
e e
sunie ‘ Lxmu ;
. N :
e e * . " . . Y
A F16.8A Initiation of the barrier at carly to middle Givetian, x
£
Z
. . kS
a ‘ﬁ
' ‘ &
. [
. . %
. g,
. 3
wlaop BUFrato Paek . CPLAT SLAVE (AKE ’# 1‘
I 3 {
¢4 { l Lo Lo H |
. a‘ o e 1856 93 'Y} N e 'Y can N kS ° ‘
cre M . ] {i
o P . — v . 5 b ‘
~——-
. D S IS
R N NP R O R I S
P R A R A A I I
+ < 0‘1‘ 44 4 4 . i‘
e muskee e L0 L0 .
- + 4 - 1 4 4+ 4+ 4
EE R R S S I R T SR Y ) '
- * o+ 2 4 3 4 4 b 4 a2 4
¢ & 4 4 4 & 4 b 4 s b 4 s 2 1 .
. N®ON (vrrcr ke wver NT—t7 r RO LA T :
< Y = : = €- sacEs
. S < <1 - { LA COWER KEG RIVER
—_——— e e B SCIT
4‘1‘0‘4‘4‘4“‘0‘0-‘v‘070_-. ‘o‘ & . 4 e 6 4 6 4 4 a2 s s a e
KICIEIIE I DE N DEIC IR HINCHACH T A I I NN
4
. [ awmvorire, ovesum soae [ consonnres 100"
W favrwe, reactvewve —+  peruvve Mg Bewes L mie
Lo g aeuts
. : - B LD
. . . . s e A
' F16.88 Higher rate of subsidence in the south causes South Hinge and precipitation N (t:a“i%%
of Muskeg evaporites during middle Givetian. ';’c;;"'”t?ﬁ#\"&
A - Se2e
. - e
. . RS
i Fig. 8. Development of the Pine Point Barxier Complex
‘ . From Skall (1975) .
. N
. R 2

- e AT LT T 1 Y Y L Y T o e A —— ..



CPLAr K AVE (AkE
]

15356 13 € X34

— NS &

L MuSEEC ta

- 4 m e 4w
..

-~ .
v e e e .
- e v v v oq
“ 4 o - 4

@ (UPPER XEG RIVER)

4 4 e s e

R I

‘—- L unk

C=1 mwvorre , grosum &I airommovs cmestone [ Five Dewse ¥ sanor poomire

EX] swae ‘
= vmesrone

I sauerive, rracTueve —  REFLUXING My BRINES

. o
F16.8C Main and North Hinge maintain a higher rate of subsidence in the south but terminate the precipitation of .

evaporites in favor of subtidal back-reef deposits during the late middle Givetian.

WooD BUFFALO PRRX CRLAT SLAVE (AKE
i 1

]
$ cor w3
Cre

s s
St = = Sy o |
—_— = b o b1
R e
4 0 & s

..

{=i=g¢=~1 “‘l
LOWER KxEC R
Ram—S TR € - SHALES

P
e ® tower xcé R+ .

® (UPPER KEG RIVER ) . ; »
-~ ] ‘)Jn’l ‘e e s e

CHINCHACA

ANIPDRITE , EYPSyM VTUMMWOUS LimESToNE FINE DEWSE % SAuDY DoLoMITE”
.

SHALL mt! , FAVLTING, FAICTU NG 100"
B8 umesrone

YEEY™ DISCONFORMITY 1me

F16. 8D Marinc regression and karst develop between middle and late Givetian.

o B I SRR QA oSN
R T e P U
ﬁ{g&%‘ R R D A WA MR Sl A A A e -

.

L VY ) S % OB LR

Nosy

e o

e Tr

AR

LY

E7S e U RNE SO T




CREAT 3LmVE (AXE

T oeex

pidl

el ) R ¢

2}

Fakieiatea 7 ,T--'- PRGN A

.
my"; ;.p‘l YR ZNT T

@ ower «6 R

RN

LAV R 55 -

i
-
< TR
CHINCHIACH L I one

T2} mwomme, orosom o (T e oowse w savor soowre

ETT] somer EI5T" srrvmemovs twestone xvx pisconromiry

CorasE pevemire BBy munve, feaeroeme —> nrn o Mg BRINES
(PRESQUILE)

Fic 8E A,llergkion of vulnerable limestone to coarse Presqu’i le dolomite during post-( ?)_Givctian.

. 4

WeaD BUFFRLO PRk cRoLAT “Siave Lave
1 1

1
e srn
M 1

—— NS

YT SCAVE . PONT mptepte el L T, A XS0 2arum
ey e W Yy mTAmL g

.ﬁ.?- ek E T e fume
£ L bt o

- %
&

e
- - -
> N o b - .
CHNCHACA ] P & ore BoOY
Ezﬂ ANRYDITE , CYPSUM E LIMESTONE [::] FIVE DENSE % SANDY "DoLowtt
S .

A
Swace BIR) srvmwoss umssrove ey piscouroemsry

COnRsE pocomre I FAULTING, FRACTORING > PATH OF ORE BLARING BRINES
{PrESQUNC)

F1o.8F Post-Middlc Devonian emplacement of sulfides.

ey Kyt o T A A Y 52 & o XY A AR R
N T L MNP 2 S,

PN A AR,

SRR ITERLEE

g

e IR




-

% 27

barrier apparently emerged hundredsagf kilometers from the nearest
coast and exerted only minor influence on reéional sedimentation _
during initial developmgnt. Marine conditions we;e maintained on both
sides of the barrier (Skall, 1975). With additional tectonic

adjustments and concomitant stabilization of the organic framework of

the barrier, more restricted -sedimentary environments were created.

The sudden increase in thickness of sediments between the Amco

and E-Shales in the southern part of the Pine Point area (Fig. 2 and 4)

is interpreted to be the result of tectonic adjustments along what 1s

*
s
-

referred to as the South Hinge (Skall, 1975). *This subtle tectonic
movement caused a higher rate of sﬁbsidence to the south and resulted
in the establishment and maintenance of restricted conditions. which
promoted precipitation of calcium sulfates in vast evaporate pans in
the back-reef area. The barrier became firmly established during this
time and was effectively separated from the evaporite area by the
extensive tidal’flat zone of ‘the South Flank Facies (Fig. 8B).
Precipitation of evaporites continued as long.as the hi%her rate of
subsidence was maintained in the south and resulted in the deposition
of 120 meters of ,interbedded evaporite and dolostone strata of the .
Muskeg Formatiqp. Disﬁlace&ent along the South Hinge amounted to only
'20 meters over a prolonged period of time but was responsible for the
rapid facies change between the South Flank Facies and the Muskeg
Formation:

While evaporit®s were being deposited south of the South Hinge,

R N ot 20 0t A

the barrier continued to grow on the more stable north slope. The

Organic Barrier Facies (D) grew seaward iﬁ time over its own fore~reef
Y

deposits because of the very slow rate of subsidence (Fig. 8B). Skall

)




(1975) recognized that duging its total development, the barrier

migrated horizontally about ten kilometers and climbed vertically

about 165 meters. Therefore the barrier units represent diachronous

development and form an angle between 1° and 2° with the time units

of the Amco and E-Shales. Intricate facies relatiggships are the

result of sporadic barrier growth  presumabdy—duwe—to—winot séa-level

fluctuations. The Clean Arenite Facies (E) continued to accumulate

from the diminution of skeletal material in the fore-reef area.

\

Further downslope the skeletal debris became gradually fixed with

argillaceous material and formed the Off-Reef Facies (B). Facies B
' s

grade& basinward into the T;ntaculites Facies (F); with time Facies F
was overlain‘and'eventually replaced by the Buffalo River Facies (G).
During this early stage of barrier development, the limestones were
converted to fine dénse to sandy dolostones (Skall, 1975). ﬁaiklém
(1971; and Bebout and Maiklem (1973) present evidence for subaerial
exposure during early development of tﬂe Middle Devonian barrier
carbonates in the Elk Point Basin. Although differences 3n
stratigraphic nomenclature and area of study between these and the
w;rk of ékall (1975) make exact correlations difficult, it appears
that thié time period'is approximately that marked by termination

of early pevelopmént'of the barrier and ce§sation of evaporite
deposition in the Pine Point‘area. Skall (1975) does not recognize
evidence for subaerial’exﬁ%sure at this time, but sedimentation at,this
point was dominated by the supféfidal deposiFs of the South Flank .

Faciés (Fig. 8B). Ephemeral exposure of the barrier complex would

require only minor sea level fluctuation; evidence for such exposure
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may be somewhat masked by later diagenetic effects.

Growth of the barrier was interrupted by a second phase of
tectonic adjustments that created the Main and North Hinges and
resulted in a marked change i sedimentary facies (Fig. 2 and 8C).

Again, the exact time of tectonic adjustment is not known; it odﬁirréd

after deposition ofvthe E-Shales but prior to deposition of the Watt
Mountain Formation. Skall (1975) suggests that the second tectonic
phase began at a late stage of barrier development and probably lasted
throughout the late middle Givetian. Pre-Amco displacement along the

Main and North Hinges was responsible‘for thinning of the barrier by

45 metefé betwéen tﬁe E-Shales and Amco markers. A higher rate of
subsidence was maintained in the south and now affected the previous
tidal flat area as well (Fig. 8C). Evaporite precipitation was
terminated, and tidal flat conditions were only occasionally affected

in the back-reef. Instead, the extensive lagoonal deposits of the

Gastropod and Amphipora Facies (H
& -

The Organic Barrier Facies was repre

Clean Arenite Facies (E) was replaced bylthe Shallow Fore-Reef Facies

d by subfacies D-2. The

(C), and sedimentation of the Off-Reef cies (B) and the Buffalo
River Facies (G) continued (Skall, 1975). he upper part of the barrier

was not affected by the processes that converted the lower barrier

lithologies into fine dense to sandy .dplostones, and the facies of the
upper part of the barrier remained limegtones (Fig. 8C).
Growth of éhe Pine Point barrier s terminated by marine

ity and the development

"y

regression that resulted in a partial discon

1

~wve

of a karst surface. Subaerial exposure and diagenesis affected the

nd I) dominated the back-reef area. -

.
Fa
w4 o ":,

FTy <SPt g

.
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topographically higher pa;ts of the barrier (Facies C, D. H, and I),

but shfllow-water sedimentation continued in the lower-lying off-reef
area (Facies B) (Fig. 8D). Skall (1975) reconstructed the post-erosional
topography of the barrier using the ovgrlying Amco Shale as the datum.
The higher.areas of the barrier are within 12 meters of this marker,

but the Off-Reef Facies is only within 42 meters. Therefor;, most of

the barrier was at least 30 meters above sea level and was ;robably

more, for it cannot be determined how much of the barrier was eroded

during this time (Fig. 8D). The erosionmal period has been timed-by

" TMEEE SAT Y AT 2T T A T AT TIAR ST TEYT T (T THTA A RAAL Y ARt T e n ey regpa s g e e T AT sy e

LAt tos
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ostracod data to mark the.boundary between the middle and late Givetian
(Skall, 1975).

Following the erosional period, the late Givetian Watt Mountain
Formation (Facies L) was deposited during initial marine transgression

(Fig. 8E). The irregular surface on the eroded barrier and the 4

sporadic Aatﬁre of marine encroachment resulted in the several
ephemeral shallow water depositional environments that are represented
by the varied lithgllogies of Facies L. Wiley (1970) recognized five
phases of .marine transgression separated by periods of minor regression.
Marine transgression enveloped the eroded barrier from the north;
basinward the Watt Mountain Formation is thicker and conformably
overlies the Off-Reef Facies B (Wiley, 1970). Facies M was the result
of short—livéﬁ, deepening marine conditions; this unit was followed by
the tidal flat sedimeﬁtation of Facies N. TFacies 0 and P and the Hay
River Shale reflect slow but steady increase in subsidence which was

prevalent over the entire-Pine Point area (SE%ll, lng)u

Therefore, the 'subtde tectonic adjustments along a N 65° E

Lot 3 g i

Y
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trend were responsible for pronounced facies deveiopment of the Pine
Point barrier complex during migdle Givetigﬁ'time.‘ Displacements

along the South, Main, and ﬁorth Hinge zones were compensated for by
faulting in consolidated strata, slumping of ﬁnconsolidated sediments,
and shifts in depoéitional environments. The South Hinge coincides with
the northern-most occurrence éf evaporites of the Muskeg Formation: and

the Main Hinge marks the northern-most extension of the C-horizon.

The North Hinge is slightly south and parallel to the southern limit

of—the—Buffalo River Facies (Fig. 2 hnd 4). Middle Devonian faulting

and fracturing is concentrated along the‘ﬁinge.zones but is not

R . : restricted to them (Skall, 1975). ﬁhmérous gentle folds trending
paréllel to the hinge zones are also present. Although sugcessful
exploration of the Pine Point district was based on thg concept of
relationship of mineralization to basement faults projécted from the

. East Arm ofaGreat Slave Lake; Norris (1965) pointed out that the N 65° E

structures do not parallel the trace of the basement faults on

B e e T T L T

aeromagnetic data (Fig. 2) and suggested that the two trends are

TFY

tectonically unrelated. Although both sets of structures are tensional

features, the exact relationship between basement faults and-the

\ NS
Middle Devonian tectonic adjustments must be regarded ag uncertain.

<
~ . N

Post-Devonian Tectonics C- Y

14

»

Little is known about post-Devonian tectonics in the southern

N

. Great Slave Lake area largely because of tMt absence of late Paleozoic

3
N v “

and younger é;rata in most of the region. Skall (1969) has recognized .

-

faults with post-Amco displacement in the Pine Point area. Late

N
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' ;‘,displacement along older fault zones and are responsible for the

32

Paleozoic and Cretacéous strata are preserved in some areas west of

Great Slave Lake (De Wit et al.{ 1573) and probably once extended much
further to the east of the present outcrop areas. De Wit et al. (1973)
feel that the most important uplifts in the reg}on took place during -

late Paleozoic and early Mesozoic and during Late Cretaceous and

-

Tertiary (?). These tectonic movements may have caused further
\

present southwesterly dip of the Pine Point barrier complex.




CHAPTER THREE

CARBONATE DIAGENESIS AND DEVELOPMENT OF SULFIDE-HOSTING STRUCTURES

Introduction

Diagenesis is used here in the sense of Murray and'Pray.(l965)

L1}
.

to include those natural changes which occur in sediments or
sedimentary rocks between the time of initial deposition and the time--
if ever--when the changes created by elevated temperature, or pressure,
or by other conditions can be considered to have crossed the threshold
into the realm of metamorphism." The boundary between diagenesis and
low-grade ﬁgtamorphism is not well defined as seen at Pine Point where
$ate-stage dolomitization has’been considered by some to be a
" metamorphic effect (Campbell, 1966). Others have considered all
processes that have affécted the Pine Point barriler, including sulfide
mineralization, to be within the reélm of diggéngsis (Jackson and
Beales,_l967; Dunsmore, 1973). The diagenetic approach will be
followed in this studyj although the economic importance of the lead
and zinc sulfides merits separate discu§sion. ‘

A carbonate rock is the end '‘product of a complex history of
sedimentation, diagenetic processes, and sequence of diagenetic -
modification (Matthews, 1?74). An exhaustive examination of Qiagenesis

is not possible within the purposes and physical 1{mits of this study,

but some useful informationjggn be synthesized from existing information

S
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‘on PinegPoint geology by comparison with énalogous situations in
other.areas and by utilization of recent geochemical studies of
diaégnesis. Dolomitization and karstification are major aspects of
carbonate diagenesis at Pine Point which were of great importance in

the preparation of the fluid-transporting and' sulfide-hosting structures.

Dolomitization

Generadl _ ‘

-

Although recent geochemical studies and documentation. of
Smaptans
occurrences of modern dolostones have contributed greatly toward

solving the "dolomite problem," the/brigin of thick sequences of

ancient dolostones has not been resolved. Also, it.is common for

PN

~

several types of interbedded dolostone units to occur in a stratigraphic

section; these dolostones have been referred to as primary, syngengtic,

‘ -

supratidal, early diagenetic, late diagenetic, epigenetic, replacement,

recrystalline, secondary, and many other equally indefiﬁ%te and,
- 4 N //
therefore, unsatisfactory terms. It has been generally accepted that,

?
although present-day sea water is supersaturated with respect to

dolomite, dolomite apparently does not precipitate directly because of
kinetic effects (FUchtbauer, 1974). This chemical restriction together
with stratigraphic relationships and studies of modern carbonate

sedimentation indicates that. bedded dolostones originate by

—

. 2+ 7 . y
introduction of Mg into pre-existing calcium carbonate sediments or

" .
rocks. The most obvious requirement for dolomitization is a mechanism

2

capable of supplying sufficient magnesium to account for the volume of

.-
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~

the varidus generations of dolostone that'are apparent from field
relationships. The basic cause for disagreement concerﬁs the origin, .
nature, and timing of the solutions responsible for creating these
various types.of dolostone. An understanding of the geologic history
of the Middle Devonian strata in*the Pine Point area, particularly
that of the coarse-crystalline Presqu'ile Dolostone, may contribute

greatly to the general knowledge of dolomitization of ancient carbonate

rocks.

Dolomitization of the Pine Point Barrier Complex

A comparison of the descriptive terminology of Fritz and
Jackson (1972) and Skall (1975) for the various dolostone types in the
Pine Point area is presented as Table 4. The-classifidation of Fritz
and Jackson (1972) appears to be the more acceptable because it is
based on detailed petrographic, isotopic, and geochemical investigations
»of samples’for which étratigraphic relationships had been previously
deterﬁined. Their work largely concerned the Presqu'ile Dolostone
(Faéfes K) and the scattered do%o§tone units in the Watt Mountain and ‘
Slave Point Formations. Detailed geochemical data are not available
for FEF extensive dolostones of the Pine Roint Group, and it may be
incorrect to assume that the data for the upper dolostones’ apply also
to the 1ower units. Although the depositional environments of the

upper dolostones were similar to those of the Facies J units, extensive

contemporaneous evaporite strata are .not associated with the upper

dolostones, and many of the upper tidal flat units remain as limestones .
/ * °

Il

in contrast with the completely ééiomitized Facies J. Also, organic
o
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el N <

barrier and associated lithologies are not bresent locally in the Watt N
Méuntain and Slave Point Formations which would be'comparab;e to the -
dolomitized chies D, E, and B of-thé Pine Point Group. Therefore,
the scattered dolostones of the Watt Mountain and Slave Point
Formations may not.completely represent the conditions responsible for
.the doléstones of the lower Pine Point Group. The differences between

the upper and lower fine-crystalline dolostones may be in degree rather

than process, but for the purposes Bf this study, descriptive

® s -
parameters will be used for dolostone division (Table 4). The

following discussion will be concerned mainly with the dolostones of
the Pine Point Group (Facies B through K) which may be divided into
three types. (Types.I, II, and I1I) on the basis of stratigraphic,

relationships and gross petrographic features.

Fine-Crystalline Dolostones

The "fine dense to sandy" dolostones of Skall (1975) may be
divided into Types I iﬁd II. Type’I inclgges a%l fine-crystalline
dolostones for which field and petrographic relationships suggést that
deposition took ?lace in a supratidal to intertidal environment.

.These dolostones c?ngif;J%f‘very uniform, very f;ne—cryszalline
J[(generally less thén‘Zq micrens), dense-roéks with laminite,
stromatolite, intraclast, blotchy bedding,  and fenestrate structures

- and without megafossils. Subfacies J-1 and J—Z'aré‘probabkylof this
type,“and-tRe Group I (Fritz and Jackson: 1?72) dolosESHEBt9f the Watt

Mountain and Slave Point Formations probably.formed under similar

¢ »
'

conditions.




~Type Il includes all fine-crystalline dolostones for which

stratigraphic, petrologic, -and faunal evidence indicates that these
" units were deposited as calcium carbonate sediments in a subtidal normal

marine to slightly restricted environment. These lithologies ggnerally
consist of fine-crystalline (20 to 150 miérons), dense to sandy
dolostone with varying amounts of coarser skeletal material. The
dolostones of facies B-1, B-2, B-3, D-1, p-3, E, J-3, J-4, and J-5
of the Pine Point Group are of this type.

" With the exception of a minor amount of Facies B limestone, the

_Type I ahd II dolostones in the Pine Point Group have no preserved
»> "

calcium carbonate precursors (Fig. ,4). Thus, it appears that
dolomitization was a relatively early process which equally affected
lithologies of many differing depositional environmeng§ within the
barrier complex. Not only are tbe tidal flat unitéwkType 1)
dolo;{tized, but the subtidal barrier litholog?es (Type II) are
completely dolomitized as well, This phase of early dolomitization
requires a mechanism to supply sufficient Mg2+ for conversion of the
lower Pine Point Group sedim;nts to dolostone.

Sk;ll (1975) proposed that all of the fine dense to sandy
dolostones of the 1GWwer Pine Point Group were thetfééult of the
migration of dense, high Mg/Ca brines from the vast evaporite pans
“represented by the Muskeg Formation through the lower barrier (Fig. 8B)

the so-~called reflux mechanism for dolomitization popularized by Adams

and Rhodes (1960). However, Hsu and Siegenthaler (1969) have

calculated that the slight difference in density between a hypersaline

brine and normal sea water does not furnish the amount of hydrostatic

RS O DR
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head necessary to permit effective flow thirough fine-grained sediments

and, therefore, cannot supply sufficient Mg2+ for extensive

dolomitization. &hey demonstrated the potential for dynamic flow of -

sea water by evaporative pumping tﬁrqugh carbonate sediments in a

coastal plain region where evaporation results in major loss of pore

fluids. The supratidal flat ach as a sink for the hydrodynamic system,
—

and the flow direction and source of magnesium by evaporative pumping

is exactly opposite that of evaporative refluxing. The experiments of

Hsu and Siegénthaleruéi969) indicate that evaporative pumping is ’

virtually independent of sediment permeability, in contrast to movement

due to density or height differences which is controlled by permeability.

In defense of the refluxing mechanism as applied to Pine Point, the

objections are largely that reflux cannot account for ”exteﬂsive"

dolomitizatioﬁ, and that it requires precipitation of vast quantities

of gypsum (HSu'and Siegenthaler, 1969). Certainly the Elk Point Basin

contains enormous amounts of evaporites, and the volume of dolostone in

the lower Pine Point Group is not extensive. In the Pine Point area,

the barrier is roughly 150 meters in thickness and 16 kilometers in

width (Fig. 4).-

Maiklem (1971) suggested that diagenesis of ;he lower Pine
Point barrier carbonates was the result of water-level lowering of at
least 30 meters by evaporative drawdown within th; Elk Point Basin.
He documents occurrences of breccia, pisolites, and internal silt
which are characteristic of moderﬁ vadose diagenetic environments.
As mentioned earlier, it is difficult té relate.Maiklem's large~scale

e

study to the detailed stratigraphic setting at Pine Point (Skall, 1975),

e




but it appears that the period of ~subaerial exposure .corresponds to

the cessation of tectonic adjustments along the South Hinge (Fig. 8B).

] 3 0 13 - ] 3 *
No evidence for vadose diagenesis at this time has been recognized in

the Pine Point area. In this model, magnesium would bé supplied by

evaporative pumping of sea water through the barrier where it would

-~

mix with meteoric water causing dolomitization of barrier strata. -

Itsis sugggsted that the very fihe-crystalline supratidal and

intertidal dolostqpes (Type 1) of Facies J may be the result of

dolomitization closely Yelated to its depositional surface. Capillar§'

<

movements might have been important in concentrating Mg2+ as suggested
by Frite.and Jackson (1972) because of high sodium contents of Group I
dolostones, but periedic flooding of the saokha by meteoric water might
have been the precipitation mechaniso (Folk and Land, 19725). Origin of
the remaining fine-crystalline dolostones (Type II) is even less well

understood. The passage of sea water through the barrier Wwould supply

sufficient Mg2+ for dolomitization and is ﬁydrologically feasible;

mixing with COz-rich metédoric water may have occurred. It is not clear

whet?pr dolomitization is a Single-stage event, as Maiklem (}971)
envisages, or perhaps a more-or-less continuous process of evaporative
pumping of sea water related to tidal flat and evaporite sedimentation

as Hsu and Siegenthaler (1969) propose. The proximity of major

3

contemporaneous evaporite strata, the limited amount of Type II

dolostone, andxthe presence‘of introduced gypsum within the barrier

makes it difficult to eliminate the réfqu-mechanigm.‘ Additional

» k4 .
-

stratigraphief gedﬁﬁemical,fané isotopie data are needed before the

e’

nature of the processes responsible for dolomitization of the- lower %,

’ ,/": ,} >
ﬁ&ine Poigx/barrier complex can be decipﬁered o . .
i SO S ’
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Coarse-Crystalline Dolostone -- Facies K

.

~

Skall (1975) def{ned Facies K (Presqu'ile) as the coarse-
o crystalli:e dolostone which occurs between the lower barrier units and
the Watt M;:;tain Formatiqg (Fig. 45. The distribution of the :
iy
coarse-crystalline dolosto;L is’ further restricted to the area between

&

the Hinge Zones and below the post-middle Givgtian disconformable

N

» A . . .
surface (Fig. 2 and &). This lithology consists >f dolomite crystals
/ : - ) |
greater than 200 microns in size (Type III), and the unit is a diagenetic
- . \
facies superimposed on back-reef, reef, and fore-reef strata (Skall,

-

R 1975). 1In contrast to the ubiquitous fine-crystalline dolostones of
the lower barrier, the original limestone lithologies are preserved as
isolated remnants within the coa%se—crystalline dolostone (Plate 5:1-5)

- and as extensive back-reef strata of Facies H and I (Fig. 4). Contacts

between coarse-crystalline dolostone and limestone commonly transect
bedding, are irregular, and relatively sharp. Relic depositional
textures are breserved locally in the coarse—crystalline dolostone}
particularly in the lower units (Plates 4 and 5). White dolomite is
a ubiquitous accessory, and its pervasive ig oduction has obliterated
much of the original nature of the upper part o  Facies K in some

N

. areas (Plate 4). The contact of the coarse-crysfélline dolostone with

-

>—N~N§¢’;;2 underlying fine-crystalline dolostones of the lower barrier is

commonly abrupt but locally is gradational over a féw meters. These
- - .
relationships indicate that the coarse-crystalline dolostone is
~ ‘ . ) -
distinctly different from the fine-crystalline dolostone and

L]
originated by a different mechanism.

A s oy Let L r L
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Most earlier workers have considered the coarse-crystalline

dolostone to be the result of dolomitization of coarse-grained reefal

limestones or of recrystallization of fine-crystalline dolostones

o~

(Norris, 1965; Campbell, 1967). These explanations appear inadequate.
The coarse-crystalline nature of Facies K does not reflect an original

coarse-grained sediment becausesit is not restricted to the reefal

¢

facies and because the coarse-grained reefal lithologies of the lower

barrier have not been converted to coarse—crystalline Holostone (Skall,

~

1975). Adjacent to the N42 ore body, beds of Facies®T micritic
limestone can be traced laterally into coarse crystalline Facies K

dolostone (Plate 5:2-4). The extensive recrystallization of
- &

fine-crystalline dolostone into Facies K is unlikely because of the thin

-
beds of fine-crystalline Facies J dolostone (C-Horizomns).preserved

within the coarse-crystalline dolostone. The coarse-crystalline

dolostone is not an alteration effect directly related to sulfide
o

L

mineralization because it is much more extensive than sulfide
mineralization, is not associated with the ore bodies (X15, W17, and
N204) in the lower barrier, and is not present above the disconformity
in those ore bodies that extend into the Watt Mountain Formation.
. 2+
The problem is to supply enough Mg to convert limestone into
coarse-crystalline dolostone. Facies K is less extensive than the

fine—~crystalline dolostones of the lower barrier; in the Pine Point

-

area, it is not more than 13 kilometerbd in width and attains a maximum
thickness of-§5 meters along the Main Hi Fig. 4).
Botﬁ’%he reflux and evaporative pumping mechanisms can be

eliminated as possible methods of generating the coarse-crystalline

RS A R AR < s
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e

dolostone because the evaporitic conditions responsible for the

~

deposition of the Muskeg'evaporites and tidal flat li;hologies of

Facies J had ceased to e;ist in the Pine Point aréa by ﬁhe time of

upper barrier sedimentation. Instead, predominantly lagoonal

sedfmentation'resulted in Facies H and 1 (%gg. 8C), and the existence v

of bedded evaporites in the upper Pine Point Group cannot be

demonstrated. . Skall (1975) acknowledged that the distribution of the

qparse—crystalline dolostone below the Watt Mountain discoﬁforﬁ%ty ) -
- , éﬁggests an origin related to the erositnal surface. He chose to

relate its development to post-Givetian circulation offwarm,

magnesium—rich fluids along the Hinge .Zones (Fig. 8E). Skall suggested

that the erosional period represented by the disconformity served to

increase the permeability of- the barrier and thé} the Watt Mountain

shale beds overlying the disconformity restricted the upward migration

-of dolomitizing fluids. This interpretation is influenced greatly by

fluid-inclusion data (Roedder, 1968a) which indicaté that the

distinctive white dolomite associated with sulfide ore minerals was

. —— .

formed at temperatures of about 90° to 100° C from brines which

contained lSlto.ZO weight percent total salts, that is, brines similar

to those which deposited the sulfides. Not only is the development of

the coarse:gryspalline dolostone genetically unrelated to sulfide

mineralization, but also as Skall (1975) suggests, white dolomite is

Howrr s

the product of late alteration primarily of the coarse-~crystalline .

] -
dolostone by fluids of the sulfide-depositing system. In facg, a -

great deal of the white dolomite may post-date the period of major

sulfide deposition. Consequently, there is no evidence to inTicate:
- . * :.l

‘




o,
that relatively hot, strongly saline fluids were responsible for the

development of the coarse-crystalline dolostone. Further, the influence
of non-saline water in the .formation of the coarsé-crystalline_dolo—

stones is suggested by their sodium contents of generally less than
100 ppm; in contrast, the fine~crystallife doléstones contain as much
as 600 ppm Na (Fritz and Jackson, 1972). *

The strongest evidence concerning the origin of the coarse-
<7crystalline Facies K dolos;one is its distrihutidn below the Watt
Mountain disconformity and immediately "landward" of the most ''seaward"
extent of the partdial erosional surface (Fig. 4). The disconformity
is nét exposed in the Pine Point area, but tﬁ; abundant drill hole
infoFmation {ndicates that thé paleo-erosional surface is one of
relatively lowurelief with a characteristic karst topography.. Using
the Amco shale as datum, regional topography on the karstified barrier
can be shown to be gently sloping §eaward, geAerally at less than one

meter per kilometer. Carbonate rubble and discontintious green sﬁgle

layers commonly mark the surface and probably represent regolitgg’

v

Eesedimented by the sporadically advancing sea which deposited the late
Givetian Watt géuntain Formation (Skall:, 1975). A poséible-mode?h ‘
analogue of the karstified Piqe Point barrier with roughly similar
geéologic, topographicsgiand pydrologié features is the northern
Yucatan Peninsula (Back and'Hanshaw, 1970).

The influence of meteoric ground water on délomitization has
received considegéble attention in recent literature following the
initial hypothesis by Hanshaw -et al. (1971). This modellgs based on

~

the dynamic mixing of ground water and normal marine water which will

R R R
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produce a mixture with chemical‘chéracteristics that may be a more
effective diagenetic agent than either'of the parent solutions

) (Runnells, 1969; Badiozamani, 1973; Matthewg, 19745 Plummer, 1975).
Because most dolomitization involves the intimate\dissolution of
calcium carbénaCe followed by precipitation of dolomite, it may be an

. -~
-effective dolomitizing mechanism, particularly for those "late”

dolostones which have been created from non-supratidal calcium

carbonate strata. Reduction of pore yater salinity by COZ—rich

meteoric water would promote the formalion of dolostg:e during the

dissolution of aragonite and magnesian calcite if th@re were
sufficient mixing with marine water to provide the required magnesium
(HanshaQ et al., 1971). Badiozamani (1973) propssed the term "Dorag
dolomitization" for this mechanism and demonstrated the geochemical
potential for dolomitization to occur until a mixture containing 30
percent sea water was achieved. Folk and Land (1975) suggeséed that
Mg/Cé ratio and salinity are the major controls over crystallization
of dolomite and thg; dolomite can be formed from solutions with Mg/Ca
ratio§,near the theoreticai value of 1:1. Land (1973a, b) promotes
present-day mixing of COz—rich meteoric water with‘marine water to
account for addition of 14 weight percent dolomite to Pleistocene
reefal”carbonates of northern Jamaica in a geologically short period
of time. He further suggests that the degree of dolomitization is
feiated to the local meteoric hydrologic conditions. Rapid flushing
with meteoric water results in ébarry caicité cementation without
dolomitization, yhereas slow mixingﬂzver a long period of time creates

i

very coarse~-crystalline, pure dolomitic rocks (Land, 1973a).

-
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¢

. The diagenetic environments resulting from prolonged subaerial
exposure of the Pine Point barrier complex during post-middle Givetian
time are shown schematically in figure 9. Of importance to the

¥

development of the coarse-crystalline Facies K dolostore is the zone of

>

brackish water resulting from the mixing of fresh meteoric water and

normal marine water. The flow lines and configuration of the mixing

'
-

zone are geﬁeralizea"hfter Kahout (1960) and show the salt-water

intrusion wedge common below most coastal aquifers. The actual size,

configuration, and flow patterns were undoubtedly affected by a large

number of variables including seasonal changes in meteoric water

-

supply, short and long term clim*hanges, tectonic and eustatic sea

»

level adjustments, topography of the erosional surface, and initial

and evolved porosity and permeability. The. low relief and lack of

major surface drainage on the erosional -surface and the apparent lack

»

of stratigraphic restrictions to vadose watér flow in the upper barrier

suggest that the water table was not much above sea level. A

v .

representative figure of one meter above mean sea level approximately

10 kilometers from the point of termination of the partial disconformable

surface (that is, tﬁé middle Givetian "shore'") is reasonable 4n

comparison with theé analogous modern hydrologic syStem of the northern
Yucatan Peninsula (Back and Hanshaw, 1970). Assuming that the
permeability of the upper Pin; Point barrier complex wa; relatively
homogeneous during the erosional period, the Ghyben-Herzberg principle
can be a;;lied (Back .and Hanshaw, 1970). Tgis principle states that

for every unit of fresh water above the mean sea level, the thickness

of .the fresh water lens floating on salt water of ocean water density

L R T St e
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is about 40 units. With a hydrauiic head of one meter, the fresh

water lens would have extended withiq the, upper barrier to a depth of

about 40 meters below mean level of the post-middie Givetian sea. A -~
zone of meteoric water and sea water mixing would haQe existed below
tﬁis depth and would account for the position of the maximum t@ickness
of coarse-crystalline Facies K dolostone about 10 kil;meters "landward"

from "shore" and sloping gently upward to mean sea level (Fig. 4 and 9).
¥

The zone of dynamic mixing is capable of concentrating the {i}
<
Y

magnesium required for dolomitization of the upper Pine Point barrier.
Most proponents of the mixing model for dolomitization support sea

. - . 2+
water or hypersaline water as the dominant source of Mé (Hanshaw

et al., 1971; Badiozamani, 1973; Fol# and Land, 1975; Land et al.,

+
1975). An additiomal source which should be considered is the Mgz

content of the original carbonate sediment. Most modern shallow-water
carbonate sediments are composed of aragonite and high-magnesium

calcite; in contrast ancient ca%boﬁ%te rocks are composed of
»

.

low-magnesium calcite and dolomite. A compilation by Milliman (1974)

. , q
shows that the Mg-calcites in some recent shallow-water limestones

» »
&

- contain 15 to 30ﬁmole.pe£cent MgCO low-Mg calcites in ancient .

°

33

limestones contain less than 4 mole percent MgCO Studies of modern

30.

carbonate diagenesis in Barbados (Matthewsf~1974) and elsewhere

L]

(Friedman, 1975) indicate that the mineralogic stabilization of
carbonate sediments, that is, conversion from aragonite and high-Mg
calcite to low-Mg calcite, occurs in the fresh-water phreatic zone.

Because magnesium release undoubtedly was taking place in the ]

- meteoric.zone overlying the lens of mixed water, this mechanism has the -
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4 the volumetrically much larger amount of high-Mg seﬁiment which must

’

‘ . T o4 Y
potential to supply much of the Mg2 required to convert part of the
| I
s

- upper barrier to coarse-crystalline dolostone, especially considering

have been affected by fresh—water diagene§is‘(Fig. 9). T

In sumﬁgfy; it is suggested that the development of the

LY
coarse—crystalline_Faciés K dolostone was related

mixing of meteoric water with sea water as an integral part|of barrier

diagenesis during. the post-middle Givetian erosional pexiod YFig. 95.1
N ’ - N

Magnesium required for dolomitization was supplied by sea wate

.magnesium expulsion during mineralogic stabilization of uppe

.

carbonates in the fresh-water phreatic zone. The mixing Zzone was . *

vpfobably rather thin at any particular time, but short and lohgktepm'

¢

fluctuations in sea level, including the sporadic advance of the Watt

Mountain sea, resulted in migration of the mixing zone and concomitant

dolomitization of the entire area now represented by Facies K (Fig..h).
\ > " / o o

z—rich meteoric water with sea water over a long *
¢

period of time resplted in coarse-crystalline dolostone as ‘each cycle |

~ .-

Slow mixing of CO

- . .d . B e
~of mixing dissolved calcite and deposited dolomite by erflargement of

-
. .

pre-existing crystals.

-

It should be emphasized that this model is a greatly simplified

4 s

, version of the actual case; for example, Matthews (1974) pfbvides.an
> ., . .
excellent summary of -the’ complexities of multiple superimposed

3

diagengtic enéirogments in ‘modern carbonates. In the case of Pine ,

~ Point, it is difficult to evaluate the possible effects of lesser

periods of subaerial exbosﬁre earlier than the post-middle Givetian
1 ) S

*erdsiénal interval on the development of the cogrse—crysta%}ine

’ . ‘ . - -~
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dolostone; one such period is reflected by a slightly undulating
surface with mlnoih;;jpcatlon of underlylng beds and a thin green

3

shdle mantle just ow the tidal flat C- Horlzon in the N38A open

‘pit (first recognized by W. E. Wiley). Thesé ephemeral periods of

»

exposure may have served to increase the overall permeability of the

>

barrier sediments, thus facilitating fluid movement &nd dolomitization

during the post-middle Givetian interval of prolonged subaerial

»

exposure. ,

Karstification and Development of Sulfide-Hosting Porosity

" Gerieral ..

§

Although Beales gnd Jackson (1968) and Jackson and Folinsbee

-

‘(1969)_suggested Fhat.Subaeriél'exposure and karstification of the

.

Pine Point barrier cduld have been important in the preparation of the

-

host ro?k for sulfide concentration, it was not until ‘the work of

“\

Skall (1970 1975) and Wiley (1970) that the existence of the post-middie .

{
. Givetian, pre-late leetian partial disconformable surface was .

-,

documented. + To date little information, is available concerning the
) ' w——rt

consequences of this.}eriod of‘prolonged emergence,'particularly with

’
[}

regard to creafion of~sulfide—hqéting structures. The probable

¢ h.

influence of ‘meteoric water in the formation of the vuggy,

coarsé-crystalline dolpstone of Facies K has already been d}scussed, but
?

dolomitization of upper barrier limestone is only one of several

-

featutes resulting from subaerial eiposure.

ot
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- Karstification . ¢

Surface® Configuration

H

e

The disconformity is present in the southérn and central part
of the Pine Point area (Fig. 2 and 6) whe;E‘the basal late Givetian g

. Watt MountainjFormation, Facies L, overlies the coarse—crystalline

dolostone of the Presqu'ile Facies K or the undolomitized upper barrier-
- . ’

limestones of Facies C, D-2,"H and I. North of the coarse-crystalline

dolostone development, a considerably thicker Facies L directly

overlies Facies B without apparent disconformity (Skall, 1975). The
< - .

disconformable contact commonly consists oﬁla.zone of green clay and

’

.- carbonate rock fragments overlying the upper Pine Point Group strhta

.

which may contain minor green clay in vugs, fractures, and bedding

4

planes for some distance below the rubble contact. Thiéknesé of the

rubble zone "is highly vériablq, apparently depending on_ the local ’

topography on the disconformable sufface,.but generally is less than

~ o .
T T .

five meters. In the A70 area, a waxy green shale bed as much as four

¥

meters thick usually .,Qverlies and gradeg into the rubble zone.

. l

@

Solution Featutes’ e . ”

- |-

Detailed strat@graphic’stuaies within and,.around several TR

mineralized zones have revealed the presence of major solution features.,
These features appear'to control the distribution of sulfides and to T '
account for the geometry of the "prismatic" ore bodies with restricted - g

horizontal dimensions relative' to vertical extent and of the "tabular" .

ore bodieé\witﬁ réstricted vertical extent relétivg to the horizontal

@
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dimensions (Skall, 1972). Within many prismatic ore bodies in the
upper Pine Point barrier are strata which are not present in standard
Facies K sections, even immediately adjacent to the mineralized zones

(Plate-7:1). Cenegally this material is light gray, fine- to

coarse-crystalline dolostone which is often friable with good

intercrystalline porosity (Plate 7); calcite may occlude much

porosity. In the following discussion this material will be referred

of this.—
e

-

to as detritus. The detritus may be laminated (Plate 7:1, 2, 4) and
may contain fragments of greén'clay and fine-crystalline tidal flat

dolostone, particularly in the upper. portion (Plate 7:3, 5, 6).

«
-

Generally these fragments are only a few centimeters in the longest
dimension but are occasionally as much as a meter (Plate 7:5).
Although this material is often observable in brojén ore in the

open pits, the current mining methods at Pine Point seldom permif the

-

study of undisturbed detritus. “The most acceptablé means of

determining the nature, geometry, and significance of the detritus is

<,

through a study of drill core from closely spaced holes. Despite-

~r

poor recovery and limited sample size of cores;“disruption of the

detritus zon&s by the introduction of sulfide minerals, and truncation

of the upper part of most of these zones by the present-day erosion, a -
. "

reliable composite description can be developed from a study of drill

. .
cores from a number Of these detritus.zones, combined with observations

v [ ) % -
in the open pits. . i

Z53N is the most northeasterly mineralized zone within the

K

. -,
coarse-crystalline dolostone of Facies K (PreSqu'ile) along the North

Hinge (Fig. 3).. Since this area is near the erosional pinchout of the

* N
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Presqu ile, the coarse—crystalllne dolostone is generaily less.than 15 ’ .

¥ w5, Y 1.

L I v 0‘

meters in thlckness, and  the upper part of the mlneralized-zone ‘o 5 ..
. R . < , ' i " N \. - -",‘_’A: .
R . p AR . . @ * ..
undoubtedly has been eroded. Within the sulflde—bearlng\aone,of‘ -
Z53N is an irregularly-elliptical¢arear (Tig. 10) whiég contains lIight % “
" . ¢ ’ . - * . N
gray, fine- to coarse—crystallineo'ffianle/iolostone with;fragments of N
g T 7Y 2 Y e 9

green clay and fine—crystalldne dologgone. _In'its current preservatiﬁp, .c .

this-~detritus zone is.about 350 méters in length and 100 meters jin \

L . ‘e e * '-“

. ) [ ] .
* width and is .surrounded by ‘the standand codrse-crystalline Faties K. ~

Lo - . - . R X » -
T . . : e ) - s ) et
It conzains a maximum preserved thickness of about 15 meters of . B
-, . 3 ‘-‘- 2 _;- 0--- . .’ ' . -‘ ° Y , R o
detritus, and three areas of increased thdckness are indicated by, :

‘“x'.. . . I - (1Y
.

L3
structural contours on the base of the detrlcus zgne (Flg 10). The, T
. ]

-3 .. N T .

detrltus occuples a'depress1on overlyins Facd.es B and has steep e .- ’ .
K \.A . . ry - 5 [

7 - 3. ey
contacts with Facies K arOundﬁgﬁe margins?of the;zone'(Fig. ll). - :
' . g " » . Q

. ‘ - _A70 lS a zone Qﬁ exten51ve sulfide coricentration wlthrn Facies K «
- . o)“l oq . - » .

along the North Hlnge abotit nlne kllometers southvest of ZS3N CFlg 3.

.Q» " a Q \ - .

, The middle leetlan stratlgraphlc sequence has not been t;uncated by *

A ‘o 2 . R
recent erosion i thls grea. The coarse‘trystalline Presqu ile o
: n ;5@ .

dolostone reabhes a nmximum Qf about 25 ﬂeters in thlckness but is = . e
. ) 7 .
entirely_absent locally; tb@ lower part oﬁ Facie§ K often retains the .
5 - Ve “ : S s
textural features of Facies B. "A northwarﬁ/pf/érading depositlonal .

)

~ ¢ [+ *
sequence of fore-reef, reefl/gnd’ﬁazi:;;ef 1imestone $acies is cHmmon et .
0 ~3 3 N

away from the zone of maximum coarsé—crystalllne dolostone development
. . e e * . ‘;/ C

(Figs. 12 and_13); these limestonea'are interbedded with and laterally ) " nd

-~ .

. equivalent to Faéies K. A major elliptical zone of detritus about/

- .
Lot £ . -

400 meters in length and 175 meters in widuﬁ is surrounded by standard - L

< ¢

1 coarse-crystalline Facies K dolostone (Fig /i4) Maximum detritus' Fs

. -
i :‘ ’ .
— 4 .
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thickness is about 20 meters, and two depocenters are indicated by

N

structural contours on the base of the detritus zone (fig. 14) and by
thicknesé contours of’the detritus interval (Fig. 15). The waxy green
shale bed which overlies the disconformity rubble contacé also is

present on top of the detritus zone. In cross—section the detritus -

zone is broad and shallow and i$ overlain by late Givetian units
£
(Fig. 13). As in the case of Z53N, the detritus zone overlies Facies

B where g}ickest and Faq}es K around its maréins.

. -
The K57 area was chosen for the most detailed study because it |

. * £

has been drilled on a 12-meter (40-foot) grid (Fig. 16) and because »

it includes sulfide concentrations of both the prismatic and tabular

<

types (Skall, 1972). The lower part of the K57 ore body and the upper .

part of ‘the nearby and similar K62 ore’body were accessible for

detailed study during mining’oéerations, thus providiné excellent

comparisons with features determined from drill’:ore data. K57 lie
within the coarse-crystalline Presqu'ile dolostone along Fhe Main
Hinge Zone in the western part of the distriét (Fig. 3). In ‘this

»
area, Facie§ K has a maximum preserved thickness of about 45 meters and .
may be divided into upper and lower units. The lower unit consists of ..

buff to light gray, coarse—crystallin% dolostone which contains

megafossil (Plate 4:8a, b) and uniform granular (Plate,4:8c,‘d)

lithologic types. These rocks are interpreted to repfesent reefal and

proxim%% fore-reef depositional environments, respectively. Reefal
limestone, Facies D-2, was exposed within the coarse-crystalline
dolostone in the south side of the K57 °pit during construction of the

ramp (K. Newman, pers. commun.). An irregular, interfinge;ing facies ]

> ° P .
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20 boundary between the two lithologic types of the lower Facies K is .
4 « .
% present- just to the south of the mineralized zone (Figs. 16 and 17).
7 - .
il Direct evidence concerning the original nature of the upper Facies K e
’ unit has been largely obliterated by the pervasive intréduction of )

N white dolomite (Plate 4:4-7). Isolated limestone remnants lateral to
A ’ this unit (Figs. 16 and 17) suggest that this material was originally

the lagoonal Facies H/I. This relationship would be anticipated due’

N “
. - ¢
to the general northwestward progradation of depositional
_ environments in the area (Qﬁall, 1975). <

) Within the zone of coarse-crystalline dolostone is an -
4 M . 4
. — N irregularly elliptical area’ containing light gray, fine- to

coarse-crystalline, friable dolostone detritus (Fig. 18). The detritus
) 4 )

. zone is about 190 meters long and 100 meters wide and has a maximum

5

—y e

detritus thickness of about 35 meters in two areas (Fig. 19). Although

2 . .
the top of most of the detritus zone is truncated at its subcrop,
A [}

S . i >

Facies L units are present in four drill hoLes, thus suggesting that

- : * - &
the present detritus thickness répresents most of the original material.

- <

Again, the thickest detritus overlies Faciés B-(Fig. 17). Near thé

detritus zone, theacontact between Facies B and Facies K’ii indistinct
. k]

_because the upper part of Facies B is medium- to coarse-crystalline

with poorly preserved faunal components. Detailed study of the

L4 4 . N S .
detritus zone in K5 ?Eeveals tHE‘Bfesence of three stratigraphic units

(Fig. 17). The stratigraphically lowest unit consists of relatively'

>

e . clean, fine- to coarse-crystalline dolostone which ctontaing blocks of

coarse-crystalline Facies K'd6103t6n§,'particularly near the base.

L e
X 2
b4

4~‘_ Minor améunts of detritus may be present in fractures and along beddihg

»
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planes for Some distance in the units underlying the detritus zone.

,'i -

Thickness of the lower unit is highly variable and attains a maximum ot

.
a

of 18 meters. A thinner unit of laminated,aetqigus, consisting of

alternating bands of light and medium gray‘qolostone with rare green
clay blebs (Plate 7:2-4), overlies the lower detritus, unit (Fig. 17).

Thickness of this unit is also variable, largely due to disruption by

’ R

’ Ed
- gulfide introduction, and is a‘maximu?:pf five meters. The upper unit

consists of nonlaminated detritus with common small fragments of

.

green clay and fine-crystalline dolostone, patrticularly in the uﬁggr

»r

pgrg Zg}gte 7:5-10), andqis a maximum of 15 meters in thickness.

These lithologic types have been observed in other detritus zones, ) .

-

but additional work is needed’ to establish the consistency of the

-
O . —— .

sequence. - ) -
> ' -
Dolostone detritus is a cemmon associate of the prismatic ore

badies within the coarse-crystalline dolostone of the upper bgrrier \\\_

' \

.and has been observed in drill co:e;5r broken ore in the N38A, N42,
042, J44, Z53N, YS54N, K57, K62, R61, A70, and W8SN sulkide bodies. ' =

Other examples wndoubtedly exist, but this.list indicates that\hajor

sulfide concentrations are’commonly aigociated with detritus.zones.

. ‘

~ ~
r It is also apparent from this siiudy that some sulfide-bearing .

.

zones lack major amounts of associated tetritus. These zones correspond
-~

to the tabular ore bodies in the upper barrier complex (Skall, 1972).

Although there are,sdall)areas of massiv \sulfide concentration in .
: i

’ . . A
these zones, most of the ore consists of stratabound sulfides confined
a2 <

to a relativelxhnd;row s€ratigraphié interval (Platq;S). Tabular

sulfide zones are common in the lower. part of the céarse—crys;géline

E

Ly *




-

. - -

~ Facies K dolostone in some areas; many of the prismatic ore bodies
s have'contigudué tabular sulfide concentrations.

, 7 > 1

M40 is located in the central portion of the Main Hinge Zone

- within the cluster of N38A, N42, and 042 pr&smatic ore bodies (Fig. 3).

M40 is the only active underground mining operation in the disttict and

RN

hy*y

offers a more complete view of th® mineralized zone than is geﬁerally

L 3 .
possible in the open pits. The sulfide concentration in M40 is

o>

stratabound. insthe lower part of the coarse-crystalline Facies K

. dolostone and averages about three meters in thickness, although it

2

S

reaches a maximum of 15 meters (Fiés 5). Most of the ore occurs as
open-space filling of vuggy porosity (Plate 8:1-4), and local collapse

breccias also host sulfides (Plate 8:7, 8). Some massive sulfide

-

. ¥ concentrations are present (Plate 8:5); sulfide textures indicate

[}

growth from the walls 4nd suggest that theseaques were large voids

r

T 2 v Eo . < VWY TR PV TOTEIT Y SRR T P PV T e Bv A A AN T OO TR T

prior to mineralization. Some of thesE zdnes are thin and tabular and
conéain gravity-controlled stalactitic sulfide formsv(Platé 8:6).
Dolostone detritus of the type cémmon in prismatic ore bodies has not
been recognized in M40, : ) )

Solution features associated with sulfide concentrations within

the coarse-crystalline dolostone of the upper barrier differ soméwhat

.
’ > »

B T A T L T N i Y R T

From the sulfide-hosting featufes within the fine-crystalline dolostones
A of thzhlqwer barrier (Plate 9). The latter sulfide-bearing-zones’

occur northeast of the present-day erosional limit of the-Presqu'ile

e S T D N T )

(Fig. 3) but presumably once were coverq& by the.coérse—crystalline

D24

holostone. Both the W17 and X15 ore bodies areslargely within Facies

-

: ' D-1 and the J subfacies (Fig. 5), and W17 was chosen for study of a

AT e Tyt

g R
IS
I

."“- -

P

i
AR @

%

i

A 'vl X~
T

(3

k5.2 SR

£

¥

FE]



AN
&

68

Q

mineralized zone in the fine-crystalline dolostones of ‘the lower

o

barrier. Sulfide concentrations may be either massive without lithic

components or distributed in intercrystallfﬁe porosity in reefal and - s

T T T

g back-reef lithologies. In addition to ,intraformational reefal breccias,

S

re present in W17. One type consists of fragments of )

. -
Facies J fine-crystalline dolostone in a matrix of light gray, sandy,-

two other types

fine-crystalline ostone; appreciable amounts of sulfides occur

within breccia fragments (Plate 9:2, 3)}§ The second type
. ~

- consists of Facies in a dark gray, dense micritic,

o calcareous matrix (Plafe 9:4). Fragments are largely dolostone, but

calcareous
blocks have bleached rims~ (Rlate 9:4). Sulfides are uncommon i this

type. In addition, some breccias consist oquaciesﬁJ dolostone
A %

1
blocks cemented by sulfides without apparent rock matrix (Plate 9:5),

and some irregular areas of sulfides occur in Facies J dolostone

3

lacking evidence of pre—mineralizatioQ'disrupfion by major fracturing

-
RN

or brecciation (Plate 9:6). These breccias ;?é‘lvcal\gsftures and aré

largely coextensive Qith the minerglizeq zone. A local zohe of sticky
g;een cia} occurs in the upper part of W17 (F&gs. 21 %né 22).\.¥he .
green clay has a ;agimum pggserved thickness of about ten meters and
contains pyrite and sphalgrite. The green clay is similar to the

waxy green shales of !heldisconfo£mity ana the Watt Mountain Formation,
but the exact relationsﬁip petwgen these units is indeterminable.

K N204 is the most northeasterly and the lowest stratigraphically

L 3

- R of the présently known mineralized zones (Fig. 3). Sulfides occur in

J the upper éart of ;\isff:iify extensive zomne of vuggy and
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intercrystalline porosity and incipient fracturing (Plate 9:8-10),

known as the Spongy Horizon, in the f%ne—crystalline'dolostones of

-

subfacies B-3 just above the Keg River Formation (Fig. 5).

-

Relationship of Sulfide Concentrations to Solution Features

~

Upper Barrier \

Solution features in the Pine Point barrier complex were of

- - - considerable importancé in the localization of sulfide concentrations.

. The detritus zones appear to have been the loci for the deposition of

the prismatic ore bodies and contiguous sulfide concentrations in the

upper barrier. This association can be demonstrated readily by

co;paring the distribution of detritus in the Z53N, A70, and K57 areas
(Figs. 10, 13-15, and 17-19) with the corresponding "}otal Sulfide
. Index" (Appendi: I) as plotted in Figs. 23-27. °
Because. of the depth of recent‘erosidn>in»the Z53N area, this
prismatic sulfide body is only %8 meters in thickness and contains a
maximum of 25 petcent total sulfides by, volume (Fig. 23). .The dominant
sulfide concentrations occur within the detritus zone adjacent to the ‘
deepest detrit&% penetrations (Fig: 10). Areas of low sulfide content .
occur within the detritus zone, as well as in the coarse—crysga%{ine
Facies K‘dqlostone adjacent to the detritus zone.
A70 haékhwéagimum of obér 40 volume percent totai sulfides over
a *53-meter interval (Fig. 2;).' The pris;atic portion of th; sulfide

. concentration is coincident with the major detritus zone (Figs. 14 and

b Ll

15),:but a broad stratabound zone of lower sulfide concentrét@on.ﬁ-

occurs within the coarse-crystalline Presqu'ile doléstone, particularly

~ -
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A \ . - . "
northeast and southwest of the detritus zone (Fig. 24). Downward

"displacement of late Givetian strata has taken“gliff:ii\iz\iiregularly
elliptical area overlying the detritus zone (Fig. 13). The late

Givetian strata and the detritus zone -are-fractured and brecciated.

¥

Sulfides fill fractures and form concentrations at the expense of

pre-existing materials, particularly the carbonate detritus (Fig. 25;..

~

Plate 7:6, 10, 11).. ' \

& a,
K57 has a maximum total sulfide concentration of about 50 =

volume percent qget a 53 meter interval (Fig. 26).. The greatest

~

sulfide céoncentration is within the detritus zane (Figs. 18 and 19), '

~.

but an irregular—stratabound zone of lower sulgigg_conteﬁt'is present

to the east of the massive zonl\ igs. 26 and 27). Most of the sulfides*
3 A o

in the stratabound zone occur as pore-filling vfithe uniform granular

«
v

1 N .
lithology (proximal fore-reef) in the lower unit of the'’
coarse-crystalline Facies K dolostone (Fig. 17; Plate 8:2, 3).
Sulfide ﬁingrals within the detritus zone fill fractures and breccia

-

interstices, but large intervals are massive. Despite extensive vuggy
porosityﬁwithin the pervasive white dolomite of the upper Facies K
(Plate 4), the boundary oﬁ the prismatic ore body is sharp, and the

4 ‘ . . . . -

upper Presqu'ile does not c¢ontain megascopic_su;fideq., Minor sulfides

v’ oy oL
occur in intercrystalline porbsi@g_;n?the Facies B dolostone which
s ' . y

underlies the ?fesqu'ilé'(Figs. 17 and z7).

™~

! ' S —

Lower Barrier e T

o C . .
- A definite relationship also exists between areas of collapse
. R )
(Plate 9:1) and the sulfide concentrations in the fine-crystaliine

” v

DO Ty
S ME

P LS

TS




’ ; ’
dolostones of the -lower barrier. Wl7 has a ma_%%um of over 50 volume
: - ;

percent total sulfides over a 99-meter interval (Fig. 28), and some

) - 25-meter intervals contain over 85 ﬁeﬁceqt sulfides (Fig. 29). The
T . R

area of-greaxest sulfide‘concéntration is largely coincident with the

3
. .

g;een clay zone which represents the central area of collapse (Fig. 22).

4

A correlation exists between sulfide concentrations and the various

’

breccia types (Figs. 21 and 29). Sulfideésﬁiil‘ﬁractures.and replace
S~

breccia matrix and fragments (Plate 9:2-6). Most sulfides appear to be,

present in intervals of brecciated Faciés J°d8lostone (Fig. 21), but in
" high sulfide intervals, there is little lithic material remaining
(Plate 9:7). * T

Detritus or collapse breccias do not appear to have been of

major importance in the localization of the N204 sulfide concentrations.

A

However, local downward displacement affects strata as deep as the

underlying E-Shales. Highest sulfide concentrations occur in the

3.
7

"Spongy Horizon" adjacent to these local slump areas, but sulfides also

occurrat higher stratigraphic levels overlying the downward displaced

"

zones (Adams, 1973). : .

B e A

~

Development of Sulfide-~bearing Solution Features

X, ¢
\ . . ' . -~ «
Solution features associated with sulfide concentrations in the~

_;céarse—prystalline Facies K dolostone of the upper bagrier are either

»*

large detritus-filled depressions open to the disconformable surface
or macropores and stratabound zones of increased porosityp in the. lower
Presqu'ile without apparent direct connectién with the disconformable

surface. These features are thought to have formed during prolonged

.
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-

¢ subaerial exposure with attendant karstification and carbonate

diagenesis during post-middle Givetian emergence. :

-

-
< . -
~ . -

Dolines

?he detritus zones are interpreted as filled compound dolines
(sinkholes) (Sweeting, 1973) which develsped largely by solution
] _ . .
activity in the }1@estone Facies C, D-2, H, and I of the upper birrier
(Fig. 30, situation B). OrigiQal'stratigraphic facies was not the
majgr factor controlling development of the dolines bécause they occur
in'bacg-reef (e?g. N38A, 042), reefal (e.g. K57, K6é), and interqalated
faci;s (e.g. A70); Thé dolines are elongate in a nopfheaste;ly ¢
direction parallel to the Hinge ane;, suggesting that karstification =
‘was controlled b§ the same structural factors that governed carbonate
sedimentation. The doli;es are as much as 406 meters in lehgtg and ,
have iengéh to Qidth ratio; ranging from about 2 to ;.5. Doline walls .
were rela;ively steep and irregular ‘as suggested by the abrupt.
transition from detritus to wall roék, and depths of at least as much
h . as 3S'$eters are inéicated. In addition to détritus—filled dolines, .
green clay and carbonate detxifus occur in solution-enlarged ﬂg&gts,
bedéing planes, and‘vugs near tﬁe digconformity.
The developmental sequence envisaged for the formation of the
sulfide-bearing, Aetritus-fiiléd dolines is show;’;n Fig. 31A—D.’

During subaerial exposure, the upper barrier limestones were subject’to

»
chemical attack by rainwater, which is unde;éaturated with respect to
/
calcite (Thrailkill, 1968). Dissolution w?% concentrated at joint
’ intersections, generally along the domin%ﬂt northeasterly trend.

\/, . - -
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Dissolution proceeded until the entire limestone sequence was

v

B NI, P A G SR et Phy A

~

penetrated (Fig. 30). Additional dissolution was slowed at this

7

oyt

stage, not only by the underlying'chemically more resistant

fine-crystalline dolostone, but also by hydrologic factors. #he

<

position of the meteoric water table may have been controlled indirectly

by sea level on the fore-reef side of the exposed barrier (Fig. 9).
——
Since most carbonate dissolution takes place in the upper part of the-

VL Y AR RS S X R YA P D

meteoric phreatic zone (Thrailkill, 1968) which apparently was
confined within the upper barrier, extensive dissolution of the
fine—érystalline dolostones by meteoric water was greatly inhibited.
The water table ‘eventually became relatively stable at a level within

L

the lower part of the limestone units of the upper barrier (Fig. 314).

Lateral dissolution of limestone occurred near the water table adjacent

to the dolines, and macropores were developéd. Slumping of

oversteepened doline walls resulted in a rubble pile of large limestone

blocks and finer debris on the doline/kloor as in the lower detritus

zone in K57. Slumping of the doliqé walls may have effectively sealed

s
5 -

'off part of the macropores so tgat they were not completely filled with

detritus. ¢//K w ‘

-~
e
Following the post-middle Givetian erosional period and

(e pEg At £ 1 N8 Ty e T
Shy 3 AR X%

o
s

oy
LS

ST

development of the kdrstified barrier, marine transgression first

/ <

)
affected the low-lying "nearsfiore" areas, and local tidal flat conditions

-

3

were established. Periodically, probably during major storms, fine

NS

carbonate detritus w into the standing body of water in the

- tee e

dolines_and sedimented in thin layers (Fig. 31B) as 1in the laminated

BNeon. 6% M
L TR P~

detritus ik K57. Inundation of the erosional surface was sporadic with’
L -

]




2 p0n:

N

ATES

. I
! several periods of tramsgression and minor regression (Wiley: 1970)./

During the final closing of the erosional period, the regolith

.

"developed on the karstified barrier was swept into depressions on the
‘ .

surface, the largest of which were the dolines (Fig. 31B). This
o

"erosional material consisted of fine carbonate detritus with some green

¢
'

-

clay and tidal flat dolostone fragments eroded from the ephemeral

tidal flat and lacustrine deposits of initial transgression. This

¢ Py ALY 4 TR bl U 3 Y N LA R WAy B e €7 D T Mng Vi

material forms the upper detritus zone in K57. Marine transgression
: L4

appears to have been effective in filling the dolines. In the A70 area,

the waxy green shale which usually overlies thg rubble contact also

KN, T e

Ay

extends across the détritus zone. cIt and the succeeding intervals are

%

not consistently thicker over the detritus zone, indicating that the,
. - ﬁ ‘

doline was completely filled with detritus during marine transgression

and that little compaction of detritus ‘occurred during late Givetian

sedimentation (Fig. 31C). quiapse of late Givetian strata overlying
_the detritus zones occurred at least in part as the result of volume

reduction during sulfide emplacement (Fig. 31D).

° ) : o
Caves

°

The sulfide-filled macropores in the lower part of Facies K
(e.g. M40, Plate 8) that lack apparent direct connection with the
disconformity ane'interPreted as iprmer caves which developed in the

upper part of the phreatic zone du?ing the period of the stable water

. . 2
table (Fig. 30, situation A). £;:Z{\Qollapse in the cave system created
[

breccias which now also host sulfide minera’.( Extensive dissolution.

IR b axy TN Sap b
Lt RS e A S A X L

of limestone is readily accomplished by meteoric water which has not

.




¢ . ¢ [

. become saturated with respect to‘calcite d%e to €0, loss during seep-

2

age of rainwater through the vadose zone to the water table (Thrailkill;

- ¢

1968). Therefore, macropbres‘?nd c¢aves developed in the limestones of

-

0 .
the upper Pine Point barrier where a bypass permitted vadose flow

instead of vadose seepage to the water table (Fig. 30). The vadose
bypasses did not remain open enough to permit complete filling of the

-~ &

.

caves by detritus during the close of the erosional period.

SawrAr S el tgams

Other Effects of-Subaerial Exposure

Horizons of incredsed porosity and permeébility apparently were

created in the upper part of the phreatic zone adjacent to the zones

1)

of major dissolution. This procéss was responsible for creation of .

. © ) . N c ,, .
most of the hosting porosity for the tabq}ar sulfide conceé%iations
o , ,

such as M&O,'which are common in the lower Presqu'ile’ (Plate 8);-

particularly along the Main Hinge. The development .of Horizons of

increased permeaEilit& probably was controlled by the local supply of .

" meteomdc watet wiéh the chemicsl capacity to produce increased

porosity. Once.mefeoric water becameﬂsaturéted with respect to
. A
L] . - . - . * .
calcite, effectivesporosity enlargement ceased. This restriction may

account for the apparent limited ldteral extent of theSe horizons in
[N ) ¢ “"\_ -
the lower Presqu'ile rather than deveélopmént of a continuous zone of

‘

increased permeability along the poéition of the upper part of the

v

paleo~-phreatic zone. .

Miﬂeralogic-stabilizationoof skeletal mdterial, that is,
. A

LS . .
eonversion from high~Mg calcite and aragonite to low-Mg calcite

probably took placé in the phreatic-zone; t%ﬁg effect has been

. H v

R A o e




demoqstrated in mode;n carbopates (Matthews, 1974; Friedman, '1975).
This process resulted in partial presérvé&ion of the relic faﬁﬁal
textures in the lqyer pért of théﬂhppér barrier limestong (now
coarse-crystalline dolostone). ﬁin ralogically unstable skeletal
components in the vadose zoﬁe were ldached by percolating meteoric—
wa;er, thereby creating abundant boid space; the effects of this
process are evident in modern vadose enyironments (Matthews, 1974;
Friedman, 1975). After the paleo-vadose zone was buried by post-middle
Givetian strata, the vuégy hori;oAS of the upper barrier were sdbjeci
gg/loading with eventual void collapse and .development of intricately
brecciated upper barrier strata. This interval is‘now representdd by
the upper part of the Presqu'ile thch contains pervasive ;hite dolomite
often with breccia-moldic textures (Plate 4).°

Another possiblé effect of meteoric water flushing of the upper

barfier is suggested-by the nature of the contéct between .the

<

-

coarse-crystalline dolostones of Facies K and the underlying

fine—crystalline dolostones. Near the detritus zones in the K57 and

. e - -

A70 areas, the upper part.of the usually finedéfystalline Facies B’

" dolostone bedomes considerably coarser and the faunal components become
[ 4 - N :

. -

indistinct. Tiere is no simple geochemical reason why the fluid which
"~y = L

converted the upper barrier limestones to coarte-crystalline dolostone
. -

and was therefore iﬁ/gauilibrium with dolomite should have any effect
© . - ¢ -

gﬁ;ehéfsgg;éxisting fine-crystalline dolostone, The apparently Co.

coarsened dolostones could have resulted from the "presquilization" of

incompletely dolomitized limegtones, but the association with the

detritus zones suggests a more complex mechanism. If meteoric water

Ry

.

2
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with a.high Ca/Mg ratio flowed -at high qrates through the ,

)
-

fine-crystalline dolostones (Fig. 20), a situation which would have
existed near the dolines, the upper part of the fine-crystalline

dolostones might have been calcitized (dedolomitized) dlocally (De Groot,

19673 Evamy, 1967). Later, this material was converted into
coarse-crystalline dolostone with relic color and fauna of the
pre-existing fine-crystalline dolostone as the zoné ,0f mixed sea water

a
and meteoric water moved upward in the barrier and began to convert

limestone to coarse-crystalline dolostone.

The relationship of post-middle r}ivptian‘episode of karsification

to the sulfide-hosting structutes in the fine-crystalline dolostones of

the lower b%rrier complex is unclear. - The collapse zone and local rock

. A .

matrix breccias in W17 bear some resemblance to sulfide-hosting features

-

in the upper barrier, but the upper.part of the W17 zone has been
eroded, andvit is impossible to determine if it originally extended into *~
tﬁe upper berr;er. None of the Facies K mineralized zones extend for
any appreciable distance into the fine-crystalline dolostones: The
vuggy and: intercrystallin€ porosity which hosts sulfide minerale in

N204 is the result of leaching of minerelogically unstable- skeletal

components and burrows; such horizons result from vadose leaching in

modern carbonates (e.g. Matthews, 1974), but intrastratal dissolution

ey
o~
N -

could produce similar effects.

v
-~

' It seems unlikely that the zong/ef most intensive carbonate

dissolution, the upper phreatic, coula have extended into the lower

levels of the barrier complex during the post—middle Givetian erosional
A

period. However, carbonate dissolution may have occurred in the zone

s
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of mixing of fresh water and sea water which exfisted within the lower .\
barrier during this period. ' Anhother épssibilit is that the sulfide-
hosting .structures in the fine-crystalPine dolostones resulted from an
earlier period of subaerial exposure and caréonate diagenesis, as
Maiklem (1971)'has proposed for the middle Givetian of the Pine Point
barrier comﬁlex.

In summary, carbo;ate diagehésis related to post-middle Givetian
subaerial exposure of the Pine Point barrier complex was important -in
the development of fluid-transporting permeability and of sulfide- ‘
hosting features. Dolinés were formed by dissolution of the limestones
of ‘the upper barrier by meteoric water (Fig. 30). Caves and lateral
horizons of increased permeability developed in the limegtoneé in the
upper part of the phreatic zoné; partial collapse resulted in the -
formaéion of local breccias. Mineralogic stabilization and preservation’

» -

of skeletal components occurred in the phreatic zone; leaching of

N el e,

mineralogically unstable material took place in the vadose zone, thus

- A -~

creating vuggy stratabound horizons in the upper barrier. Calcitiza- C
tion of fine—crystallinelaolostoné may have occurred in areas of rapid
flushing by meteoric water. Conversion. of upper barrier 1iméstones o
coarse-crystalline Facies K dolostone was accomplished in the zone of
mixing of meteoric water and sea ;ater (Fig."9). Increase in sea
level_during marine tfansgression at the céssatfon of the erosional
period resulted in sporadic raising of the level of the various
diagenetic' environments and,filling of the dolines with detritus from

T

the erosional surface. The upper barrier limestones and .detritus zones

were converted to coarse-crystalline dolostones as the zone of mixed

s




.

sea water and meteoric water moved upward through the barrier complex.
. g .

Dolomitization ceased as the meteoric water supply was terminated by

marine inundation of the erosionai surface. Following late Givetian
and later? sedimentation, "hydrothermal" fluids utilized the aquifer
systems and porosily developed duriﬁg the erosional period to
transport and deposit sulfides within the detritus-filled dolines and
in open spaces in the paleo-caves. Collapse of late #&ivetian strata
overlying the detritus zones took place during sulfide emplacement in
<5

the detritus zones, thus creating additional porosity for sulfide
deposition. Neomo;phic growth of white dolomite occurred in the

. - o~
intricately brecciated upper part of the coarse-crystalline Presqu'ile

dolostone.

ot
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‘ - : CHAPTER FOUR

ORE BODIES

General Characteristics . . L e -

The Pine Point district consists of about 50 known Pb-Zn-Fe
sulfide bodies in an area of about 1,000 square kilometers (Fig. 3);
these bodies vary considerably in size, geometry, metal percentages °

3

and ratios, sulfide textures, and host rock relationships. Sulfide

henat

bodies range in size from~less than 100 thousand to as much as 15

million tons$ and are elongate in a northeasterly direction generally

parallel to the Hinge Zones.~ Individual bodies are strata%quﬁé in v
.  relatively narrow intervals, but major sulfide bodies occur in several

stratigraphic positions in 5 200-meter ;ection of the Pine Point

barrier complex (Fig. 5). Some ore bodies may be classified as either

tabular or prismatic (Skall, 1972), but this division is somewhat

artificial becguse some éulfide zones have Both‘prismacic and tabular '

concentrations (e.g. K57, A70) and because it separates ore bodies of

otherwise similar characteristics (e.g. X15, W17). Most.of the

: .
) .

sulfide concentrations are incomplete because of erosional truncation,
and the following discussion will reflect the current nature of the

-sulfide bodies at different levels of preservation.

The metal content of the ore bodies ranges from about 3 to

11.5 percent Zn and from about 0.8 to 9 percent Pb; the district average

[N

Lo AP £



is about 5.8 percent Zn and 2.2 percent Pb (Fig. 32). The combined

Zn-Pb'Fontent of the bodies ranges from about 3 to 20.5 percent
- (Fig. 3%?. Significant tonnages of massive ore exist in some ore
;odiés and ;ccount for almost 1.5 million tons of direc? ship;ing
material averaginé over 45 percent combined Pb-Zn (Tablé 1). The Fe *
content of tge ore bodieé varies from less than 0.5 to:about 10.5
percent with a district avef%ge of a?out 3.5 percent (Fig. 33). Some
relatively small "barren" sulfide bodies consist of Fe sulfides with

1
only minor Pb and Zn.

The Zn/(Pg + Zn) ratios of the Pine Point sulfide bodies range
from 0.4 to 0.9 with a district average of about 0.7 (Fig. 34).' The
e

strongest peak at about 0.75 is greatly‘influeﬁzed by the large X15 ore
body with this ratio. The Fe/(Pb + Zn + Fe) ratigs of the Pb-Zn ore

_ bodies range from about 0.05 to 0.6 (Fig. 35). The district average
is about 0.3, but several distinct peaks are evident. Again, the
strongest peak at about 0.5 is dom#nated by the X15 ore body.- The
small "barren' Fe sulfide bodies have Fe/(Pb + Zn + Fe) ratios %ﬁééter
than 0.9.

-~ A plot of the Pb~Zn-Fe ratios of individual sulfide bodies

indicates considerable variation within the district (Fig. 36).,,~.,\\
7 ~.
p -

AfthoGEH‘these ratios are for iﬁcompletely preserved sulfide Bodies, the
‘

-

apparent absence of vertical metal zpning within individual bodies and
the presence of district-wide metal zoning. (to be'diséusséd in
féllowing'sections) suggest that these ratios reflect real variations.
Ore bodies in which the greatest sulfide content is‘in a prismatic

zone, particularly those within the upper barrier, are usually Pb-rich

- . ¢
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Fig. 33. Weight Percent of Combined Pb-Zn and Fe in Major, Sulfide Bodies

Data points as defined in Fié. 32; open ‘circles indicate dgposits for
which one or more metal percentages are poorly defined by present data.




108

X

TONS

_(Pb + Zn)

1.0
*Zn/ (Pb + Zn)

Fig. 34. Zn/(Pb + Zn) Ratios for Cumulative Ore Tonnages

Defined by ore reserve data for individual ore bodies;
triangle is district weighted average.
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Defiped by\ore reserve data for individual ore bodies;
triangle is district weighted average.
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with Pb/(Pb + Zn) averaging about 0.4. Conversely, tabular ore bodies
A\ 4
are relatively Zn-rich with Pb/(Pb + Zn) averaging less than 0.3.
There does not appear to be a consistent relationship betwgen’geometry
. 3

and Fe content of ‘the sulfide bodies.

Zoning of Major Metals

Distri:i

A district-wide pattern of major metal zoning can be demonstrated

using\metal ratios determined from ore reserve data. The Pb/(Pb°+ Zn)

»

ratios of ore bodies increase from about 0.2 in the southeast to about

0.5 in the northwest in zones parallel to the Main-Trend (Fig. 37). A
similar pattern, less well defined by present data, exists along the
North Trend of ore bodies. The Fe/(Pb + Zn + Fe) ratios degrease

strikingly from about 0.5 in the southeast to about 0.1 in the northwest
-

in zonés parallel to'the Main Trend (fig. 38). Again, a similar pattern

" exists along the North Trend. Three barren Fe sulfide bodies fit well

in this pattern as determined by thé metal ratios of all ore bodies
(Fig. 38). & '
The weighted averages of Pb, 2n, and Fe from sulfide bodies in
various stratiéraphic position; within the Pine Point barrier suggest
N -

wealt vertical metal zoning within the district (Table 5). Although

s

the stratigraphic distribution of ﬁajor sulfide bodies does not permit
statistical verificatjion of metal trends, sulfide bodies in the upper
barrier (Facies K, L, M) have relatively highex Pb and lower Fe than

-
those in the lower barrier (Fdéies A, D, J). However, there is

1
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considerable variation in the metal ratios of the upper barrier ore
’ &

bodies, and some (e.g. A70, R61) have metal ratios similar to the

sulfide bodies of the lower barrier.

Individual Sulfide Bodies

K7

“

e
3

K57 is a prismatic sulfide body with an adjacent discontinuous

tabular sulfide zone (Figs. 39, 40); some intervals of essentially

massive sphalerite and galena are present with over 75 weight percent

-

combined Pb-Zn (Fig. 40). Preprodﬁction ofe resérves were 1.8 million
tons averaging 7.0 percent Pb, 5.6 percent Zn, and 1.2 percent Fe. The
high grade -portion is about 150 meters long and a maximum of aboué 75
meters wide; it conta&ns a maximum of 38.7 weight percent combined Pb-Zn

over a 53-meter interval (Fig. 39). Major amounts of Pb are restricted

i

r
to the prismatic zone and reach a maximum of 32.9 percent ih the north-

<

eastern part (Fig. 41). Maxima of 14.3 percent Zn (Fig. 42) and 3.7

percent Fe (Fig. 43) are reached in the prismatic zone. The Pb/(Pb + Zn) -.

ratio increases from 0.3 on the periphery of the sulfide body to 0.7 in

-

the center (Fig. 44), thus réflecting the Zn—rich'zoneysurfounding‘the

- e

Pb-rich core. The relative abundance of Fe in, the perimeter of the
. e d

sulfide body is shown ﬁy outward increase of Fe/(Pb + Zn + Fe) from less
than 0.1 to-0.3 (Fig. 45). There does not appear to be a simple

vertical metal zonation (Figs. 46, 47); instead, zoning appears to

s

consist of~éx£hree—dimensional Fe envelope around,f%e Pb-rich center.
. - rd
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A70

A?O is é prismatic sulfide body (Figs. 48, 49) containing 2.8
million tons of ore éveraging 5.0 percent Pb, 11.3 pércent Zn, and about
5 percent Fe. An exéensive contiguous tabular sulfide zone containing

: \
primarily Fe sulfides with only minor Pb and Zn is present northeast
and sogthwest of the ore body (Fig. 24). The high grade core is about
200 meters long and 80 meters wide and contains a maximum of 27.8

'pefcent combined Pb-Zn over a 53-meter interval (Fig. 48). Major amounts
of Pb and Zn are restricted to the prismatic body and reach maxima of

8:8 and 13.6 percent, respectively (Figs. 50, éI). Ixon content of the
ore body is quite varié%le and attains a maximum of aboug 7 peréent
arognd the perimeter of the prismatic body (Fig. 52). The relative

abundance of Pb in the high grade core is shown by the increase of

Pb/(Pb + Zn) from 0.25 around the periphery to 0.35 in the center (Fig.

"’53). There appears to be a decrease in relative Pb content from south

to north. as reflected by the decrease of Pb/(Pb + Zn) from more than
0.3 to less than 0.2 (Fig. 54). The abundance of Fe on the perimeter of
the prismatic body is shown by the marked increase of Fe/(Pb + Zn + Fe)®

from more than 0.7 to less than 0.1 (Fig. 55). Again, metal distribution
. »

consists of a three-dimensional Fe envelope around the Zn-rich zone

_which surrounds the Pb-rich center (Figs. 53-56). /////

— - ~

Wl7
4 &

Wi7 is a prismatic sulfide body (Figs. 57, 58) containing

preproduction ore reserves of 3.9 million tons averaging 2.0 percent Pb,
Y

6.2 percent Zn, and 10.6 percent Fe. The high grade portion—.@ about

D
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Fe / (Pb + 2Zn

A70 Ore Body, Fe/(Pb + Zn + Fe), Selction A-A'

Fig. 56.
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~

140 meters long and 85 meters wide and contains a maximum of about 18

percent combined Pb-Zn over a 99-meter interwval (Fig. 57). Although
major concentrations.of Pb, Zn, and Fe are largely céincident and

reach maxima of 4.9, 12.9, and 23.1 percent, respectively (Figs. 59,

60, 61), the high Fe zone is more extensive.

slightly from southwest to northeast as indicated by the decrease of
- » A p

Pb/(Pb + Zn) from 0.3 to 0.2 (Fig. 62). In section, Pb/(Pb + Zn) varies
irregularlylbetween 0.4 and 0.2 (Fig. 63). The'three—dimepsional increase

in relative Fe content is shown by the increase of Fe/(Pb + Zn + Fe) from

-

less than 0.5 in the center to more than 0.7 on the periphery (Figs. 64, -~

65) .

~ o,

. 2

N204

\
N204 is an extensive low grade tabular sulfide body with a
Pb/(Pb + Zn) ratio varying irregularly betweén 0.25 and 0.15 in the .

1)

principal mineralized zone.. The absolute Fe content is greatest on the

&

east side and is part of a discontinuous relatively high Fe envelope

with Fe/(Pb + Zn +Fe) gréh{ir than 0.4 (Fig. 66).

General’Trends\\ 2

.
=

Although individual sui}ide bodies differ greatly in metal
éercentages and ratios, some consistent trends in relativ; metal
distribution are appareﬁtl Tﬁ3§geheralized pattern of metal distribution
in the Pine Point ore bodies is a Pb-rich, high grade cenFer with high
Pb/(Pb + Zn) a&d’low Fe/(Pb + Zn + Fe) passing outward into a Zn-rich,

high grade zone with lgyer Pb/(Pb + Zn) and low Fe/(Pb + Zn + Fe) which
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3,

gradés into an Fe-rich, low grade envelope with low Pb/(Pb.+ Zn) and

E A e g IO

high Fe/(Pb + Zn + Fe) (Fig. 67). This zonation appears to be

-y

appiicable to both prismatic and tabular sulfide bodies throughout the

Vo

TRV AR P ARG LN R SN 3 2 RS

. . . . i x
barrier complex. Low grade sections exist locally in the*jiigh grade
center, and tabular sulfide concentrations may be present adjacent to.
the prismatic zone. Transition between high total sulfide material and

barren host rock is commonly abrupt.

Mineralogy

Ly

~ The Pine Point sulfide bodies are composed almost exclusively of

sphalerite, galena, pyrite, and marcasite with a non-metallic gangue of
-~ ’ -

dolomite and calcite. Minor amounts of pyrrhotite, celestite, barite,

s

gypsum, anhydrite, fluorite, sulfur, and bitumen are present within the

‘host rocks. .

o Sulfides

Sphalerite

—

RS LR AR Do ) T B A SPRSP R <P e

Sphalerite, ZnS, is the most common sulfide mineral in most of

the ore bodies and occurs as individual tetrahedral crystals, as

"colloform" and banded crusts, as ramose and dendritic forms, and as

intimate intergrowths with other sulfides (Plates 10-13). Individual

crystals range from less than 1 mm to -as much as 4 cms; mény project

v WE R ™5, o T e SVEETTS S SAN (W BB,

TN T T SR TR e

into open spaces, but some occur without associated porosity in ‘
fine-crystalline sulfide aggregates and within dense host dolostone

(Plate 10:7-9). Sphalerite occurs in yellow, tan, orange, light

~
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reddish-brown, dark reddish-brown, and dark brown varieties; some

& .
irregular laminae are purple in transmitted 13ght. Commonly

-

sphalerite occurs in “collofotm" crusts of varying thicknesses composed i

of differently.colored layers (Roedder, 1968b) (Plate 11); crystafé are

~

optically continuous across many - color bands and often extend across the
entire crust (Plate 11:5). %Some collo%org gphalerite appears to be
stalactitic in form (Plate 1I®1, 2), but this material is generally
broken and is not in growth position. All ZnS appears to be in the form
of sphalerite, although some local birefringent areas suggest up to 30
percent wurtzite éolytype layers (M. E®Fleet, pers. commun., 1976)&

A preliminary study of "stratigraphy" in colloform sphalerites
from a number of ore bodies has shdwn that sphalérité bands ("strata')

can be traced consistently among samples from individual -ore bodies,
» - ./’ =
using megascopic criteria of color, habit, relative thickness, associated

minerals, and stratigraphic sequerce (Plate 11:4, §), Certain sphalerite

strata and sequences of strata are absent from individual samples; their
absence is apparently due to non-deposition rather than chemicalcerosion,

Gross sequences of strata (''groups') can be correlated between some ore

-~
bodies, but. the textural details of the stratigraphic sequence are ~--

commonly quite différent, even among adjacent ore bodies (Plate 1l:4, 5).

These features éuggést that local conditions greatly influenced sulfide

>

precipitation. A detailed stddy of sphalerite stratigraphy and related

oo

o
topics such as trace elemeq}s,\isotopes, and fluid inclusions is an.area
AN o]
of research which could provide“important information ofi the mechanism of
’ \-e"*-"’ —

sulfide deposition. ’ \\\\

) o

Microprobe analyses of sphalerié@s from sevé&al Pine Point ore
. ]
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i

bodies reveal that Fe is the most common trace element and ranges from

B 21

0.15 to 10.3 weight percent,(Table 6; AppendiX II). Although Roedder
. »” '_# . 4

and Dwornik (1968) did not find a direct correlation between color and

R N s o

Fe content of colloform.sphalerite layérs, microprobe analyses of

e |

*
sphalerite of “several colors indicate a general pattern of greater Fe

content with darker color (Fig. 68). Since Fe is the only common trace
)

oot gy y sl

element, ;hefe also appears to be a complémentary correlation between

.

lower Zn content and darker color. In general these analyses are in

~

$ svarey

-~

agreement with the findings of Scott and Barnes (T972) which suggested

that dark color in sphalerite is indicative of decreased metal and,
’ N - . =
increased sulfur content (Fig. 68). There does not appear to b€ a

- R, S e
positive relationship between Fe sulfide content of individual ore

I RV IRICIIIIIP IV

bodies and Fe content of sphalerite -from Eﬁose bodies. For instance,
sphalérite from the Fe—rich'XlS ore body is gegerally lower in Fe than %
the average of all sphalerite samples kﬁfpendix II).. Pb, Cu, Cd, and Mn
are highly erratic ?n distribution and rg%Fh maxima of 1.05, 0.16, 0.32,
gga 0.0é pagieng, respectively (Table 6). ; Cu, and Mn do not appeap'

tb vary with sphalerite color; Cd, on thg other hand, appears to béd most o

dbundant in the tan, pulverulent microcryshalline variety (Fig. 68,

DGEE Ao
AR

AT

AT

B =
Plate 11:1, 2, 5). Ni, Lo, and Ag were not detected in- any Sample.

s, "'\{Vx‘r‘;‘iﬁﬁ‘

These analyses do not reveal a consistgnt,trggg in the composition of
sphalerite relative tozg?ragenetic stage, associated minerals,mbost
. o
: Y

rock type, or lTocation within the district; admittedly, many mord

ShEteghe T,
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analyses are needed to substantiate this general statement.
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e Composition of Pine Point Sulfide Minerals

’

[y s
-~

’

Mineral _ Zn " Pb Fe Ma Cu Cd Total
) Y

Sphalerite Maximum 66.64 1.05 10.30 0.02 '0.16 0.32 100.04

v " Minimum 55.47 0.00 0.15 0.06 0.00 0.00 §%§.07

—

Mean(69) 64.16 0.21 2,23 0.01 0.02 0.05 99.67

GO aom pwxn«o{‘«-‘,Qs‘-,p.y,‘;,,,,,‘.&,‘v,,m_. P T ‘;‘
»

%

Galena Maximum  1.30 13.66 86.60 0.15 va. 0.24 n.a. 99.98

Fl

R

PR

. PN

Minimum 0.00 13.09 84.47 0.00 .a. 0.00 n.a. 98.44

|

Mean(24) 0.23 13.34 85.76 0.01 . 0.08 n.a. 99.44

- \c/& e - ' ._
Pyrite/ - Maximum n.a. 53.95 n.a. 46.82 . n.d.- l.2Jm-n.a. 100.04

Marcasite ‘ T
. Minimum n.a. 51.95 n.a. 45.00 - n.d. 0.00 n.a. . 98.63 "~

Mean(31) n.a. 53.26 n.a. 46.10 n.d. 0.16 n.a. 99.54

analysed; n.d. not detected .
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Fig. 68. Composition of Pine Point Sphalerite Relative to Color

Vertical bar is the range; horizontal bar is th mean.
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. Galena ' ’ ' '
. Lalena

Galena, PbS, is presént in varying amounts in all ore bodies
- r -
and occurs as individual cubic and cubo-octahedral crystals, as .

-

skeletal, hopper, bladed, ‘and ramose forms, and as intimate intergrowth§
with other sulfides (Plates 10-13). Individual crystals range from *-
- ' :
. less than 1 mm to as much as 5 cms ﬁPlate 12), and galena has

-

fssentially the same modes of occurgence as sphalerite. Galena is

present within colloform and stalactitic sphalerite, generally oriented .
- , Subperpendicular to sphalerite growth b;nds (Plate 11:7). These and
~ other forms Bte crystallographic entities which often extend for
;everal ceggimeters in the direction of growth and commonly transect
sphalerite stratigraéhy. dglena co-precipitation with sphalerite is .
indicated by intimate intergrowths (Plate 11:3, 4, 6, 7) and by the R
apparent response ofe.sphalerite growth bands to galena crystal

interference (Plate 11:9). ! SJ/
~ »
Microprobe analyses\of galena reveal little -variation in
composition relative to oref@ody, associated minerals, paragenetic

\ -
position, or crystal habit (Appendix III). Zn, Cu, and Fe are the

only trace elements present and reach maxima of 1,30, 0.24, and 0.15

percent (Table 6), respectiﬁély; Ag was not detected in any sample. % \
> - +
: . . é
~a Pyrite, Marcasite, and -Pyrrhotite F
\\\ The polytypes of FeSZ, pyrite and marcasite, are present in - ’%
| - ).
. varying amount@h}n all ‘Pine Point sulfide bodies (Plates 12 and 13); o
N\ - g.
Y pyrrhotite, Fei xS, is rare, and its distribution is not well known . . o i
0 = R - L 2
A\ (Plate 13:10). Approximately 75 polished Surfaces containing Fe sulfides. ks
. %
E ! ' ,1:

o

<
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)
\
\ .
(ygre examined in this study; the pyrite/marcasite ratio_variegvgreatly
) ' . »

among specimens, even between polished surfaces from the same hand

spéciqgn. However, marcasite»gppears to be the dominant Fe sulfide,

particularly in those sulfide\bosi@s which contain abundant Fe. The
. \

decomposition of Fe-rich ore upon exposure further suggests the.
s ¢

- ~, T
abundance of easilioxidized marcasite. Marcasite and pyrite are often

A .

intimately intergrown with other sulfides (Plate lZ:lO),land the Fe
sulfides may be brecciated and enclosed in a matrix of sulfides (Plate
13:9). Iron sulfides are commonly massive, but locally have vuggy,

boxwork, radiating, and ramose forms (Plate 13). Marcasite generally

SN

occurs as the characteristic bladed orthorhombic crystals,- sometimes
twinned on (101), ranging from less than 0.1 mm to as much as 1 cm
(Platg.l3:4, 5);__Pyrite is usually.in poorly formed cubes (Plate %2:10),

occasionally with octahedral faces, and individual crystals up to 3 cms

3
&
&
:
by
H
i
%
H
£
i
b
3
:
3
:
=
k3
v
{

are present in the Green Clay Zone- of W17 (Plgte i3:3).

Microprobe analyses of Fe sulfides from geveral ore bodies
indicate 1little compoéitional variation between marcasite and pyrite or
between -the same Eineral from different ore bodies, ﬁineral assemblage;,
or crystal habits:(Appendix IV). Cu is erratic in distribution an&
reaches a maximum of 1.27 percéhf (Table 6); Co, Ni, Mn, and Ag were

not detected in any sample.
Sulfates
Celestite

Colorless: orthorhombic celestite, SrSO4,
-~

coarse~crystalline Facies K dolostone and is usually associated with

1s present within the
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dolomite, calcite, and native sulfur (Plate 14:8). Coarse-crystalline
celestite associated with calcite usually is not recognized in routine -
L] -

core examination and is more abundant than previously acknowie€dged.

{

It has not been observed in association with sulfide minerals.

Barite

Barite, BaSOA, is commonly listed among the minerals which occur

at Pine Point (Beales and Jickson, 1968). The writer has not seen this

-

mineral, and W. E. Wiley (pers. commun., 1974) suggests that some of
the reported barite may have been misidentified dolomite or celestite.
Barite is not a common mineral at Pine Point and is not associated with

the sulfide bodies. -

-

Anhydrite and Gypsum

Anhydrite, CaSOa, and its hydrated analogue, gypsum, CaSO4 * 2H,0, -

2
ocLur as extensive back-reef evaporite strata of the Muskeg Formatlon.
They also fill porosity in and locally replace’barrier litho;ogies,'
particularly in the fine—c?ystalligg reefal rocks of the lower Pine‘Point'
Group. Gypsum and anhydrite occasionally have been obéerved in spatial
proxiﬁity to sulfide bodies (Jackson, 1971), but the relationship begween

sulfides and sulfates has not been ‘clearly established.

a

Carbonates

Dolomite

Dolomite,CaMg(de)z, is extremely abundanp in the

s

cbarse—crystalline Facies K dolostohe, particularly ing the upper part




(Plate 14), and minor amounts occur locally throughout the Givetian
" strata in~the Pine Point area. Dolomite occurs as single crystals,

thick banded“crusts, fracture and breccia cement, breccia-moldic forms,

and pervasive replacement of coarse dolostoﬁg (Plates.4 and 5)..

Individual rhombohedral crystals commonly reach 1 cm in size and are

generally curved. Most of the doiomite is white, some is light to

v r PRSAOMTYETa R T 7

medium gray, and a minor amount is pink (Plate 14). The white color is,
at least in part, due to the presence of a vast number of fluid inclusions;

fine-crystalline iron sulfides impart the gray color. The pinkish

T TGRS AY Vo

dolomite is probably caused by a trace element, perhaps Mn. The
relationship between the white and gray dolomites is complex. They may
be interlayered; one may p3§3'abrqpt1y into the other in the same

layer, or one may fill fractures in the other (Plate 1l4:1-4). Dolomite

o
i
¥

4

2

4
vaa
z

A

3

¢
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3

>
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¥

!

in direct contact with iron sulfides is commonly pale gray, 'but most

-
gray dolomite is not directly associated with megascopic iron sulfides.

White and gray dolomite are much more extensive than sulfide

mineralization; componly, there is less dolomite in the sulfide bodies

‘e

th?n in the adjacent unmineralized‘Facies K. Dolomite is both earlier
and\IEfET\ghan sulfide minerals (Plate ll:é, 5, 10; l4:1, 2).
Brecciated sulfides cemented by dolomite (élate 14:2;4)¢and the absence
of sulfides with the white dolomite in thewvery porous upper Facies K
dolostone suggest that a great deal of white dolomite may have'forﬁed

later than the main period of sulfide deposition. Vague boundaries

3

between white dolomite and goarse-crystalline dolostone (Plate 4:7,.5:8,

o

14:5) furthef“SuggesE that white dolomite largely formed by isochemical

replacement of pre—existing dolostone,

-
B
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. Calcite

Calcite, CaCO,, is rather erratic in its digtrdbutlon and ¢

abundance in the district. It occurs as single crysta $ thick

b

crusts, and as, vug, fracture, and breccia cement and is commonly -

\ - ‘&'

colorless, white, or amber (Plate 14)./ESimple and complex T ,
scalenohedral crystals are the most common forms; individual crystalé

reach as much as 25 cms in the longestdimensienv—~£élgi£§ occurs also
% ‘ .
as medium gray, radiating, acicular crystals within the .

-

fine-crystalline reefal lithologies in the lower-Pine Point Group.
o . s ¢ .,' 3 3 - ’ - :

Except fot calcite 1ntef3ayered with white dolomite, calcite was one of

-y .

the last minerals. to form and its distribution reflect§ the distribution
! e _
N
s s . 3
of pre-existing porosity. L -

Other Introduced Components

Fluorite -

-~
’

Fluorite, Can, is commonly listed as occurring in the Pine Point ) -

£ district (Beales and Jackson, 1968): To the best of the writer's jﬁ

knowledge, it has been observed only in one shorfte~section of drill core Py
in the coarse-crystalline Facigs K dolostone (W. E. Wiley, pers. commun.,

~

1975) and must be regarded as very rare.

, Sulfur \

-

Coarse-crystalline,\yellow native sulfurj §, is reli%i;ély

o

" common in the district and is associated with dolomite, calcite,
o .
celestite, and bitumen' (Plate 14:8). It has been observed Eggoughout

’ / )
. . . . K

.
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- the ‘Givetian carbonate facies but is abundant only in Facies-K. ,This

3 e o«

rélationéhip may be due in part to the greater availability of -late

porosity -in the coarse-crystalline dolostone.:»Sulfur ocours also as

‘the-result of prégent-ﬂay decomposition of marcasite. Native sulfur

occurs occasionally in spatial proximity to sulfide minerals, but the

genetic association 1I$ inconclusive.
. .
H ’
Bitumen

' [}

Bitumen, a complex mixture of devolitized hydrocarbons, is
> :,4 .

N ~

4 N
present in vuggy and intergranular porosity in the carbonate rocks

(Plate 14:9, 10). It forms spheres as much as 2 cms in diameter when '

"present in open vugs and is mos¥_abundant in Facies K. White dolomite

-

IS . v - . -

appears to have formed around bitumen in some .instances (Plate lé:LQ{..

Bitumen occurs within the sulfide bodies, but in all of the observed

. examples, bitumen is later than th% sulfide minerals (Plate 14:9).

Sulfide Textures and Sulfide-Carbonate Relationships
Upper Barrier Ore Bodies & .
° “ L A . -
o “ -

.

e

- - oo ’ -
: . e T 0
Colloform and banded sulfide textures are common in the ore °

o v ' . a H

. . . te . R R ‘l‘c
bodies in Facies X and younger strata (Plate 11). ' These textures and

L] d LI
° .

some well—qumed'cparse sulfide cry%tals undoubtedly wére formed in,
‘ ' e ": . )
opén~§pape, but in view of ogher;textures,,sdme of this porosity may

.

-
~ € €

not have existed prior to sulfide emplacement. That is,,fluidé of the:
) . : . y Lo S,
sulfide-depositing éystém may have significantly enlarged pre-existing
.. h ! . e “s;\‘,\\ ‘h‘ [ Q/ : .
'porosify by “dissolution. of carbogates, particularly within the detritus

- “

-
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v

and breccia zones, ana collapse of overlying strata may have created -

v . -

additional porosity (Fig. 31D). Dissolution enlargement is suggested
] . S

by fi&gments of paragenetically early sulfides within later sulfides
I L

(Plate 11:1), remnants of carbonate detritus within coarse-crystalline

. -

. & . .
sulfides (Plate 7),. corroded edges of dolomite rhombs in dolostone

(Plate 13:7, 8), and sulfides within d%nse dolostone (Plate 10:7).

N ]

Beales (1975). has proposed that sulfides formed in equilibrium with the .

white dolomite of the Pine Point ore bodies because of apparéﬁ? distinct

. B * . o
contacts between the two. Howevgr, at higher magnification the contact

- : - .
of the white dolomite and gulfides is irregular locally, and detailed
study is needed td bettér define this relationship. Evidence for

“carbonate dissolution is associated more commonly with the prismatic ore

bodies (Plate 7). The tabular sulfide bodies generally appear to be

simple open—gbace,fillingwof preﬂexisﬂgng.;orosity.(Plate 8).

N .\,:\‘ ,\‘\
. . ‘
r L

b 3

Lower Barrier Ore Bodies '”“:

.
I
- »
N - - M

Colloform sphalerite Eéxtures are present (Plaéé 12:9) in the ore

bodies in the fine-crystalline dolostoneé,of‘the lower barrier but are

not as common as in the upper barrier ore bodies.  Instead, the dominant -

¢

’ & . e
early generation sphalerite consists of dark reddish-brown coalesced -

spherules, often with\§ellow rims and generally less than 1 mm in
- ’ N i IS \

diameter (Plate 10:4).. Massive ore consists of a complex aggiggate of

LYY

fine and‘coarse sphalerite, marcasite, pyrite, .and gal®na (Plate 9:7,
10:4, "12:10); fragments of sulfides in' a matrix of later sulfides éf
. . -

, coarse—-crystalline calcite are common (Plate. 10:2, 4. 12:8; 13:9).

"

¢

Sulfide breccia textures gnd hiéhly‘irrégpl§r contacts between massive

>
.
- E) ™
E L
’
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sulfides and dolostone or dolostone breccia suggest local conditions

"
of disequilibrium between the fluids of the sulfide-depositing system

.

and dolomite (Plate 9:2, 3, 6).

AN
e

v <

Paragenesis ’ \
¢ 3
A detailed paragenetic sequence appli&able throughout the district
- »~ -

is difficult to establish because of the highly variable sulfide textures =

. * o
and modes of occurrence and the rzther individual nature of the ore

bodies. Thé generalized sequance°is shown schematically in Fig. 69.

P S

White and gray dolomite deposition generally precedes'sulfide
precipitation in the ore bodies within Facies K. Marcasite is the

<

earliest sulfide mineral iﬂsmost ore bodies, followed by, and often

-~

inte%grown wiih pyrite. Sphalerite dep031t10n overlaps the irén

Y el a

sulfide stage, and the early textures may be flne—crystalllne, colloform,

4
§
4
q.‘:
INT
-
5.
s
3
i
s
¢
&
:
5
.
B

e
dendritic, .or ramose. Galena may.be intergrown with this sphalerite

and is commonly skeletal. Coarse bands and crystals of late sphalerite

associated with cubic and cubo~octahedral galena are.generally the last

-sulfides deposited. A stage of white and gray dolomite-and massive whlte :

‘calcite dep051t10n follows/sulflde prec1pitat10n. “This generation of
.dolomite is believed to be more extensive than the pre-sulfide Lo

’ . ) B . . i .,
generation. Celestite, fluorite, . and native sulfur belong to a later

o

period of deposition. - Coarse crystals of calicite fill remaining porosity-

v P .

. "~ It " hin ¢
+ Most bitumen is a late feature, but some may he’of an eaflier generation.

It is possibleJto:deﬁing more fgtailed sequences of mineral

deﬁosition for some individual ore bodies. The orderly paragenesg§s of

3 ) ’

the,tabg;ér’MAO ore body in the coarse-crystalline dolostone of the

- . s
v
[
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°
lower Facies K is shown schematically in Fig. 70 (Plate 11:3). The

-

earliest sulfides consist of dark reddish-brown dendritic sphalerite

. -~
with some skelétal galena and minor iron sulfides on a white dolomite

substrate. The dendritic zone passes into a thick—rano§€’E€E§5;E’;;(

o g
___ orang Tite and Qbundanf intergrown skeletal galena; thin bands

of orange and yellow sphalerite with minor skeletal galena cap this

zone. Yellow sphalerite is overlain by reddish~brown sphalerite with

common cubic galena. White dolomife encloses the latest sulfide stage

of coarse-crystalline dark brown sphalerite and cubo-octahedral galena.

Coarse~Crystalline calcite has filled much of the remaining open space.

N,
i

The sequence is best developed in the thick zone of massive sulfides

-

PEAIN
AL

A

in the central area of tabular mineralization (Plate 8:5).

CARNTRYTS
L ‘.

The paragenetic sequence in the W17 ore body in the

fine-crystalline dolgstone of the lower Pine Point Group is shown

schematically in Fig. 71; the sequence of sulfide deposition-is not as

=3
e
i
%
3
5
s

readily apparent as it i§ in M40. Abundant marcasite and pyrite‘are the

o et

e

first sulfides to form on the dolostone substrate; rare pyrrhotite

occafs along fractures and grain boundaries of massive pyrite. Dark

FTEI T R TR

reddish~brown. fine-crystalline~sphalerite spherules are intergrown with

. -

the iron sulfides. Tan, pulverulent colloform sphalerite is another

’

paragenetically early form and may contain some skeletal galena.

Pz Trre TR A

Coarse

yellow and greenish-brown and cubic galena are a later sulfide stage.

TGS

Calecite may cement fragments of these sulfides and fill porosity.

Dolomite r&.ply occuts in the sulfide body.

3
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£ ) CHAPTER FIVE
£ -
E MINERALIZATION: DISCUSSION
£ o ’
] ‘ ‘ K
Introduction - -

~

The origin of carbonate—hossed Pb-Zn-Fe depgsits of the so-called

Mississippi Valley-type has been the subject of c?nsidarable debate for -~

) k4
over 50 years. The following discussion will review briefly modern

concepts of ore genesis, particularly as it pertains to Pine Point.

The bgsinal evolution model developed at Pine Point (Bea?;g,ang\Jackson,

1966) has been applied widély to explain fhe origin of other carbonate-
E J v
hosteL deposits. Only now that development and diagenetic mod;;ication

AT e e ik i - arwrcm i el T

of the Pine Point barrier complex and the characteristics of the sulfide

bodies have been determined is it possible to considexr fully the complex

.

problem of ore genesis. Genetic aspects to be considered for any

mineral depdsit are the nature 6f the transporting fluid, source of the

components in the deposit, primarily metals and sulfur in this case,

direction of fluid movement, reasons for mineral precipitation and

. Y .
concentration, and timing of mineralization<
i

Composition and Températhre of the Transporting Fluid

&*

Major and Trace. Element éomgpnents

-

Based og;avgilable productiow and reserve information, the Pine

?
.~

’ /
Point district contains about 75 million tons of ore averaging about

I
) , ‘5\5% PQ;IG.OZ Zn, and 3.5% Fe. A reasonable additidﬁ{to this figure

-

based on subeconomic sulfide occurrences and undiscovered ore bodies




would indicate=a total metal concentration of about 2 million tons of

Pb, 5 million tons of Zn, and 3 mill;on tons of Fe. These sulfide
3

concentrations also contain 15 million tons "of S, not including the

\ rtative S throughout tpe barrier. Assuming that the present mineral
3

assemblages and the trace element content of the sulfides represents

\the content of the mineralizing fluid, Pb, Zn}* and Fe were the only
\

ommon metals and were present in a ratio of 2:5:3. Cu, Mn, and Cd

resent locally in minor quantities, but separate minerals have

n recognized. Ca-, Mg-, and Sr-bearing minerals are present,

relationship to the sulfide minerals is unclear because of

-

minera}‘growth,

\

best samples of the ‘o

ter primary fMuid inclusions, generally provide the

forming fluid" (Roedder, 1976). Although

extraction aQ: direct me rement of the composition and properties of

the trapped f\g%d are possikle only in.exceptional cases, in situ
\ -

measurement of homogenization d freezing temperaXpres of inclusions

133
in non-opaque miéék?ls indicate ormation temperature and total salt

\ A
e Pine Point ore bodies generally

content of the flhisx\respectivel
AY
- Inclusions in sphalerite from

'are_difficult to study béqause of theidsmall size and the dark color of

P

much of the sphalerite. Thg earlier fluiy\inclusion study (Ro§gder,

1968a) and related study of "c\}loform" sph ﬁite_(Roed@er; 1968b)

- Wy

o g VAT e

- z : o o
Y VE yﬂw,é“z%? "’"’3 {;\g? s’\i; ‘,‘ﬂ ',"Q‘}rg?a“'; - \1“
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\ \\ .
provide\\QSh valﬁgble.information. Roedder's study material consisted -

\, ; .
of unlocateé;samplés (probably N42 and 042 ore bodies) and did not

\

S A AT RN T

represent hwéé%iisthé geologic variables apparent with subsequent’

developments an \tudi§§ in the district. Therefore, additional fluid

%

inclusion data we é\peeded to supplement +the findings of Roedder (1968a).
The nature of the sulfide-depositing fluids for the ore bodies in the

fine-crystalline dolostoneg\pf the lower barrier, particularly the

fine-crystalline early sphalé&ite not present in the upper barrier ore
. .

bodies, and for the stalactitic\sphalerite of the Facies K ore bodies

Ry S ».M'g\..«fwr,:aw‘ a’} A}jmfw_ A

was of particular interest.}rﬂowe\zr; suitdble ins}usions were not
.

found in the polished doublets pre ered from this material, and this
A

-

information reWains unavailable. Ne& fluid inclusion data are shown in

q.\.:,?.(fw [

ig. 72; determinations for X15, W17;\§nd N204 samples are for late
- . \
éen ration, coarse-crystalline sphalerité\é

R ——
E,
%
*
w

Homogenization temperatﬁre determin gi:ns for primary fluid

inclusions in sphalerite by Roedder (1968a) a d&éhe author iﬁdicate,.
that «the dégositing fluids ranged“%p temperature from 51° to 99° C.
Freezing temberatures commonly ranged -from =10° to -35° C; many
b\ ciusions remained' as unfrozen, superéqoled liquid at -78° C after
seviral hours (Roedder, 1968a). These Fxeezing temperatures }ndicate
that dhe sphalerite—depositiﬁé solutions wefe _iéhly saline, ranging
from éfoutols to over 23 percent total salts, calculated on the basis
of pure NaCl. No daughter winerals are present, ~but Roedder (1968a5
rece&nized NaCl“ZHZO (?) hydrate-@®rystals in many }ndiusions as the last
solid phase to melt on warming. Inclusions in white dolomite cpystalé
agsociated with sulfide minerals had similar homggenizationhfemperatures
~

E 4
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ranging from 90° to 100° C, but salinities from 15 to 20 percent
) . >
NaCl are ifidicated (Roeddér, 1968a). Similar results were obtainkd

for celestite from the Facies K dolostone with homogenization temperatures

of 86° to 98° C and salinities of 10 to 15 percent NaCl (Fig. 72).

.

Coarse calcite crystals from the ore boaies have salinities less than
lO‘;;rcent (Roedder, 1968a). Particular care had to be taken to avoid
leakage in the inclusions in dolomite, calcite, and celestite.
The‘relétiveﬁ§ low temperaturés and high salinities of the Pine
Point fluid inclusions are characteristic of the carbonate-hosted Pb-Zn
deposifts (Roedder, 1967). The d{stinct temperature a;d composition

- -
differencesbbetween inclusion fluids from magmatié’ﬁineral deposgits

and from carbonate-hosted deposits (Roedder; 1976) and the general

%
7.
by
Lo
¥
z’,
%
H
3,
:;:.
£
*
%
g
B
kS
&
Q..A
=
&
H
%
&
%
£
%

absence of evidence for magmatic or volcanogenic processes in the

carbonate~hosted mineral districts (Ohle, 1959) sugéést that the

YR

carbonate-hosted deposits originated by non-magmatic processes. This <

2

T
MRSt

R

discussion will develop further the concept of a "sedimentogenic" origin
(Sangster, 1976a). Chemical analyses of fluid inclusions from

carbonate-hosted deposits show that the contained solutions are dense

Xl T TR
‘? vy $ﬂf¢<¢@.2"ﬁ."“‘

SRR

brines with Cl, Na, E@, K, and Mg;‘in order of decréggiﬁg weight
percent (Roedder, 1976)? These brines are remarkably similar to the

subsurface brines present in many oil fi®lds (White, 1968).

RETI

Modern metal-rich subsurface brines have been discovered in

~

the Salton Sea, the Red Sea (White, 1968), the Cheleken Peninsula s -

(Lebedev, 1972), the Western Canadaspbasin (Billingé_et al.,'l96?), and o

the Gulf Coast (Carpenter et al., 1974). The last two occurrences are .

S X
X Pttt

far removed from areas- of igneous activity and high geothermal gradients

¥

N g
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and have geologic settings compatible with carbonate-hosted Pb-Zn

158

deposits. These suBsurface brines have characteristics similar to -

thoge determined from fluid inclusions. The metal source for these

R T T ]

. : brines and for carbonate-hosted .deposits is uqslear but can be considered
relative to the processes which have affected sedimentary basins.
‘ - .(I

’ .

Source of Metals . . ' -

—— -~

-

> .General
Similarities between oil field brines and inclusion fluids and

the spatial asSociation of some hydrocarbon and sulfide accumulations

¢ 13

have prompted some authors to suggest geﬁetic affiliations between
. - S
hydrocarbons and carbonate-hosted Pb-Zn deposits:(Beales and Jacksoh,

1966, 1968; Jackson and Beales, 1967; Skinner, f96§; Dozy, 1970;
3 - -

- Dunsmore, 1973, 1975; Macqueen, 1976; and others). Although ®there are
_ < R . T . 6
> différent opinions among these authors ‘oricerning metal sources and

/s , v -
causes of fide precipitation, all syggest.that carbonate-hosted Pb-Zn

: sulfide degisits, like petroleum and nérural,gas; are thé_result of i://’
normal procesgses adtive during the evolution ;f sedimentary basi:s. ) . .
Inh;rént,in the bésinal:evolutign model for devefopment of
cgrbonare—hosted éb4Zn depo§its ls the concept of an original so;rce K

~

"bed" from which metals were extracfed.prior to concentration as métal

v
°

sulfides in a’suitaﬁlg “trap." Because source beds ﬁor-hydroearbons?can

- be demonstrated to have been organic ri%gé fine—grained clastic sediments

.Aﬁ
L (e.g. Erdman and Morris, 1974), such sediments have been considered by -
. 7 “
.
& . N
= some authors to have’been the most likely source of metals as well. Othe'r

L) . “« ¢ WQ‘., - . "i
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authors have proposed that the immediate metal source for the deposits

o

o

.
e

was either the host carbonate strﬁta, associated evaporites, or
- &
sandstone aquifers through which the brines passed.

P

EEE

E
- 7B

o

Fine~grained Clastic Sediments o
&

(Ia

.

7 e o s
2D .(}.f")‘)“:"’y‘;ﬂg};}";

=
v

The pasinal gvolution modﬁiﬁ}or Pine Point (Beales and Jackson,

s

e

1966) invokes metal supply from“tampactiﬁg shales in the Mackenzie

N T .
Basin and sulfur supply from the evaporites in the E1lK Point Basin

(Fig. 7). Favorable sites for sulfide precipilation were provided by

’

£ - . £
the porous rocks of the Pine Point barrier coimplex. Jackson and Beales -

(1967) emphasize that shales generally contain more Pb and Zn than do

B, o s e ) 3 33YEe o U SO

P

<
carbonate rocks and that the large amount of water originally present in

Rz

L
I3

argillaceous sedimenté would have” to be expelled during compaction and .

°could transport released metals. However, argillaceous sediment de-

.
< .

watering is a complex process invo
. <«

.

ving not only ¢ompactional release of

-

interpore water, but also, the déhydrational release of.interlattice water

4 ~ne !

(Burst, 1976).. Salinity of pore water increases with depth-due to ionic -

® .
filtration by clays, thus indicating that relatively "fresh" water is,

’

Expelleé during compaction (Magprae 1974b; Burst,#1976). Petroletmm is

highly soluble in and could be-readily transported by "fresh" water,

. .

whereas increases in salinity cause hydrocarbon exsolution (Price, 1976)..
L} ' .

- © On the other hand, basé metalﬁsolubiiity in the 100° C tegion unQer

- -

7

considq&ation increases radically with increasing salinity because of

5 t

,metal~éhloridg complexing (Nriagu and Anderson, 1971)." Therefore, the

Pt} - 0

.relationship between hydrocarbon accumulatfons and carbonate-hosted *

“Pb-2Zn depogits\cannot be simple because ‘ther fluids whiéh can

% oo
.
3 L}
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© effectively (transporf petroléum and base metals are of gréatly
. ~ - 4 O

9 .
[y
. . -~

. ~ -y R
"t .. . different salinities.

¢
.

RS . 1eﬁa p0531bllity (Saxby, 1973) but 1ntroduces other proBiems. If

A °,

i AR D

" o
' <

v
-. ‘ ’

metal- ~bearing brlhes are derived froﬁ basinal. shalegs metal eitract&on

. v
.‘;

: . .. must haVeé - taken place durlng a latet ﬁhase of clay mlneral dehydration

[

as suggested by Macqueen (1976) These %eactions could take place at

.
assuming aormal

(53

- \ depths of a few kllometers (Magara 1974 )°wh1ch

geothermal,gradients, wduld‘be 'in. the 759 to l75° 6‘range generally .

>
-

os&ts (Macqheen, 1976)

i
1
Q

- ‘ applylng to carbonate-hostéd miheral d

-~
mean’ that metals were released at an earller stagé in the r diagenetlc

- LR \"

i histqry. Also Bhales are enrlched in many metals

7 . chludiﬂg uraniim

N . v - «

; . . (Macqueen et al'k IQ?S),?aﬁd thue they seem too complex'a sodtce f@f‘
- N - s - , o N

) the}sihble elemenf suite present in the-.carbonate-hosted depositsﬁféIn-
S oL s 5 . .
.o . : - oo . T

ol . .addition, shale quuegcespwhieh'could.senye~#s potential gource rocks
) ! . are ahsent in the'vicinity of ‘many of the impdrtant carbonate-hosted
v . Yy e [ "\“ - ‘e ° ’ . ]
L \ \\\

%dep051ts of the M1551351ppi Yalley

"Transport of meﬂals as organic-metalvcoﬁblexé& .

*u

e /

LR

-8 Py R - B * - . )
.o t >\\4\~ CoL L o - .. . . M
‘ - Coarse-grained Clastie Sediments . - . C . AN <
S 7 ., o g 3
3 * e H . # . . S .:‘“‘
. . f}‘ '. . ) - . lo\ T . ﬂeﬁé . - l': * . :'7;&
O A Pb—isotope study (Doe and“Delevaux, 1972) suggests that the 77 * ' &
* . ‘e 6 o5
_p #+ . @ » 37 7 3
- ?b—rich ores of SOuthEast Missouri were deri ed fromﬁthe %asbonéte . 7 2{
B A cement of khe Lamotte'Sandstone, the aquifer shich overlies the ~ .
N -~ . .y . . S . . < S .
e s Preéambrlaﬁfbasement and underlies #ne host BbERSterre Dolostone. . "
I . o - T N
- . »r
» , . Sangster (1976b) points out thpt the few analyéeé,presented do not V' .
. - . ,v ¥ » } ' ., - .7 - 3 ’ . e ' .

eliminate ‘the potash feldspar component of th basal

Ld o, . N °

arkosic Lamotte as

vg . .




A

.

~

.

'tne‘granitic basement constituting the

- . . - - - »

The geologic setting of the Pine Point district is

the immediate Pb source with

original source.

. . a T
N 5 . . d ~ d
a

similar to Southeast Missouri because the host dolostones are not more K .

than 300 meters above the Precambrian baaement and an arkosic'@ands(gne,

q
3

the 01d Foﬁt‘lsland Formatﬁon, overlies the basement (Table 2).

A

Pine

oint‘ores also are Pb-rich relative to most of the other maj?r .
Y o : . .

On the_.other hand, Pine

Senad ~

’ - . -~

ssour}“deposite (Appendix V; Sangster,_1976b).;§nlsg;

Bl

Southeaat

c1rculation of'the metal~bear1ng brlne from the basal Sandstone to the

- - Z

host dolostone would be greatly “Inhibited by‘the 1nterven1ng impermeable

4 - -

Chinchaga evaporite sequence. . ¢
A 9
7 Carbonate Sediments N > ' .
e ) . N ‘ ¢ - - .
< * ) - '
‘ + — 4 . R .

is reasonable

> [
*

3 AN -
Becad?e of tﬁeir ubiquitous carbonate host rocks; it

©

to'con51der the pOSSlblllty that trace amounts %; Pb and Zn from these.

A ’ ‘o

-

rocks were concentrated into economic sdlfide dep051ts. Collins ‘and

\ . .

Smith, (1972) and Bernard (1973) 3uggest that metal concentration 1s L

ev s o

accomplished durlng the weatherlng cycle that creates the "karstic"

- -
f - “

p0r031ty which hosts much of tggﬂor%. Metals are released by mechanical

“
. . . -

weathering and chemical 1eaching in the vadose zone; deposition of

~ <. ¢

sulfides takes,place in areas of inhibited circulation below the layer

- N

of active circulation at the top of thegphr;atic zone (Bernard 1973; e \i,
Paterson (19759 emphasizes the.textural similarities between Pine Point —J“
,ores and carbonate speleqthemgéirom modern‘c;;es? HoweVer, mete?§i°ui;‘ /?ri
nater at near-surface tem;erature is markedli different frOm tne highly = .

>
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saline, 50° to 100° C (to 175° C in other districts) mineralizing “

" awsolutions in@icétéd'fqg Pine Point by fluid igclusion evidence. The k

2 " Although the-mechanism is not clear, a strong'case cam be

explbnation of  Bernard (1973) that these hot, saline fluids are the

>

result of recrystallization of "Ears;ic" sulfides in the deep subsurface

- s

~
is revievw®d and judged invalid by Roedder (1976). The differeneces in

. °

timing of karstification and sulfide deposition as shown 'for Pime”

- ° N 4 ¢ e

Point are also diffiCult to reconcile by the model of Bernard (1973).

.

- Johnson (1972) alvocates that subsdirface brines are enriched in metals

during dolomitization of¢reefal complexes. This process may not be

h .

’
feasible considering that many diagenetic pro¢é&sses which affect

re B -

cérponatési including dolomitization, appear to be near-surface
. » . .
Y . .
phenoménd, &dfiid metals released to this dynamic system probably would
be lostAthrough-reflux to the open ocean.
‘ ’r& &

..
<,

.

d%¥eloped for metal supply from carbonate rockss Probably’ the most

suppbrtive ev1dence is the common association of galena, sphalerlte, .

fluorite, and barite with carbonate rocks, particularly dolostones, not

only in major and minor mining districts (Heyl, 1968), but also in '

. -
. . ©
- . %

porositj in most shelf carbonate sequences of Phanerozoic age. These

» > - +

minor occurrences have fluid inclusion charactefistics which are

¢
-

indistingdishable from the major gistricts (E: Roedder, pers. commun.,

1975). Economic concentrations thlis appear to be the result of a

. <

favorable combination of hostiﬁg structures, krydrology, and timing.

s
4

Evaporites e .
. . -
- N . lf b P
B Dunsmore (1975) emphasizes the évaporitic nature-‘of many of thé

“» .
’ - - *

host carbonate rocks, an association prev;busly noted by Davidson (1966).
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He shows that the residual brines from modern sea water evaporitic pans

when adjusted for diagenetic changes have chemical compositions
' essentially identical to typical fluid inclusion brines from carbonate-

hosted deposits. Thiede (1975) provides the first systematic study of

the base fletal contént of an_evaporitic sequence. Although there is
. considerable variation among evaporite lithologies, lead and zinc are
concentrated in the Elk Point evaporites of Saskatchewan by- factors of .

lO2 to 106'over that of sea water. Considerable connagég of ﬁetals

weré:évéilable for release during gypsum dehydration at de;ths of 600 3 '
- to 900 meters iﬁurst, 1976) or‘during evaporite solution in the deep , ¥,
‘sugsurééce (Thiede, 197§Y1 One serjous objection preyiouslyﬂ;oted“for

-
N

shale metal sources is that evaporite sequences generally are not as

spatially related to Pb-Zn deposiEs as at Pine Point, afd certainly there

hd [y

are many major evaporite basins without known Pb-Zn deposits. However,

-%upply of metals and sulfur in a single solution eliminates the prpblem

~

b of having two solutions arrive at the safie site in order for sulfide E

L precipitation to occur (Dunsmore, 1975). -
- . £ ¥

—
o &
.
@

— Source of Sulfur - /. . -

v

o

< Approximately 15 million tons of S are present in sulfide form
-in the Pine Point ore bodies, not considering the native S and sglfates

within the host rocks which have an uncertain relationship to jthe sulfides.,

*  Since the rple of S is that of chemically "trapping" metals to form an
' - m '
economic sulfide accumulation, its ultimate source and subsequent history -
. . %:- - .

is a vital agbect‘of ore genesis. Sulfur isotope compositions provide

2’"\ ' Some limitations as to source. \
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Sulfur has four stable isotopes—-328, 338, 348, and 368. g

2 4 .
Isotopes 3 S and 3 S are the most abundant, and isotopic data are

expressed generally in terms of Ehe per mil difference between the

ratio;ﬁ’these isotopes in & sample to that of an accepted standard,

agcording to the formula: ~

Ry e

.

sulfides from P29, N32, N42, 042, and X15 ore bodies at Pine Point.

- .
5 3, 32 by, 3250
i % o, - ("'s/ 3 S) sample - (3 s/ 3 S) standard
g S Joo = X 1,000
= .
3 e . ) s/ 325) standard
£ o . R 34 =
ﬁ Positive and negative per mil values.represent ~ S enrichment and
E‘Q‘. ot
gj ©  dépletion, respectively, relative to the accepted standard. Formation™ - -
2 . . ’ B : -
% . of metal sulfides from S of,a fixed isotopic composition generally ’
% » results in sulfides of a different compgsition than the source because
ol - i
% . . . )
é ’ of isotopic fractionation. Temperature of reaction and biological
5 . . .
5 *
§ . action are the two most important factors governing fractionation. .
5. o ) . .. S
% (Sangster,-1976b). - : .
< P -
% Sasaki and Krouse (1969) provide extensive S isotopé data for

The average of 118 sulflde samples is #20‘1 pe“gli with a standard

N

deviation of 2. 6 The means for galena, marcasite, pyrite, and

»

sphalerite are +l8 4, 419, 3 +l9 7, and +21.6 per mil, respectively.
These valyes are very 31milar to the ratios (+19 to +20 per mll)
deté;mlned for Middle Devonlan evaporitesﬁ although there is some )

question whethér the evaporite samples of Sasaki and'grouse (1969)

°

. truly repréSent the laterally e&uivalent Muskeg Formation The most
. reaso&able source for the sulfide sulfur\!s Middle Devonian sea water '
s
) sulfate, perhaps supplied in connate brines fromh the Elk Point
L
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evaporites '(Sasaki and Krouse, 1969). The small range oﬁ sulfide §
isotopes could be the result.of isotopic homogenization of HZS
| %

before fixation as sul?ides (Sangster, lb76b).

-

H

»

Fluid Movement : -

Consideration of the evidence for fluid movement is pertinent to

e

eqaluation'of the concept of sulfide precipitation by fluid mixing.

—
-

Skall (1975) demonstrates conclusivély the im;%EEance of Middle Devonian
tectonic adjustments along the N 65° E trend of Ehe Hinge Zones to the
establishment of.?eposifional environments; suB%equent adjustments along °
the ﬁinge Zones were responsible for the,éreation of the diagenetic
environmen;évduring the post-middle Givetian e}osional period. The

combined effect of depositional and s;perimposéd diagenetic facies formed
permeability zones ;ubparallel ;ﬁlthe N 65% E trend. The uniform -

Tr&stalline dolostones of Facies E and to a lesser extent Facies D and B
- . .

.

appear to be the most permeable units in the lower barrier. The lower | -
. . Y " t
part of Facies K is highly permeable, whereas the upper, highly wvuggy

-

Facies K section is probably not an effective aquifer. The thick; .
impermeable Chinchaga evaporite section is, a _barrier to éertibal fluid

3 . .
movement, as is the intercalated shale and dense carbonate sequence of
| . - '
the late Givetian Facies L, M, and N. These relationships suggest that |

. -

.,:, - R \.‘ . '
fluid moveﬁbnt was channeled along the Hingé Zones and within the rocks

: r

of the Pine Point Group-. et h B
Kesler et al. (1972) show .that horizontal asymmetry of 43 single ‘ﬁ
. s J—— P . ‘.:‘1
sulfide crystals and groups in ten Pine Point ore bodies suggest that §
the principal flow directions of ,the .mineralizing fluid were both %?
. ‘ ; ) . g
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northea§t and southwe§f‘?lpng the barrier trend. A strong flow vector

“»

is directed towards the southeast, and other divergences of flow from
the barrier trend are apparent. This pattern can be interpreted to
represent sulfide deposition spreading from point sources along joint

patterns.

.

. 4- 3 ‘- ” a : 3 r3 [
Speculation concerning the direction of mineralizing fluid =~ .

- -

movement is permitted also by metal zoning in the district and in
: indivfdual ore bodies. Based on the decreasing relative solubilities

£ :
of Fe, Zn, and Pb sulfides (Barnes and Czamanske, 1967), the metal

<

distribution pattern for the Main and North Tréndéfﬁfigs. 37, 38) -
] )

~indicates overall fluid movement from southeast to northwest; similarly,
- >

hthé ratios of.the cumulative ﬁéfal tonnages rélative‘to stratigraphic
position (Table 5) suggest a vertical component to-fluid movement. 1In
addition, the concentric metal zonation of individual ore bodies is most‘dés
readily.explained by local vertical movement of the mineralizing fluid. N
' : ! ,‘Fﬁ )

]
Causes of Sulfide Precipitation and Concentration
s . .

Bakrah

L}
Certain mineral assemblages and textures in carbonate-hosted

< Pb-Zn ores may aid in defining geochemical characteristics of the

-

-
' depositing fluids. The relationship between sulfides and carbonates is

1

important particularly in indicating the cause of precipitatiopn; if
4 .

- .
carbonates are stable during sulfide deposition, increase in .reduced

sulfur is the most likely reason for precipitation (Anderson, 1973, '

1975). Beales (1975) points out inscanﬁbsmof apparent carbonate-sulfide i

’

equilibrium, and this study reveals numerous exémpleé suggesting

carbonate ingtébility (dissolution) during the sulfide—aeposfting episode

»
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saturation ,(Anderson, 1975). Such a phenomenon is suggeséed by the

F
. . )
- . P
168
at Pine Point (e.g. Plates 7:2,6,11; 9:2,3,6). This evidence does not \

necessarily indicate that carbonaFes were undergoing active dissolution
dyring sulfide prebipifation; rather, it-éay indicate alternating
%gisodes of carbonate dissolution and sulfide precipitation. éimilarly,
;;duced sulfur may have been supplied periodically; as Anderson (1975)
emphasizes, regular replenishment of reduced sulfu; is a ;Equiremenf f%r

large sulfide concentrations because of the small amount of HZS which

can occupy available porosity.
Solubility data for galena at 100° C indicate that the trans-

porting brine must be extremely acid if both lead and reduced sulfur are

-

cérried in the same soluk@én“(Anderson, 1975); yet, it is qertain that
. b :

any solutioh,within a thigk carbonate sequence would have been quickly ?
< ' )

buffered by calcite and d?lomite. Therefore, the most reasonable

mechanism for producing l¢cal conditions of carbonate disequilibrium is
through mixing of solutions of differing character (Runnells, 1969;

Plummer, 1975), probably~one containing metals and another ;educed

éulfur. . The mixing of these solutions is 1likely tg cause rapid

crystallizatdon resulting from the relativély lafge degree'of super- - .

)

early stage of colloform.sphalerite and skeletal galena at Pire Point. .

Skeletal and other incomplete forms of galena have been produced
s .

experimentally by mixing aqueous lead chloride with a solution .

- . ”

containing HZS (Leleu and Goni, 1974).

.

The Cheleken Peninsula is an excellent'example of a modern &k
stratigraphic 'section with sepafate‘aquifers which contain fluids of \

' ¢ '
greatly differing salinities, metal percentages, sulfur oxidation states, _

¢ 4
¥ . v .
L/ . .

- . “ . -

"
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and temperatures (Lebedev, 1972). Artificial mixing of th%se fluids

produces spectacular growth of sulfides and sulfates. It is proposed

ra

D s S S S R O Yo D D e oSN R I A ke ST IR

IXY

that natural mixing of fluids from separate -aquifers in paleo-dolines

N

and breccia zones in the Pine Point barrier complex resylted in slower .
but just as spectacular growth of sulfides.  This mechanism.is
supported by the association of the prismatic ore bodies with dolines

and breccia zones within an otherwise undisturbed stratigraphic

a
[

section, by the sharp boundaries and individual nature of these ore

Al "

’

bodies, by the concentric metal zoning pattern in individual ore bodies,

and by the divergences in fluid flow directions which appear to indicate

= - -~ point~sources~for the ore bodies.

o -

Timing of Mineralization ) N

3
3
i

Probably t&e single most enigmatic aspect of carbonate-hosted

TR
>

W

Pb-Zn deposits is the-general problem of determining tﬁé’age of

. kY

mineralization. Y$t, timing is of paramount importance in any genetie

e

.
X% 7

»
model for these dersits. It ©s clear from geologic evidence that-

N

IR REES

% ﬂf:
A\ ]

 many of these sulfide accumulations posé-date the depbéition of thef%;f

.,
A

host rocks, that s, they are “épigenetic" rather than "syngenetic."

ALY,
Lt

B R Y O
R RER Y I3
2

In the. case of Pine Point, sulfides occur in strata as young as the =

LY

1aEe’§ivefiaq Facies N, but there$is no geologic evi{encé to indicate a

»

T L
precise age of hineralization during the 375 million years from the

v
fl

(2 3 e 2y

= i) v

Givetian to.the.present.

L A AT P
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3! . ¥ : 2
f It is possible to determing the age of m}neralization for some e i
":g e , . ?‘ . . ’
?? » . deposits through the use of lead isotopes.  Lead exists in four isotopes—-— B

:". ’ .. .

" ‘ ' i oo~
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204Pb, 206Pb, 207Pb, and 2OSPb, of which 204Pb is the least abundant.
- ]

Isotopes 206?9; 207Pb, and 208Pblére radiogenic isotopes derived from .the

?238U, 235

“.radioactive déca} of U, and 232Th parents, respectively, where-

as 2OAPb is nonradiogenic (Doe and ‘Stacey, 1974). Single-stage lead
isotopes are those in which the present parent:daughter ratio is the
result of sequential radioactive decay of the parents. Single-stage
lead iso&opes thusfapproximate the time of formation +of the mineral‘
deposit. Anomalous lead isotopes are those which result from the decay
of sources with two or more parent:daughter ratios. Ages of formation -
determined from anomalous leads tend to be greatly in efror (Sangster,

1976b). A -

-

Most of the classic carbonate-hosted Pb-Zn deposits of the

Mississippi Valley are characterized by ﬁarkedl& radiogénic lead

isotopes of the so-called J-type with 296Pb/?04Pb ratios of 20 or i

.

greater (Heyl et al., 1974). Isotopic zonation in some districts has

-~

.

been interpreted to represent solution flow vectors; some indévidual

galena crystéis are zoned with more radiogenic. isotopes on the

-
A Y

. ¥ - '
perimeter (Heyl et al., 1974). The six previous Pb "isotope determinations// -

for galena from Pine Poirt (Cumming and Robertson, 1969) were considered. *
- Ty -
to be’poor representatives of the entire district because three were -~

.

from the same sample anhd the other fhree were collected in 1916 from
the original weathered surface occurrences.ﬁ:Thirteeh carefully selected

additional samples were analysed in this:study in an attempt to represent

-
B

variables of geographic location, hosting facies, galena habit,
assoclated minerals, and paragenetic position (Appendix V}. Althougﬁ‘

% -

a slightl& greater range is shown by the new data, the non—radiogeﬁic

.‘Y
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g nature of the Pb indicated by the'earlier analyses is verified (Fig. 73).
; ' . -

The analyses are spread out along the "204-error" line, suggesting that’
analytical error of the least abundant isotope is the probable cause of
most varibtioq. Thuél the analyses can be considered as a sangle
population, and a single—staée model for their evolution can be applied
. “(D. F. Sangster, pers. commun., 1976). Using the methods of Cumming and

Richards (1975), a model age of about 310.million yedrs can be calculated

from the mean isotopic composition. The mid-Carboniferous age thus

TR AT R R RIS

7

% { 1 .’detérmined can be considered as the valid age of miqeralizgtion in the
% > fﬂ? absence of other evidence. The non-radiogenic charqﬁter of the Pb may
%{ : . bé inﬁeéﬁreted to indicate either a juvenile source, or a source
"f{“ -
3 thoroughly mixed during sedimentation or transport so as to approximate
% ) single-stage conditions ?Sangster, 1276b). District zonation or‘ T
A : - .
3 variation in lead isotopic perceﬁzages or ratios due to stratigraphic EE‘
% b position, associated minerals, galena habit, or paragenetic stage is )
’ ’ not indicated by present data.
‘ . . The study by Beales et al. (l§74) demonstrates great potential
. for the use of natural remnant magniyism ‘to determine age of

. mineralization. Paleomagnetic pole positions computed for ores and

n

L]
. their.host rocks from two carbonate-hosted Pb-Zn districts are

identical within statistical uncertainty. These results suggest that

the bres, although clearly epigenetic, are of approximately the same
-age as the host rock (within 25 million years at their limit of ' .

. accutacy); which "is in agreement with geologic evidence. This method of

e

Q

N age determination should become iqcreasiRgly beneficial as apparent

polar wandering curves are better defined by fé@urveoEk and as more
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Data are presented in Appendix V.
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. - . ..‘ v ,
sensitive techniques are developed: to measure low 1évels of remnant

magpetism. " Beales et al. (1974) were unable to detect the remnant

-

. . LYo &
magnetism for a sample of Pine Point ore.
<
. : .
In addition to the geologic age of mineralization, the length of

s . . . . . >, r .
time/invdlved in sulfide deposition is aﬁﬁp of interest. For example, .

- -

as Roedder (19i5) shows, 100 million tons of qupercent'ore could. be

. -

deposited within a time span of:l;OOO to 10 million years with a.
prgcipigation change of 1,000 to 10 ppﬁ, respectively, using geologicélly

reasonable values for fluid flow rates, quanthy of flow, fluid_dénsity,
i 14
and bulk porosity. Roedder (1968a) recognized regular ("periodic")

] :"/‘

v

s

color bands in Pine Point colloform sphalerites and interpreted ;heh to
be annual varves, perhaps resulting from sgasonal mixing of fluids of

different compositions. If the total ore deposition consists of about

- »

>
7 cm thick colloform ,crusts on many substrates, as Roedder assumes, and

each varve has a thickness of 7 um, then 100 miliion tons of 10 percent _
' < . ~F

ore could be deposited in about 350,000 years with a precipitation .

S . -

-~

/ .
change of l,OOOprm and flow rates of 10 gallons per minute. Extremely

i

rapid sulfidé“growth has been demonstrated for the Cheleken Peninsula

‘'where the artificial mixing of natural mqtal— and sulfur-bearing brines

-

results in colloform sphalerite precipitation at the rate of 1 cm per

year (Lebedev, 1972); Periods of rapid precipitation are suggested also

by Pine Point sulfide textures such as colloform sphalerite, skeletal

¢

galeha, and inz;jiii/}pfgngfbwths (Plate 11:3-8; 12:5); also periods
1 i

of slower growth/are indicated by ﬂ;rgg crystals (Rlate 12:2, 45 13:3).-
InéETruptions in sulfide deposition are indicated by intergrown dolomite

(Plate 11:3). . - Y
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[ . » ToncLustons - R _ T
% .- 5 . - . :
? . = -  Post-middle Givetian sqpaefial exposure of the Pine Point- ‘
4 . A v “ C' R . . B
. - g .o e ' ¢
S ~#  barrier complexugesglted in the formation of major-solution structures
?1 v . . ' ¢ . ! .
4 and -the Facies K dolostone. Dolines developed throtagh the diggolution‘ ot
{ e o T Ce. -
%/////\ .. of . upper barrier limestones by meteoric water; caves.and tabular zones
ky ~ . - N — .
: ) ~ ~ VT . R Ve
_ of increased bermeablllty formed im the upger part of the meteoric . ¢
:' ) . ‘ ’ ie . e * ‘ « s :
5- phreatlc zone. The upper barrier limestones were converted into C
E ) A > .
i ) ~ Al . . o, P - %
§~ .E) coarse—crysta}llne Fac1es K dolostone in a zone’ of mlxed fresh water
§ A * and sea water during subaerial exposure, as indicated gxﬂstratlgraphlc
g relatiqne, paleogeography, hydrologic ptinciples,“dolo§cdﬁ§‘Na:contents,
% . : : . AP
% . . . . . . .
2 : and comparison with tecent carbonates. Intrease in sea.level during 3
?-‘ R LY L] e . * v - N ’\. *
i . marine tranggression at the ces§ation-of the erosional perigﬁ”?ésulted
3 . , . .
g ot ia sporadic raising of the level of thejvariouszdiagenetiq environ-.
k. : v
[ ’ . s
: ' ments and filling of ‘the dolines with erosional detritus. Dolomitiza-
s tion® of ‘upper barrier ?E;;;tones and detritus-filled dolines ' ceased as>
; the meteoric, water Supply was terminated by marine inundation of the
: . . R R ~ [ 3
coe .+, erosional surface.: These solution features were aqulfers.for miner—
. . . r 2 . &) . -
1 //’§\~\\\\¢ allzing fluids and loci® for sulfide depositipn in the coarse—cryStalline
; - . y :
f Eacies.K dolostone.’ Dolines,host prismdtic ore bodies, wheréas caves .
v N * * e
: A s ! .ot . 2
/) ¢ . and tabular permeable zones contain tabular ore bodies. Origin of the
v « @ sulfide hosting breccias in the.fine-crystalline dolostohes of the
I .
- . .
1éwer barrier tﬁ less apparent but these also are believed to.be .
B ~ v
"R




. e
VALY NN SR S
&

.

B B TP SR T S TR PRI
: . -

.

1]

may % 0irl

o .o : AR D NO MY Srf

i

———
=

—

.

EEFT

o of W Kl
...._&..,__mm #1223

2l /=]

125 flis




e
e )

!
|

RS raaT

¥
RS

solutigﬁ\featureSu

7

U The Pine P int sulfide bodies range in size from less than ¢

R

—

X
3

-+100,000 tons to more Eg;§f1§\miiliog tons and contain up to 20 peréent

~ >
~ — - = >

combined.Pb-Zn as sphalerite 3ﬁd~géiena. Marcasite’ and pyrlte are

- -

- common accessorles, and Fe content of ore bodies ranges from dess than

~ >
-~ . a

1 to more than 10 percent. Individual ore bodies are zomned with a

"~

R

AR

5

1,
<3

Y

g2t

7 SRR g
R :;&T“ e .,«,m'gv”

i

Perich, high grade care passing outward into a Zn-rich, high grade °

zone which grades into an Fe-rich, low grade envelope. A district °

&
v

-

‘metal zonation is indicated by ore‘bodies along both the,Main and-

et e,
25

ATy

North Trends which are progressively more Pb-rich and less Fe-rich

SR
BRI

2

from southeast to northwest in zones parallel to the Hinge Zones. !
. 13

R
AN

- 'Fluid inclusion evidence indicates that the Pine Point sulfides

e

were deposited by highly saline brines at temperatures of 50° to 100° .

i

'C, probably upon encountering a Eﬁpply of.reduced sulfur. These

v

B

brines appear to have originated within the sedimentary sequence,

but the immediate-metal source cannot be defined by present data.

"“’-5’:)‘;‘; i ka2 et

Major and trace ‘element tompesition of the ores indicates only abundant

Pb,. Zn, and Fe componénts in a 2:5:3 ratio. The most likely‘sulfur

-

\\\\\\\§buncg\is the Middle Devonian evapotrites, probably supplied in the .
~ . P ~.

form of HZS.\\heag\isq;ope analyses of é'variety of district galena

O A

~~

types confirm their noﬁéradgogenic nature and indicate a mean
206Pb/204

A

s .
Fyin a8 O o AT

Pb ratio of about 18.1;\\Thg§e data suggest a mid-Céibonifei;

A

"y

ous (310 mill en years) age of mineralizéflon, considerably younger

N

. .
thar the middle Givetian (375 million years) dolostone host. Colloform

sphalerite and- skeletal galena indicate an early phase of rapid sulfide

deposition, while coarse crystals suggest a later period df sléggf\\

.

R R R
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sulfide growﬁh. - Evidence fof“BotQ\E?Lfide—égrbonate equilibrium and

~

. v . .
disequilibrium conditiqns are apparent, ﬁenhgg§ relating to periodic .-

fluctuations in supply of reduced sulfur. Tl

. ) ‘ ’d ~ -
. High-grade sulfide concentrations -are localized in paléo=

dolines and breccia zones pecadse these transgressive features were

-

the bypasses between different_aqu{fers and acted as natural mixing
sites for fluids of differeng character, one of which contained metals.

and tHe other reduced Sulfur. Ihis'FmdeL is supported by the occur-

rence of prismatic ore bodies in dolines and breccia zones within an
- N 1 .

otherwise undisturbed stratigraphic section, the sharp boundaries and

individual nature of the ore zodnes, the concentric metal zoning pattern

.

in ore bodies, and apparent divergences in fluid flow directions.
. N ?

e

Many questions remain unanswered for the Pine Point district, .

\

including the source of metals and the timing of mineralization. The

~ '

concept of multiple phases of metal enrichment should be considered.
EXhalative supply of metals to the sea floor along the N 65° .E Hinge .
Zones perhaps resulted in metal concentration in shales, carbonates, or .

evaporites. Subsequent metal enrichment of sedimentary brines occurred, N

. IS
>

‘\' <
and metals were fixed as sulfides upon encountering reduced sulfur.
) ' .

N

Mechanical (and chemical?) reworking of sulfide; as a result of .

carbonate diséolugion accompanying sulfide deposition appears to have
' > s . I N

| .
iresulted in further sulfide concentration in some ore bodies.

.
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- PLATE 1 ’ ]

-~

- Lower Paleozoic and Lower Pine Point Barrier Rock Types

(Sanples are polished cores, 35 mm in horizontal dimension)

01d Fort Island Formation —- reddish, fine-grained, friable
quartz sandstone,

Mirage Point Formation -- orange, fine-crystalline dolostone
with blebs and veins of anhydrite.
Mirage Point Formation -- reddish- and gééenish—gray dolomitic
mudstone with abundant scattered sand grains. .
. ' . . . « {
Chinchaga Formation ~- light to medium brown anhydrite with thin
dolostone laminae and-anhydrite-filled fractures. -

Keg Rivér Formation -- Facies A -- medium brown, argillaceous
limestone with abundant crinoid ossicles and scattered
brachiopod fragments. o0 -

Keg River Formation -- E-Shale -- bluish-gray, dolomitfc shale
with scattered crinoid ossicles.

Pigg/Paﬁnt Groy@#-- Facies B-1 -- light gray brown, \dend
dolostone with scattered stromatoporoid fragments.
[ ] . .
Facies B-l -- medium brown, sandy dolostone with Thamnopora
impregnated with bitumen. ’

Facies B-2:-- dark gray brown, dense dolostone with abundant
crinoid ossicles and thin-shelled brachiopods (partily’
silicified).

Facies B-3 -- light brown, dense dolostone with fine fractures
and areas of good intergranular ("spongy") perosity after
leached fossils and burrows.

¢

. .
. . 1.
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' PLATE 2 ' i
. ’\ : 2 .
' 'Pine Point:Group Rock Types

(Samples are pollshéd cores, 35 mm in horizontal dlmen51on, urrless
another scale is shown) .o i f
.
2:1 Facies C =- %ery light gray limestone composed of ﬁnifqrﬁ
skeletal sand. _ ) . -
2:2 Facies D-1 5 '
> : :
a. Medium brown dolostone with tabular stromatoporoid

-

~ fragments. “
. b. Buff, sandy dolostone with- vague mlcrltlzed" tabular
stromatoporoids.

-
/

“w\
2:3 Facies D-3

- a. Light brown to gray fragmental dolostone. .
"‘\ . : ' ] ) . SN - - 7
- b. Blue gray, dense, vuggy dolostone with vague fossil forms.
- o , Less
t {‘ - .
2:4 Facies D-1 -~ medium browngsdolostone with abundant leached

stromatoporoids. X15 ore body, north side, 4th bench.
v
2:5 -Facies D-2
-a. Very light gray limestone-composed of massive stromator
poroids. K62 ore body,- south side, 1st bench.

b. Very light gray limestone composed of large fragments of
massive stromatoporoids.

2:6 Facies.E -- light brown, sandy, friable dolostone with good
1ntergranular porosity._ . L
2:7 Facies F —- black, very bituminous, micritic limestone with
' Tentaculites and Styliolina.

) 2:8 Facies F -- photomicrograph of Tentaculites in dense, bituminous
limestone., Scale is 0.4 mm.

0 .

2:9 Facies G -- Buffalo River Shale —- bluish-gray, fissile shale
/ with disseminated iron sulfides.
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. é%? PLATE 3 i , ‘ -
. e Pine Point Group‘Rock Types .
» B (Samples are polished.cores‘ 35 wm in. horlzontal dimension, unless
. another scale is shown) .
= 3:1 Facies H -- very light gray limestone with gastropods and algally-
. - _ coated.skeletal grains. ’
t .
; 3:2-  TFacies I -- very light gray, micritic limestone with common
‘é ) Amphipora.
% ¢ 3:3 Facies J-1 -- light blue gray, dense dolostone with blotchy
mottling. \
3:4 . Facies J-2 -- medium brown, faintly laminated, dense dolostone;
. : lens cap is 54 mm in diameter. W17 ore body, west side,
S . & 3rd bench. ' .
3%s Facies J-2 -~ polished core showing ®renulated laminae, probably .
e of algal origin; scale is 5 mm,
A: . 3:6 Facies J-4 -- medium brown, dense dolostone with abundant - 1
;féd' . Amphipora; lens cap is 54 mm in diameter. X15 ore body,
- west side, 3rd bench. )
T . - .
{ 3:7 Facies Jr4 —- polished core with abundant Amphipora; scale is -
. . 5 mm. . ,
3:8 . Facies J~3 -- 1light brown, sandy .dolostone with-good inter- ‘*; .
granular porosity.
: »
3:9 Muskeg ‘Formation -- white nodular gypsum. - . -

3:10 Muskeg Formation -~ light po medium brown, dense anhydrite:

.
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PLATE 4

d‘\/ ' -
~c" Presqu'ile Facies K

! —
Bedded Facies—K-in west wall of N38A open pit, first bench.
Note abundant zones of white dolomiﬁ@gabove thin bed of

Fac1es J-2 dolostone (C-Horizom)., -Bench heiight 1s about
8 me'ters.

Well-bedded back-reef Facies K in south wall of N42 open pit.
Height of exposed section-is about 25 meters.
[
White dolomite-healed "breccia" in upper K in south wall of K57
open pit, fourth bench.

s
a

Pervasive white dolomite in upper K in southeast wall of K51
op¥n pit, fourth bench. = -

Boxwork white dolomite in west wall of K57 open pit, fourth
bench. . o

Boxwork white dolomite with porosity-occluding coarse calcite.
K57 open ﬁi;, west‘side, fourth. bench. '

Pervasive white dolomite in upper K core‘specimens from K57
ore outline drilling

WA
-

Buff, coarse-crystalllne dolostone in lower K K57 ore outline

drllllng : o -

a,b. Massive,.vuggy dolostone with relic massive stromato-
poroids. N

c,d. Uniform granﬁlar dglostone, probably relic skeletal

debris; pervasive iron sulfides account for darker
color of d.

)
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BLATE 5

C\-~" . .o Presqu'ile Facies K
Lo:1 Irregular contact of coarse-crystalline Facies K dolostone with
- unaffected near-reef Facies D-2 limestone in J44 ramp; steeply-
dipping fracture is filled with gray-green clay.

5:2 Interbedded coarse-crystalline dolostone of Facies K and micritic
limestone of Facies I on right ’passing to left into sectlon
of entlrely coarse~¢rystalline dolostone, N42 ramp.

5:3 Close~up of part 5:2.
5:4 . Specimens of interbedded lithologic types, N42iramp.

L)
a. Very light- gray Facies I limestone with skeletal sand and
gravel, N
b. Buff coarse-crystalline Facies K dolostone with granular
texture.

R L L AL

~5:5 - Transformation of carbonate sediment into Facies K; interbedded
and gradational "lithologies from drill core.

a. Skeletal gravel, largely dendroid stromatoporoid fragments.

b, Lithified skeletal gravel {Facies D-2). . -

~ ¢. Coarse-crystalline Facies K dolostone derived from D-2
limestone.

5:6 Light gray, coarse~crystalline Facies K dolostone consisting of
massive stromatoporoids with some corals.

5:7 Light brown, coarse-crystalline dolostone with parallel layers
of white dolomite ("zebra rock').

"5:8 . Coarse-crystalline, granular Facies K dolostone types with
: varying amounts of white dolwmite.

‘>539“‘*~€ea:se-crystalline Facies K dolostones, possibly derived from
pre~existing fine-crystalline dolostones.

a. Light gray, laminat®d coarse-crystalline dolostone associ~
ated with C~Horfizon; possibly former Facies J dolostgne.

b. Light brown, coarse-crystalline dolostone occurring in

e lower pgrt of Facies K; possibly former Faciles E
: dolostg§§?—‘*§\\\\b
A N

o . Medium brown, argillaceous, coarse-crystalline dolostone
N with relic thin-shelled brachiopods and crinoid ossicles
from lower part of Facies K; probably former Facies B
Ndolostone. -

5 . ) -

¢
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PLATE 6 _ . T
Watt Mountain and Slave Point Formations . . .
: i P
(Samples are polished cores, 35 mm in horizontal dimension) . - '
6:1 Watt Mountain Formation —-- Facies L —- light gray, dense limesﬁoné '
with algal and skeletal sand laminae. .
6:2 Facies L -~ light green gray, argillaceous dolostone with scat-
tered blotchy mottling and shale chip conglomerate.
6:3 Facies L -- very light gray, micritic limestone impregnated with ) ,
bitumen.
6:4 Slave Point Formation -- Facies M~2 -- light brown limestone
with bulbous stromatoporoids impregnated with bitumer.} .
6:5 Slave Point Formation -- Facies N -- light gray brown, laminated .
limestone. o . ' P
- - P <
6:6 Slave Point Formation -- Facies O -- dark brown, micritic
limestone with abundant irregular argillaceous lam?nae.
6:7 Slave Point Formation -~ Facies P -- medium brown limestone with

common thin-shelled brachiopods and small intraclas?s..
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7:1

7:2

7:3

7:4

7:5

7:6

7:7

7:8

7:9

.7:10
3

7:11

Sulfidé-hosting Features Associated with
Prismatic. Ore Bodies in Facies K .

Abrupt transition (dashed lin€)" from the irqn-rich perimeter (S)
"of N38A ore body to sulfide-deficient coarse-crystalline
dolostone of upper Facies K.. N38A open pit, southeast side,
first bench; width of scene is about 8 meters.

Isolated remnant block of laminated détritus (D) w1th1n massive .
sphalerite and galena (5); K62 open pit, first bench.

Medium-gray, lamlnated detritus with scattered green clay blébs
and white dolomlte - Sample K57 29-80; scale is 1 cm.

Light gray, laminated detritus (D) with introduced sphalerlte'
(S1) and galena (Ga). Sample K62 25, ‘scale is 1 cm.

Detritus (D) with scattered tidal flat dolostone fragments;

irregular fractures cemented by sphalerite and galena (S). K62
open pit, first bench; lens capﬂis 54 mm- in diameter )

Dolostone detritus with pervasive introduction of about 75%
sphalerite and galena; note preservedrblebs ofzgreen clay (C).
" Sample A70-4- 193, scale is 1 cm.

Large tidal flat dolostone fragments in detritus‘K62 open pit,
center, first bench.

Y
Detritus "fragments" (D) cemented by colloform sphalerite (S1)
and galena (Ga); note isolated colloform crusts without
substrates and galena .veinlet transecting detritus fragment
- and its colloform sphalerite rim (A). Sample N38A-7.

Fragments of tidal flat dolostone and green clay (C) in detritus;
galena crystals (Ga).in matrix. K62 open pit, east side, first
bench; coin is 23 mm in diameter

o>,
[

Photomicrqograph of dolostone detritus m with intercrystalline
galena (Ga) and clay (C). Sample Z53N-1- 52, polished surface
6320. Reflected light; scale is 0.4 mm,

Photomicrograph of galena in dolostong. detritus; irregular
crystal edges and remnants of detritus within the single crystal
suggest that the crystal formed by' Successive stages of
detritus dissolution and galena preeipi ion. Sample K62:5;
(gzale is 0.4 mm.

3 . > ‘,( -~ \ N
v ) ' R C T \\;;/)
. ' .

polished surface K-5. Ri§1ected light;
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PLATE 8
* i

Sulfide-hosting Features Associated with
Tabular Ore Bodies in Facies K . .

- - - ‘

: 8:1 Coarse-crystalline sphalerite.in étraéabound3porosity zones in
. lower Facies K dolostone. M40:ore body, ‘stope 3336-7; scale
‘ is 30 cm. e

8:2 Uniform granular Facies K dolostone with fine- to very
coargse—crystalline dark reddish-brown sphalerite. Cores from
tabular sulfide zone east of K537 open pit; samples, left te._-- @

. right, K57-142-101, K57-128-78, K57-128-92.

8:3 Uniform granular Facies K dolostone with coarse-crystalline
galena. Sample K57 20. N
-
8:4 Uniform granular Facies K dolos%one with fine-crystalline dark

reddish-brown sphalerite. Sample N384-25.

R

8:5 Facies K dolostone surrounded by massive sphalerite and‘galena (S)
in a macropore. . M40 ore body; scale 1s 30 cm. A

8:6 Stalactitic sphaleritexin tabular mécroporeyv M40 §re body, .
3134 drlft east' sciale is 10-cm. . T : .

8:7 Collapse E?eccia in lower Facles K dolostore cemented by . .
sphalerite and galena (S). . M40 ore. body,_stope 3337 16 o E =
o . scale ig 30 emir C ) ) =3

..... N5 N .

, . A “ ., . P .. . ., L
< P . 2 e , s
. .? -

8:8 Breccia of unlfo;m granular Facies K. doloston&'fragments cemented L
by m3951ve céarse-crystalllne galena (Ga)""Sampie K62 9~

~ R . LRI - N . -

e ree T Y omc e it -
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PLATE 9 ) . - ot

' Sulfide-hosting Features in-phe Fine-crystalline Dolostones
of the lower Pine Point Group
) <« )
Depression in Facies J dolostone exposed in west wall of W17 open
it; note boundary "fault". Height of exposed section is-
about 45 meters. ’ :
B ) . . B

Rock matrix breccia with pervasive massive sulfides (S); note -
extremely irregular edges on fragment of J-4 dolostone. w17
open pit, sixth bench; scale is 15 cm.

L}

Rock matrix breccia (BR) consisting of J-2 and J-3? dolostone
fragments in fine-crystallidig, light gray dolostone matrix;
note irregular contact with massive sulfides (S). The absence

of sulfide encrusting growth forms on the irregular contact

suggests that the sulfides formed by successive stages of
carbonate dissolution and sulfide prec1p1tation. Sample

Wl7-17.

9:2

9:3

9:4 Fragments of dolostone and limestone in micritic, calcareous
matrix; note bleached rims on Some fragments. " W17 open pit,

sixth bench; lower scale in cms.

Breecia of J-2 dolostone fragments cemented by encrusting
h . splfides. W17 open pit, third bench; lens cap is 54 mm in
5 * diameterx'

.
. ~

.3”’_ .

:gTZ d%Iostone wlth 1rregular areas of massive gulfides (S); note
>’ that: &idal flac 1amimat10ns ‘aréshot displaced adjacéht to the
uif1&és‘ Wl7 open pit sixth bench "scale is 20 cm.

...
Y, <

5y
ﬁ s1ve-ore composed of iqplmate mixtuneeof marcasite, pyrite,
o N sphaler1te, gnd galend w17 open pits; ghirdabench.ﬁg -LNJ:
¥ “.Facies B dblostone.w1th Bulfiaeg_ln intercrystalline'porosigy and - !
4 P, galena 4n, thin ﬁractures. Core NZOE ore body; scdlg is°1 cm. :

4.

-

\ .. 7o)
- ] ,3 -

-~

° '.:‘. R r... 2t
9 = Facie ﬁ dolosqbpe with'dark &rown 6b5rse—crystalline sphal%ﬁgte B
s - 'in vugs and in intercrgstalline porosity in:burrows,. - Core, "

. NZQA ore quy tgtale’ 19v1~bm.o""
ﬁ’“‘ H

\‘a,

-~
et
-~

n

,

o" s

PervasivefSulfides in intgrcrysﬁalline‘porosity,in Facies B . )
do}os egrie. Cbre N204 Qre body“;, scale- is 1 em. ) .
. N
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10:1

10:2

10:3

10:4

10:5

10:6

10:7

10:8

10:9

( - Sulfide Textures & /

R

PLATE 10

Zoned tetrahedral crystals of reddlsh-brown sphalerite (S1) with
encrusting white dolomite (Do). Sample J44-20; sqgale is i cm.

~ )
.Yellow sphalerite crystals, fragments, and broken crusts in a

matrix of calcite; calcite has been stained with/Alizarin
red-S and appears dark. Sample X15-15.

Photomicrograph of X15-15; sphalerite‘(Sl) appears/ dark iﬁ\Lh

e

coarse-crystalline caléite (Ca)

is 0.4 mm.

Transmitted Jight; scale

Three textural types of sphalerite in X15 and W1] ore bodies.
Type 1 consists of coalescing fine-crystalline spherules of
dark reddish-brown sphalerite, often with yellow rims. Type 2
is the yellow variety of 10:2, and type 3 is/ greenish-brown
coarse-crystalline sphalerite with asspciated cubic galena.
Interstitial calcite has been stdined with Alazarin fed-S

and appears dark,é Samplg X15-20; scale is /1 cm. ;

Irregularly banded coarse-crystalline Facies X dolostone with
introduced banded fine-crystalline greeni h-brown sphaletite.,
N38A open pit, first bench, northeast side; coin' is 23 mm in
diameter.

Fine-crystalline sphalerite bands with int rlayer:galena and
marcasite from location in 10:5. .Samplie N38A-8.

Zoned reddish-brown sp

, halerite crystals
. fine-crystalline dolgstbné* of Facies

dense very
Sample A70-1-80;

scale is 1 cm.

kS

.o

Concentration "front" of sulfides, largely sphalerite, in

93

.,,r

fine-crystalline Facies J-3 dolostone.
cale is 1 cm.

sample X15-38, Transmitted light;

E
o TN .
Anastomosing netwo of concentration

Polished surface 6789,

"fronts" in Facies J-3.

dolostone; note apparent bleached

reas adjacent to sulfide -

Xl5 open pit, foyrth bench, north side.

concentrations.

Dendritic and ramose gphalerite©fo
substrates of doldstone breccia

with galena growing on
ragments and encrusted by

coarse calcite. 'J44 stockpile,
cap is 54 mm in diameter.

¢

. N *

xact lodation unknown; lens ..

: 1 )
.
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11:1

11:2

-

11:3

l;:4

11:5

11:6

11:7

11:8

11:9

11:10

RLATE’ 11
Sulfide Textures

Bxoken colloform .sphalerite (S1) in a matrix of skeletal galena
(Ga). Sample 042-1.

Dark and light reddish-brown and tan colloform sphalerite in a
matrix of sphalerite and galena. Sample 11,676; 024 open pit.

Thick sulfide crust consisting of the following units, in order
of deposition: (1) dolomite; +(2) dendritic dark reddish-brown

] sphalgxlte with mlnon.galena, (3) ramose orange sphalerite with
about®30% skeletal galena and rare pyrite; (4) orange sphalerite
with minor skeletal galena; (5) yellow sphalerite, (6)~ reddish-
brown sphalerite with cubic galena; (7) dolomite; and (8) dark
brown sphalerite crystals with octahedral galena. Sample M40-7.

A -

Layers 3-7, sample M40-7 (ll:?). Transmitted light; scale is 1 cm.

Thick sulfide crust coﬂgisting éf the foilq%ing units: (1) dolo-
mite; (2) altergating light &nd dark reddish-brown sphalerite
with minor skedftal galena; (3) reddish-brown sphalerite with
about 10% skdletal galena; (4) alternating yellow and tan
microcrystalline sphalerite layers; initial yellow sphalerite
layer, £i1ls skeletal galena molds transecting several layers
of 3 strata (A); (5) alternating yellow and orange sphalerite
bands; unit crystals extend across the stratigraphic sequence,
and (6) yellow and orange, sphalerite bands with octahedral u
galena crystals. Sample N42-1; scale is 1 cm, ] )

Photomicrograph of skeletal galena in'sphalerite, shmple°M40-7
(11:3). Polished surface K32 reTlected.light; scale.is 0.4 mm.

:
- - ’

Photomicrograph of ' molar‘tooth" of galena with crown extending
beyond growth limit of sphalerite stalactite. Polished-’ Surfhce,
6334; sample M40-27. Reflected light, scale is 0.4 mm. ‘ .

R
- . ﬂ s

Photomicrograph of skeletal galena with sphalerite and dolomite.
Polishéd surface M40-8. Reflected light’; scale is 0.4 mm.

+

Photomicrograph of galena in' colloform séhelerite shod&ngﬁtﬁe . .

response Qf sphalerite precipitation tdjslye presence of the
galena crystal Polished surface 350~ ; sample 042-1.
Reflected light, part}y érossed nicols; ‘scale.is 0.4 mm. E

»,a t

Thick crust of colloforﬂ sphalerite with galena; note white

dolomite underlying and over&ying s&lfides Sample 028 2.

. . b
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Sulfide Textures
‘ ”$a>

12:1 = Skeletal galena aggregate containiné~3 cm. cubic gélena crystals. -
Sample K62-34. )

12:2 Large" cubic galena crystals from clay-filled vug in X15 ore body.

12:3 Photomlcrograph of galena crystals with colloform sphalerite;
' massive galena associated with colloform sphalerite (e.g. 11:1,
: 12:1) commonly is composed of skeletal crystal aggregates.
Polished surface 4653; sample 8341, 042 open pit. Reflected
light; scale is 0.4 mm.
12:4 Coarse reddish-brown sphalerite (S1) overgrown by late cubo-
octahedral galena (Ga) and whlte dolomite, Sample N42-15;
"scale is 1 cm.

12:5 Hopper galena crystals overgrown by white dolomite; arrow shows
relative direction of mineralizing fluid movement as indicated

by crystal asymmetry (Kesler et al., 1972). Sample M40-36;
scale is 1 cm. )

~
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_12:6 Bladed-galena crystals in center of banded reddish-brown sphalerlte
Sample K57-22.

12:7 Coarse cubic galena crystals in 72 matrix of fine-crystalline,
pulverulent, tan sphalerite and skeletal galena. Sample K62-10.

. 12:8 High—gfade ore consisting of sulfide and Facies D-1 dolostone
fragments cemented by calcite; note large iron sulfide

fragments (A) and marcasite rind on one lithic frégment (B).
sample 'X15-26. ) *

>
.
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12:9  Pulverulent, tan colloform sphalerite formed around irregular
: masses of iron sulfides (FS); colloform sphalerite is uncommon )
in the ore bodies in the fine-crystalline dolostones of the T e
. > lower Pine Point Group. Sample X15-6.

12:10 Photomicrograph of fine-crystalline ramose sphalerite enclosing
marcasite and pyrite within massive iron sulfides (FS);
euhedral large crystals on periphery are pyrite (Py).
Polished surface K19; sample X15-9. Reflected light, scale
ig 0.4 mm. .
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PLATE 13

~Sulfide Textures
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v

Rare example of acicular crust of marcasite on massive iron
sulfides. Sample P31-1.
R BNE .
Vuggy boxwork of pyrite with marcasite dnd* minor colloform
sphalerite. Sample X15-12.

Pyrite crystal groups and nodules with minor encrusting
coarse-crystalline, dark reddish-brown sphalerite from Green
Clay Zone of W17. .

Photomicrograph of twinned orthorhombic marcasite crystals. K17
‘polished surface; sample X15-6. Reflected light, partly
crossed nlCOlS, scale is 0.2 mm

Acicular crystals of marcasite with intercrystal filling of
galena. K-3I polished surface; sample X15-26. Reflected
light, scale is 0.2 mm. ' -

Pervasive introduction of iron sulfides along fracture.in
Facies L tidal flat.dolostone. Sample R61-~1.

4

-

-

Photomicrograph of iron’sulfide rim in R61-1-(13:6); introduction
of acicular marcasite crystals along dolostone crystal contacts
has resulted in irregular rhombic outlines, particularly
toward fracture (extreme top). Polished surface 6296.
Reflected light; scale is 0.2 mm.

13:8 Photomicrograph illustrating pervasive introduction of iron,
sulfides (FS) along irrggular rhombic crystal boundaries in

b dolostone. Polished surface 6330; sample R61-38-64.

- Reflected light; scale is 0.2 mm.

13:9 Fragments of massive iron sulfides in a matri; of fine-crystalline
marcasite, pyrite, sphalerite, and galena. Sample W17-2.

13:10 Photomicrograph showing rare occurrence of interétitial ’
pyrrhotite XPo) along grain boundaries in massive pyrite (Py).
Polished sSurface K23; sample X15-12. Reflected light; stale
is 0.2 mm. :
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“White dolomite overlain by gray dolomite, dark reddish-brown
coarse-crystalline sphalerite, and white dolomite; the
gray dolomite passes abruptly to white dolomite with a faint
"y pink tint on the right. Sample M40-31; scale is 1 cm.

;Y

- <

Céﬁ%gal area (1) of white dolomite containing cdoarse-crystalline

.+ dolostone with relic fossil outlines overlain by gray dolomite
(2) with dark reddish-brown sphalerite, grayish white dolomite
(3), gray dolomite (4), and a thick rim of white dolomite (5).

Units 3 and 4 fill fracture in gray dolomite and sphalerite of
- unit 2 at A. Sample J44-26.

Fragments of massive iron sulfides (FS) with coarse—érystalline

reddish-brown sphalerite cemented by white dolomite. Sample
N384-30.

Fraéments and bands of fine-crystalline, light reddish-brown

sphalerite cemented by light gray and white dolomite; compare
with 12:6. Sample N38A-21.

Coarse-crystalline orange sphalerite with white dolomite in
uniform granular dolostone of lower facies K. Vague boundaries
between dolostone and white dolomite suggest that some white
dolomite grew by cannibalization of the coarse dolostone.
Sample K57-25-158; scale is 1 cm.

Thick carbonate crust with massive white calcite and white dolomite
on gray dolomite., Right half of cdére _has been stained with
Alazarin red-$ so that calcite appears dark and dolomite remains
unchanged. Sample K57r?5-131.

P A

Large calcite crystals from vug in J44 ore body; coin is 23, o
in diameter.

=2

Tabular crystals of colorless celestite *(Ce) overgrown by
~ coarse-crystalline yellow native sulfur (S) from vug in
Facies K. Sample 3301-421; scale is 1 cm. .
:9 Banded light reddish-brown sphalerite (S1) with bitumen (Bi) and
calcite (Ca). Sample K62-36.
14:10 White dolomite crust on gray dolomite with bitumen. Bitumen sphere
has white doldmite around it #nd may have been present during
white dolomite growth. Sample K57-32.
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APPENDIX 1 °
3 , . v
/ v - Calcutation of Metal Petcentagés and Ratios G,
. . Id
;L The plan maps ?nd sectiondl plots of metal percentages and .

rétios'presented in this study are generalized after data and computer

t °

ploté generated by the ﬂ§g§ system of the Bata Processing Section of
Cominco Ltd. ,in Tyail;"B. C. ¥This system utilized Pb, Zn, and Fe

agsay data providgH by{Ping Point Mines Ltd. from the cores of'closely
- .

spaced, vefti@él diaﬁbhd drill holes in the K57, A76; and W17 areas.
The intervals selected for.study were those previously determined by

Pine Point Mines t® have economically recoverable amounts of Pb-Zn.

3

Computer plots of metal values and ratios were made for 25-foot
B

(7.5-meter) mining bench intervals and for the total-ore interval on a
scale og 1 inch equals 40 feet (1 cm = 4.8 m). The weigﬁféd\éye;éges
of Pb, Zn, and Fe for the appropriate interval of each drill gégé\yfre
utilized in constructing the plan maps of 'slices between certain
elevations. The assay intervals are highly vafiable, ranging from less
than 1 to more than 10 feet (0.3 to 3. m) with a mean of about 5-feet
(1.5 m). Metal values of assayed intervals range from not detectable
in barren rock to essentially\stoichiometric percentages for Pb, Zn,

and Fe in galena, sphalerite, and pyrite, respectively, in massive

.

s+1fide intervals. Core intervals which do not contain megascopic

sulfides, and therefore were not assayed, were assigned zero metal
- / .
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percentage3. Drill holes with ingomplete information for certain
inhervals becauée of; lacﬁ?of éore"recovery, overburden extending below

.

_the upper eleva81on of Che 1nterval or insuffipient penetration were

* no't used -for thée plan maps of those,{’fervais. !Sectional plots were

.

made by composxtlng assay values into 5-foot (l S—meter) intervals of

. .

»

elevatlon. In order to empha51;e metal trends, final coftd urlng of

.
. -~

sectional data is based on the mov1ng average of data including the

A

5=foot-intervals ébove and below the central interval.. Metal ratios

were Originally plotted as Zn/Pb, Zn/Fe% and (Pb + Zn)/Fe, but at the

“suggestion of D. F. Sangster, ‘these data were recalculated and contoured

as Pb/(Pb + Zn):and Fe/(Pb + Zn + Fe) for better definition ef metal

trends. .-

£l

~ Galena, YBbS);,sphalerite“(ZnS), pyrite (FeSz), and marcasite
N~ '-.h"\' .

N

(FeSZ) are the only common‘sulfide minerals in the Pine Point ore
bodies. Composition of these sulfides does not vary greatly from
stoichiometric as t}ace elementa are usually minor. Therefore, the
weight percentages of Pb, Zn, and Fe determined from assay data can be

used to calculate an index of the total volumetric percednage of

sulfides present® . }

s 4 Pb % Zn ‘ 2 Fe
Total Sulfide Index = + -+ . e -
- 0.866 0.671 0.465

¢

—

—

Total ‘Sulfide Index avoids misconceptions eaused by the use of "ore"

or the sum of Pb, Zn, and Fe weight percentaéeq\to express overall °

u— J -
" metal distribution and facilitates evaluation of sulfide distribution -

STAIL IV PO
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relative to geologic features. = °* .
Only the‘ c‘ontour’ maps of metal,‘percen‘ta.g.:é‘:s_ and rafios for t‘hg . ".:
entire ore intervals of K57, A70, and W17 are presenged:, in thi‘S: ‘é,guci;}. N
S e :
Although metal percentages vary greatly‘.amon’g. the 25-foot (7..“3 m) ‘ T )

> 3

mining intervals, even in individual ore bodies, metal ratios and .

trends are consistently those demonstrated by the composited total

ore interv‘fl. Similarly, only selected sections showing general metal .

-

trends are included.
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) ' APPENDIX III
-~ %
Composition of Galena from Pine Point Ore Bodies
Section &.Sagple No Gale?a Pb S 7 Cu Fe Total
~Description Habit
e K-32A; M&40-7 Skel. 85.82 13.32 0.00 0;21 0.00 99.35
; Skeletal galena in.
.. ramose sphalerite Skel. 85.29 13.33 0.05 0.18 0.Q0 98.85
passing outward into
banded sphalerite Skel. 84.77 13.47 0.00 0.22 0.00 98.45
with coarse galena k :
layers 3-7 of Plate Skel. 86.02 13.37 0.00 0.18 0.00 99.57
11:3,4. .
Skel. 84.91 13.47 0.36 0.17 0.01 98.92
i Skel. 85.02 13.40 1.30 0.24 0.00 99.96
Coarse  86.15 13.23 0.21 0.21 0.00 99.80
Coarse 86.27 13.30 0.17 0.24 0.00 99.98
K-6A; M40-6 e Skel.  86.19 13.43 0.05 0.00 0.00 °99.67
Skeletal galena in - .
ramose sphalerite Skel. 85.90 13.40 0.00 0.00 0.01 99.31
’
- Skel. 86.22 13.20 0.00 0.00. 0.00 99.%2
Skel. 85.60 13.39 0.93 0.04 0.00 99.96
Skel. 85.67 13751 0.27 0.01 0.00 99.46
48465 M40-22 Coarse 86.60 13.30 0.01 0.01 ié.OO 99,92
.Coarse galena, sphal-
erite with dolomite Coarse 85.93 13.41 0.04 0.00 0.00 99.38
4848; K57-22 -Bladed 85.78 13.65 0.34 0.00 0.00 99.77
Bladed galena with
banded sphalerite Bladed 86.07 13.66 0.00 0.02 0.00 99.75
K-29; X15-22 Coarse 85.79 13.24 0.12 0.04 0.00 99.19
Coarse galena with -
sphalerite, pyrite Coarse 86.14 13.17 0.28 0.02 0.02 99.62
marcasite, and . .o
calcite Coarse 85.59 13.15 0.71 0.00 0.05 99.90
’ &
Coarse 85.41 13.09 0.47 0.06 0.04 99.06 °
Coarse  84.95. 0.06 0.15 98.44
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§ APPENDIX III (Continued) v . . o
- ; -
i Section &-Sat?ple No. Galer:na b g 7n . Cu Fe Toral .
3 Description Habit - - .
‘f 5967; N204-48 ’ Coarse 86:12 *13.32 0.0d 0.01 0.00 99.45
’ " Coarse galena with o, : .

. colloform sphalerite, Coarse 86.04 13.26 0.0Q 0.00 0.00 99.30-
; Summary of Maximum 86.60 13.66 1.30 0.24 0.15. 99.98°

24 Analyses . v
’ Minimum 84.47 13.09 0.00 $.00 0.00 98.44 s

‘Mean  °83.76 13.34 0.23 0708 0.01 99.44 -
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T * APPENDIX IV
Composition of Pyrite and Marcasite from Pine Point Ore Boﬁies":’c
L. . ) . . -
. Section & Sample No. . Mineral & - - .. '
. " Description .+ . ,Habit Fe ' s, Dt Total
A = = e
. ¢ “k-6a; M40-6 Marcasite 45.11 F53.09 0.63 98.83
Minor marcasite in , : ° Interstitial o
ramose sphalerite '  Marcasite ' 45.76  53.55 0,34 99.65
. and skeletal galena  Interstitial S -
L. ‘Marcasite 45.99=-53.57  0.48 100.04
< o Cte : . Interstitial’ S
: et . . . Marcasite 45.30  53;05 0.13 -98.90
e e, ‘ " “, Interstitial L. :
- S Do, v ° . Marcasite . 45,20 52.80 1.15 99.15
‘ R - - Interstitial o o
T e ‘ -%. Marcasite *’ 45.00 53.20 1.27  99.47
. Lo < 3 o Lo, Interstitial - N -
o - 210 Marcasitel  45.30 5350 181 99.91
) e S ;o L2 ‘A‘]E-nters'titjial Tyt
. . ©% N et T . N ” .
R§7-8 = 5. ciSMarcasite ¥, 46.15 . 53971 : 0.01  99.87
e ’ arcasite yith ¥ ™} ",- Blade” ”, L.
Cs “ " White dolomite Matcasite °  46.52 53.34 0.00 99.86
S , Blade . -, o . L z
oo “Margasite 46.54 53.32  0.00 99.86
o Blade S N
. ) a ** ' Marcasite . 46.30 53.06 0.00 99.36
e N LS ; Blade ) . .
. ‘ " 'Marcasite 46.76° 51.95 0.01 98.72
. . ' . Blade N B £
3 - ) ’ _ ‘o - f,?:‘?
~,% 5987; A70-96-166 Marcasite .°' 46.58 5§%d8 0.00. 99.66
I " Marcasite with coarse Interstitial ’ )
red-brown sghalerii:g Marcasite © 46.82 53.18 0.00 100.00
= : Interstitial
s Marcasite , - 46.04 53.15 0.00 99.19
' Interstifial . - .
Marcasite - 46.435.- 52.90 0.00 99.35
- Interstitial .
Marcasite 46.46 % 53.11 - 0.00 99.57
. ‘Interstitial .
o . 63443 N204-179-126 Marcasite 46.05 53.20 0.03 99.28
) Marcasite with pyrite, Blade . .
galena, and sphal- Marcasite 46t5§ 52.36 0.00 98.8%
erite Blade :
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; APPENDIX IV (CoRtinued)
Section & Sample No. ‘Mineral &
Desériptiop Habit Fe . g? Cu Total
T K=11l; W17-3 g = Marcasite 45.80 < 53.78 -0.00 99.58
Co-existing pyrite Blade - v
and marcasite from Marcasite 46.59 53.40 0.00 59.99
dolosgtone breccia Blade . .
Marcasite 46.75 53.28 0.00 100.03
* Blade .
Marcasite 45,90 53.95 0.00 99.85 -
- Blade . )
) Marcasite 46.08 53.73 0.00 99. 81
Blade -
i Pyrite 46.05 53.73 0.00 99.78
e, Cubic = -
- - Pyrite 46.07 53.59 0.00 99.66
Cubic ¢ .
K-30; Xi5—23 Marcasite 46.75 53.14 0.00 99. 89
Pyrite and marcasite Blade .
with sphalerite, *  Marcasite 45.71 52.92 0.00 98.63
galena, and calcite Blade -, .
- . ) Marcasite 45,78 53.93 0.00 -99-71
%, Blade . >
~ Pyrite 46.15 53.31 0.00 99.66
Cubic
Pyrite - v 46.73 52.93 0.00 "'99.66
- Cubic ' .
. »
Summary of Maximum 46.82 53.95 1.27 100.04
’ 31 Analyses ) :
L Minimum 45.00 51.95 0.00 98.63
Mean _ 46.10 53.26 0.16 99.54
e
. ¥ e :
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