
.. 

016956 

i ·--· 

ORIGIN AllD SULFUR ISOTOPE GEOCHEMISTRY ｏｆＭｾ＠ ｇｒｾ＠ DEPOSIT, 

ANVIL RANGE, YUKON TERRITOltf;; CAN/U)f;_... Ｚｾﾷ＠
\. 

BY 

JANET S • ｍｏｾｅｎｅ＠

A, thesis submitted in partial fulf ill.ment 

of the requirements ｦｾｲ＠ the degree of 

MASTER OF SCIENCE 

(Geology) 

at ｴｨｾ＠

UNIVERSITY OF wlSCONSIN--MADISON 
ﾷｾ＠ . . .i.i\ .. . 

.;·( 

1982 > 



ACKNOWLEDGEMENTS. 

LIST OF FIGURES 

LIST OF TABLES. 

LIST OF PLATES. 

ABSTRACT. 

INTRODUCTION. 

Location. 

TABLE OF CONTENTS 

Exploration History 

Previous Geologic Work. 

-. .. 

Sulfur Isotope Systematics and Stratiform Sulfide Deposits. 

Objectives and Scope of Study 

GEOLOGIC SETTING. 

Regional Tectonic Setting: The Canadian Cordillera 

Evolution of the Selwyn Basin 

Anvil Range Geology 

Introduction. 

Lithology 

Structure 

Ore Deposits of the Anvil Range 

METHODS 

Sample Collection 

Petrography 

Sulfur Isotopes 

Preparation of Ag2s 

.. 

ii 

v 

vii 

ix 

x 

xii 

l 

5 

5 

12 

12 

17 

18 

18 

27 

30 

30 

31 

38 

40 

41 

41 

44 

44 

44 



Preparation of so2 Gas. . • . 

Mass Spectrometric Analysis 

RESULTS • • . . • • . • • 

Petrographic Studies •• 

Mt. Mye Formation . . . -.. . . 
Vangorda Formation. • • • • 

Ore Petrography • . . . . . -. . 
Mineralogy. . . . . .. . . . 
Ore Facies. 

Ribbon-banded ore (4A) ••.••• 
Pyrite-free base-metal bearing quartzite. • 
Pyritic quartzite (4C) •••••••••• 
Base-metal bearing pyritic quartzite (4D) 
Massive pyritic sulfides (4E) 
Baritic ore (4G) •• 
Other ore facies. . . . 

Alteration. • . . . . . . . . . . . . . . 
Structure • • • • 

Sulfur Isotopes . . . . . . . . . . 
Introduction. • 

Detailed Intersection Data •• . . . 
Mineral Pairs • 

DISCUSSION. • . . . 
Regional Geologic Environment of Deposition • • • • . 

Mineralization. • . .. 

Metamorphism and Deformation of Ores •• . . . . . . 
Recrystallization 

Grain Size. . • . . . . . . . . . . . . . . . . . . 

iii 

45 

45 

46 

46 

46 

46 

54 

5·4 

66 

66 
69 
72 
72 
77 
so 
85 

87 

89 

100 

100 

106 

118 

122 

122 

125 

125 

126 

127 



Mineral Assemblage. 

Deformation 

Banding and Lithof acies Variation 

Element Zonation. 

Footwall Alteration • 

Lead Isotopes 

Sulfur Isotopes 

SUMMA.RY 

REFERENCES. 

APPENDIX I - LITHOLOGIC CODE. 

APPENDIX II - GRUM SULFUR ISOTOPE DATA. 

Cross Section 66 West 

Cross Section 74 West 

Cross Section 80 West 

APPENDIX III - SAMPLES REFERENCED IN THESIS 



ACKNOWLEDGEMENTS 

Original proposition of this project, guidance during it, valuablE 

discussion and editing of the manuscript were given by W.C. Shanks. 

This project was funded by Cyprus Anvil Mining Corporation. Introdu­

tion to Anvil Range geology and extensive assistance by D.S. Jennings 

and other Cyprus Anvil geologists is greatly appreciated. Work and 

discussion with D.S. Jennings, D.J. Hanson, P. Nakai, R.S. Tolbert and 

G.A. Gorzynski improved my understanding of the Grum deposit. L.G. 

Woodruff and R.A. Zierenberg provided discussion artd editing of the 

manuscript. E.N. Cameron greatly increased my background in economic 

geology through course work at the University of Wisconsin. 

Permission to collect samples from Grum deposit drill core and td 

present company information was given by Cyprus Anvil Mining Corpora­

tion. 

D. Fadness prepared thin and polished sections used in this study 

The scanning electron microscope and X-ray diffractometer at the Unive 

sity of Wisconsin were used and instruction in their use by R.A. 

Zierenberg is appreciated. S.W. Bailey assisted in interpretation of 

some XRD patterns. 

Sulfur isotope geochemistry was done in the laboratories run by 

W.C. Shanks at the Univers.ity of Wisconsin. Instruction and assistanc 

in laboratory procedures and llla.ss spectrometric analysis were given 

by L.G. Woodruff. Instruction in initial stages of sample preparation 

was given ｢ｾ＠ D.A. Mako. Some lab work was done by J.I Pounder during 

the summer of 1981. 



vi 

Special thanks to L.G. Woodruff and R.A. Zierenberg for patience, 

support and distraction during this project. 

* * * * * 
All materials referenced in this thesis are on repository at the 

University of Wisconsin-Madison, Department of Geology, under file 

number U.W. 1743. See Appendix III for list of specimens on file. 



Figure 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

LIST OF FIGURES 

Selwyn Basin location map • • • • • • • • • • • • • • • 

Genetic model for "sedimentary exhalative" massive sul­
fide deposits • • • • • • • • • • • • • . 

Map of the Anvil Range. • 

Summary sulfur isotope age curve for marine sulfate 

Distribution pattern for ｾ＠ 34s values resulting from 
various mechanisms of sulfate reduction • • • • 

Geological provinces of the Canadian Cordillera 

Tectonic elements of the Canadian Cordillera. • 

Suspect terranes of the Cordillera. 

Restored section from the craton to Selwyn Basin. 

Lower Paleozoic stratigraphy of the Anvil Range 

Geologic map of the Anvil area. . . . . . . . . . . . 
Idealized Anvil Cycle 

Grum deposit drilling grid •• 

Generalized cross section through the Grum deposit. 

Structural interpretation of cross section 80 West. 

Preliminary sketched interpretation of cross section 
74 West . . . . . . • . . . . . . . . . . . . 

Structural interpretation of cross section 66 West. 

Frequency distribution for ｾ＠ 34s of mineral s.eparates . 

Range and mean ｾ＠ 34s values • • • • 

20 Plot of £34s showi_ng covariation for sulfide-sulfate 
pairs . 

vii 

3 

6 

7 

14 

15 

19 

24 

26 

29 

33 

34 

42 

43 

93 

97 

98 

99 

102 

103 

104 



viii 

Figure 

21 Range and mean of 634s values for bulk sulfide sulfur 
from various ore f acies . . . . . . . . . . 105 

22 Mean & 
34

s values for pyrite, sphalerite, galena and 
bulk sulfide sulfur from various ore facies . 107 

23 Plot of c534s values from DDH A99, section 66 West. 109 

24 Plot of 5345 values from DDH A135, section 66 West . . 110 

25 Plot of 53"4s values from DDH Al09, section 66 West . . 111 

26 Plot of 634s values from DDH U43, section 74 West, 
horizon 2 . . . . . . . . . . . . . . . . . . . . . 113 

27 Plot of 534s values from DDH ｕｬｓｬｾ＠ section 80 West, 
horizon 2 . . . . . . . . . . . . . . . . . . . . . . . 114 

28 Plot of 5345 values from DDH U153, section 80 West, 
horizon 2 . . . . . . . . . . . . . . . . . . . . . . . 115 

29 Plot of s34s values from DDH Ul42, section 80 West, 
horizon 2 . . . . . . . . . . . . . . . . . . . . . . . - 116 

30 Plot of 0348 values from DDH A24, section 80 West, 
horizon 2 . . . . . . . . . . . . . . . . . . 117 

31 Plot of 0 
34

5 values from DDH UIS, section 74 West, 
horizon 4 . . . . . . . . . . . . . . . . . . 119 

32 Plot of 6348 values from DDH UlSl, section 80 West, 
horizon 4 . . . . . . . . . . . . . . 120 

33 Frequency distribution of b34s from various shale-
hosted sulfide depos{ts . . . . . . . . . . . 135' 

34 S-isotopic distributions of Selwyn Basin shale-hosted 
deposits. . . . . . . . . . . . . . . . . . . . 136 

35 Plot of Grum ore fluid in f02/pH space. 141 



Table 

1 

2 

3 

4 

5 

6 

I 

II-1 

II-2 

II-3 

III 

LIST OF TABLES 

Economic geology of stratiform, shale-hosted 
Zn-Pb sulfide deposits •••••••••• 

Tonnage, reserves, grade and discovery of Anvil Range 
deposits. . . . . . . . . . . . . . . . . . . . 

Anvil Range stratigraphy •• 

Opaque mineralogy of the Gruni deposit • 

Sulfur isotope geothermometry for mineral pairs • 

Stratigraphic sulfur isotope variations in various 
deposits. • • • ••• 

Lithologic code • 

Sulfur isotope data for cross section 66 West 

Sulfur isotope data for cross section 74 West . . . . . 
Sulfur isotope data for cross section 80 West . . . . . 
Correlation of U.W. file numbers with sample numbers 
for samples referenced in thesis. . . . . . . . . . . . 

ix 

2 

11 

37 

121 

13f 

151 

15L 

ＱＵｾ＠

151 



Plate 

1 

2 

3 

4 

5 

6 

7 

8 

9 

LIST OF PLATES 

Predominant shallow S2 foliation in outcrop of Van­
gorda Formation calcareous muscovite-chlorite phyllite. 

Some of the common host rock lithologies from the 
Grum deposit. • • • • • • .••••• 

Photomicrograph of folds in noncalcareous Mt. Mye 
phylli te. . . . . . . . . . . . . . . . . . . 

Photomicrograph of slightly carbonaceous noncalcareous 
quartz-muscovite Mt. Mye phyllite •••••.• 

Photomicrograph of biotite staurolite schist of the Mt. 
Mye Form.ation • . . . • • • • • • G • • • • • • • • • • 

Photomicrograph of typical calcareous Vangorda Forma-
tion phyllite . . . . . . . . . . . . . . . . . . . . . 

Photomicrograph of Vangorda Formation ｧｲ｡ｰｨｩｴｩｾ＠
phylli te. . . . . . . . . . . . . . . . . . 

Unusually close association of metavolcanics with ore 
in drill core • • • • • • • • • • • • • • . 

Photomicrograph of poikilitic pyrite grain. • . 

10 Photomicrograph of typical sphalerite-galena relation-

11 

12 

13 

ship. . . . . . . . . . . . . . . . . . . . 
·Photomicrograph of lamellar twinning and grain boun­
daries revealed by etching of sphalerite. • • • • • • • 

Photomicrograph of arsenopyrite grains in a sample of 
ribbon-banded ore • • • • • . • . . • • • • • . • • 

Photomicrograph of galena, sphalerite, chalcopyrite 
and tennantite-tetrahedrite interstitial to subhedral 
and rounded pyrite. • • • • • . . • • . • • . . . • • • 

14 Photomicrograph of typical cracked, subhedral magne­
tite grains invaded by galena and associated with 

x 

39 

47 

48 

49 

50 

52 

53 

55 

56 

57 

58 

6C 

61 

pyrite. . • • . • • • • . . . . . . . • . . • • • • • • Ｖｾ＠



Plate 

15 

16 

17 

18 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

Photomicrograph of localized concentration of pyr­
rhotite in high grade massive pyritic ore • • 

Drill core sample of low-grade ribbon-banded ore (4A) • 

Photomicrograph of ribbon-banded ore. • • • • . • • • • 

Drill core sample of pyrite-free, base-metal bearing 
quartzitic ore (4B) • • • • • • • • • • • • • • • • • • 

Photomicrograph of relict chert masses in association 
with recrystallized quartz. • • • • • • . • • • • 

Drill core sample.of pyrite quartzitic ore (4C) • 

Drill core sample of base-metal bearing, pyritic 
quartzite (4D). • • • • • • • • • • 

Photomicrograph of banded texture of 4D 

Drill core sample of massive pyritic sulfide (4E) • 

Photomicrograph of typical massive pyrite texture • 

Photomicrograph of annealing and foliation of massive 

pyrite. . . . . . . . . · · · · · • • · · • · 

Drill core sample of baritic ore (4G) • 

Photomicrograph of a barite-rich sample of 4G . 

Photomicrograph of pale sphalerite in baritic ore • 

Drill core samples of less common ore facies: anker­
ite bearing, massive pyrrhotitic and massive base metal 
sulfide . . . . . . . . . . . . . . . . . 

Drill core sample of sericitic alteration (4L). 

Second phase symmetry determination from drill core 

First phase fold closure refolded by second phase 
deformation in laminarly banded tuff, ••. 

xi 

63 

67 

68 

70 

71 

73 

74. 

76 

78 

79 

81 

82 

83 

84 

86 

88 

91 

92 



ORIGIN AND SULFUR ISOTOPE GEOCHEMISTRY OF THE GRUM DEPOSIT, 

ANVIL RANGE, YUKON TERRITORY, CANADA 

Janet S. Modene 

Abstract 

xii 

The Grum deposit is one of several Zn-Pb-Ag mineral deposits loca­

ted in the Anvil Range, south central Yukon Territory. The Anvil depo­

sits are sediment-hosted stratiform sulfide deposits similar to well 

known deposits in Australia, Germany and western Canada. Lower Cambrian 

pelitic host sediments were deposited near the western flank of the Sel­

wyn Basin, a Paleozoic epicontinental trough or extensional basin with­

in a trailing continental margin miogeoclinal wedge. The sulfide depo­

sits, are associated with lenses of graphitic metapelite which occur at 

the transition between noncalcareous metapelites of the Hadrynian to 

Lower Cambrian Mt. Mye Formation and calcareous metapelites of the 

Lower Cambrian to Lower Ordovician Vangorda Formation. Maf ic volcanic 

rocks are not directly associated with the deposits. The sulfide de­

posits and conformable host rocks have undergone greenschist to amphi­

bolite grade metamorphism and complex deformation related to intrusion 

of the Cretaceous Anvil Batholith. 

The Grum deposit consists of four sulfide horizons which occur in 

a fold nose that has been refolded into second phase recUm.bent S shaped 

folds. The lower two horizons are in the Mt. Mye Formation; the upper 

two horizons are in the Vangorda Formation. Steep and low angle faults 

disrupt the southeastern near surface end of the deposit. 



xii 

Ore mineralogy in the Grum deposit consists of sphalerite and gal 

ena. Pyrite is the predominant iron sulfide and is abundant throughot 

the deposit. Chalcopyrite, tennantite-tetrahedrite, pyrrhotite, arset 

opyrite and magnetite occur in minor amounts. TeXtures of the Grum 

ores reflect greenschist grade metamorphism. Ore minerals have been 

metamorphically recrystallized and coarsened, erasing syngenetic and 

early diagenetic features. 

Lithofacies variations common to all the Anvil deposits tend to 

occur in a characteristic stratigraphic succession or "Anvil Cycle". 

A graphitic quartzitic sulfide bearing facies is usually basal or mar· 

ginal and interf ingers with unmineralized graphitic phyllite. Pyritic 

quartzitic ore occurs centrally and is overlain by massive pyritic sul 

fides. A massive sulfide plus barite facies commonly caps each cycle. 

Sericitic alteration zones, which are variably mineralized and silici· 

fied, inconsistently surround the sulfide horizons and are sometimes 

best developed in the footwall. 

Sulfur isotope studies indicate that the lithof acies variations 

are reflected by variations in sulfide sulfur isotopic compositio.n. 

U d 
('\ 34

8 pwar increasing ｾ＠ values could be explained by increasing tem-

perature of the incoming fluids and mixing with sulfate-bearing sea-

water overlying an anoxic depositional basin. Inorganic reduction of 

sulfate carried by subsurface fluids took place within the sedimentarJ 

pile at temperatures above 2S0°c. 



INTRODUCTION 

Large, stratiform, shale-hosted, massive sulfide mineral deposits 

such as McArthur River, Mt. Isa and Broken Hill in Australia, Rammels­

berg and Meggen in western Germany and Sullivan in British Columbia, 

have received a great deal of recent study. Similar, recently discov­

ered deposits of the Selwyn Basin, northwestern Canada belong to the 

same class of deposits. Although they possess features similar to vol­

canogenic massive sulfides, these deposits have only a weak genetic linl 

with volcanism. They usually occur in intracratonic fault-controlled 

sedimentary basins (Gustafson and Williams, 1981; Krebs, 1978). Lami­

nated pyrite-sphalerite-galena ores of ten occur as tabular to lensoidal 

bodies interlaminated with carbonaceous and calcareous shales and silt­

stones. Tuffaceous material and turbidite horizons are sometimes pre­

sent. Altered, silicified or mineralized zones can occur beneath the 

deposits and are related to ore fluid influx. Metal zoning can be pre­

sent in such zinc-lead-silver ores and barite is a common gangue miner­

al (Carne and Cathro, 1980). Shale-hosted, stratiform massive sulfide 

deposits, which range in age from Mid-Proterozoic to Mid-Paleozoic 

(Table 1) are extremely important sources of lead and zinc, containing 

on the order of 25% of the western world's zinc reserves (Large, 1980). 

Furthermore, some of the deposits contain significant copper (Mt. Isa 

and Rammelsberg) or barite (Meggen) orebodies (Large, 1980). 

The Selwyn Basin of northwestern Canada (Fig. 1) is a major metal­

logenic province for lead, zinc, silver and tungsten (Mining Journal, 

1980). In addition to the Mactung tungsten deposit, vein-type silver 

1 



DEPOSIT 

Broken Hill 
New South Wales 

Mt. Isa (Pb-Zn) 
Queensland 

McArthur River 
Northern Territories 

Sullivan 
British Columbia 

Anvil 
Yukon 

Howard's Pass 
Yukon 

Rarnrnelsberg 
West Germany 

Meggen 
West Germany 

Tom 
Yukon 

AGE 
m.y. 

Mt Pb 

% 
Zn Cu 

% % 
REFERENCES 

L.-M.Prot 180 11.3 
1700 

9.8 0.2 175 Lambert; 1976 
Gustafson and Williams, 1981 

M.Prot 
1650 

M.Prot 
1650 

M.Prot 
1430 

L.Camb 

L.Sil 

M.Dev 

M.Dev 

U.Dev 

88 7.1 6.1 0.06 

237 4.1 9.2 0.2 

155 6.6 5.7 

250 3.7 5.7 

100 1.5 6.0 

7 x 

41 x 

Mathias and Clark, 1981 
Gustafson and Williams, 1981 
Finlow-Bates, 1979 

Lambert, 1976 
Gustafson and Williams, 1981 

68 X Thompson and Panteleyev, 1976 

46 X X Cyprus Anvil Mining Corp. 

Morganti, 1979 

22 10.0 19.0 2.0 120 X X Large, 1980 
Krebs, 1976 

60 1.3 10.0 0.02 1 X X Krebs, 1976; 1978 

9 8.6 8.4 84 X X Carne, 1979 

ｾｂ＠ = barite 
FWA = f ootwall alteration 

TABLE 1. Economic geology of stratiforrn, shale-hosted Zn-Pb sulfide deposits. 



Fig. 1. Selwyn Basin location map showing the four 
principal camps of stratiform shale-hosted sulfide 
mineralization (modified after Carne and Cathro, 1980). 
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mineralization at Keno Hill and carbonate-hosted lead-zinc mineraliza­

tion near the Mackenzie Platform, the Selwyn Basin contains large, 

shale-hosted stratif orm zinc-lead-silver deposits of three different 

ages located primarily in four different camps (Fig. 1). Although pro­

specting techniques resulted in initial discovery of two of the camps in 

the early 1950's, many of the deposits have been discovered within the 

last decade. Minimum recoverable resources have been estimated at 

43 Mt zinc, 20 Mt lead, and 25,000 mt silver (Carne and Cathro, 1980). 

Lower Cambrian zinc-lead-silver-barite deposits of the Anvil dis­

trict, including Grum, constitute the oldest shale-hosted mineraliza­

tion in the Selwyn Basin. The XY and Anniv deposits of Howard's Pass 

Camp contain zinc-lead mineralization of Lower Silurian age. The Tom 

and Jason deposits of MacMillan Pass Camp, located 50 miles north of 

Howard's Pass along the Yukon-N6rthwest Territories border, contain 

Upper Devonian zinc-lead-si1ver-barite mineralization. Similar Upper 

Devonian mineralization is found in the Cirque and Drif tpile deposits 

of the Gataga Camp in northeastern British Columbia. Barite is a major 

constituent of Upper Devonian mineralization and occurs without sul­

fides at the same stratigraphic level throughout the Selwyn Basin (Carne 

and Cathro, 1980). 

Such large, shale-hosted stratiform massive sulfide deposits have 

been called submarine exhalative, sedimentary exhalative or SEDEX de­

posits because they are thought to have formed in active tectonic en­

vironments, precipitating at the sea floor from metalliferous, geother­

mally or magmatically heated brines that migrated upward along deep 

seated fault zones (Carne and Cathro, 1980; Large, 1980). Present 
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thinking is that the ore fluids consisted of recirculated seawater 

and/or convecting subsurface waters, which scavenged metals from under-

lying bedrock. Exhalation into anaerobic basins or subbasins and 

cooling allows metals to react with sulfide from reduced sulfate to 

precipitate sulfide minerals (Fig. 2). 

LOCATION 

The Anvil Range, southcentral Yukon Territory, contains 8 shale-

hosted zinc-lead-silver massive sulfide deposits which have been dis-

covered since 1953. The deposits occur along a northwesterly trend in 

the southern Anvil Range just north of the Pelly River between the 

towns of Carmacks and Ross River (Fig. 3). The town of Faro, built in 

1969 as townsite for the Anvil Mine, is located about 25 kilometers 

northwest of Ross River and about 200 kilometers northeast of White-

horse. A well-maintained dirt road runs north from the Robert Campbell 

Highway to Faro and to the mine, 15 kilometers north of town. The Grum 

· deposit is located 8 kilometers northeast of Faro, near Vangorda Creek. 

A trailer camp on the Grum deposit site serves as a core storage facil-

ity and exploration headquarters. 

EXPLORATION HISTORY 

Initial discovery of the district occurred in 1953 when Ross River 

Indians and prospector Alan Kulan found a gossan outcrop of the Vangor-

da deposit in Vangorda Creek (Sirola, 1975). Prospector Airways op-

tioned the property and diamond drilled the deposit between 1953 and 

1955 (Brock, 1973). Kerr Addison Mines Ltd. of Toronto, Ontario, even-

tually acquired Prospector Airways but falling metal prices postponed 



Sea Level 

GENETIC MODEL 
FOR SEDIMENTARY EXHALATIVE 

MASSIVE SULFIDE DEPOSITS 

6 

Fig. 2. Genetic model for "sedimentary exhalative" massive sulfide 
deposits. Heated metal-bearing subsurface brines migrate upward along 
deep seated faults and are exhaled into subbasins. Metals combine with 
sulfur from reduced sulfate to precipitate sulfide minerals at the sea­
floor (modified after Carne and Cathro, 1980). 
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the project (Pazour, 1979). In 1964, two years after resuming explora­

tion, Kerr Addison Mines discovered the Swim deposit by drilling a geo­

physical anomaly 10 kilometers southeast of Vangorda. Swim was drilled 

in 1965 and 1966. 

Aro Aho of Dynasty Exploration Ltd. began exploration in the Anvil 

Range in 1964 and, in a joint venture with Cyprus Mines Corporation of 

the United States, discovered the Faro orebody in 1965 through combined 

geochemical and geophysical methods (Brock, 1973). The joint venture 

staked 1800 claims in the area and by the end of 1965, Anvil Mining 

Corporation Ltd. was incorporated (Pazour, 1979). Concentrated dril­

ling outlined the large Faro orebody and two subsidiary orebodies. In 

1969, the town of Faro was built, as was a road between Carmacks and 

Ross ｒｩｶ･ｲｾ＠ so that mining and milling could begin. 

In 1973, AEX Minerals Corporation discovered the Grum deposit 

while drilling a coincident gravity anomaly and high Turam response 

area on claims owned by Kerr Addison Mines in the Vangorda Creek area 

(Sirola, 1975). By July 1974, AEX Minerals had drilled 16 holes total­

ling 4000 meters on the Grum deposit. A joint venture to be managed by 

Kerr Addison Mines was formed, and by the end of 1974, 60 holes total­

ling 17,000 meters had been drilled at 60 meter spacing on sections 120 

meters apart (Sirola, 1975; Cyprus Anvil Mining Corp., 1980). The size 

of the deposit outlined by this initial drilling program warranted ad­

ditional underground exploration. Underground workings were developed 

by Kerr Addison in 1975-76. These consist of a 900 meter decline from 

the surf ace and two ramps which follow the plunge of the deposit and 

are connected by crosscuts every 120 meters. Ring drilling in the 
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plane of previously drilled sections was done at 60 meter intervals 

from the ramps, resulting in 15,000 meters of additional core. 2900 

meters of openings comprise the underground workings, which are now 

flooded. During underground exploration, an additional 24,000 meters 

of surface holes completed a 60 meter grid with some fill-in holes at 

30 meter spacing (Cyprus Anvil Mining Corp., 1980; Sirola, 1975). Kerr 

Addison geologists interpreted the structure and stratigraphy of the 

deposit in a general way using surface holes, underground holes, and 

data from underground mapping. They distinguished two ore types and 

three host rock types. Metallurgical testing of Grum ore and develop­

ment of a computer based mine model were also done by Kerr Addison. 

In 1974, Dynasty Exploration Ltd. merged with Anvil Mining Corpor­

ation to form Cyprus Aiivil Mining Corporation (Pazour; 1979). The new 

corporation discovered the DY deposit in 1976 by drilling a strati­

graphic target at depths greater than 300 meters. In 1978, Cyprus 

Anvil acquired the Kerr Addison interests, including Grum. 

Taking advantage of a greater understanding of district and depo­

sit geology resulting from detailed regional mapping and ､･ｶ･ｬｯｰｭ･ｾｴ＠ of 

the Faro orebodies, Cyprus Anvil geologists initiated an extensive pro­

gram of relogging and resampling of the 56,000 meters of Grum drill 

core in 1980. In addition, limited new drilling was completed in 1981. 

This program is leading to a significantly better understanding of the 

Grum deposit and to reinterpretation of deposit geometry. The struc­

tural picture emerging for the Grum deposit is proving to be an aid in 

interpretation of the other less intensively drilled deposits. 

Tonnage and grade estimates for five of the Anvil deposits are 



shown in Table 2. P.resently, mining of the Faro deposit continues. 

Vangorda and Grum deposits are close to production, and the DY and 

Swim deposits are still being explored. Mining of the Faro open pit 

10 

is by truck haulage. Ultimate dimensions of the pit will be 4700 feet 

by 3200 feet by 986 feet deep (Pazour, 1979). One of the subsidiary 

Faro orebodies has already been mined out and mining of the third zone 

is underway. Milling operations, which exist at the mine site, can 

process 10,000 tons per day, producing bulk concentates as well as lead 

and zinc concentrates by crushing, grinding, flotation circuits and 

drying (Pazour, 1979). Concentrates are trucked to Whitehorse, trans­

ported to Skagway, Alaska by railroad and then shipped to Japanese and 

West German markets. Mining and milling continues ｹ･ｾｲＭｲｯｵｮ､Ｎ＠

The DY deposit is both ｬｾｲｧ･＠ and high grade, but the 300 meter 

depth of the deposit creates problems for continuing exploration. Van­

gorda, though small, has the advantage of being a near surface deposit. 

Swim is also small but faulted extensions to the deposit may exist. 

Firth appears to be uneconomic. SB and Sea are in preliminary stages 

of exploration. 

The Grum ore body, which is the second or third largest of the An­

vil district deposits, has an areal extent of approximately 1-200 by 400 

meters and is roughly 300 meters thick. It is buried beneath 20 to 40 

meters of overburden in the southeastern corner, and 150 meters of 

overburden and Vangorda Formation lithologies in the northwestern cor­

ner. Total tonnage is 60 to 80 Mt, reserves are 30.78 Mt and grade, 

above a 4% combined lead-zinc cut-off, is 4.9% zinc, 3.1% lead, and 49 

gm/mt silver. Copper values are about 0.2%. 
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TABLE 2. Tonnage, reserves, grade and discovery of Anvil Range deposits (from Cyprus Anvil 
Mining Corporation report, November, 1981). 

Faro3 

Grum 

Vangorda 

DY 

Swim 

Total Anvil 
District 

Tonnage1 

mt x 106 

64-68 

60-80 

22 

80-100 

8 

234-278 

Reserve§ 2 Zn Pb 
mt x lob % % 

57.6 5.7 3.4 

30.8 4.9 3.1 

4.9 4.3 3.3 

20.3 7.0 5.7 

4.7 4.7 3.8 

113.6 5.7 3.7 

1 
Estimated total sulfide resource 

Ag 
gm/mt 

35 

49 

48 

82 

42 

46 

Discovery 

1965 Dynasty Exploration and Cyprus Mines; 
geophysics and geochemistry 

1973 AEX Syndicate; geophysics 

1953 Al Kulan; prospecting 

1976 Cyprus Anvil Mining Corporation; 
stratigraphic drilling 

1964 Kerr Addison; geophysics 

2
Reserves calculated above 4% Pb+Zn cutoff for Grum and Vangorda, 5% for Faro, 6% for Swim, 
9% for DY 

3 
Tonnage and reserve for Faro reported prior to mining 

...... 

...... 
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PREVIOUS GEOLOGIC WORK 

Excellent understanding of Anvil Range geology and of the Anvil 

deposits has resulted from largely unpublished field investigations by 

David Jennings, Gregg Jilson and several other Cyprus Anvil Mining Cor­

poration geologists. In 1972, Templeman-Kluit of the Geological Sur­

vey of Canada published a study of the Faro, Vangorda and Swim deposits 

based largely on his examination of drill core belonging to Anvil Min­

ing Corporation and Kerr Addison Mines Ltd. In 1974, Campbell and 

Ethier·published a study of sulfur isotopes and iron content of sphal­

erites in the Faro deposit. In conjunction with Cyprus Anvil geolo­

gists, Barry Ryan, formerly of the University of British Columbia, has 

recently studied lead isotope systematics of ore samples from Anvil 

district deposits. Also in ·conjunction with Cyprus Anvil, W.C. Shanks 

of the University of Wisconsin is currently undertaking a stable iso­

tope study of the DY deposit. Two fairly extensive company reports 

dealing with the Grum deposit were written during ownership by Kerr 

Addison Mines. Carson (1977) studied the metallurgy of the ores, and 

Paxton and Po (1978) described and interpreted the geology as observed 

in drill core and in underground workings of Grum. 

SULFUR ISOTOPE SYSTEMATICS AND STRATIFORM SULFIDE DEPOSITS 

Recent sulfur isotope studies have placed constraints upon ｳ･ｶｾｲ｡ｬ＠

aspects of the genesis of stratiform, sediment-hosted sulfide deposits. 

In particular, sulfur isotope systematics in conjunction with careful 

geologic observations can place firm constraints on the source of sul­

fate, the mechanism and locus of sulfate reduction, the nature of the 
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depositional basin and the ｮ｡ｴｵｾ･＠ of the ore fluid. 

Because sulfate reduction reactions are thought to be important in 

the genesis of many stratiform sulfide deposits, the source of sulfate 

is an important consideration. Three possible sources of sulfate are: 

(1) contemporary seawater sulfate within the depositional basin, (2) 

contemporary seawater sulfate recirculated to depths, or (3) sulfate of 

other origins carried by subsurface waters within underlying sedimen­

tary formations. Sulfate carried by subsurface waters could have been 

leached from evaporites ｾｩｴｨｩｮ＠ the sequence. Sangster (1968, 1976) in­

ferred a
1
seawater sulfate source for many stratiform sulfide deposits 

by comparison of sulfur isotopic compositions with an age curve for 

seawater sulfate composition (Fig. 4). However, Gustafson and Williams 

(1981) have re-examined such data and conclude that there is little 

correlation. 

Sulfur isotope systematics can place constraints upon the mechan­

ism and locus of sulfate reduction. The exact mechanism of sulfate re­

duction controls the reaction rates and therefore the degree of 
34s de­

pletion in H2s and sulfide minerals relative to sulfate (Fig. 5). At 

temperatures above 250°c, sulfate can be reduced to form H2s by reac­

tion with ferrous iron bearing minerals in the wall rocks (Shanks 

et al., 1981; Ohmoto and Rye, 1979), but reaction rates for inorganic 

sulfate reduction are known to be geologically slow at temperatures be­

low 250°c (Sakai and Dickson, 1978; Shanks et al., 1981). Studies of 

oil field brines indicate that sulfate bearing waters can undergo sul­

fate reduction reactions if brought into contact with organic-rich sed­

imentary sequences at temperatures above 80-120°C (Orr, 1974, 1975). 
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Sulfate reducing bacteria are known to mediate reactions at tempera-

tures below so0 c (Kaplan and Rittenberg, 1964). Bacterial sulfate re-

duction is the mechanism most of ten called upon to explain sulfate re-

duction which takes place during or after deposition. However, if the 

temperature of the incoming fluids is hot enough, inorganic sulface re-
• 

duction can account for reduction of contemporary seawater sulfate at 

the site of deposition. 

A second possible locus of sulfate reduction is at depth. Recir-

culated seawater or sulfate-bearing subsurface waters could be heated 

geothermally or by intrusive bodies to temperatures of organic or inor-

ganic sulfate reduction. In this case, the Soxidizedf Sreduced ratio in 

the fluid and the isotopic composition of the source sulfate would con-

trol sulfur isotopic composition of precipitated sulfide minerals. It 

is possible that both sulfate reduction at depth and sulfate reduction 

at deposition could have been involved in the formation of a single 

stratiform sulfide deposit. 

Sulfur isotopic variation within a deposit can perhaps place con-

straints upon the nature and evolution of the depositional processes. 

In particular, the S 34s of H2s is dep.endent upon the mole ratio of 

total sulfate to total sulfide species in the system which is in turn 

a function of £Oz, pH, and temperature (Ohmoto and Rye, 1979). Trends 

in the value of s34s through some deposits have been related to chan-

ges in these parameters through time. 

Sulfur isotope systematics are effected by the mixing behavior of 

the ore fluid and the nature of the bottom waters. If sulfate reduc-

tion occurs at deposition, mixing of the ore fluid with oxygenated or 
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sulfate bearing seawater will effect the S34s of precipitating sul-

fides. The degree of mixing with seawater will be a function of tem-

perature and salinity of the incoming fluid. Studies of brine behavior 

indicate that a cool, highly saline fluid will produce bottom hugging 

currents which extablish a stratified brine/seawater interface (Sato, 

1972; Turner and Gustafson, 1978). Higher temperature and less saline 

fluids could rise up as bouyant plumes, mixing with seawater immediate-

ly upon exhalation. If, however, bottom waters are anoxic and sulfate 

free, then mixing may have little effect on sulfur isotope systematics. 

Because many massive sulfide deposits have undergone post-deposi-

tional deformation and metamorphism, the effect of metamorphism upon 

sulfur isotope distribution is an important consideration. Rye and 

Ohmoto (1974) conclude from detailed studies of Homestake, Bathhurst, 

and Ducktown that metamorphism causes stllall scale changes in sulfur 

isotopic composition, such as redistribution among coexisting minerals 

and local variations related to structure. Large scale variations such 

as isotopic signatures of formations seem to be preserved. This obser-

vation implies that large amounts of sulfur were not added to or sub-

tracted from these systems during metamorphism (Rye and Ohmoto, 1974) 

34 
and that stratigraphic variations of ｾ＠ S values in metamorphosed sed-

imentary ore deposits have genetic significance. 

OBJECTIVES AND SCOPE OF STUDY 

The present study focuses on the petrography and sulfur isotope 

geochemistry of the Grum deposit. Grum has been drilled extensively 

enough to provide a sound structural framework for interpretation of 
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stable isotope data. Specific objectives of the sulfur isotope study 

are examination of sulfur isotopic compositions for evidence of the 

source of sulfate, the mechanism of sulfate reduction and the physio­

chemical conditions of ore deposition. Vertical sections through sul­

fide horizons are analyzed for S 
34s variation to better define or ex­

plain the lithofacies variations. Laterally equivalent intersections 

through two sulfide horizons are analyzed to see if lateral variations 

in b34s can provide evidence for basin geometry or ore fluid influx. 

Intersections from different sulfide horizons are analyzed for varia­

tions which might enable correlation of horizons in badly deformed and 

faulted sections of the ore deposit. 

GEOLOGIC SETTING 

REGIONAL TECTONIC SETTING: THE CANADIAN CORDILLERA 

The Canadian Cordillera can be subdivided into five geological and 

physiographic provinces (Fig. 6). The Rocky Mountain Belt, which in­

cludes the Selwyn Basin, ·consists of a northeasterly tapering wedge of 

Mid-Proterozoic to Upper Jurassic miogeoclinal and platformal carbon­

ates and craton-derived elastics overlain by horizontally compressed 

and displaced Mesozoic and Cenozoic sedimentary rocks. The Omineca 

Crystalline Belt contains local Precambrian basement, Mid-Proterozoic 

to Mid-Paleozoic miogeoclinal lithologies, Paleozoic and Mesozoic vol­

canogenic and pelitic rocks, and Jurassic and Cretaceous plutonic rocks. 

Upper Paleozoic to Late Tertiary marine and non-marine volcanic and 

sedimentary rocks comprise the Intermontane Belt along with local 
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Fig. 6. Geological provinces of the Canadian Cordillera 
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ultramafic rocks and granitic plutori.s. Cretaceous and Tertiary grani­

tic plutons dominate the Paleozoic to Tertiary sedimentary and volcanic 

strata of the Coast Plutonic Complex. The Insular Belt consists of 

variably deformed, Phanerozoic volcanic and sedimentary strata (Wheeler 

et al., 1972; Douglas et al., 1980; Monger et al., 1982). 

Precambrian crystalline basement, which extends westward from the 

Canadian shield to the eastern edge of the Omineca Crystalline Belt co­

incides with an ancient continental margin established by Helikian 

opening of a proto-Pacific Ocean (Coney et al., 1980; Monger and Price, 

1979). A Precambrian rifting event in the Canadian Cordillera is in­

ferred from the progressive out-building of Late Proterozoic and Early 

Paleozoic miogeoclinal sediments (Coney et al., 1980; Monger and Price, 

1979). 

Thick prisms of Late Proterozoic sediments, which prograded west­

ward off a stable trailing margin into an Atlantic--style expanding 

ocean, consist of the Helikian Purcell strata and the Hadrynian Winder­

mere Grit Unit (Wheeler et al., 1972). Helikian sediments of the Pur­

cell sequence thicken from 3 km in the east to 12 km in the west (Mon­

ger et al., 1972; Monger and Price, 1979). Deposition spanned a 600 

million year period from 1450 to 850 my (Gabrielse, 1972). Lithologies 

are primarily argillites, siltstones, fine-grained sandstones and car­

bonates. Local occurrences of conglomerates, coarse sandstones, red­

beds and bedded gypsum as well as basalt flows, sills and dikes, in the 

Purcell sequence, reflect the Helikian rift environment (Gabrielse, 

1972). Shallow water and intertidal sedimentary structures such as 

mudcracks, dessication breccias, and stromatolites characterize the 



21 

eastern rocks. Western strata grade from early, deep water, quartz­

sand turbidite sequences to younger tidal flat, flood plain, and car­

bonate bank sediments (Gabrielse, 1972; Monger and Price, 1979). A 

comparison with sedimentation in the Gulf of Mexico implies deposition 

of Purcell sediments on tidal flats and flood plains as part of a pro­

grading deltaic complex (Thompson and Panteleyev, 1976). 

The Racklan orogeny interrupted the miogeoclinal depositional re­

gime causing unconformity between Helikian and overlying Hadrynian 

strata. Northeasterly folding, tilting, block faulting and uplift 

created spectacular angular unconformities between the deformed Purcell 

rocks and the overlying Windermere Grit Unit (Douglas et al., 1970; 

Gabrielse, 1972). Minor basic volcanism is spatially related to the 

faults (Monger et al., 1972). It is uncertain if this orogeny resul­

ted from short-lived subduction (Monger et al., 1972) or perhaps from 

renewed rifting. 

Unlike the poorly exposed Purcell strata, Hadrynian Windermere 

rocks, 800-600 my, outcrop continuously in the Omineca Crystalline and 

Rocky Mountain Belts (Monger et al., 1972). Thicknesses vary up to a 

maximum of 4500 meters. In general, the unit thickens westward and the 

site of maximum thickness lies west of that for Purcell strata (Monger 

et al., 1972). The upper contact is a regional unconformity in the 

east but is conformable to overlying Cambrian strata in the west 

(Gabrielse, 1972). Thicknesses, lithologies, facies changes, westerly 

fining grain sizes, and sedimentary structures which indicate a wes­

terly direction of transport, all imply a cratonic source for the ma­

terial (Gabrielse, 1972). Lithologies of the lower part of the Winder-
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mere include poorly sorted, immature, locally graded, quartzo­

feldspathic grit, sandstone and shale, with thick sequences of basic 

and andesitic volcanics, minor cherty jasper-hematite iron formations, 

and basal conglomerates or conglomeratic mudstones (Wheeler et al., 

1972). The lithologies of the upper part of the Windermere Grit Unit 

include thick limestone and dolomite sequences, argillaceous lime­

stones and calcareous phyllites (Gabrielse, 1972). Windermere sedi­

ments represent a continental margin wedge prograded west of the Pur­

cell rocks. Sediment immaturity suggests an eastern source area of 

high relief created by .the Racklan uplift (Gabrielse, 1972). A depo­

sitional environment envisaged for the Windermere Grit Unit is one of 

relatively deep water with periodic introduction of coarse material by 

turbidity currents (Monger et al., 1972). The basal conglomerates are 

variously interpreted as glacial tillites, subaqueous mudflows, or 

coarse stream deposits slumped into coastal basins (Wheeler et al., 

1972; Eisbacher, 1980; Gabrielse, 1972). The upper carbonates repre­

sent shallow deposition resulting from infilling of the basin (Monger 

et al., 1972). 

Early to Mid-Paleozoic strata in the eastern Canadian Cordillera 

represent the continuation of trailing margin deposition. Lithologies 

include shales and carbonates displaying distinct linear facies rela­

tions of continental shelf, rise and slope deposits (Monger et al., 

1972; Monger and Price, 1979). The location of the shale-carbonate 

facies transition remained between the Alberta, McDonald and Mackenzie 

arches and platforms, and the adjacent Alberta, Kechika and Selwyn 

troughs and basins until Late Devonian time (Wheeler et al., 1972; 
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Fig. 7). Cambrian strata include trilobite-bearing shales, shallow 

water carbonates with archaeocyathids, and minor mafic volcanics 

(Wheeler et al., 1972). Ordovician through Mid-Devonian lithologies 

consist of carbonate reefs on the platform and up to 4000 meters of ar­

gillaceous and limey elastics west of the platform. Occasional Ordovi­

cian to Mid-Devonian maf ic pillowed flows and pyroclastic deposits oc­

cur in the outer shale f acies and near the carbonate-shale facies 

transition (Wheeler et al., 1972). 

The southeastern part of the Canadian Cordillera maintained its 

miogeoclinal character in Late Devonian to Early Mississippian time, 

accumulating thin incomplete sequences of carbonate, quartz-sand, phos­

phate and chert (Gabrielse, 1972; Wheeler et al., 1972). However, Mid­

Devonian carbonates of the Selwyn Basin and Mackenzie Platform are 

overlain by chert pebble conglomerates and chert arenites (Gabrielse, 

1976). Identification of the source of the chert-bearing elastic sedi­

ments has become a problem. Monger and Price (1979) suggest that wide­

spread subsidence of the miogeoclinal terrain in Late Devoµian time, 

occurring in a marginal basin behind a west facing volcanic arc could 

have led to the deposition of arc-derived sediments. 

Rocks which lie west of the Rocky Mountain Belt are beyond the 

edge of thick Precambrian crystalline basement and must have accreted 

onto the North American craton. Several allocthonous (or suspect) ter­

ranes have been identified, and attempts to understand the nature and 

timing of collisional suturing of these terranes to the craton has oc­

cupied recent investigations of the Canadian Cordillera (Monger et al., 

1982; Coney et al., 1980; Monger and Price, 1979). 
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Suspect terranes identified within the Canadian Cordillera include 

the Eastern Assemblage in the Omineca Crystalline Belt, the Cache Creek 

and Stikine terranes in the Intermontane Belt and the Wrangellia and 

Alexander terranes in the Coast Plutonic and Insular Belts (Fig. 8). 

The Eastern Assemblage is a composite terrane containing fragments of 

Paleozoic metamorphic rocks of possible continental affinity as well as 

basalts, ultramafics, cherts, volcaniclastics and carbonates. Cache 

Creek terrane contains Late Paleozoic to Early Mesozoic oceanic crustal 

fragments: ultrabasics, gabbros, pillow lavas, radiolarian cherts, and 

shallow water fusulinid bearing carbonates (Coney et al., 1980; Wheeler 

et al., 1972). Stikinia contains fragments of oceanic arcs: Late 

Paleozoic volcaniclastics, volcanics and carbonates deformed and intru­

ded in middle to Late Triassic time (Coney et al., 1980; Monger et al., 

1982). Wrangellia and Alexander, which are thought to have amalgamated 

prior to collisional suturing onto the craton, contain abundant late 

Triassic basalts possibly indicative of rifting events or intraplate 

volcanism (Coney et al., 1980). 

Allocthonous terranes became accreted onto the craton coincident 

with westward migration of the North American plate and it is possible 

that east dipping subduction zones repeatedly "stepped outboard" 

through successive accretions (Coney et al., 1980). During conver­

gence, imbricate thrusting of miogeoclinal rocks in the Rocky Mountain 

Belt and obduction of terranes unto the craton occurred, as did 

subduction-related intrusion of granitic plutons. The collisional 

suture developed into dextral transcurrent faults possibly by Mid­

Cretaceous time resulting in large displacements such as 450 kilometers 



Fig. 8. Suspect terranes of the Cordillera. 
Terranes in the Canadian Cordillera are W, 
Wrangellia, Ax, Alexander, St, Stikine ter­
rane, E, Eastern assemblage, YT, Yukon Tan­
ana, T, Taku, TA, Tracy Arm, and BR, Bridge 
River terrane (from Coney et al., 1980). 
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along the Tintina Fault. Extensional tectonics (as evidenced by nor­

therly trending normal fault blocks and widespread volcanism) and 

transcurrent faulting have controlled movements in the Canadian Cordil­

lera since Late Cretaceous (Wheeler et al., 1972). 

EVOLUTION OF THE SELWYN BASIN 

The Selwyn Basin is a Lower Paleozoic, northwesterly elongate, 

epicontinental trough, situated east of the Tintina Trench in central 

and southeastern Yukon, northeastern British Columbia, and western 

Northwest Territories (Fig. 1). Bounded on the northeast by the Mac­

kenzie Platform and on the southwest by the Pelly:Cassiar Platform, the 

Selwyn Basin evolved as a starved trough between two gradually subsi­

ding platforms (Carne and Cathro, 1980). Selwyn Basin was originally 

defined by Gabrielse (1967) as a major Paleozoic tectonostratigraphic 

feature consisting of Cambrian through Mississippian pelites and minor 

limestones, but Devone-Mississippian sediments were actually deposited 

in a later, more widespread basin (Carne and Cathro, 1980). 

The northeastern edge of the Selwyn Basin was the location of the 

carbonate-shale facies transition throughout Late Proterozoic and Early 

Paleozoic trailing margin deposition. Original uplift of the Mackenzie 

Platform could have occurred during the Ra.cklan Orogeny (Brock, 1976). 

Restriction of the basin to the southwest was effected by development 

of the Pelly Cassiar Platform, an event of uncertain age. Templemen­

K.luit and Blusson (1977) propose initiation of the platform as a major 

positive feature by build-up of an extensive, Late Cambrian andesitic 

volcanic pile. However, existence of middle Ordovician or Lower Silur-
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ian graptolites in siltstones below extensive maf ic volcanics in wes­

tern Selwyn Basin imply that the basin developed prior to build-up of 

the volcanic pile (Jennings et al., 1980). It is possible that the 

Pelly Cassiar Platform developed by rapid carbonate build-up on an 

Early Cambrian rift-related basement horst (Mortensen, 1982). This 

would imply that the Selwyn Basin was a secondary rift basin. Under­

standing of the Pelly Cassiar Platform is hindered by overlapped alloc­

thonous terranes and by Mesozoic deformation (Carne and Cathro, 1980). 

Basement in the Selwyn Basin consists of Helikian Purcell strata 

overlain by Hadrynian to Lower Cambrian strata including the Grit Unit 

and overlying pelites (Fig. 9). Cambrian Sekwi and Backbone Formations 

near the Mackenzie Platform thicken and change facies westward into the 

Rabbitkettle "wavy banded" limestones and phyllites (Brock, 1976). The 

Ordovician to Mid-Devonian Road River Formation overlies the Rabbitket­

tle and consists of calcareous shales, black shales, mudstones, silt­

stones, cherts, and minor limestones. Chert and variegated shale com­

prise a central deep water facies. This is flanked by shallow carbona­

ceous shale, shaley limestone and calcarenite facies which grade into 

platform carbonates at the basin edge (Dawson, 1977). Mid-Devonian 

uplift and block faulting within the basin resulted in erosion of Road 

River sediments and deposition of widespread coarse elastic rocks which 

not only filled the Selwyn Basin but covered both platforms. Upper 

Devono-Mississippian elastic sediments are variously called the Canol, 

Imperial, Iron Creek, Yara Peak, Gunsteel, and Warneford Formations, 

the Earn and Besa River Groups or, collectively, the "Black Clastic 

Group" (Carne and Cathro, 1980). Black elastic lithologies include 
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siliceous black shales and siltstones, tuffaceous shales, greywackes, 

sandstones, and chert pebble conglomerates which formed as turbidite 

fans and submarine density flows (Carne and Cathro, 1980; Dawson, 

1977). These elastic sediments mark the end of the Selwyn Basin and 

initiation of a more widespread, unnamed basin. 
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The western Selwyn Basin was deformed into the Selwyn Fold Belt 

during Late Triassic-Early Jurassic collisional suturing, imbricate 

foreland thrusting, overriding of the craton by allocthonous terranes 

and Cretaceous magmatism. Displacement along the Tintina Trench off­

set a segment of the basin and of the Pelly Cassiar Platform (Templemen­

Kluit, 1977). 

ANVIL RANGE GEOLOGY 

INTRODUCTION 

The Anvil Range in southcentral Yukon Territory is located slight­

ly northeast of the Tintina Trench near the western margin of Selwyn 

Basin. The Tintina Fault separates the Selwyn Fold Belt from rocks of 

the Yukon Crystalline Terrane (Fig. 6). Anvil Range consists of a 

Paleozoic metasedimentary and metavolcanic pile intruded by a Creta­

ceous quartz monzonite to granodiorite batholith. Intrusion of the 

Anvil Batholith warped the predominant foliation into a broad "Anvil 

Arch", the major structural feature in the range. The following infor­

mation regarding the stratigraphy, structure and mineralization of the 

Anvil district is from Jennings et al. (1980), informal talks given by 

D.S. Jennings and G.A. Jilson in Faro, July of 1980, and personal com­

munication with these and other Cyprus Anvil geologists during 1980-
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1982. 

LITHOLOGY 

The Anvil Range metasediments and metavolcanics are divided into 

two pack.ages: an older Lower Paleozoic sequence containing noncalcar­

eous and calcareous pelites, mafic metavolcanics, and graphitic phyl­

lites, and an upper pack.age of graphitic phyllites, cherts and chert 

conglomerates, and metabasalt flows. 

The Lower Paleozoic sequence consists of three conformable forma­

tions: the Mt. Mye, Vangorda, and Menzie Creek (Fig. 10). · The Hadry­

nian to Lower Cambrian Mt. Mye Formation is a pelitic unit with a mini­

mum thickness of perhaps two kilimeters. Lower parts of the Mt. Mye 

Formation consist of monotonous noncalcareous phyllites whereas noncal­

careous phyllites of the upper part are interbedded with minor meta­

basi tes, calc-silicate phyllites, phyllitic marbles, graphitic phyl­

lites and phyllitic quartzites. The metabasite units could contain 

either flows or sills or both. Contact metamorphism near the Anvil 

Batholith has converted Mt. Mye phyllites to schists and gneisses. The 

contact between the Mt. Mye Formation and the overlying Vangorda Forma­

tion is a gradational transition zone which varies in thickness from 

tens to hundreds of meters. 

The Lower Cambrian to Lower Ordovician Vangorda Formation consists 

primarily of silty calcareous phyllites with appreciable amounts of in­

terlayered noncalcareous phyllite, phyllitic marble, graphitic phyllite, 

metabasite and green tuffaceous phyllite. Higher grade metamorphic 

equivalents of calcareous Vangorda pelites are calc-silicate phyllites 
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Fig. 10. Lower Paleozoic stratigraphy of the Anvil Range. Sulfide de­
posits occur near the Mt. Mye - Vangorda transition and are associated 
with lenses of graphitic phyllite. The volcanic component within the 
Vangorda Formation increases upward. The Menzie Creek Formation inter­
tongues with the Vangorda Formation and with graphitic metapelites 
equivalent to the Road River Formation (after Cyprus Anvil Mining Corp. 
stratigraphy). 

Fig. 11. Geologic map of the Anvil area. Sulfide deposits occur in a 
northwesterly trend along the Mt. Mye - Vangorda contact and are asso­
ciated with lenses of graphitic phyllite (generalized after Cyprus 
Anvil Mining Corp. map). 
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or schists. Metabasites of the Vangorda Formation are medium to dark 

green, equigranular to porphyritic, fine to medium grained, massive 

metamorphosed basalts. Metabasites occur as lenses, one to one hundred 

meters thick and one to ten kilometers long. Despite a lack of pillows 

and amygdules, the lenses are thought to be flows rather than sills, an 

interpretation based largely on a common spatial association of meta-

basite lenses with aprons of laminarly banded, green tuffaceous ｰＹｹＱｾ＠

lites. Volcanic material comprises ten to thirty percent of the sec­

tion in the Vangorda Formation and increases volumetrically upsection. 

The Vangorda Formation varies from one half to two kilometers in thick­

ness. Upper Vangorda rocks conformably intertongue with overlying 

Menzie Creek metavolcanics. 

The Middle Ordovician to Lower Silurian Menzie Creek Formation 

consists of metabasaltic rocks up to 1.5 kilimeters thick and extends 

at least 200 kilometers along strike and 30 kilometers across strike. 

Similar to metabasites of the Vangorda Formation in composition, Menzie 

Creek volcanics differ by displaying abundant, clearly volcanic tex­

tures and structures·. Pillowed flows, massive flows, amygdaloidal ba­

salts, monolithic breccias and.thin-bedded tuffs constitute the domi­

nant lithologies. A volcanic center in the northeastern Anvil Range 

consists of thick, coarse, volcanic breccias topped by massive flows 

with very large amygdules which are in turn overlain by conglomerates 

and dolomitic sandstones consisting of volcanic grains. This assem­

blage could be interpreted as an upward shoaling volcanic cone that 

eventually became emergent. Black slates and siltstones intertongue 

with the distal facies of Menzie Creek flows and tuffs and contain 
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Middle Ordovician or Lower Silurian ｧｲ｡ｰｴｯｬｩｴ･ｳｾ＠

Cyprus Anvil geologists have compiled an alkali-silica plot of 

metabasite and metavolcanic compositions from the Mt. Mye, Vangorda, 

and Menzie Creek Formations. The analyses collectively straddle the 

alkaline-subalkaline field. A crude stratigraphy in the chemistry is 

apparent: Mt. Mye volcanics are primarily subalkaline while Menzie 

Creek volcanics plot in the alkaline field. A Ti-Zr-Y plot for Lower 

Paleozoic volcanics in the Anvil Range shows that the majority of the 

analyses.plot in a "within plate" field. Company geologists interpret 

this as not inconsistent with a theory of basalts erupted during ten­

sional episodes on a trailing continental margin. 

Cyprus Anvil geologists have correlated Lower Paleozoic Anvil 

Range stratigraphy with other Selwyn Basin lithologies (Table 3). The 

Mt. Mye Formation correlates with the uppermost Grit Unit, Vangorda 

Formation with the Rabbitkettle Formation and Lower Kechika Group and 

Menzie Creek with the Road River Formation and Upper Kechika Group. 

The upper package on the north flank of the Anvil Range is correl­

ative with the Earn Group. On the south flank, the upper package con­

sists of five lithologic units which comprise one or two imbricate 

thrust sheets. A Middle Devonian unit of black phyllite with minor 

crinoidal limestones is overlain by grey-beige phyllitic chert and 

chert conglomerates, and a stratiform barite unit. These three units, 

which are correlative with the Upper Devonian-Mississippian Earn Group, 

are overlain by the Upper Triassic Anvil Group which contains red and 

beige-green cherts beneath massive basalt flows (Table 3). 

The Anvil Batholith, which has been dated by Rb/Sr and K-Ar at ap-



AGE UNIT LITHOLOGY EQUIVALENT 

Upper Triassic Anvil Group basalt flows 
chert 

Upper Devonian- stratiform barite Earn Group 
Mississippian phyllitic chert and 

chert conglomerate 

Middle Devonian black phyllite and Earn Group 
minor crinoidal 
limestone 

Middle Ordovician- Menzie Creek Fm. mafic metavolcanics Road River Fm. 
Lower Silurian Upper Kechika Group 

Lower Cambrian- Vangorda Fm. calcareous phyllites Rabbitkettle Fm. 
Lower Ordovician Lower Kechika Group 

Hadrynian- Mt. Mye Fm. non-calcareous Upper Grit Unit 
Lower Cambrian phyllites 

TABLE 3. Anvil Range stratigraphy. Predominant lithologies and correlative equiva­
lents within the Selwyn Basin are given (after Jennings et al., 1980). 

w 
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proximately 95 my, consists of an eastern muscovite-biotite granodio­

rite phase and a western quartz monzonite phase. Varieties of the 

batholith include foliated gneissose phases, equigranular phases and 

phases with K-feldspar phenocrysts. Dikes and plugs of varied compo­

sitions are related to late phases of the Anvil Batholith and occur 

throughout southern Anvil Range, intruding the metasediments which 

flank the batholith. These include quartz monzonite, hornblende­

biotite-quartz diorite, smokey quartz-feldspar porphyry and pyroxenite. 

The northwest end of the Faro deposit abuts against a heavily altered 

medium grained quartz monzonite and the southeastern end is intruded by 

smokey quartz-feldspar porphyry and hornblende biotite diorite dikes. 

STRUCTURE 

Two thermal events and five phases of deformation have been rec­

ognized in the Anvil Range. The predominant fabric is .a penetrative 

second phase foliation surface, Sz (Plate 1). Metamorphic micas de­

fining S1, which are crenulated by Sz, are axial planar to primarily 

northeasterly vergent F1 folds. Bedding, s0 , is commonly transposed 

parallel to S1. Existence of first phase folds in Anvil Group rocks 

indicates that deformation event D1 was, at the earliest, Upper Trias­

sic to Lower Jurassic in age. Deformation event Dz has been dated by 

the Anvil Batholith as Lower Upper Cretaceous because early phases of 

the batholith are cut and foliated by Sz whereas later phases crosscut 

Sz. Third, fourth and fifth phase brittle deformation events resulted 

from relaxation following Dz and are represented by flexural slip fol­

ding and nonpenetrative foliation surfaces. Fourth phase folding is 



Plate 1. Predominant shallow s2 foliation in outcrop of Van­
gorda Formation calcareous muscovite-chlorite phyllite. The 
attitude of S1 is steeper than s2 and dips to the left in this 
photograph. Outcrop is located near the DY deposit. 
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especially important in the Faro deposit and also in the northeastern 

Anvil Range where a D4 gravity slide off the batholith resulted in 

crustal shortening taken up by D4 folds. Post D2 events in the Van­

gorda Plateau deposits seem limited to a broad warping of s2• 

ORE DEPOSITS OF THE ANVIL DISTRICT 

The eight stratiform massive sulfide deposits (Faro, Firth, Grum, 

Vangorda, DY, Swim, SB, and Sea) follow a 35 kilometer arcuate north­

westerly trend in the southern Anvil Range (Fig. 11) and contain an 

aggregate tonnage of about 250 Mt, half of which averages 10% combined 

lead and zinc. The sulfide deposits are hosted by discontinuous lenses 

of graphitic phyllite which concentrate near the transition zone be­

tween the Mt. Mye and Vangorda Formations (Fig. 10). Lenses of meta­

basite and tuff s can occur near the ore horizons but are more abundant 

stratigraphically higher in the section. 

Five major lithofacies have been recognized by Cyprus Anvil geol­

ogists in all of the Anvil deposits. Ribbon-banded ore, which displays 

a characteristic texture of interlayered graphite, quartz and sulfides, 

is usually basal or marginal on the scale of a sulfide horizon. ｐｹｲｩｾ＠

tic quartzitic ores contain 30-70% total sulfides, in bands alternating 

with milky quartz. Massive pyrite sulfides contain more than 80% total 

sulfides and seem to lie stratigraphically above the quartzitic ores. 

Baritic ore, which contains anywhere from 10-60% barite intimately 

mixed with sulfides, tends to lie toward the stratigraphic top of a 

sulfide horizon. A sericitic alteration facies inconsistently sur­

rounds the ore horizons and is sometimes best developed in the f ootwall 
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The tendency for these lithofacies to occur in a stratigraphic sequence 

has been called the "Anvil Cycle" by Cyprus Anvil geologists (Fig. 12). 

Complete, incomplete and multiple cycles can be identified within sin­

gle sulfide horizons. 

Logging of diamond drill core from the ａｮｶｾｬ＠ deposits has been fa­

cilitated by the use of a combined numerical and alphabetical litho­

logic code (Appendix I). The first digit in the code denotes the for­

mation: 3 is the Mt. Mye Formation, 4 is ore and 5 is the Vangorda 

Formation. A letter designates the lithofacies within the formation 

and can be further modified by numerals which represent adjectives such 

as calcareous, chloritic, base-metal bearing, siliceous and so forth. 

This lithologic code is computerized to be combined with structural 

data, assay data and down-hole surveys for plotting on cross sections 

through the deposits. The plotted data can be correlated to provide a 

structural interpretation of the deposits. 

METHODS 

SAMPLE COLLECTION 

Approximately 10,000 meters of Grum drill core were logged during 

the 1980 and 1981 field seasons. During 1980, representative core sam­

ples for petrographic examination of ore facies and host rock litholo­

gies were selected from drill holes on cross sections 80 West, 74 West, 

and 66 West through the Grum deposit (Fig. 13). In addition, an effort 

was made to sample each ore facies within several sulfide intersections 

for the purpose of sulfur isotope analyses. 



IDEALIZED ANVIL DEPOSIT 

BBARITIC ORE 

ｾｍａｓｓｉｖｅ＠ PYRITIC ORE 

ｾｐｙｒｉｔｉｃ＠ QUARTZITE +ZN & PB 

MT. MYE FM. 

BPYRITIC QUARTZITE 

BRISBON-BANDED QUARTZITE 

G;)sERICITIC AL TERA TION 

Fig. 12. Idealized Anvil Cycle (after Cyprus Anvil Mining Corp.). Numerical and 
alphabetical lithologic code is summarized in Appendix I. Ore facies are described 
in the text. 
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0 300m 

Fig. 13. Grum deposit drilling grid. Samples from cross sections 
80 West, 74 West and 66 West were used in this study. 
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PETROGRAPHY 

Fifty-eight polished thin-sections and 32 thin sections were pre­

pared and examined under transmitted and reflected light for mineral­

ogical and textural features in ore facies and in various host rock 

lithologies. In addition, X-ray diffraction techniques were used for 

further mineral identification and qualitative chemical analyses of 

individual minerals were made on a scanning electron microscope using 

energy dispersive X-ray techniques. 

SULFUR ISOTOPES 

131 sulfur isotope ratios, 65 of mineral separates (24 pyrite, 23 

sphalerite, 10 barite, 7 galena and 1 sphalerite plus galena), and 66 

of bulk sulfide sulfur, were determined. 

PREPARATION OF Ag2S 

Core samples were crushed to 100-200 mesh for sulfur isotope anal­

yses of sphalerite and galena separates. Sphalerite grains were then 

separated from other sulfides and gangue using a Frantz (Model L-1) 

magnetic separator. Quality of separates was checked by binocular 

microscope examination and SEM analysis. The galena-bearing remainder 

of these samples was finely ground and converted to Ag2s by reaction 

with 3N HCl at 25°c in a ｮｩｴｾｯｧ･ｮ＠ atmosphere for 2-5 hours. The H2S 

gas evolved from this reaction was passed into a test tube containing 

a 10% AgN03 solution where Ag 2s precipitated. Sphalerite separates 

were also finely ground and similarly converted to Ag2S by reaction 

with 6N HCl at 60°c for 3-6 hours. Pyrite separates were obtained 
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chemically by crushing samples finer than 200 mesh and reacting with 

6N HCl at 60°c to remove all non-pyrite sulfides. Pyrite was then ox­

idized by reaction with a boiling aqua-regia and bromine solution for 

1.5-3 hours. Barium sulfate was precipitated, after filtering out min­

eral residues, by addition of Bac12• Bulk sulfide sulfur was also con­

verted to BaS04 by reaction with aqua-regia and bromine and addition of 

BaCl2. Primary barite residues were saved from this reaction. Barium 

sulfate, both precipitated BaS04 and primary barite, was reduced to BaS 

by combustion with graphite for ten minutes at 1150°C in a nitrogen at­

mosphere. The BaS was dissociated in deoxygenated and deionized water 

and the resulting sulfide solution was converted to Ag2S by filtration 

into a 10% AgN03 solution. In all cases, residues from the chemical 

extractions were examined under the binocular microscope to determine 

completeness of reaction, and where possible, yields were calculated 

as a further check. 

PREPARATION OF S02 GAS 

Silver sulfide, produced by chemical treatment of the ore samples, 

was filtered, dried in a dessicator and weighed to determine complete­

ness of reaction. so2 gas, for mass spectrometer analysis, was pre­

pared from the Ag2s by reaction with cu2o at 1050°c. Vacuum distilla­

tion was used to remove water and C02 from the S02 gas. The volume of 

purified S02 was measured in a mercury manometer to verify yield. Con­

version yields averaged 95% and most exceeded 90%. 

MASS SPECTROMETRIC ANALYSIS 

Mass spectrometric analyses of 34s;32s ratios were made on S02 gas 
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using a Nuclide 6-60 RMS Mass Spectrometer in the laboratory of · 

W.C. Shanks III, University of Wisconsin. Samples were analyzed using 

a tank so2 working standard and three of the McMaster sulfur isotope 

reference series (Rees, 1978). Sulfur isotope ratios are expressed 

in per mil as 634s relative to the Canon Diablo Troilite sulfur stan­

dard. Instrument precision averaged about± 0.06 °/00 and was always 

better than ± 0.1 ° I 00 at the L 5 standard deviation level. 

RESULTS 

PETROGRAPHIC STUDIES 

MT. MYE FORMATION 

Mt. Mye Formation ｾｩｴｨｯｬｯｧｩ･ｳ＠ intersected in the Grum deposit are 

primarily monotonous noncalcareous grey phyllites. Minor noncalcareous 

graphitic phyl-lites also occur, as do higher metamorphic grade equiva­

lents of the noncalcareous phyllites: fine-grained biotite staurolite 

schists (Plate 2). 

The mineral assemblage in the noncalcareous phyllites consists of 

quartz, feldspar, white mica, minor chlorite and graphite, accessory 

pyrite, tourmaline, apatite and allanite (Plates 3 and 4). The mineral 

assemblage in the schists consists of quartz, feldspar, white mica, 

biotite and staurolite with trace zircon, zoned detrital tourmaline, 

ilmenite altering to leucoxene, and pyrite (Plate 5). 

VANGORDA FORMATION 

The most common Vangorda Formation lithology at Grum is a calcar-



Plate 2. Some of the coJIUD.on host rock lithologies from the 
Grum deposit. From left to right: slightly carbonaceous, non­
calcareous muscovite--chlorite phyllite of the Mt. Mye Formation 
(Sample U142-61.4); biotite-staurolite schist of the Mt. Mye 
Formation (Sample A77-972); graphitic metapelite of the Van­
gorda Formation (Sample A109-59.0); calcareous muscovite-chlor­
ite phyllite of the Vangorda Formation (Sample UlS0-70.3); 
strongly calcareous chloritic phyllite of the Vangorda Formation 
(Sample A27-269). 
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Plate 3. Folds in noncalcareous muscovite phyllite of the Mt. 
Mye Formation. The folded foliation surface is S1; S2 is not 
well developed as a penetrative surface in this sample. 
Crossed nicols in transmitted light. Field of view is S.4mm. 
(Sample A38-642). 
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Plate 4. Slightly carbonaceous, noncalcareous quartz-muscovite 
phyllite of the Mt. Mye Formation. Shallow s2 foliation cuts 
and crenulates s1 micas. Plane transmitted light. Field of view 
is 5.4mm. (Sample A117-204.6). 



Plate 5. Biotite-staurolite schist, a localized high grade equ­
ivalent of the noncalcareous muscovite-chlorite phyllite of the 
Mt. Mye formation. Biotite and staurolite coexist with quartz, 
feldspar and muscovite. Crossed nicols in transmitted light. 
Field of view is 13.5mm. (Sample A77-995). 
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eous phyllite. Other Vangorda Formation lithologies include a variably 

calcareous graphitic phyllite, minor phyllitic marbles, and varying 

types of greenstones. 

Minerals present in the common calcareous phyllites are quartz and 

feldspar, white mica, calcite, dolomite or ankerite, minor chlorite and 

graphite, accessory pyrite, pyrrhotite, tourmaline, apatite and allan­

ite (Plate 6). The mineral assemblage in the graphitic phyllite con­

sists of quartz, feldspar, white mica, graphite and carbonate with 

trace amounts of pyrite, ilmenite and tourmaline (Plate 7). Graphite 

content is variable. Minerals present in the phyllitic marbles are 

calcite and dolomite, white mica, minor chlorite and accessory pyrite, 

tourmaline and apatite. 

The greenstone lithologies contain quartz and feldspar, calcite, 

dolomite and ankerite, chlorite, serpentine and muscovite, with minor 

pyrite, and-ilmenite altering to leucoxene. These carbonated green­

stones are problem rocks at Grum. District mapping of the Vangorda 

Formation by company geologists has revealed lenses of metabasites 

which are surrounded by aprons of laminated chloritic phyllites. These 

occurrences are interpreted as maf ic flows surrounded by tuf f s or tuf­

faceous sediments. In some localities, an intermediate rock with 

chlorite mottles, possibly an amygdaloidal flow top, occurs at the con­

tact between the metabasites and the laminated tuffs. In thin section 

the metabasites are highly altered; the tuffs consist primarily of 

chlorite and feldspar. In Grum drill core, occurrence of metabasite as 

seen in the field is negligible. There are, however, many intersec­

tions through sericitized, carbonated, chlorite mottled rocks and 



Plate 6. Typical calcareous muscovite-chlorite phyllite of the 
Vangorda Formation. Assemblage is quartz-feldspar-calcite-mus­
｣ｯｶｩｴ･Ｍ｣ｨｬｯｲｩｴ･ｾ＠ Crossed nicols in transmitted light. Field 
of view is 5.4mm. (Sample Al9-250). 
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Plate 7. Typical graphitic phyllite of the Vangorda Formation, 
host to the sulfide ､･ｰｯｳｩｴｳｾ＠ Graphite, quartz, muscovite and 
carbonate content is variable in the graphitic metapelites. 
Plane transmitted light. Field of view is 13.Smm. (Sample 
Ul56-71. 7). 
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through chloritic phyllites with a variety of banded, laminated and 

massive fabrics. These lithologies are variably calcareous, dolomitic, 

ankeritic and siliceous. In contact with the ore horizons, all of 

these lithologies become more sericitized and commonly contain, in · 

place of chlorite, blebs, streaks or mottles of a mineral thought to be 

fuchsite, a chromium muscovite. X-ray diffraction analysis of five 

samples of this mineral indicated that rather than fuchsite, it is 

either kaolinite or serpentine. Qualitative scanning electron micro­

scope analyses of 3 samples showed that the mineral contains aluminum, 

silica, magnesium, iron and chromium, indicating that at least some of 

it is serpentine, although there may be kaolinite as well. Petrograph­

ic features of 2 samples are consistent with those of serpentine (sam­

ples U146-38. 8 and AU-217). If the serpentine is an alteration of 

chlorite there has been a loss of aluminum which could have been taken 

up by hydrothermally or metasomatically formed sericite and addition of 

magnesium probably brought by the ore fluids. The presence of chromium 

is·not inconsistent with interpretations of these lithologies as meta­

morphosed mafic flows and/or tuffs. These greenstone lithologies occur 

abundantly and in close proximity to the ores in cross section 74 West, 

near the center of the deposit, but are less abundant in other cross 

sections through the deposit (Plate 8). 

ORE PETROGRAPHY 

Mineralogy 

The opaque mineralogy of Grum consists predominantly of pyrite 

with variable amounts of sphalerite and galena (Plates 9, 10 and 11). 



Plate 8. Close association of chlorite-ankerite mottled or 
banded rock of possible volcanic origin with sulfides in 
DDH U39, cross section 74 West. Close association of metabas­
ites and tuffs with the ore is not common. Width of drill core 
is 3.S cm. 
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Plate 9. Seive texture of subhedral pyrite grain (py) contain­
ing rounded inclusions of sphalerite (sl) and galena (gn). This 
is more poikilitic than most pyrite grains in the Grum deposit. 
Reflected light. Field of view is 2.25 mm. (Sample A99-140.S). 
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Plate 10. Typical sphalerite (sl) -- galena (gn) relationship 
in high grade.section of massive pyritic (py) ore. Oil immer­
sion in reflected light. Field of view is 0.57mm. (Sample 
A24-338.6). 
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Plate 11. Lamellar twinning and grain boundaries revealed by 
etching of sphalerite·with 1:1 HN0

3
. Twinning could be defor­

mational in origin. Oil immersion in reflected light. Field 
of view is 0.57mm. (Sample A24-343.5). 
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Arsenopyrite and chalcopyrite are widespread minor minerals (Plates 12 

and 13), whereas magnetite (Plate 14), pyrrhotite (Plate 15), and 

graphite, which can be present in large amounts, occur only locally 

within the deposit. Tennantite-tetrahedrite occurs in trace to minor 

amounts (Plate 13) and is probably the most important silver-bearing 

mineral at Grum. Electron microprobe determination of the composition 

of the solid solution was not made. One sample contained boulangerite 

crystals enclosed by galena (sample U151-1B .• 9). Marcasite occurs only 

as fine-grained alteration rims on pyrrhotite. Carson (1977) reported 

two occurrences of native gold blebs in Grum ores, though no gold was 

detected in this study. Occurrence of opaque minerals is summarized in 

Table 4. 

Non-opaque minerals are quartz, barite, and carbonate minerals 

(ankerite, siderite, calcite, and dolomite) with minor amounts of mus­

covite, chert, chlorite and a single trace occurrence of chloritoid 

and garnet. 

Lithof acies recognized in other Anvil deposits are common in the 

Grum deposit. The average sulfide grain size at Grum is roughly 0.15 mm 

and the ores are well-banded. Pyritic and base-metal bearing quartz­

itic ores usually show a banded segregation of siliceous versus sulfide 

rich layers ranging from 2.0 to 20.0 mm wide. Massive sulfides (and 

sometimes the sulfide bands within quartzitic ores) frequently show a 

banding of predominantly pyrite layers alternating with predominantly 

base-metal sulfide layers. 



Plate 12. Pyrite (py) and arsenopyrite (as) within sphalerite 
(sl). Arsenopyrite in the Grum deposit is frequently twinned 
and can show concentric overgrowth rims. Oil iIIDllersion in re-' 
fleeted light. Field of view is 0.57 I!Dll. (Sample UlSl-13.9). 
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Plate 13. Galena (gn), sphalerite (sl), chalcopyrite (cpy), and 
tennantite-tetrahedrite (te) interstitial to subhedral and rounded 
pyrite (py) in baritic (pa) ore facies. Reflected light. Field 
of view is 1.44tmn. (Sample Ul53-40.6). • 



Plate 14. Typical cracked, subhedral magnetite (mt) grains in­
vaded by galena and associated with pyrite (py) and sphalerite 
(sl). Reflected light. Field of view is 2.25 llDD., (Sample 
UlS-24.7). 
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Plate 15. Localized concentration of pyrrhotite (po) in hjgh 
grade massive pyritic ore. Pyrite (py) magnetite (mt) galena 
(gn) sphalerite (sl) chalcopyrite (cpy). Reflected light. 
Field of view is 1.44 mm. (Sample UlSl-60.6). 
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TABLE 4. Opaque mineralogy of the Grum deposit. - Occurrence indicates the number of thin sec­
tions in which a mineral was observed (out of 53 total sections). Abundance ranges are reported 
in approximate volume percent. 

Mineral 

pyrite (py) 

sphalerite (sl) 

galena (gn) 

arsenopyrite (as) 

chalcopyrite (cpy) 

tennantite­
tetrahedrite (te) 

pyrrhotite (po) 

Occurrence % 

53 5-85 

52 Tr-50 

50 Tr-25 

39 Tr-5 

31 Tr-2 

15 Tr 

14 Tr-6 

Remarks 

euhedral to subhedral or rounded; embayed, poikilitic, 
cracked; foliation rare; framboidal textures absent. 

pale yellow, honey-colored, orange, red-orange, or deep 
red; interstitial to py and gangue; as rounded inclusions 
in poikilitic py grains; convex toward gn; granular aggre­
gates and unoriented lamellar twinning revealed by etching. 

interstitial to py and gangue; concave toward sl; as inclu­
sions in py; invading cracks in py and as; coarser grained 
in high grade samples and near second phase fold closures. 

euhedral rhombic and prismatic; cracked and invaded by 
softer sulfides; twinning common; zoning shown by concen­
tric inclusions or rims of different crystallographic 
orientation. 

anhedral masses interstitial to py; filling cracks in py; 
as remobilized veinlets; in association with sl, gn, te, 
po and mt; most common in 4E, 4C and 4G ore facies. 

interstitial to py; commonly associated with cpy, gn, sl, 
and as; occasionally as rounded inclusions in py and gn. 

interstitial to py; associated with cpy, sl, gn; occasion­
ally as minute rounded inclusions in py; as elongate mas­
ses rimmed by fine-grained ma. 



TABLE 4 (continued) 

magnetite (mt) 11 

graphite (g) 10 

marcasite (ma) 8 

boulangerite (b) 1 

Tr-10 

2-5 

Tr 

Tr 

cracked and corroded; can concentrate in lenses of car­
bonate or barite surrounded by massive sulfides; evidence 
of replacement relationship with py. 

discrete blebs and streaks; invariably associated with 
muscovite and quartz. 

as fine grained rims along po grain boundaries. 

associated with gn, cpy and te. 
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Ore Facies 

Ribbon-banded ore (4!2_: The ribbon-banded graphitic pyritic 

quartzite contains 40-80% quartz, 2-50% pyrite, 2-40% graphite, 0-25% 

muscovite, 0-25% sphalerite and 0-15% galena. The most common, or 

"normal" ribbon-banded ore at Grum consists approximately of 55% quartz, 

25% muscovite plus graphite, and 20% total sulfides (Plate 16). Ribbon-

banded ore in the Faro deposit is somewhat more graphite-rich than that 

of the other deposits. There are four common variations of this facies: 

1) sphalerite and galena bearing, with greater than 5% Zn+Pb 
2) siliceous, containing up to 80% quartz with a correspon­

ding decrease in graphite and muscovite 
3) pyrite-rich, containing up to 60% pyrite, and 
4) "phyllitic", containing very little graphite, consisting 

primarily of quartz, muscovite, and sulfides. This va­
riety is usually low grade. 

Polished thin section examination.of 9 samples of the 4A lithe-

facies shows that arsenopyrite is a common trace to minor constituent, 

while chalcopyrite, pyrrhotite, tennantite-tetrahedrite, marcasite, and 

carbonate are only rarely present and only in trace amounts. Sphaler-

ite is typically red or orange-red in the ribbon-banded ore. 

This ore f acies is called ribbon-banded because the graphite and 

micas frequently form a texturally distinctive interlamination with 

quartz and sulfides (Plate 17). The quartz grain size varies in dif-

ferent bands, decreasing with increasing mica and graphite content. 

Ribbon-banded ore grades into a poorly-mineralized variably cal-

careous graphitic phyllite of the Vangorda Formation (SA). Further-

more, ribbon-banded ore can grade into other ore facies: 1) As the 

quartz and sulfide contents increase and graphite plus mica content 



Plate 16. Ribbon banded ore (4A). Typical low 
grade sample of 4A containing quartz, graphite, 
muscovite and pyrite (Sample Al21-148.5). 
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Plate 17. Ribbon banded ore. Graphite (black), quartz (white), 
pyrite (py) and sphalerite (red) form a distinctive interlamin­
ation. Plane transmitted light. Field of view is 5.4mm. 
(Sample Ul53-8.8). 
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decreases, 4A grades into the pyritic quartzitic or the base-metal 

bearing quartzite. 2) As the total sulfide content increases at the 

expense of all other constituents, 4A grades into the massive sulfide 

ore facies. 3) As the graphite content decreases, the phyllitic va-

riety of 4A can grade into a bleached sericitic alteration facies (4L). 

Pyrite-free base-metal bearing quartzite (4B): The pyrite-free 

base-metal bearing quartzite is a banded ore facies consisting primari-

ly of milky quartz with bands of base-metals (Plate 18). Pyrite is 

present only in trace or very minor amounts. The facies is not common 

at Grum. There are three varieties: 

1) nearly pure quartz with minor thin (1 mm) laminae of 
sphalerite and galena; less than 5% combined Zn+Pb 

2) banded quartz and base-metals with minor pyrite; bands 
are 0. 5 to 2. 5 cm wide and combined Zn+Pb assays exceed 
5% 

3) sericitic quartzite with varying amounts of base-metal 
sulfides usually occurring in bands 

The mineralogy .of the 4B ore facies, based on thin section exami-

nation of only two samples is quartz, sphalerite, galena, pyrite, ar-

senopyrite, chert, carbonate and muscovite in order of decreasing abun-

dance (Plate 19). The color of the sphalerite in 4B is orange or red. 

The 4B facies grades into other facies. With increasing pyrite, 

4B grades into the base-metal bearing pyritic quartzite. With increas-

ing sericite content it grades into a siliceous variety of the altera-

tion facies. Occasionally 4B can contain minor wisps of graphite and 

so grades into 4A. Hypothetically, this ore facies could grade into 

4J, the massive base-inetal sulfide facies, though neither are common 

at Grum. 



Plate 18. Pyrite-free, base metal-bearing quart­
zitic ore (4B). Thin laminae of sphalerite and 
galena within milky quartz (Sample A79-267). 
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Plate 19. Chert (ch) masses iri association with recrystallized 
quartz (qtz) and sphalerite (sl) in a sample of 4B quartzitic 
ore. Crossed nicols in transmitted light. Field of view is 
5.0mm. (Sample A24-331.8). 
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Pyritic quartzite (4C): The pyritic quartzite ore facies is a 

banded, pyrite and milky quartz rock with less than 80% total sulfides 

and less than 5% combined zinc-lead (Plate 20). Commonly, 4C simply 

contains pyrite and quartz in a 40:60 ratio. However, carbonate, ser-

icite, magnetite, pyrrhotite, chalcopyrite, sphalerite and galena alsc 

can be seen in minor amounts in hand samples. Polished thin section 

examination of 5 samples of 4C reveal the following range of abundan-

ces: 25-60% pyrite, 25-60% quartz, 2-15% carbonate, 0-5% each musco-

vite, magnetite and arsenopyrite, 0-3% sphalerite and galena, 0-2% 

chalcopyrite, pyrrhotite and chert, and in 1 sample, trace Mg-chlorit1 

chloritoid and garnet (sample U143-113). 

The principle varieties of 4C at Grum are: 

1) sericitic, containing up to 20% white mica 
2) carbonaceous, containing trace to minor wisps of graphi 
3) sulfide-rich, containing 60-80% sulfides 
4) variously chalcopyrite, magnetite, pyrrhotite, or carbo 

ate bearing 

These varieties can grade into other ore facies; the sericitic v 

riety grades into a siliceous 4L with increasing sericite content; th 

carbonaceous variety grades into a siliceous and pyritic 4A; and the 

sulfide-rich variant grades into a siliceous variety of the massive 

pyritic ore. 

Base-metal bearing pyritic quartzite (4D): The base-metal bear: 

pyritic quartzite is another banded ore facies. It contains less the 

80% total sulfides and more than 5% combined zinc-lead (Plate 21). 

predominant mineralogy of this facies is quartz, pyrite, sphalerite, 

and galena. Thin section examination reveals that 4D usually ｣ｯｮｴ｡ｾ＠



Plate 20. Pyritic quartzitic ore (4C). 
Banded ore consisting primarily of pyrite 
and quartz (Sample Al35-157.8). 
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Plate 21. Base metal-bearing, pyritic quart­
zitic ore (4D). This sample shows some segre­
gation of pyrite from sphalerite and galena 
in addition to the sulfide-quartz banding 
(Sample Ul5-114.3). 
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trace to minor amounts of muscovite, carbonate, chert and arsenopyrit 

Furthermore, 4D can locally contain trace to minor amounts of chalco· 

pyrite, magnetite, pyrrhotite, and graphite. Tennantite-tetrahedritE 

was not observed in the 4D samples studied. Barite and magnetite arE 

not common. The sphalerite in 4D samples is usually red, though occ< 

sionally orange and in one sample, honey-colored sphalerite was obse1 

ved (Plate 22). The average sample of 4D at Grum contains approxima1 

ly 40% total sulfides occurring in 2-20 mm bands alternating with mi: 

quartz. The sulfides consist of pyrite, sphalerite, and galena and 1 

assay values rarige between 5 and 10% combined zinc-lead. There are 

several variations of this average 4D which are also common at Grum: 

1) sphalerite and galena bearing 4D contains greater than 
10% combined Zn+Pb 

2) carbonaceous 4D contains minor wisps or laminae of gra· 
phite 

3) sericitic 4D contains up to approximately 15 to 20% mu 
covite 

4) chalcopyrite, pyrrhotite, magnetite or carbonate beari: 
4D varieties contain these constituents in variable bu 
minor amounts 

5) "patchy" 4D is a textural variant in which a massive s1 
fide matrix with or without abundant quartz gangue, su 
rounds irregular 10-20 mm patches of quartz 

6) sulfide rich 4D contains 60-80% total sulfides in a fa 
ric which is more massive than banded 

The carbonaceous variety grades into a sulfide-rich, siliceous 

the sericitic variety grades into a siliceous sulfide-bearing variet 

of the alteration facies, and the sulfide-rich variety grades into a 

base-metal bearing, siliceous pyritic massive sulfide. 

The banding in 4D usually consists of alternating milky quartz 

sulfide bands of pyrite, sphalerite and galena. Occasionally, 4D ha 

shown segregation into quartz bands, pyrite bands, and sphalerite pl 



Plate 22. Banded texture of base metal-bearing, pyritic quart­
zitic ore (4D). Light orange sphalerite is not common in the 
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4D ore facies which usually contains orange-red or red sphalerite. 
Sphalerite (yellow-orange), pyrite (black), quartz (white). 
Plane transmitted light. Field of view is 13.Smm. (Sample 
UlS0-138.9). 
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galena bands. 

Massive pyritic sulfides (4E): The massive pyritic sulfide ore 

facies consists of greater than 80% total sulfides with pyrite as the 

predominant iron sulfide (Plate 23). The mineralogy is primarily py-

rite with occasional minor sphalerite, galena, magnetite, pyrrhotite, 

carbonate, barite and quartz (Plate 24). Furthermore, polished thin 

section studies of 17 samples of 4E reveal arsenopyrite, chalcopyrite, 

tennantite-tetrahedrite, marcasite, mica, chert, chlorite, and graphite 

all occasionally present in trace to minor quantities. Sphalerite 

color is usually orange to red. 

A number of variations of 4E are connnon: 

1) siliceous, massive pyritic sulfides contain 20-25% quartz 
usually as 1-2 mm quartz "eyes" evenly dispersed through 
a sulfide matrix or as occasional irregular patches of 
quartz about 15 mm in diameter 

2) base-metal bearing massive pyritic sulfides contain 
greater than 5% combined Zn+Pb 

3) carbonate bearing massive pyritic sulfides contain up to 
20% carbonate minerals commonly ankerite, either inter­
stitial gangue or as irregular coarse patches of buff 
colored ankerite 

4) barite bearing massive pyritic sulfides ｣ｯｮｾ｡ｩｮ＠ up to 
10% barite 

5) magnetite bearing massive pyritic sulfides contain the 
magnetite in streaks or laminae and commonly contain car­
bonate or barite gangue as well 

6) pyrrhotite bearing massive pyritic sulfides usually con­
tain abundant sphalerite and galena as well 

There can be and usually are combinations of these variants such 

as magnetite, base-metal, and carbonate bearing massive pyritic sul-

fide.· Also, the varieties are seen to grade into other ore facies. 

For example, extremely siliceous varieties of 4E are similar to sul-

fide rich 4D, barite bearing 4E grades into the barite facies with in-
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Plate 23. Massive pyritic sulfide(4E). Sample 
UlSl-3.7. 
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Plate 24. Typical texture of massive pyrite (py} from a .massive 
pyritic sulfide band within a sample of baritic ore. Reflected 
light. Field of view is 5.4mm. (Sample A99-142.1). 
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creased barite content, carbonaceous and siliceous massive pyritic sul­

fides can grade into a sulfide rich 4A, with increased base-metal con­

tent 4E can grade into a base-metal massive sulfide, the patchy anker­

ite bearing 4E grades into 4K with increased carbonate content, and the 

pyrrhotite bearing variety grades into the pyrrhotitic massive sulfide 

4H, as pyrrhotite becomes the predominant iron sulfide. Samples of mas­

sive pyrite with negligible base-metal sulfides can show local evidence 

of foliation and annealing of pyrite grains (Plate 25). 

Baritic ore (4G): The baritic facies is a massive sulfide ore 

facies containing greater than 10% white barite intimately mixed with 

sulfide minerals (Plate 26). At Grum, the average 4G has approximately 

25% barite and 5-10% combined zinc-lead, though the barite content can 

range up to 60% and the grade can vary (Plate 27). In the Faro deposit 

10-15% barite is maximum. This facies is usually well-laminated with 

thin 1-2 mm thick bands of varying barite content. 

The mineralogy of the 4G ore facies consists primarily of pyrite, 

barite, sphalerite and galena. Carbonate, arsenopyrite, chalcopyrite, 

and tennantite-tetrahedrite are nearly ubiquitous trace to minor con­

stituents in the 12 thin sections studied. Magnetite is occasionally 

present in minor amounts. Quartz, muscovite, chert, chlorite, and 

pyrrhotite with associated marcasite only rarely occur and then only as 

trace constituents. Graphite is totally absent from this facies. 

Sphalerite in the baritic ore is usually honey colored or even 

pale yellow (Plate 28). Only very rarely is baritic ore seen with red 

or orange sphalerite. To a certain extent, this pale sphalerite is 



Plate 25. Foliation and annealing of ｰｹｲｩｾ･＠
pyritic band within pyritic quartzite (4C). 
rare in the Grum deposit. Reflected light. 
5.0 mm. (Sample Ul5-115.3). 

(py) in a massive 
Such foliation is 
Field of view is 
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Plate 26. Massive sulfide and barite ore -­
the baritic facies (4G). This well-laminated 
sample contains minor magnetite (Sample A38-
l 156. 5). 
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Plate 27. Texture of a barite-rich sample showing grain size 
changes including large recrystallized elongate grains of barite 
(ba). Minor pale sphalerite (sl) and pyrite (py). Plane trans­
mitted light. Field of view is 5.4mm. (Sample A99-142.1). 



Plate 28. Pale sphalerite (sl) in baritic (ba) ore. Rounded 
inclusion of orange-red sphalerite within pyrite (py) grain. 
Pyrite grains of ten contain rounded inclusions of sphalerite 
that are a different color from the surrounding sphalerite. 
Plane transmitted light. Field of view is 1.44mm. (Sample 
UlS-27.4). 
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exclusive to the baritic ore. 

A common variety of 4G is carbonate bearing. Carbonate minerals 

can be of the same habit as barite and intermingled with the barite, or 

the two gangue minerals can alternate in bands or ｾｨ･＠ carbonate gangue 

can dominate to the exclusion of the barite over an interval of up to 

a meter or so. Barite deficient zones seem to be intimately associated 

with the barite facies and are not very common. The carbonate mineral 

is calcite, dolomite or ankerite by X-ray diffraction, though Tetsuro 

Urabe has identified barytocalcite in some of the DY ore (D.S. Jennings, 

personal communication). 

A related variety of the baritic ore is the porous variety in 

which zones or perhaps laminae of carbonate gangue have been leached 

leaving a porous sulfide rock. 

Other ore facies: The 4K or ankerite bearing ore facies is the 

most common minor facies at Grum. It consists of a massive sulfide 

matrix surrounding at least 35% coarse, buff colored, ankerite patches. 

The coarse and patchy nature of the ankerite gives the f acies a brec­

ciated textural appearance. Commonly, 4K has a massive pyrite matrix 

with 50% coarse (1-1.5 cm) ankerite patches associated with patches and 

discordant veinlets of remobilized sphalerite and galena and occasion­

ally chalcopyrite. However, the sulfide matrix can have massive pyr­

rhotitic or massive base-metal sulfide affinities, and quartz can be 

associated with the ankerite (Plate 29). 

The pyrrhotitic massive sulfide facies, 4H, contains more than 80% 

total sulfides and less than approximately 25% of the sulfides are iron 
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'Plate 29. Less common ore facies in the Grum deposit. 4K is 
an ankerite-bearing f acies which commonly displays a "brecciated" 
texture of large ankerite clasts in a sulfide matrix (Sample 
Ul56-57.7). 4H is ·the massive pyrrhotitic sulfide facies 
(Sample Al35-137.l). 4J is the.massive base-metal sulfide 
facies (Sample U39-82.5). 
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sulfides (Plate 29). Though not common at Grum it can occur as local­

ized 10-30 cm intervals within a massive pyritic sulfide unit or as 

2-3 cm bands within a unit of the alteration facies. 

The massive base metal sulfide facies, 4J, contains more than 80% 

total sulfides and less than approximately 25% of the sulfides are iron 

sulfides (Plate 29). This is a rare, high grade ore facies at Grum. 

When it does occur, it is associated with high grade sections of mas­

sive pyritic sulfides. The mineralogy is predominantly sphalerite, 

galena and minor pyrite though it can contain up to 20% quartz "eyes" 

and fine pyrite porphyroblasts. 

Buckshot ore, 4F, is a high grade massive ore with coarse porphy­

roblastic pyrite found at Faro due to a higher degree of metamorphic 

recrystallization there. Buckshots are appr-0ximately 1-2 mm in diam­

eter. This facies is not seen at Grum. The only correlative would be 

the fine-grained buckshots (0.5-1.0 mm) seen in the 4J ore facies and 

occasional, isolated porphyroblasts. 

ALTERATION 

Sericitized and variably mineralized rocks irregularly surround 

the Anvil Range ore deposits and are sometimes best developed in the 

footwall. Cyprus Anvil geologists suggest that this alteration could 

be related to ore fluid influx. This is evidenced in some Anvil de­

posits by footwall alteration closely associated with stringers of 

mineralization discordant to bedding (So//S1)· 

Altered phyllites around the Grum deposit are bleached (serici­

tized) and variably silicified and mineralized (Plate 30). They can 



Plate 30. Sample of 4L, the sericitic alter­
ation which inconsistently surrounds the ore 
horizons. This sample (U39-32.7) is sili­
ceous and pyritic. 
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be classified as siliceous, pyritic, pyrrhotitic, chalcopyrite-bearing, 

sphalerite and galena-bearing and occasionally carbonate or talc­

bearing. Sometimes bleached, unmineralized phyllites occur at some 

distance from the ore horizons. Siliceous, sericitized, mineralized 

phyllites can also occur within the orebodies and are seen to grade 

into more siliceous, less sericitic quartzitic ore and into graphite­

poor, phyllitic, ribbon-banded ores. 

Thin section examination of 6 samples of 4L lithologies provided 

no further clues to the origin of the alteration.- Minerals observed 

were muscovite (confirmed by X-ray diffraction), quartz, sericitized 

feldspar, pyrite, pyrrhotite, minor sphalerite, galena, chalcopyrite, 

marcasite, garnet, carbonate, and trace ilmenite, zircon, allanite 

and tourmaline. Pyrrhotite is perhaps more common in 4L samples at 

Grum than in the ore facies. 

STRUCTURE 

The structure of the Grum deposit is being interpreted in detail by 

Cyprus Anvil geologists. The predominant foli?tion surface in the Grum 

deposit is s2• Although this surface generally dips gently to the south­

west in the area of the deposit, Kerr Addison geologists also mapped 

horizontal and gentle northeasterly dipping S2 surfaces in the under­

ground workings. The s1 foliation, which is folded by S2, is preserved 

as crenulated microlithons of metamorphic micas (Plate 4). Occasionally, 

s3 and/or s4 are seen as non-penetrative foliation surfaces steeper than 

the earlier s2, or as kink folds which fold S2. 

By assuming that the dip direction of S2 is a constant 230°, sec-
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and phase symmetry data could be obtained from drill core. If, in a 

given core, S1 dips in the same direction as S2 but at a steeper angle, 

the symmetry (looking northwest) is S-symmetry. If S1 dips more gently 

than s2 or in the opposite direction, the symmetry is Z-symmetry. In 

areas of pervasive S2(So//S1//S2), horizontal s2, or where s1 dips at 

right angles to S2, symmetry cannot be determined. Wherever possible, 

symmetry observations were recorded and compiled so that microlithon 

symmetry could be extrapolated to the symmetry of major D2 folds as an 

aid in interpretation of cross sections (Plate 31). 

The overall deposit structure is that of a refolded first phase 

fold very similar in fold style to that of an outcropping fold in green, 

laminarly-banded tuf f aceous phyllite of the Vangorda Formation (Plate 

32). The second phase fold which affects the Grum deposit plunges to 

the northwest bringing the deposit near to the surface in the southeast 

but extending it to depths of 350 meters in the northwest. The deposit 

consists of_ four separate sulfide horizons. Figure 14 is a generalized 

cross section through the 4 sulfide horizons of the Grum deposit showing 

the fold structure. Horizons 1 and 2 are in Mt. Mye Formation; horizons 

3 and 4 are in Vangorda Formation. 

Horizon 2 is the major sulfide horizon and contains all of the ore 

facies. It usually consists of ribbon-banded and quartzitic ore capped 

by massive and baritic ore at the stratigraphic hangingwall and displays 

well developed footwall alteration. The host unit is Mt. Mye noncalcar­

eous phyllite. Graphitic or calcareous ｭｵｳ｣ｯｶｩｴ･ｾ｣ｨｬｯｲｩｴ･＠ phyllites of 

the Vangorda Formation overlie the second horizon. Horizon 2 defines 

the refolded fold and is about 1250 meters in unfolded length across the 



Plate 31. Second phase symmetry seen in drill. core can be ex­
trapolated to the symmetry of major second phase folds in cross 
section interpretation. From left to right, symmetry looking 
northwest is: S symmetry (Sample All-113.3); Z symmetry 
(Sample A32-920); symmetry indeterminate because S2 is horiz­
ontal (Sample Ul50-107.9); indeterminate because S2 is perva­
sive (Sample A79-974.3). Lower sample is Z symmetry (Sample 
Ul53-53.4). 
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Plate 32. First phase fold closure refolded by second phase de­
formation in an outcrop of laminarly banded tuf f near the DY 
deposit. First phase closure can be seen clearly 2 cm at 10:00 
from the coin. The interpreted fold style of the Grum deposit 
is very similar to the fold style in this outcrop. 
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Fig. 14. Generalized cross section through the Grum deposit showing the fold structure. 
Sulfide horizons 1 through 4 are sequenced from lowest to highest stratigraphic position. 
St and s2 foliations are axial planar to F1 and Fz folds. ｾ｣｡ｬ･＠ is approximate. 
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deposit, though exploration of the deeper limbs is incomplete. 

Horizon 4 is smaller than horizon 2 but is a major horizon as well. 

Characteristically more lead-rich than horizon 2, horizon 4 contains 

abundant magnetite. Horizon 4 is surrounded by calcareous muscovite­

chlorite or graphitic Vangorda Formation phyllites and contains all of 

the ore facies. 

Horizons 1 and 3 are thin and discontinuous. Horizon 1 in the Mt. 

Mye Formation consists mostly of ribbon-banded ore and sericitic alter­

ation. Horizon 3 in the Vangorda Formation contains baritic ore and 

sericitic alteration with some massive pyritic ore and some ribbon­

banded ore. 

Thicknesses of the horizons range from 5 meters to 60 meters and 

stratigraphic distance between horizons is approximately 20-50 meters. 

There is some tectonic thickening of the sulfide horizons in the sec­

ond phase fold closures and the ore grade is somewhat increased near 

the hinges as well. Discontinuity of horizons 1 and 3- is possibly a 

result of tectonic localization of sulfides along axial planes of folds. 

The Grum deposit, particularly the southeastern half of the depo­

sit, is disrupted by a multitude of faults expressed in drill core as 

zones of fault gouge and brecciation. Zones of faulting often inter­

sect sulfide horizons creating sulfide breccias which vary from well­

healed massive sulfide breccias to openvuggy, ankerite-healed breccias. 

At least one sample of a double breccia was seen indicating two epi­

sodes of faulting locally. Movement along many of the faults has been 

negligible but significant displacement along other of the faults has 

greatly complicated an already complex structure. One of the most 
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significant faults is a low angle detachment fault, the Doal Lake De­

tachment, which occurs in cross sections south of 70 West, and below 

which is a thick and continuous sulfide horizon of uncertain strati­

graphic origin. The lower block containing the sulfide horizon is 

thought to have been displaced to the northeast relative to the over­

lying block and the fault could be part of a step-like detachment from 

the batholith (D.S. Jennings, personal communication). It is thought 

that this horizon is correlative with horizon 2 and it may extend far­

ther to the north than present drilling shows. 

Samples from three cross sections through the Grum deposit were 

used in this study. Cross section 80 West is a typical section through 

the deposit which shows the fold structure and all four sulfide ｨｯｲｩｾ＠

zons (Fig. 15). Horizons 1 and 3 are not continuous; horizon 4 is of 

highly variable thickness and seems to pinch out rather than continue 

around the first phase fold closure; horizon2 is large and continuous. 

Both 2 and 4 are overlain by graphitic phyllite. The Mt. Mye-Vangorda 

contact can be drawn along horizon 2. Second phase folding has attenu­

ated stratigraphic thicknesses on the fold limbs and thickened the fold 

hinges. Movement along a steep fault in the north half of the cross 

section has repeated the first phase fold nose. 

Cross section 74 West has been complicated by a multitude of 

faults but the first phase closure is still clearly shown. A prelimi­

nary sketched interpretation of 74 West is shown in Figure 16. 

Cross section 66 West might contain all four sulfide horizons as 

shown in an interpretation in Figure 17. The first phase closure, 

cored by Mt. Mve ohvllites. is not clearly evident but can be extrapo-
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Fig. 15. Structural interpretation of cross section 80 West. Surface 
drill holes are labelled with "A" before the diamond drill hole (DDH) 
number; holes drilled from underground workings are labelled "U". 
Sulfide horizons are sequenced b.ottom to top with circled numbers. 
Dotted lines indicate sericitic alteration. Wavy lines represent 
faults. Elevation above sealevel is given in meters. Arrows mark sul­
fide intersections studied in detail, with arrowheads pointing to the 
stratigraphic hangingwall (generalized after Cyprus Anvil Mining Corp.). 

Fig. 16. Preliminary sketched interpretation of cross section 74 West 
through the Grum deposit. Arrows show two sulfide intersections used 
in this study with arrowheads pointing to the interpreted stratigraphic 
hangingwall. Scale is approximate. 

Fig. 17. Structural interpretation of cross section 66 West through 
the Grum deposit. Symbols are the same as for Figure 16 (generalized 
after Cyprus Anvil Mining Corp.). 
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lated into the overburden. A major zone of disruption in the south­

west block of this cross section has been interpreted as a fault zone 

which has truncated horizon 2 along the second phase closure and brought 

the southwest block with horizons 3 and 4 closer to the northeast block. 

The Doal Lake Detachment, mentioned previously, is present in the cross 

section and is underlain by a continuous sulfide horizon which has a 

consistent baritic cap and consistent footwall alteration. 

SULFUR ISOTOPES 

INTRODUCTION 

131 sulfur isotope ratios were determined for mineral separates 

and bulk sulfide sulfur of 71 samples. Samples were selected from 10 

sulfide intersections located on 3 different cross sections through the 

deposit (Figs. 15-17). Two of the intersections are from horizon 4, 

five from horizon 2, and three from a horizon of uncertain stratigraphic 

position, (possibly horizon 2), which lies below the Deal Lake Detach­

ment in the southeastern part of the deposit. The five intersections 

through horizon 2 are widely spaced over a 420 meter unfolded lateral 

extent. One of these intersections is on the lower long limb of an 

S-symmetry second phase fold, one on the short Z-symmetry limb, and 

three near the fold closure. The three sulfide intersections from the 

horizon below the detachment are closely spaced, only 30 meters apart. 

Several of the intersections, especially the three closely spaced ones, 

show complete or partial Anvil Cycles in the vertical lithofacies vari­

ation, with the baritic facies indicating stratigraphic top. Polished 

thin sections of samples from seven of the chosen intersections were 



101 

examined prior to sulfur isotope analysis. 

Bulk sulfide sulfur isotopic compositions of a representative sam-

ple from each ore facies in nine of the intersections were determined, 

and where mineral separation was possible, sphalerite, galena, pyrite 

and barite separates were analyzed. Total range of sulfide ｾ＠ 34s val­

ues is 9. 41 to 23 .13. ａｾ･ｲ｡ｧ･＠ S 34s of sulfur from galena is 12. 85, 

sphalerite 15.03, pyrite 16.12, bulk sulfide sulfur 15.89 and barite 

31.76. Frequency distributions for sulfur isotopic compositions of 

C" 34 
mineral separates are shown in Figure 18. Ranges and means for o S 

of mineral separates and bulk sulfide sulfur are shown in Figure 19. 

Lower Cambrian seawater sulfate had a sulfur isotope value of approxi-

mately 30, making average sulfide sulfur about 15 per mil lighter than 

sulfur in this· sulfate. Barite sulfur isotope values straddle the 

Lower Cambrian seawater sulfate value and range up to 35. Average 

sulfide-sulfate separation based on barite-sulfide pairs is 13.8. To 

a certain extent, sulfur isotope values of barite "track" coexisting 

sulfide mineral values (Fig. 20). 

In general, baritic and massive ore contain heavier isotope values 

as indicated by average S 34s values of bulk sulfide sulfur in the var-

ious ore facies (Fig. 21). In fact, after a decrease from the ribbon­

banded ore there is a gradual stratigraphic increase in b 34s values 

from the quartzitic ores through massive ores to the baritic ores. 

Average ｾ＠ 34s of the sericitic alteration facies is 14. 97, or ribbon-

banded ore 15.70, quartzitic ores average 14.72, massive ore averages 

16 .11 and baritic ore averages 17. 05. Increase in average Ii) 34s from 

quartzitic through massive to baritic ore is only 2.33 but increases 
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within a given sulfide intersection are as much as 7 per mil. In two 

intersections, samples above the baritic facies were analyzed and both 

show a large (7. 7 and 5. 5) drop in ｾ＠ 34s relative to the underlying 

unit. Plots of sphalerite, galena and pyrite averages for the differ­

ent ore facies follow the same trend of decreasing slightly from the 

ribbon-banded ore to .the quartzitic ores and then increasing to the top 

of the cycle (Fig. 22). 

DETAILED INTERSECTION DATA 

The sulfur isotopes follow a similar stratigraphic trend in each 

of three closely spaced intersections from cross section 66 West, DDH 

A99, DDH Al35, and DDH Al09 (Figs. 23, 24 and 25). Following an ini­

tial decrease to a minimum value in quartzitic ore (and stratigraphi­

cally equivalent siliceous 41 in Al09) there is a gradual increase of 

ｾ＠ 34s values to the baritic ore at. the top of the cycle in each inter­

section. Above the baritic ore in DDH A99, b 34s drops off to a mini­

mum and then increases to the top of a different partial cycle. The 

values of the correlated ore facies show no pronounced lateral varia­

tion. Perhaps the minimum l) 
34s could be used as a correlation tool. 

Bulk sulfide values in some samples of DDH A99 are equal to pyrite 

values for the same sample owing to the predominance of pyrite. 

Two intersections, DDH U43 and DDH Ul51, through horizon 2 show 

decreasing sulfur isotope values followed by an upward increase. DDH 

U43, which intersects an Anvil Cycle of sericitic ore at the base fol­

lowed by ribbon-banded then massive ore, a return to quartzitic ore 

with minor graphite,_and finally massive ore with minor barite, shows 
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Figs. 23-32. b' 34s values of different ｩｮｴ･ｲｳ･｣ｴｩｯｮｾ＠ through the Grum 
deposit sulfide horizons. Locations of intersections are shown by 
arrows in Figures 15-17. Intersections are plotted with the interpre­
ted stratigraphic hangingwall up. The intersections are plotted at the 
same scale (except DDH A24). Lithologies are labelled using lithologic 
code presented in Appendix I. More detailed lithologies are reported 
in Appendix II along with assay data and sulfur content. Sample loca­
tions are indicated on lithologic columns. 
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8 34s values decreasing irregularly to a ｭｩｮｾ＠ and then increasing 

slightly to the top· (Fig. 26). DDH Ul51 intersects two partial cycles. 

Sulfur isotope values for sphalerite mineral separates increase through 

the lower partial cycle. The second partial cycle, beginning with the 

4B unit, shows a pattern very similar to that of DDH U43, decreasing to 

a minimum and then increasing only very slightly to the top which is 

lacking in barite (Fig. 27). 

DDH Ul53 shows fairly constant sulfur isotope values (Fig. 28) ex­

cept for anomalously light values for bulk sulfide and sphalerite from 

the baritic ore facies (sample Ul53-37.4; Appendix II) and anomalously 

high values for the ribbon-banded ore facies (samples U153-19 and 

Ul53-21.5; Appendix II). Perhaps the anomalously heavy interval within 

the thick ribbon-banded unit .intersected in DDH U43, Ul51 and also Ul53 

(Figs. 26-28) could be used as a correlation tool. 

Intersections Ul42 and A24 through horizon 2 show increasing ｾ＠ 34s 

upward through ｾｨ･＠ Anvil Cycle without an initial decrease. DDH Ul42 

intersects a simple cycle of sericitic, ribbon-banded, massive (with 

minor barite) and baritic ore (Fig. 29). Upward increase in S34s is 

about 5 per mil. DDH A24 (shown on an expanded scale of 1:250 instead 

of 1:500; Figure 30) shows an irregular 3 per mil increase to a maximum 

8 345 value in the baritic unit and then a 5.5 drop within one half 

meter. Lithofacies variation through DDH A24 is not a clear-cut Anvil 

Cycle, but ribbon-banded ore concentrates near the base and the baritic 

unit is near the top. Bulk sulfide values plot close to sphalerite 

values in some samples of A24 because the samples are high grade, zinc 

rich. 
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Two intersections through horizon 4; UlS and U151, show no obvious 

deviations from sulfur isotopic composition of horizon 2 (Figs. 31 and 

32). In DDH UlS, although no Anvil Cycle is evident, the baritic facies 

values are heavy, the sericitic facies values light and the massive py­

ritic values are intermediate. Also, 'b 34s decreases by 7. 7 per mil in 

samples above the upper baritic unit. The top unit of DDH Ul51 is very 

light, and is the only sample of the ankerite facies (4K) analyzed. 

MINERAL PAIRS 

Sulfide-sulfate pairs are shown in Figure 20. Temperatures were 

calculated from sulfur isotopic analyses of 7 sphalerite-galena, 3 

pyrite-sphalerite-galena and 3 barite-pyrite mineral pairs (Table 5). 

Three sphalerite-galena pairs giving temperatures above 900°c were sam­

ples which were very difficlt to separate. Apparently, contamination 

accounts for the homogenization in these three samples. Other tempera­

tures range from 17aoc to 585°c. This wide range of temperatures sug­

gests lack of isotopic equilibration. Disequilibrium can be attributed 

to precipitation of minerals at different times and/or from different 

sulfur sources, very rapid precipitation, or destruction of equilibrium 

by partial isotopic exchange during metamorphism, short of re-equilibra­

tion. Because of the massive nature of much of the ore in the Grum de­

posit, rapid precipitation would not be inconsistent. However, it is 

not possible to s.ee through metamorphism of the Grum deposit to deter­

mine the degree of original equilibrium. 



Lithology 

4L • 

58 

ｾｨ＠
4L 

4E 

Fig. 31. 

DOH Ul5 

SECTION 74W 
·HORIZON 4 

+12 13 14 15 18 17 18 19 20 35 38 

• Bulk Sulflde 

0 Pyrite 

fl. Sphalerlte 

• Galena 

0 Barlte 

20m 

10m 



Lithology 

4E • 

4E • 
4E· • 
4G • 

DOH Ul51 

SECTION BOW 
HORIZON 4 

0 
4E 
ＴｇｾﾷＭＭＭＺＺＺｾＭＺＺＭＭＭＭ］ＭｾＧＭＭＭｌｾ｣｟ＭＭＱＭ｟｟Ｎｾ｟｡｟ｾｊＬＮＭ｟｟ｊｌＭ｟ｴ｟｟ｊ＠

+11 12 13 14 15 18 17 18 19 32 33 

• Bulk Sulfide 

0 Barlte 

Fig. 32. 

10m 

..... 
N 
0 



121 

TABLE 5. Sulfur isotope geothermometry for mineral pairs from the Grum 
deposit. 

Sample ff ｾ｢｡Ｍｰｹ＠ T0 e ｾｰｹＭｳｬ＠ T
0
e ｾｰｹＭｧｮ＠ T0 e ｾｳｬＭｧｮ＠ T°e 

A24-331.8 1.49 178 3.39 276 1.90 344 
A24-328.9 0.94 294 2.36 384 1.42 440 
A24-341.4 -- 1.25 487 
A24-337.l 1.09 254 2.18 411 1.09 541 
A24-343.5 0.48 954 
U151-l. 8 0.74 988 
Ul5-24. 7· 0.16 1852 
Ul42-122.7 15.52 428 
A99-142.1 15.09 438 
A99-153.5 12.33 513 
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DISCUSSION 

REGIONAL GEOLOGICAL ENVIRONMENT OF DEPOSITION 

The Grum deposit occurs within the Selwyn depositional basin which 

has lateral dimensions in excess of 100 lan, is characterized by thick 

sequences of elastic sediments deposited during a long period of rela-

tive crustal stability, and is bounded by fault controlled hinge zones. 

These are characteristics of "first order basins" according to concepts 

developed by Krebs (1979) for the European Variscan Trough which con-

tains Rammelsberg and Meggen, and they apply also to basins that con-
' 

tain 'McArthur River, Mt. Isa and Sullivan (Large, 1980). The Selwyn 

Basin-Mackenzie Platform hinge zone is the locus of a shale-carbonate 

facies transition and is marked by a decrease in sediment thickness 

shelfward. The Selwyn Basin-Pelly Cassiar Platform hinge zone is also 

marked by facies changes which could have been controlled by basement 

faulting at the time of Anvil ore deposition. Subsequent deformation 

along this boundary, including the much later Tintina fault, indicates 

that it is a major zone of weakness. Such hinge zones have been postu-

lated to be pathways for mineralizing hydrothermal fluids. 

The Anvil deposits occur at a regional change in depositional re-

gime: that of noncalcareous to calcareous pelitic sedimentation. 

Other similar deposits are associated with a change ,in regional sedi-

mentary facies. Tom occurs at a stratigraphic change from turbidite 

facies to a thick sequence of carbonaceous shales (Carne, 1979). The 

stratigraphic setting of the Sullivan deposit coincides with the onset 

of quartz greywacke turbidite deposition (Thompson and Panteleyev, 1976). 



Rammelsberg and Meggen are associated with a marine transgression of 

pelagic sediments over shelf sediments (Krebs, 1978). It is postula­

ted that such regional changes reflect basin subsidence owing to tec­

tonic activity along marginal faults (Large, 1980; Krebs, 1978). 
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"Second order basins", measured in tens of kilometers, have been 

identified in the vicinity of the RaI!Dllelsberg, McArthur River and Tom 

deposits (Large, 1980; Carne, 1979),. Complex deformation of the west­

ern Selwyn Basin has obscured original sediment thickness variations 

making it difficult to determine.if the Anvil deposits were deposited 

within a second order basin. 

Detailed mapping, petrographic and geochemical examination of the 

Variscan Trough shale f acies have revealed the existence of small de­

pressions, "third order basins", in association with the Rammelsberg 

and Meggen deposits. Third order basins (100 m to 10 Ian) in the Varis­

can Trough are characterized by increased thicknesses of fine grained 

sediments, increased organic carbon content, presence of diagenetic py­

rite and increased amounts of fine turbidite deposits (Krebs, 1978). 

These third order basins could have acted as morphological traps for 

exhaled hydrothermal fluids and resultant anoxic environments could 

have promoted sulfide localization. 

Although the kind of detailed work required to delineate third or­

der basins in not always possible, particularly for metamorphosed depo­

sits, sedimentary exhalative deposits are invariably associated with 

carbonaceous shales, siltstones or micrites which indicate development 

of reducing conditions. The Anvil sulfide deposits are commonly sur­

rounded by discontinuous lenses of graphitic metapelite, and graphite 
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is interbedded with quartz and sulfides in the ribbon-banded ore. It 

is likely that the Anvil sulfides were localized along with carbona­

ceous material in anaerobic depressions analogous to the third order 

basins of Rammelsberg and Meggen. The unfolded extent of the Grum de­

posit is roughly one square kilometer, giving minimum third order basin 

dimensions. Superposition of the four sulfide horizons of the Grum de­

posit separated by Mt. Mye and Vangorda Formation lithologies suggests 

periodic development of anoxic conditions, possibly due to episodic 

brine venting. 

The Mt. Isa and McArthur River deposits are closely associated with 

gypsum and anhydrite or carbonate pseudomorphs after ·evaporite minerals, 

and evidence of evaporites exist in the general sequence of other strat­

iform sediment-hosted deposits (Gustafson and Williams, 1981). Where 

evaporites are present in the sequence, they could be important as a 

source of sulfur and/or of the high salinity ore fluids. Evaporites 

have not been observed in close association with Grum or with the Anvil 

deposits in general. However, Cyprus Anvil geologists have suggested 

that rift related evaporites and continental redbeds could be present 

in Proterozoic basement sequences beneath Anvil deposits. Heated sub­

surface waters could have become saline by circulation through the evap­

orites and the resulting brines could have leached metals from the con­

tinental redbeds before exhalation onto the seafloor. 

Volcanic activity in the Anvil Range commenced with deposition of 

the ore deposits and increased volumetrically up section, climaxing 

in the Menzie Creek volcanics. Cyprus Anvil geologists suggest two 

end member models for the relationship between volcanism and ore gene-
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sis: (1) basaltic magmatism, including postulated intrusives at depth, 

supplied the heat to drive fluid migration, or (2) volcanics merely re­

flect active extensional tectonics which released geothermally heated 

fluids upwards along deep seated faults. 

It is thought that high heat flow is necessary for the development 

of convective circulation of metal bearing fluids within the sedimen­

tary pile, and igneous activity contemporaneous with stratiform sedi­

mentary sulfide deposits could reflect such heat flow. For example, 

prominent tuffaceous marker beds occur throughout the upper Mt. Isa 

Group and tuf f occurrence in the McArthur Group reaches a maximum in 

the H..Y.C. Pyritic Shale Member (Mathias and Clark, 1976; Lambert, 

1976). Rammelsberg is associated with more than twenty tuff horizons 

which are felsic to intermediate in composition and up to 3 meters 

thick. Four similar tuff horizons occur in association with the Meggen 

deposit (Krebs, 1978). The Sullivan deposit, which has no associated 

volcanics, is underlain by intrusive sills indicative of high heat flow 

(Thompson and Panteleyev, 1976). 

MINERALIZATION 

METAMORPHISM AND DEFORMATION OF ORES 

Textures within the Grum ores result from metamorphism and deforma­

tion imposed upon the orebodies and the surrounding host rocks during 

the Mesozoic. Metamorphosed massive sulfide deposits characteristically 

display granoblastic textures, complex and paragenetically inconsistent 

grain boundary relationships, porphyroblastic growth of minerals like 

pyrite, re-equilibration of other minerals under metamorphic conditions, 
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and migration of some minerals in a stress field (Kalliokoski, 1965). 

These textural features are superimposed upon original depositional and 

diagenetic features and have delayed recognition of the syngenetic ori­

gin of some deposits. 

Recrystallization 

One of the major effects of thermal metamorphism of sulfide ores 

is recrystallization of existing minerals. The forms that sulfide min­

erals take during metamorphism are expressions of a crystalloblastic 

series (Stanton, 1972). Based on relative tendencies toward idiomor­

phism of different minerals and considerations of interfacial free 

energies, Stanton (1972) proposed a general silicate-oxide-sulfide 

crystalloblastic series comprising, in order of decreasing tendency to 

idiomorphism, garnet, magnetite and arsenopyrite, pyrite, dolomite, 

tremolite, muscovite, chlorite, pyrrhotite, sphalerite, chalcopyrite, 

and galena. 

The metamorphic growth of pyrite porphyroblasts in massive sulfide 

ores can be ｣ｾｰ｡ｲ･､＠ to the growth in metasediments of silicate miner­

als with high form energy such as garnet and staurolite (Vokes, 1969). 

Pyrite grains in the Grum deposit show completely euhedral outlines, 

partially developed crystal faces (subhedral outlines), embayed outlines 

and sieve or poikilitic textures. These are textures commonly ascribed 

to metamor.phic recrystallization. Embayed pyrite grains do not neces­

sarily imply replacement by the invading mineral but can merely repre­

s.ent metamorphic growth (Vokes, 1969) • Retention of rounded inclusions 

within poikilitic pyrite grains has been ascribed to lack of orienta-
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tion effects and to lack of differences in interfacial energies between 

positions within and at the grain boundary of the host mineral (Stanton, 

1972). If any framboidal pyrite originally existed in the Grum deposit 

it has been destroyed by metamorphic recrystallization. 

Sphalerite, galena, chalcopyrite, pyrrhotite and tennantite­

tetrahedrite occl!r interstitially to pyrite metacrysts in the Grum de­

posit. These are minerals which commonly display less tendency to idi­

omorphism and recrystallize as matrix sulfides along grain boundaries 

of euhedral sulfides (Vokes, 1969). Stanton (1972) finds that etching 

of such matrix sulfides reveals fine-grained aggregates which show 

polygonal outlines and 120° triple junctions as do etched portions of 

Grum sphalerites. 

What appears in Grum ores to be a paragenetic sequence of magne­

tite and arsenopyrite, pyrite, sphalerite, galena (plus chalcopyrite, 

pyrrhotite, tennantite-tetrahedrite) is actually due to metamorphic 

recrystallization. 

Grain Size 

A second thermal effect is coarsening of grain size. In general, 

progressive regional metamorphism seems to create a coarsening of sul­

fide grain size and to a certain extent, grain size of sulfides can be 

linked to the metamorphic grade of the host rocks (Vokes, 1969). Am­

phibolite grade host rocks surround the Faro deposit which has an av­

erage grain size of 1.25 mm (Campbell and Ethier, 1974). Metamorphic 

grade at Grum is lower greeil.schist and average sulfide grain size is 

0.15 mm. _Metamorphic grade of the Swim deposit is lower still and 
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average sulfide grain size is 0.1 mm (Campbell and Ethier, 1974). 

Mineral Assemblage 

The effect of thermal events on sulfide mineral assemblages is less 

than the effect upon silicate assemblages. However, because pyrite is 

not the only iron sulfide in equilibrium with sedimentary environments, 

yet is the most abundant and widespread iron sulfide in low grade mas­

sive sulfide deposits, some post-depositional changes in iron sulfide 

mineral assemblage probably took place. 

Metamorphic transformation of pyrite to pyrrhotite is often cited 

to explain increasing pyrrhotite:pyrite ratios associated with increas­

ing grades of metc:.morphism. At 10 bars pressure, the pyrite to pyrrho­

tite transformation occurs at 743°C and increasing pressure raises the 

temperature (Kullerud and Yoder, 1959). For this breakdown to take 

place during metamorphism, something must lower the temperature of re­

action. Experimental investigations suggest that the transformation 

could take place at metamorphic temperatures in the presence of organic 

materials with absorbed water and gases which would lower the sulfur 

fugacity (Lambert, 1973). 

Pyrrhotite in the Grum deposit is less common than in the contact 

metamorphosed Faro deposit, where pyrrhotite abundance decreases away 

from the adjacent intrustion (Campbell and Ethier, 1974). Occurrences 

of pyrrhotite in the Grum deposit are more localized and not so clearly 

a metamorphic effect. Most occurrences of pyrrhotite in Grum are in 

sections of high grade massive pyritic sulfide and in the sericitized 

alteration phyllites. Pyrrhotite is rare in the ribbon-banded graphitic 
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ore but occurs occasionally in quartzitic ores. The pyrrhotite in the 

Grum deposit could be of metamorphic origin but primary pyrrhotite or 

an early diagenetic transformation of primary iron sulfide phases to 

pyrrhotite is also likely. 

Cracked euhedral grains of magnetite, invaded by sulfides and gan­

gue in the Grum ores, appear to be primary but are probably metamorphic­

ally recrystallized. One magnetite bearing sample of baritic ore showed 

all stages of mutual replacement textures between magnetite and pyrite. 

Consequently, presence of magnetite in the primary mineral assemblage 

cannot be proven. There ､ｾ･ｳ＠ seem td be ｡ｾ＠ stratigraphic restriction of 

magnetite to the baritic and massive ore though some quartzitic ore con­

tains magnetite. Also, horizon 4 contains more magnetite than horizon 

2. Perhaps these stratigraphic restrictions of magnetite reflect local 

variations in f02 and/or fS2 during deposition. Primary sedimentary 

magnetite is known to occur in the Thetis Deep, Red Sea (Shanks, 1976). 

Muscovite in the Grum ores could be recrystallized detrital clay 

particles. Quartz in the quartzitic ores could represent recrystallized 

hydrothermal chert as suggested by Cyprus Anvil geologists. This is 

reasonable considering the paucity of detrital quartz in the surrounding 

phyllites. In fact, occasional relict chert can be observed in the 

quartzitic and other ore facies from the Grum deposit (Plate 19). 

Retrograde metamorphic effects could perhaps account for altera­

tion of pyrrhotite to marcasite along grain boundaries (Stanton, 1972). 

Deformation 

Most sulfide deformation associated with Di and Dz was erased by 
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thermal recrystallization. Deformation effects can be seen in the pre­

ferred orientation (roughly// S2) of barite, quartz, mica and rarely 

of pyrite. Quartz grains show undular extinction and strain foliation 

especially when in contact with euhedral pyrite crystals. Twinning in 

etched sphalerite grains could be deformation twinning (Plate 11). 

Some post-thermal event deformation is evident: granulation of pyrite 

in intergranular areas was observed in one sample of ore not megascopi­

cally brecciated and zones of sulfide breccias are associated with fault 

zones and gouge. Remobilization of "softer" sulfides into zones of less 

stress is evidenced by healing of fractured brittle sulfides and oxides 

(pyrite, arsenopyrite and magnetite) by chalcopyrite, sphalerite, galena, 

and pyrrhotite, by minor remobilized chalcopyrite veinlets, and by 

coarsening of sphalerite and galena grain size in axial regions of S2 

folds. 

Banding and Lithof acies Variation 

Controversy still surrounds the origin of banding in massive sul­

fide deposits. Often the banding is parallel regional metamorphic fol­

iation surfaces but bedding is frequently transposed parallel to folia­

tion as well. Present consensus is that banding in sedimentary sulfide 

ores is primarily a sedimentary fabric related to variations in type 

and relative amounts of phases precipitated on the seafloor, and only 

slightly modified by later metamorphism (Vokes, 1969). The banding in 

Grum ores, as in all Anvil deposits, is probably related to sedimentary 

process.es. Lithofacies variations within Anvil Cycles are certainly 

related to sedimentary processes. 
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ELEMENT ZONATION 

Copper values in the Anvil deposits are thought to be higher in 

the pyritic quartzitic ore facies which occurs near the stratigraphic 

footwall. Chalcopyrite was widespread in thin sections of the pyritic 

quartzite from the Grum deposit. Copper mineralization within sedimen­

tary exhalative deposits is commonly localized as epigenetic feeder 

zone mineralization in footwall sediments and diminishes laterally and 

vertically through the deposits. This is true for Rammelsberg, Tom and 

Mt. Isa (Krebs, 1978; Carne, 1979; Mathias and Clark, 1975; Large, 

1980). 

Iron sulfides, primarily pyrite, are abundant without apparent 

zonation throughout the Anvil deposits, including Grum. Iron content 

is high throughout most sedimentary exhalative deposits. Notable iron 

variations are the central pyrrhotite zone of the Sullivan deposit, 

more abundant iron near the footwall of Rammelsberg, a lateral in­

crease in iron in the McArthur River deposit, and paucity of iron in 

the Howard's Pass deposits (Thompson and Panteleyev, 1976; Krebs, 1978; 

Large, 1980; Morganti, 1979). 

An upward increase in Pb:Zn ratio has been noted in the Anvil de­

posits (D.S. Jennings, personal communication) and preliminary indica­

tions are that zonation in Grum is similar. Horizon 4 is lead rich 

relative to zinc whereas horizon 2 is zinc rich. Rammelsberg shows a 

similar vertical increase in the Pb:zn ratio whereas Tom, Sullivan, 

McArthur River, and Mt. Isa show a lateral decrease in Pb:Zn. Silver 

in the Anvil ores tends to oe more abundant near the top of the Anvil 

Cycle whereas gold concentrates near the footwall. 
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FOOTWALL ALTERATION 

Like other Anvil district deposits, Grum is inconsistently sur­

rounded by a sericitized and ｶ｡ｲｩｾ｢ｬｹ＠ mineralized halo. Horizon 2 in 

the Grum deposit is underlain by well developed sericitic alteration. 

Horizons 1, 3 and 4 tend to be underlain by thin and discontinuous zones 

of alteration. All horizons occasionally show sericitic alteration in 

the hangingwall. Because this alteration is sometimes best developed 

in the footwall of Anvil sulfide deposits, and because mineralization 

discordant to S1//S0 has been observed, Cyprus Anvil geologists suggest 

that the alteration is related to ore fluid influx. 

Hydrothermally mineralized or altered ore fluid conduits, equiva­

lent to stockwork or stringer zones in volcanogenic deposits, exist in 

footwall sediments ｾｦ＠ some sedimentary exhalative deposits. Extensive 

footwall brecciation at Sullivan, a silicified, copper-zinc-lead miner­

alized "kniest" below Rammelsberg, similar alteration below Meggen, a 

copper, lead and silver rich, silicified and sideritized breccia zone 

below Tom, cross cutting copper mineralization beneath McArthur River, 

and possibly the brecciated copper-rich "silica-dolomite" of Mt. Isa 

represent epigenetic mineralization related to influx of fluids which 

precipitated overlying syngenetic stratiform sulfides (Krebs, 1978; 

Carne, 1979; Finlow-Bates, 1979; Large, 1980). 

The absence of brecciation and strongly developed epigenetic min­

eralization beneath the Anvil ore could indicate deep water (Finlow­

Bates and Large, 1978). By modification of studies by Haas (1971), 

they suggest that brecciated and copper-mineralized hydrothermal con­

duits result from boiling of the ore fluids. They relate boiling within 
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the conduit to water depth of the basin. If water depth is less than 

500 meters the hydrostatic pressure will be such that an ore fluid of 

270°c and 5% NaCl will boil in the conduit. For a brine (25% NaCl) of 

the same temperature, boiling would occur in the conduit if water depth 

is less than 350-400 meters. At some point during boiling the.solu­

bility of copper sulfides will be exceeded so that cross cutting copper 

mineralization will be precipitated. If the conduit is capped, as pro­

posed by Carne (1979) for Tom, the vapor pressure will increase until 

it exceeds the total confining pressure plus the mechanical strength 

of the rock. Phreatic explosion and brecciation will result. If water 

depth exceeds 500 meters (or 350 meters for a 25% NaCl brine) boiling 

will not occur in the conduit and stratiform mineralization without an 

associated epigenetically mineralized and brecciated feeder zone will 

result (Finlow-Bates, 1980). The fine-grained pelagic nature of the 

Mt. Mye and Vangorda lithologies reflect quiescent deposition consis­

tent with deep marine conditions. 

Two factors which must be considered for interpretation of the al­

teration zones, however, are the existence of hangingwall alteration 

and the metamorphic history of the ores. It is possible that chemical 

.reactions caused by later metamorphic fluids could be involved in the 

alteration. However, hangingwall alteration could be the result of 

normal marine sedimentation into a residual brine pool during the wan­

ing stages of an exhalative episode. 

LEAD ISOTOPES 

Barry Ryan, formerly of the University of British Columbia, has 
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measured lead isotope ratios of the various Anvil deposits. The leads 

show no relationship to mantle leads but rather a strong crustal signa­

ture, plotting in a field of enclosed basin lead related to sandstone 

and shale (Ryan, preliminary informal talk at Faro). 

SULFUR ISOTOPES 

Distribution of ｾ ＳＴ ｳ＠ values for some sedimentary exhalative depo­

sits is shown in Figures 33 and 34. In general, sulfides and sulfates 

in Paleozoic deposits (for which the seawater sulfate curve is known) 

straddle the value of contemporary seawater sulfate. Rammelsberg and 

Meggen sulfides average approximately 10 °/00 lighter than seawater 

and sulfates are equal to and slightly heavier than contemporaneous 

seawater (Fig. 33). The shale-hosted Howard's Pass and Vulcan depo­

sits contain sulfides which average about 5 °/00 below contemporary 

seawater (Fig. 34). 

Preliminary data (Shanks, personal communication) indicate that 

S 34s values from the DY deposit, Anvil Range, resemble those in the 

Grum deposit; sulfide minerals about 15 °/00 lighter than sulfate min­

erals, which are approximately equal to or slightly heavier than ｣ｯｮｾ＠

temporary seawater. However, an earlier sulfur isotope study of the 

Faro deposit, Anvil Range, gave S 34s values for sulfides approximately 

5 °/00 heavier than those for Grum (Campbell and Ethier, 1974). Two 

explanations for this difference are possible. Either the subbasin 

in which ?aro sulfides accumulated differed from DY and Grum, or sul­

fur isotope values became lighter.during the contact metamorphism re­

lated to the adjacent intrusion. The range of sulfide 8 34s values 



·-
I ·- .-4 • 

llOUIT ISA IC.I 

·- A.I ·-• • 

MOUNT ISA ,,__Zill 

• 
RIDGE & COOLEY, MCARTHUll RIVER 

·- ., ··I • 
. N.T.C:., MCARTHUll RIVER 

·- .. ,-.. • 

.. 
l ... 

en .. 
ｾ＠ ·-Q. 

e •: 

BllOUI NILL 

ｾ＠ SUWVAI 
en 
ｾ＠ ... 
0 •• 
'- ·-ｾ＠

J:j 

e ·-
= ·-z • 

ltAMMELSBEI& 

·-·-... 
·-·-
• 

s.w. 
ｾ＠

MEGGEN 

u-... 
·-·-·-
• +30 20 10 0 -10 20 3Q 

Fig. 33. Frequency distributions of S34s froo 
McArthur River, ::it. Isa, Broken !lill, Sullivan, 
Rammelsberg and Meggen. S.W. is contemporaneous 
seawater sulfate. Seawater sulfate curve for the 
Proterozoic is not well known. Solid squares are 
base metal sulfides; barred squares are pyrite; 
open squares are barite (modified after Gustafson 
and Williams, 1981) . 

135 



ｾﾷｲｾｲｬｾｴ•ＺＮ｟＠ ______ .................... ＭＭｾ•＠

tphltrltt 

9alen1 

HOWARD'S PASS 

pyrite 
hrlte 

1phalerlte 

t•lena 

VULCAN 
pyrite t 

ephalerlh 

t•l•na 

FARO 
pyrite 

hrlf. 

ephillerltt 

91l1n1 
GRUM 

pyrite 

ephaltrlh & 91l1n1 

DY 
-5 0 •5 10 15 t5 30 35 40 45 50 

Fig. 34. S-isotopic distributions of Selwyn Basin shale-hosted deposits. 
Range and mean are depicted by the spread and maximum thickness of the 
field. Number of analyses is not depicted. Arrow denotes contemporan­
eous seawater sulfate. References: Howard's Pass (Morganti, 1979); 
Vulcan (Mako, 1981); Faro (Campbell and Ethier, 1974); Grum (this study); 
DY (Shanks, in progress). 



137 

from Faro is approximately as narrow as the spread of values from Grum. 

Rammelsberg, McArthur River, Vulcan and Howard's Pass show much wider 

ranges extending into negative values (Figs. 33 and 34). 

Sulfur isotopic data for Grum suggest a stratigraphic increase in 

834s from the quartzitic to massive to baritic ore facies. Strati­

graphic increases have been documented in deposits such as McArthur 

River, Kupferschiefer, Howard's Pass and Rammelsberg (Table 6). Some 

of these trends have been explained by biogenic reduction of seawater 

sulfate in a third order basin closed to influx of fresh seawater sul­

fate, leading to an increasingly reduced environment through time. As 

the Sr/S
0 

ratio increases (fo2 decreases), the Ci) 34s of precipitating 

sulfides increases. 

There is no evidence for biogenic reduction of sulfate in the Grum 

deposit. The range of b' 34s values is fairly narrow; pyrite values are 

not significantly different from sphalerite and galena values, and the 

average isotope values of sulfide minerals are only 15 per mil lighter 

that contemporaneous seawater. In addition, the repetitive nature of 

Anvil Cycles seem more consistent with episodic venting of sulfide 

bearing fluids. 

Assuming that reduced sulfur is brought with the exhaled fluids, 

an upward increas.e in S 34s can be explained by increasing temperature 

of the exhaled fluids through the Anvil Cycle. The effect of increas­

ing temperature is to facilitate inorganic sulfate reduction thereby 

increasing the H2S/S04 ... ratio which increases the S 34s of H2S and 

precipitating sulfide minerals. 

Cyprus Anvil geologists have speculated that the Windermere Grit 
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TABLE 6. Stratigraphic sulfur isotope variations in volcanogenic and 
sediment-hosted stratiform sulfide deposits. 

McArthur River 

Kupferschief er 

Rammelsberg 

Howard's Pass 

Kuroko 

Sullivan 

534s values of pyrite ｩｮﾧｾ･｡ｳ･＠ stratigraphical­
ly from -3. 9 to + 14. 3; ｾ＠ S values of sphaler­
ite and galena vary irregularly between -1.2 and 
+5.7. 

ｾ＠ 34
s values range between -50 and -30 increas­

ing stratigraphically upward. 

ｾ＠ 34s values of pyrite vary irregularly between 
-15 and +25; Ci; 34s values of sphalerite and 
galena increase stratigraphically from +8 to 
+22. 

) 34s values for sphalerite increase from about 
+15 to about +25 stratigraphically upward 
through depositional cycles. 

ｾ＠ 34s values decrease from +8.0 in the footwall 
siliceous ore to +3.0 in the hangingwall bari­
tic ore. 

ｾ＠ 34s values decrease by about 4 per mil from 
the center to the top of the ore horizon. 

References: McArthur River (Smith and Croxford, 1973); Kupferschiefer 
(Ohmoto and Rye, 1979); Rammelsberg (Anger et al., 1966); Howard's 
Pass (Morganti, 1979); Kuroko (Lambert and Sato, 1974); Sullivan 
(Campbell et al., 1978). 
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Unit could have acted as a sandstone aquifer or resevoir beneath an im­

permeable Mt. Mye shale cap. Extensional faulting could have breached 

the shale cap releasing geothermally heated brines to the seafloor. 

Perhaps, to explain sulfur isotope variation, after breaching of the 

impermeable cap, deeper (and therefore hotter) fluids were tapped 

through time, or perhaps the conduit heated up with time. If the sub­

surface fluids had leached sulfate from evaporites in the Helikian 

basement or contained recirculated seawater sulfate and if sulfate re-

duction occurred inorganically within the sediment pile, the exhalation 

of higher temperature fluids would cause precipitation of heavier sul­

fides. 

The existence of barite at the top of the Anvil Cycle must be con­

sidered in conjunction with the upward increasing sulfur isotope values. 

For solutions containing more than 1 m NaCl, barite solubility increases 

with temperature (Holland and Malinin, 1979) so that precipitation could 

occur by simple cooling. However, mixing of a reduced Ba-rich fluid 

with a more oxygenated fluid could also cause barite precipitation. 

Mixing of the ore fluid with oxygenated seawater is usually invoked, 

along with cooling, to explain the occurrence of barite near the top 

or margins of deposits such as Ramm.elsberg, Tom, Meggen and Kuroko. 

If sulfate reduction of the Grum ore fluid had taken place at 

elevated temperatures within the sediment pile, mixing with seawater, 

which will increase the fo 2 within the basin and therefore affect min­

eral stability fields, is not likely to cause re-equilibration of C034s 

because mixing will cause cooling more rapidly than dilution. Conse-
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quently, the appearance of barite, an oxidized phase, is not inconsis­

tent with increased b 34s values of sulfide sulfur. In fact, if the 

model of increasing temperature of exhaled fluids through the Anvil 

Cycle is correct, the hotter fluids could have become bouyant enough to 

mix with sulfate-bearing seawater overlying an anoxic basin and thus 

cause precipitation of barite. A 5 m NaCl fluid will become less dense 

then seawater at about 225°C and temperature fluctuations as small as 

10-15°C could control the behavior of a fluid exhaled into an anoxic 

basin (Phillips et al., 1981). 

The occurrence of the sulfides within graphite-rich metapelite and 

the massive nature of much of the mineralization implies that an anoxic 

basin was indeed developed. Preliminary data indicate that ｾ ＳＴ ｳ＠ values 

from trace sulfides in unmineralized phyllites surrounding the DY depo­

sit are very similar to values from mineralized samples (Shanks, per­

sonal communication). Such a correlation further substantiates the 

development of an anoxic basin with sulfides concentrating in a sub­

basin and minor dispersion of sulfide minerals into the remainder of 

the anoxic basin. 

If mixing did cause isotopic re-equilibration, the chemical changes 

in the fluid could be plotted on an f0 2/pH diagram showing Fe-S-0 min­

eral stability fields superimposed on S 34s contours (Fig. 35). Miner­

al stability boundaries are calculated for 0.001 and 0.1 moles of total 

sulfur/kg HzO at 250°c. If the total sulfur content of the fluid ap­

proximates seawater (2600 ppm so4 or 0.027 moles S/kg H20) the pyrrho­

tite/pyrite phase boundary would fall between the two calculated boun-

1daries. The coexistence of pyrrhotite and pyrite in the Grum deposit 
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with the stability fields of Fe-S-0 minerals and barite. 
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uble-insoluble boundary at mBa2+"Dls.s = 10-4. Ruled 
field represents approxilnate composition of Grum ore 
fluid assuming a ｾｓ＠ content intermediate to the two 
shown so that the fluid plots near the pyrrhotite-pyrite 
boundary. Circled .field represents approximate seawater 
composition. Mixing of the ore fluid with seawater would 
correspond to increasing s34s of pyrite as shown by the 
contours. 
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implies that the fluid composition was near an intermediate pyrrhotite/ 

pyrite boundary with a pH somewhat less than seawater (Fig. 35). Sea­

water has a pH of about 8 and lies along the barite soluble-insoluble 

boundary (Fig. 35; circled field). Dilution of the fluid with seawater 

would drive the fluid composition toward the composition of seawater. 

ｾＳ Ｔ ｳ＠ of pyrite in equilibrium with the fluid would increase as shown 

by the contours. Furthermore, the fluid composition would be driven 

into the barite stability field allowing precipitation of barite. Such 

a path, which could also intersect the magnetite stability field, would 

be consistent with the occurrence of minor magnetite in the massive and 

baritic ore facies. An anoxic basin would preclude precipitation of. 

large amounts of magnetite and other iron oxides. 

SUMMARY 

The area of the Grum deposit accumulated thick sequences of trail­

ing margin elastic wedge and miogeoclinal sediments during the Late 

Proterozoic. Uplift of the Pelly Cassiar Platform to the southwest 

during renewed rifting, isolated the Selwyn Basin. Fine-grained pela­

gic sediments filled this epicontinental basin until Middle Devonian 

time. 

Extensional faulting in western Selwyn Basin created depressions 

within the basin. Smaller anaerobic basins accumulated organic rich 

muds in the Lower Cambrian. Convectively overturned, geothermally 

heated subsurface waters leached salts, sulfate and metals from under­

lying evaporites and immature sediments. Metal ions were most likely 
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transported as chloride complexes in the migrating fluids (Barton and 

Skinner, 1979). Inorganic sulfate reduction occurred during circula-

tion of brines within the sedimentary pile beneath an impermeable shale 

cap. Deep seated fault zones breached that cap and tapped the metal-

rich brines. Transport of large quantities of fluid accompanied move-

ments along these faults (Sibson et al., 1975). 

Hot brines reached the seafloor where they ponded into anaerobic 

organic-rich basins. Sulfides and silica gel precipitated from the 

hot brines near the margins of the basins at a rate slow enough that 

I 

detrital clay and silt sized sediments, and organic material became 

interlaminated with the hydrothermal sediments. Near the center of the 

basin, precipitation of chert and sulfides predominated. As deeper and 

hotter fluids were tapped or as the conduit heated up, the proportion 

of reduced to oxidized sulfur increased as did the <z)1
34s of reduced 

sulfur. Massive quantities of sulfide were precipitated. Hotter fluids 

became bouyant enough to mix with overlying seawater, causing barite 

precipitation. A trajectory of increasing fOz and pH owing to mixing 

of the ore fluid with seawater is consistent with increasing CS 
34s 

and the appearance of barite. 

* * * * * 
The ore textures in the Grum deposit are textures of metamorphic 

recrystallization related to Mesozoic metamorphism. Euhedral, subhe-

dral, poikilitic and embayed metacrysts of pyrite are surrounded by 

less abundant matrix sulfides and are occasionally annealed and folia-

ted. Framboidal pyrite is absent. Pyrrhotite and magnetite were pos-
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sibly part of the primary mineral assemblage. Some relict chert occurs 

in the recrystallized quartz of quartzitic ore. Barite is recrystal­

talized and annealed. 
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APPENDIX I 

LITHOLOGIC CODE 

VANGORDA FORMATION 

Unit 5 5-A Variably calcareous, graphitic phyllite 
B Calcareous ｭｵｳ｣ｯｶｩｴ･Ｍ｣ｨｬｯｲｩｴ･ｾｩｯｴｩｴ･＠ phyllite 
C Metabasite 
D Laminarly banded, variably calcareous, chloritic phyllite 
E Phyllitic marble and silicated marble 
F Chloritic phyllite 

Modifiers for Unit 5 

1 Siliceous 
2 Carbonaceous 
3 Calcareous 
4 Altered, pyritic (white mica envelope) 
5 Banded/laminated 
6 Non-Calcareous 
7 Tuf faceous 
8 Chloritic 
9 Sulfide-bearing 
0 Normal 

SULFIDE DEPOSITS 

Unit 4 4-A 
B 

c 
D 

E 
F 

G 

H 
J 

K 

Sulfide-bearing, ribbon-banded, graphitic quartzite 
Pyrite-free quartzite (may contain base metal sulfides) 
Base metal-poor, pyritic quartzite 
Base metal-bearing, pyritic quartzite 
Massive pyritic sulfides 
Buckshot facies, massive sulfides (Faro) 
Bari tic facies, massive sulfides/ ｳｵｬｦ｡ｴ･ｾ＠ ( ｾ＠ 10% BaS04) 
Pyrrhotitic facies, massive sulfides 
Non-pyritic, massive sulfides/oxides 
Anderite-bearing. massive pyritic sulfides 

Modifiers for Unit 4 

1 Siliceous 
2 Coarse, porphyroblastic pyrite-bearing 
3 Fine pyrite/marcasite-bearing 
4 Sphalerite and/or galena-bearing 
5 Carbonaceous 
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APPENDIX I (continued) 

Modifiers for Unit 4 (continued) 

Unit 4 

6 Barite-bearing 
7 Pyrrhotite-bearing 
8 Magnetite-bearing 
9 Chalcopyrite-bearing 
0 Normal 

4-L Muscovite > qtz-chl phyllite (generally sulfide-bearing) 

Modifiers for 4L 

· 1 Siliceous 
2 Pyrite-bearing 
3 Talc-bearing (white mica envelope) 
4 Sphalerite and/or galena bearing 
5 Carbonate-bearing 
6 Chlorite > quartz-muscovite phyllite 
7 Pyrrhotite-bearing 
8 Magnetite-bearing 
9 Chalcopyrite-bearing 
0 Normal 

MT. MYE FORMATION 

Unit 3 3-A Transition zone 
B Chloritic phyllite/schist 
C Metabasite 
D Cale-silicate phyllite/schist 
E Graphitic phyllite/schist 
F Marble and silicated marble 
G Non-calcareous, muscovite-chlorite!biotite phyllite/schist 
H Tuffaceous calc-silicate phyllite/schist (assoc. with 3D) 
I Graphitic quartzite in non-calcareous phyllite/schist 

Modifiers for Unit 3 

l Siliceous 
2 Non-calcareous 
3 Calcareous 
4 Altered, pyritic (white mica envelope) 
5 Banded/laminated 
6 Sulfide-bearing 
7 Tuf faceous 
8 Chloritic 
9 Carbonaceous 
0 Normal 
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APPENDIX II 

GRUM SULFUR ISOTOPE DATA 

Sulfur isotope data are reported by cross section and drill hole. 

Coil.umn headings are explained below: 

DDH - diamond drill hole number 

Depth - Depth refers to distance between the collar of the hole and 
the location of the sample. For holes drilled up from the 
underground workings, depth increases upward. All inter­
sections are presented with the interpreted stratigraphic 
top up regardless of the real position in space or the angle 
of the drill hole. 

Sample numbers (consisting of the DDH number and the depth) are listed 
in Appendix III with the corresponding UW file number. 

Lithology - Lithologic code is presented in Appendix I. 

Assay values - Cu, Pb, Zn and Ag values are from Cyprus Anvil Mining 
Corporation assays for two meter intervals which en­
compass the chosen sample. In most cases the assay 
values are fair approximations of the metal content 
in the analyzed sample because an attempt was made to 
choose samples visually representative of the interval. 

sT.S. (%) - percent of total sulfide ｳｾｬｦｵｲ＠ within the sample calcula­
ted from oxidation of bulk sulfide fraction. 

Spy (%) - percent of sulfide from pyrite within the sample calculated 
from chemical extraction. 

ｾ＠ 34s 
py,sl,gn,bs,ba - ｾ ＳＴ Ｘ＠ values from pyrite, sphalerite, galena, 

bulk sulfide and barite reported in per mil 
relative to Canon Diable Troilite. 



Table II-1. Grum--Cross Section 66 West. 

DDH Depth Lithology Cu Pb Zn Ag s SPY 
ｾＳＴｳ＠ ｾＳＴｳ＠ ｾＳＴｳ＠

(m) % % % gm/mt 
T.S. PY bs ba 
% % 

A99 140.5 4E4 .10 9.50 6.10 137 26.63 12.90 21.87 20.15 
A99 142.1 4G4 .13 3.40 5.90 62 25.28 6.74 15.52 15.47 30.60 
A99 145.3 4E4 .23 3.10 3.70 50 31.24 26.86 13.30 13.41 
A99 153.5 4G4 . -04 0.30 8.30 83 21. 70 4.06 19.68 16.53 32.01 
A99 154.5 4E8 .24 4.10 3.00 79 40.36 31.27 14.83 15.21 
A99 157.1 4CO .28 1.04 0.42 28 27.02 28.95 14.77 14.78 
A99 162.1 4CE .24 0.10 0.09 3 15.46 22.37 13.81 13.99 
A99 169.5 4C7 .28 0.61 0.90 9 32.84 25.04 15.14 15.34 
A99 178.1 4L4 .08 0.32 0.50 8 12.29 11. 51 16.37 16.25 

A109 136.1 4G4 • 04 6.90 10.30 104 21.80 18.10 32.'14 

Al09 147.8 4E48 .10 16.20 10.30 172 14.22 16.91 
Al09 149.0 4A3 .09 4.10 4.50 54 10.56 15.42 
Al09 154.3 4Ll 5.34 14.85 
Al09 155.8 4L218 14.55 17 .13 

Al35 139.7 4G48 .06 4.50 . 6.30 68 13.01 19.01 31. 71 

Al35 146.9 4EO .19 8.60 6.90 118 25.50 15.81 

Al35 148.6 4D4 .17 11.60 5.10 145 18.86 12.87 

Al35 150.8 4CO .19 1.03 1.11 22 18.19 17.45 

Al35 152.5 4A31 .19 0.47 0.58 12 10.97 16.54 



Table II-2. Grum--Cross Section 74 West. 

DDH Depth Lithology Cu Pb Zn 
(m) % % % 

Ul5 9.3 4Ll7 
Ul5 24.7 4E48 • 23 3.00 2.70 
Ul5 27.4 4G4* .14 6.50 6.20 
Ul5 27.9 4E48 .22 ｾＮＶＰ＠ 6.30 
Ul5 28.8 4G4 .12 11.40 1.00 
Ul5 29.3 4L74 .25 3.00 2.80 

U28 17.4 4L9 .40 4.10 4.60 

U43 22.2 4E46 .08 7.50 14.20 
U43 21.6 4AD .01 6.80 13.10 
U43 20.2 4El4 .01 8.40 14.60 
U43 18.6 4E4 .10 12.60 32.40 
U43 13.4 4El4 
U43 11. l 4A4 
U43 6.8 4CL 

Ag s 
34 . 

gm/mt 
T.S. spy 
% 

6.18 
64 29.96 
86 10.29 

105 28.57 15. 92 
158 33.43 
39 16.90 

61 15.16 

136 30.74 
109 16.74 
144 31. 50 
202 28.81 

23.45 
14.95 
14.05 

ｾＳＴｳ＠
sl 

ｾＳＴｳ＠
gn 

14.28 14.12 

15.51 

ｾＳＴ Ｘ＠
bs 

12.54 
15.85 
20.25 
16.37 
19.17 
14.55 

15.50 

16.66 
16.11 
14.37 
16.53 
15.76 
19.02 
15.95 

834s 
ba 

35.16 

.... 
1./1 
\J1 



Table II-3. Grum--Cross Section 80 West. 

DDH Depth Lithology Cu Pb Zn Ag s spy 'b34s s34s s34s s34s ｾＳＴｳ＠
T.S. . PY sl gn bs ba 

(m) % % % gm/mt 
% % 

A24 328.9 4D4 .02 9.50 15.70 125 16.85 3.98 11. 77 10.83 9.41 10.52 
A24 329.5 4G4 .03 2.70 6.00 46 31.85 15.98 31.23 
A24 330.3 4CO .06 3.20 6.70 63 27.09 15.75 
A24 331. 8 4B4 .05 6.70 15.80 112 19.35 4.85 15. 77 14.27 12.37 13.99 
A24 333.1 4E4 .27 4.60 7.00 75 40.95 15. 77 
A24 335.2 4E4 . 27 5.80 7.90 91 44.50 42.84 15.26 14.41(sl+gn) 15.09 
A24 337.1 4D4 .12 5.60 13.80 111 18.96 5.79 16.64 15.55 14.46 15.88 
A24 338.6 4E4 .29 6.00 8.80 100 32.70 14.62 16.90 15.29 15.74 
A24 340.8 4A14 .03 4.70 9.10 68 13./0 5.60 14.88 13.38 13.59 
A24 341.4 4E4 . 22 5.60 7.80 86 32.55 13.95 12.70 14.50 
A24 342.9 4A41 .08 6.30 14.80 132 16.82 12.47 13.53 13.09 
A24 343.5 4D4 .08 6.30 14.30 120 30.02 13.77 13.29 14.08 

U142 122.7 4GO .17 3.00 5.40 64 35. 72 14.44 19.18 14.01 
U142 117. 9 4E46 .14 4.70 8.10 91 44.79 36.76 19.57 15.29 
Ul42 108.0 4AO .20 0.05 0.20 26 30.47 25.82 15.49 19.34 
Ul42 96.5 4L12 11.25 7.26 14.04 19.18 

Ul51 18.2 4E4 .20 5.50 6.00 92 15.41 
Ul51 ＱＶｾＴ＠ 4DA .22 9.70 10.90 151 14.39 
U151 i3.9 4A41 .13 2.90 6.50 56 14.44 14.11 14.27 

Ul51 11. 3 4A41 .03 2.50 4.40 44 17 .52 
U151 6.3 4B45 .07 0.12 0.15 6 16.09 
Ul51 5.6 4E4 .04 4.70 5.80 62 16.43 
Ul51 1.8 4E4 .15 6.30 10.80 102 14.32 13.58 



Table II-3 (continued) 

DDH Depth Lithology Cu Pb Zn Ag 
(m) % % % gm/mt 

Ul51 64.2 4KO .65 7.60 6.20 137 
Ul51 60.6 4E48 .15 13.40 12.30 177 
Ul51 59.0 4EO .17 3.90 3.40 57 
Ul51 58.0 4G4 .05 10. 70 11.10 182 
Ul51 55.2 4G4 .13 9.00 8.40 134 

Ul53 41. 3 4G4 .29 7.00 9.40 136 
Ul53 37.4 4G4 .25 6.10 7.70 .115 
Ul53 33.9 4E41 .07 11.50 19.60 185 
Ul53 32. 8 4A4 .20 5.70 7.40 122 
Ul53 31.2 4E4 .28 6.00 9.30 103 
Ul53 29.8 4EO .25 1.82 1. 78 36 
Ul53 27.8 4A41 .13 3.80 7.60 69 
U153 25.5 4EO .27 0.83 1.56 25 
Ul53 21. 5 4A41 .11 1.90 4.10 36 
Ul53 . 19. 0 4A41 .03 1.62 4.30 35 
Ul53 17.7 4A31 .06 1.63 3.80 38 
Ul53 8.8 4A41 .06 4.80 12.70 82 

s SPY ｾＳＴ Ｘ＠ s34s 
T.S. . PY sl 
% % 

48.03 
31.89 
49.11 
13. 79 
18.97 

35.36 
27.40 12.20 
30.57 10.99 19.16 18.72 
26.16 14.80 
37.00 15.88 
48.90 16.28 
12.90 3.44 17.10 14.64 
35.69 
8.73 

15.59 18.61 
29'.87 
15.25 15.81 

s34s <i>34s 
gn bs 

11.56 
18.34 
13.24 
17 .20 
15.57 

15.63 
12.94 
18.12 
14.62 
16.04 
15.66 
15.51 
16.11 
15.95 
19.54 
23.13 
15.54 

834s 
ba 

32.57 

29.48 
27.95 

I-' 
\JI 
...... 



APPENDIX III - SAMPLES.REFERENCED !N THESIS 

U. W •. File No • 

u.w. 1743/1 
2 
3 
4 

5 
6 

7 
8 

9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

Sample No. 
(DDH and ､･ｰｾｨＩ＠

A99-140.5 
A99-142.l 
U15-24.7 
Ul5-27.4 
A24-331.8 
A24-338.6 
A24-343.5 
Ul51-13.9 
Ul51-60.6 
Ul53-8.8 
A38-642 
All 7-204 .•. 6 
A77-995 
Al9-:-250 
Ul56-71.7 
Ul53-46. 6-
U150-138. 9 
Ul5-115.3 
Ul46-38.8 
All-217 
U143-113 
Ul42-61.4 
A77-972 
Al09-59.0 
UlS0-70.3 
A27-269 
A121-148.5 
A79-276 
A135-157.8 
UlS-114.3 
Ul51-3.7 
A38-1156. 5 
U156-57.7 
A135-137 .1 
U39-82.5 
U39-32. 7 
All-113. 3 
A32-920 
U150-107. 9 
A79-974.3 
Ul53-53.4 

f S 
. 1 

!ype o peciman : 

pt,rc 
pt,rc 
pt,rc 
pt,rc 
pt,rc 
pt,rc 
pt,rc 
pt,rc .. 
pt,rc 
pt,rc 
t,rc 
t,rc 
t,rc 
t,rc 
t,rc 
pt,rc 
pt, re -
pt,rc . 
t,rc . · 
t,rc 
pt,rc 
de 
de 
de 
de 
de; 
de 
de 
de 
de 
de 
de 
de 
de 
de 
de 
de 
de 
de 
de 
de 

1
pt = polished thin section; t = thin section; re = rock chip; 
de = drill core 
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