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ABSTRACT 


11 B11The horizon at Tilt Cove occurs in subaqueous mafic volcanics 

near the base of the Silurian Cape St. John Group It is 3 metres below 

a well-banded oxide iron formation ("A" horizon). 

11 B11Mineralization in the horizon is analogous to that of the 

East Mine in that it is volcanogenic and has resulted in extensive chlori

tization of the footwall rocks, and in the deposition of banded sulphides 

o~ the replacement of the existing mafic volcanics by sulphides. There 

are differences in the geochemistry mineral textures and mineral types. 

The East Mine host volcanics are alkali depleted basaltic komatiites to 

"B 11magnesium theleiites. The horizon host volcanics are spillitized 

magnesium tholeiites. Samples of ore from the East Mine show well-developed 

colloform and framboidal textures. Pyrite, magnetite, hematite and chal

copyrite are the dominant minerals with minor sphalerite and accessory 

11 8 11covell ite. Samples from the horizon show relict colloform textures 

and framboids with less internal structure due to overgrowths. Atoll 

textures indicating extensive replacement are common. Pyrite is the 

dominant sulphide followed by sphalerite, chalcopyrite, accessory covellite 

and gold. The chalcopyrite occurs both as replacement of pyrite and 

exsolution in sphalerite. The most significant difference between samples 

11 8 11from the East Mine and horizon is the greater abundance of gold in 

11 8 11the horizon and its correlation with sphalerite. 
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CHAPTER 1 


INTRODUCTION 

1.1 LOCATION AND ACCESSIBILITY 

The study area lies immediately notheast of Tilt Cove within claim 

blocks owned by Newmont Exploration of Canada Ltd. Tilt Cove lies in the 

eastern end of the Burlington (Baie Verte) Peninsula, Newfoundland (Figure 1). 

The outport is largely abandoned with only 15 families remaining, the inhabi

tants being fishermen and employees of Rambl~r Consolidated Mines Ltd. As 

illustrated in Plate 1,-Tilt Cove consists essentially of a large circular 

pond surrounded on three sides by high vertical cliffs, the fourth side leading 

out to the ocean. It is geographically located 200 km northeast of Deer 

Lake and 230 km northwest of Gander. An airport is present in each town. 

Access td Tilt Cove from either town is via highways and gravel roads. 

1.2 HISTORICAL BACKGROUND 

Copper was first discovered at Tilt Cove in 1857. From 1864 to 

1917 approxiamately 61 ,000 short tons of Cu were recovered from 1.5 million 

tons of ore gradinq at 4% to 12% Cu. A small nickel ore body containing 

nickel arsenides, arsenopyrite and millerite was mined between 1869 and 

1876. The Tilt Cove Mine was re-opened between 1957 and 1967 by First 

Maritime Mining Corporation. An estimated 90,000 short tons of Cu and 

42,000 ounces of Au were recovered from 7.4 million tons of ore. 

Most of the ore came from the East Mine which now consists of 

1 
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PLATE 1. Downtown Tilt Cove. Ocean frontage and beach 

resort to left. 
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several large open pits from collapse (Plate 2). The West Mine is a 

continuation of ore bodies from the East Mine. The shaft and numerous 

adits were blown out when the mine was closed leaving a large open pit 

(Plate 3). 

1.3 STATEMENT OF PROBLEM 

The purpose of this thesis is to determine the mineral paragenesis 

of a previously untested sulphide zone and compare and contrast it with 

the East Mine mineralization. The host volcanics will be characterized 

geochemically and petrograhically, and an attempt to discern the origin 

of the gold will be made. The samples were collected in the fall of 1981. 



PLATE 2. East Mine. Open pits and talus, Tilt Cove, Nfld. 

PLATE 3. West Mine. Collapsed shaft and adits. 



---------------- ---- ------ -- -
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2.1 

CHAPTER 2 


GENERAL GEOLOGY 

PREVIOUS WORK 

2. 1. 1 Snooks Arm Group 

Tilt Cove lies at the northern end of a 16 Km long arcuate belt 

of rocks (Figure 2). The Betts Cove ophiolite lies at the southern end. 

The entire belt has been interpreted by previous authors (Church and 

Stevens, 1970, 1971, ; Upadhyay et al., 1971 ; Upadhyay and Neale, 1976 

De Grace et al., 1976) as a continuoµs ophiolitic suite. Upadhyay (1973) 

described the geology in detail. On a tectonic map of Newfoundland the 

rocks lie within the Dunnage Zone and are considered to be vestiges of 

the Lower Ordivician Proto-Atlantic Ocean, Iapetus (Williams, 1979). 

The basal part of the Snooks Arm Group, exposed at both Tilt Cove 

and Betts Cove, has been interpreted as oceanic crust overlain by island 

arc volcanic and sedimentary rocks (Upadhyay et al., 1971 _; Upadhyay and 

Neale, 1976 ; Strong, 1977). These rocks are conformably overlain by four 

sedimentary and volcanic units which are considered representative of a 

marginal basin or ocean island environment (Jenner and Fryer, 1980). All 

of the formations face south and occupy the north limb of a slightly over

turned, easterly plunging syncline (Upadhyay, 1973 ; Neale et al , 1975). 

The most recent work in the Tilt Cove area was carried out under 

contract for Newmont Exploration of Canada Ltd. by Strong (1980), and 

Kusmirski and Norman (1981). 
6 
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2. l.2 Cape St. John Group 

The Cape St. John Group consists of silicic and mafic lavas and 

associated pyroclastics, subaerial and subaqueous sediments, and silicic 

porphyries (Neale et al., 1975 ; Kusmirski and Norman, 1981). 

The age of the rocks is contentious. They were first named by 

Baird (1951) who considered the Cape St. John Group to conformably overlie 

the Snooks Arm Group. Neale (1957) suggested a Devonian age for the rocks 

and an unconformable contact with the underlying Snooks Arm Group. Church 

(1965), and Neale and Kennedy (1967) agreed on an unconformable contact 

but suggested a Silurian age for the rocks. Dewey and Bird (1971) speculated 

that the Cape St. John Group was older than the Snooks Group and formed 

part of the pre-Ordivician Fleur de Lys Supergroup. This view is contes

ted by Neale et al. (1975), De Grace et al. (1976), and Kusmirski and Norman 

(1981) who use field evidence to support their theory that the Cape St. 

John Group is Silurian in age and unconformably overlies the Snooks Arm 

Group. 

2.2 GEOLOGY OF TILT COVE 

The thesis area lies to the east of Tilt Cove. The geology of the 

area is as follows: - the Snooks Arm Group trends northeast and dips and 

faces southeast towards the ocean. The group consists of a basal, generally 

serpentinized ultramafic rock which outcrops along the road to Tilt Cove. 

The ultramafics are succeeded by a sequence of commonly variolitic mafic 

pillow volcanics and pillow breccia which in turn is overlain by gray and 

red argillaceous sediments and iron formations. The mafic volcanic through 

iron formation sequence is intruded by quartz-feldspar porphyries. Much 

of the Tilt Cove area is affected by late, normal faulting. 
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The East Mine occurs within the mafic sequence. Mineralization as 

exposed on the surface is commonly within pillow breccia and occassionaly 

pillow salvages. Some massive sulphide zones were observed in the open 

pits. According to Donoghue et al. (1959) both massive sulphide zones 

and stock-work bodies were mined at depth. The shape of these ore bodies 

is roughly lenticular and their attitudes are steeply dipping, parallel 

to the local schistosity. Both float and in-situ samples were obtained 

from the East Mine. 

The Cape St. John Group outcrops north of the Tilt Cove Road. 

The sequence consists of variolitic pillow volcanics (Plate 4) with minor 

inter-pillow sediment conformably overlain by medium to course-9rained 

calcareous sediments, agglomerates, subaerial vesicular basalts and locally 

fine-grained, finely laminated sediments. It strikes northeast and dips 

sub-horizontally to appoxiamately 40° to the northwest. 

Both the "A" and "B" horizons occur within the mafic volcanics 

(Plates 5 and 6). The "B" horizon is stratiform and outcrops at two locales. 

It is up to 2 metres in thickness and has a known strike length of 150 metres 

(Kusmirski and Norman, 1981). In the studied locality (eastern end) it is 

attentuated by a fault to the east and talus to the west. Removal of 

overburden revealed a heavily gossaned zone (Plate 7). Pillow and pillow 

breccia textures are still easily recognizable (Plates 8 and 9). It is 

common for the pillows and fragments to be completely replaced by sulphides 

(Plates 10 and 11 ). Near the top of the zone the sulphides are commonly 

banded (Plates 12 and 13) although fragmental textures are still evident 

(Plate 14). Approxiamately 3 metres above the "B" horizon is an oxide± 

chert well-banded iron formation designated the ".A" horizon. It is 1 to 2 

metres thick with a known strike of 160 metres. The formation consists 



PLATE 4. 	 Variolitic pillowed volcanics, from sample TDH-43, 

Cape St. John Group. 

11 811PLATE 5. 	 View of "A" and horizons (as indicated) from 

Tilt Cove Road. 
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11 811PLATE 6. 	 View of 11 A" and horizons (as indicated) from 

talus slope. 

11 811PLATE 7. 	 Heavily gossaned horizon, looking west. 
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PLATE 8. 	 Well-developed pillow structures in gossaned 

"B" horizon. 

PLATE 9. 	 Pillow and pillow breccia replaced by sulphides, 

"B" horizon. 
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PLATE 10. Complete replacement of pillow by sulphides, 

11 811 horizon. 

PLATE 11. Complete replacement of pillow pods and pillow 

11 811breccia by sulphides, horizon. 
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PLATE 12. Well-banded sulphides (as indicated) at top of 

11 811 horizon. 

PLATE 13. Banding of pyrite and sphalerite (as indicated) 

11 811near top of horizon. From sample TDH-36a. 



--- --- -- -----
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11 811PLATE 14. 	 Fragment textures of sulphides near top of 

horizon, from sample TDH-36b. Arrows indicate 

sphalerite, gangue is dark gray to black. 
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predominantly of magnetite with minor pyrite and chalcopyrite in cross

cutting quartz veins. Some malachite is visible in fractures. 

11 A11 11 811Sample locations in the and horizons as well as the local 

geology are illustrated in figures 3 and 4. 



11 A11FIGURE 3. 	 Sample locations and local geology of the 

horizon. 
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CHAPTER 3 

PETROGRAPHY AND GEOCHEMISTRY 

3. 1 PETROGRAPHY 

The mineralogy of the Tilt Cove Mine and "B" horizon reflect green

schist facies metamorphism. 

3. 1. 1 Tilt Cove Mine 

The petrography of the Tilt Cove Mine is best described by 

Upadhyay (1973). The ore bodies are hosted in heavily chloritized 

variolitic pillow lava, pillow breccia and agglomerates. Textual features 

common to the rocks include sedimentary lamination and slump folds. 

Upadhyay (1973) describes the mineralogy as consisting primarily 

of amphibole (>60%), chlorite, plagioclase, clinopyroxene and minor epidote, 

quartz, calcite and opaques. The amphibole and plagioclase frequently form 

rosettes. Alteration of clinopyroxene to tremolite-actinolite and even

tually chlorite is common. Plagioclase of oligocene-andesine composition 

is often altered to saussurite. Minor amounts of zoisite, clinozoisite 

and chromite are occassionally present. 

The immediate footwall rocks are fine grained, black and intensely 

chloritized. This is reflected in their mineralogy (up to 80% chlorite, 

Kusmirski, 1982 pers. com.). In thin section the footwall rocks are fine

to medium-grained, foliated and locally granulated. The matrix consists 

predominantly of anhedral quartz mosaics, berlin-blue chlorite and minor 

19 
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plagioclase. Irregular clusters and rosettes of quartz along with occa

sional phenocrysts of plagioclase (commonly rimmed by chlorite) are dispersed 

throughout the matrix. Minor opaques within the sections are often par

tially altered to biotite. 

11 8113. 1.2 Horizon 

11 811The mineralogy of the horizon host volcanics consists predominant

ly of berlin-blue chlorite (penninite) and quartz with minor plagioclase, 

calcite and opaques. The matrix is essentially a felted mass of penninite 

with interstitial anhedral grains of quartz, plagioclase and calcite. Highly 

altered plagioclase rosettes exhibit weak relict twinning with angles indi

cative of low An content. Quartz-calcite veinlets with brown chloritic rims 

are common. Individual phenocrysts of quartz and calcite are also rimmed 

by both brown clorite and penninite. In the strongly variolitic sample 

(TDH-43) the individual varioles were composed of heavily altered quartz ± 

plagioclase and brown chlorite intergrowths which radiate outwards. Some 

varioles exhibit almost total replacement by the brown chlorite. The 

varioles are hosted in a felted mass of penninite. The penninite cuts the 

varioles locally in small fractures. 

A similar mineralogy occurs in the mafic volcanics about the over

lying iron formation ("A" horizon). The footwall rocks consist essentially 

of chlorite (>75%) with appreciable amounts of calcite. Course-grained, 

sub-rounded calcite crystals are again rimmed by chlorite. It is also 

common to find discrete chlorite crystals with quartz cores. The matrix 

consists of an anhedral mass of chlorite, calcite, quartz and plagioclase. 

Opaques constitute approxiamately three modal percent of the sections. 

The hanging wall volcanics consist of chlorite with course-grained crystals 

of calcite and occassionally quartz and plagioclase laths in an anhedral 
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matrix of calcite, chlorite, plagiocalse and quartz. The plagioclase 

laths are highly altered through some relict twinning is still evident 

indicating generally a low An content. 

3.2 GEOCHEMISTRY 

3.2.1 TiltCoveMine 

The main pillow volcanics hosting the Tilt Cove ore body have most 

recently been interpreted as basaltic-komatiitic to magnesium-tholeiitic 

in composition (Kusmirski and Norman, 1981). Geochemical analysis by 

Upadhyay (1973), Strong (1980) and Kusmirski (1982 pers. com.) show con

flicting trends for Cao and total alkalis. Upadhyay (1973) describes the 

mafic pillows as enriched in Na 2o and depleted in K2o. Strong (1980) sug

gests a depletion of Na 2o and an addition of both CaO and K2o. Analysis of 

the host rocks in the 1981 field season (Kusmirski, 1982 pers. com.) show 

depletion in both alkalis and an Fe:Mg ratio of 2:3. The chloritized footwall 

rocks were found to be completely void of Na 2o, K2o and CaO ; depleted in 

Si02 ; and enriched in Fe (up to 30 wt.%). 

11 8113.2.2 horizon 

11 811The horizon host volcanics were classified using the cation 

diagram of Jensen (1976) as illustrated in Figure 5. The immediate host 

rocks plotted exclusively as high-magnesium tholeiites. A sample of mafic 

11 A11volcanic rock form from above the horizon plots at the transition of 

magnesium tholeiite-balsaltic komatiite. The AFM diagram in Figure 6 is 

misleading in its classification of the volcanics as being calc-alkaline. 

The calc-alkaline composition reflects a high secondary Na 2o content from 

alteration. 

The chemical composition of the pillowed volcanics by major element 



FIGURE 5. Jensen Cation Plot for classification of "A" and "B" 

horizon host volcanics. 
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11 A11 11 811FIGURE 6. 	 AFM diagram for classification of and 

horizon host volcanics. 
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analysis is consistent with that of ocean-floor basalts outlined in Manson 

(1967) and Stanton (1972). The only noted deviations in chemistry were the 

weight percent values of Na 2o, Cao and K20. In average unaltered ocean

floor basalts the range for Na 2o is approxiamately 2.58 to 3.01 (average 

2.85). Cao values from 10.46 to 11.51 (average 11.01) and K20 values 

from 0.08 to 0.21 (average 0.16 ; Stanton, 1972). The range of Na 2o in the 

11 8" horizon host volcanics is 4.40 to 5.17 (average 4.71) weight percent. 

Spilitization of the rocks would account for the substantial increase from 

the norm. Cao values are relatively low with a range of 0.74 to 6.69 

(average 2.63) weight. K2o has been depleted to less than the detection 

limit of 0.20 weight percent. Both Cao and K2o have been lost during 

chloritization of the rocks. 

Most trace element values for the host volcanics are consistant with 

the average values for ocean ridge basalts, outlined by Kay and Hubbard 

(1978). Cr values however, are somewhat higher than the recorded range 

11 811of 35 to 510 (avergae 247) ppm. In the horizon host rocks the range 

in Cr content is 415 to 685 (average 544) ppm. Fe:Mg ratios for the host 

volcanics are approxiamately 1.1 :1, however, this is not a true ratio as 

some secondary Fe enrichment has taken place during chloritization. 

Weight percent of volatiles in the host rocks ranges from 4.00 to 

11 A5.94. A value of 7.96 wt% was attained from the volcanics above the 11 

horizon. No correlation is apparent between gold and degree of alteration 

(L.O.I.) in the volcanics. A completely random pattern is evident (Table 

C-1, C-2). 

Fig~re 7 displays the relative amounts of Au, As and Sb in the 

hanging wall and footwall rocks to the ore zone. A positive correlation 

is evident in the rocks of the hanging wall in that as Au values increase 

and decrease, so do values for As and Sb. This positive correlation is 



FIGURE 7. Profile of Au, As and Sb in the hanging wall 

11 811and footwall rocks to the horizon. 


Samples 16, 22 and 43 lie outside of the vertical 


section (Figure 4) and hence are not joined by lines. 
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not seen in footwall rocks although it is noteworthy that generally 

where Au values are low As and Sb values are also low, and where Au 

value is high (TDH-22), As and Sb values are also high. Unfortunately 

this trend is not seen in the strongly variolitic volcanics (TDH-43 insert) 

where a low Au value is accompanied by very high As and Sb values. The 

profile also shows that though gold values are higher in adjacent samples 

they exhibit no systematic gradient away from the ore zone. 

Figure 8 illustrates the relationships between Au, As and Sb within 

the ore zone. Values for all three elements are significantly higher than in 

the enclosing volcanics. The three samples exhibiting high values in gold 

(>28 ppm) are sphalerite enriched. No correlation for Au, As and Sb is 

apparent below a threshold of 4 ppm Au. Above this threshold a negative 

correlation exists and may be due to an association of gold with sphalerite. 

11 811A plot of Au versus Cu, Zn and S for the horizon samples is 

illustrated in Figure 9. There is no correlation between Cu, S and Au. 

Au versus S produces a scattered array, and Au versus Cu a vertical line. 

Whether a correlation exists between Au and Zn is uncertain. A correlation 

coefficient would only give a biased value due to the high Zn I high Au sample. 

Intermediate analysis between this sample and the low Zn I low Au samples 

is needed to make any conclusions over the relationship. 

11 811Mineral separates of samples from the horizon, the fault zone 

11 811(above the horizon) and the East Mine, were analysed for As, Sb and Au. 

Samples 37a and 37b (Table C~6) are chalcopyrite and hematite separates 

from the fault zone. Both exhibited low Au values of 0.08 ppm and 0.04 ppm 

respectively. Sample TDH-40a is a chalcopyrite separate of TDH-40, a rela

tively pyrite-rich sample from the East Mine. Its Au value of 0.79 ppm 

is significantly lower than 1.30 ppm whole rock value of TDH-40. This 



11 811FIGURE 8. Au vs. As and Sb in the horizon ore zone. 
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11 811FIGURE 9. Au vs. Cu, Zn and S in the horizon ore zone. 
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implies that gold is not selectively concentrated by (or in) chalcopyrite 

in the East Mine. Sample TDH-19a is a sphalerite separate of TDH-19 from 

11 811the horizon. It has a gold content of 140 ppm which is significantly 

higher than the 29 ppm value of TDH-19, implying a strong relationship 

between Au and sphalerite. TDH-19 itself is sphalerite-rich and exhibits 

11 811the highest Au value of the horizon sulphide samples. The Au-sphalerite 

11 811relationship is again implied in the separates of TDH-18 from the hori

zon. TDH-18a and TDH-18b are pyrite + silicate and pyrite +sphalerite 

separates respectively. Th~ Au values for the two separates are 1.7 ppm and 

50 ppm. If the Au was associated with pyrite, higher values would be ex

pected. It seems more likely that the Au is strongly associated with 

sphalerite. 



CHAPTER 4 

METALLOGRAPHY AND ORE TEXTURES 

4. 1 TILT COVE MINE 

The ore body at Tilt Cove Mine is best described by Upadhyay (1973), 

who characterized the ore as massive fine-grained steeply dipping pyrite 

bodies with chalcopyrite, and diffused stockworks of stringers, veins and 

irregular clusters of pyrite and chalcopyrite. The chief metallic minerals 

of the mine are pyrite (py), chalcopyrite (cpy), minor magnetite (mte), 

sphalerite (sph) and native gold and silver. Specularite and limonite 

occur in the vicinity of strong post-ore slips within massive sulphide 

zones. Upadhyay suggested the fo11 owing pa ragenes is : - mte - py - po 

cpy -sph with cpy replacing nearly all earlier minerals. The following 

observations were made by the author on several polished sections from the 

East Mine. The dominant metallic minerals in the sections are pyrite, 

magnetite and hematite (hem), followed by chalcopyrite, sphalerite and minor 

covellite (cov). 

M?gnetite occurs as euhedral grains {Plate 15) and irregular masses. 

Many of the small idiomorphic crystals contain a minute euhedral inclusion 

(Plate 15). The inclusions are metallic, and darker in colour. Attempts 

at microhardness testing resulted in complete destruction of the crystals. 

Hematite is present as distinct blades and radiating acicular crystals 

(Plates 16 and 18). Some hematite blades are seen to skewer others. The 

hematite commonly surrounds and includes the larger euhedral magnetite 

30 




PLATE 15. 	 Magnetite rhombs with unidentified inclusions, from 

sample TDH-35, East Mine. Field of view is 1.1 mm. 

PLATE 16. 	 Radiating accicular crystals of hematite, from sample 

TDH-42, East Mine. Field of view is 2 mm. 
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PLATE 17. 	 Colloform banding of pyrite (py) and chalcopyrite 

(gray), from sample TDH-40 East Mine. Field of 

view is 2 mm. 

PLATE 18. 	 Colloform pyrite (py) and hematite blades, from 

sample TDH-41, East Mine. Field of view is 2 mm. 
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grains and masses. In some sections it appears to be replacing the mag

netite. Other sections show acicular and radiating hematite growing out

wards from magnetite into silicate gangue. 

Several sections show prominent colloform texture with alternating 

bands of pyrite and chalcopyrite, (Plates 17 and 18). The texture repre

sents chemical co-precipitation of the two minerals. Distinct spheroids 

of pyrite closely resembling framboids are dispersed throughout the collo

form bodies. They range in size from 10 to 50 µm with some of the larger 

spheroids exhibiting possible overgrowths. Though much of the internal 

structure has been lost some framboids reveal a microcrystalline core. 

Intermediate textures between the spherical framboids and euhedral pyrite 

crystals of the colloform bodies are common. As with the colloform texture, 

framboidal pyrite is formed by chemical precipitation of either a colloidal 

or supersaturated solution (Chen, 1978). Large veins of chalcopyrite are 

seen to disrupt and crosscut the colloform bodies. The chalcopyrite is 

either secondary or remobilized. Due to the relatively unaltered nature of 

the framboids within the chalcopyrite it seems more likely that the mineral 

is only remobilized. In other sections_pyrite occurs as euhedral to sub

hedral grains often showing partial replacement of magnetite and hematite. 

Chalcopyrite in turn replaces pyrite as well as the oxide minerals. 

Sphalerite appears relatively late in the paragenesis replacing 

pyrite, chalcopyrite and filling fractures in the colloform pyrite. Minor 

covellite is seen replacing rims of chalcopyrite and sphalerite. 
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A suggested paragenesis for the non-colloform East Mine sections is: 

volcanics 

mte 

hem 

PY 

cpy 

sph 

cov 

time 

In the colloform sections, chalcopyrite is crystallized intermit

tantly with pyrite. No covellite was present in these sections. The 

suggested paragenesis is: 

volcanics 

mte 

hem 

PY 

cpy 

sph 

Note: Magnetite or hematite occur in 

these sections. The two oxides 

do not occur togethe~ 

time -
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4.2 "B" HORIZON 

Polished sections from the "B" horizon host a wide variety of 

textures and interesting mineral relationships. The disseminated to massive 

ores contain from 35 to 95 percent sulphides per section. Pyrite is the 

dominant metallic mineral followed by chalcopyrite, sphalerite, minor 

covellite, hematite and native gold (Au). 
11 811Volcanics hosting the mineralization in the horizon are occa~ 

sionally fragmental in character. In polished section the sulphides surround 

fragments and occur as minor dissemination within them (Plate 19). The 

surrounding of micro-fragments produces an interesting coronal texture 

(Plates 20 and 24). 

Banding of pyrite (Plate 21), and pyrite with sphalerite (Plate 22) 

is consistant with the stratiform nature of the ore deposit. The presence 

of sphalerite in bands results from direct replacement of the original 

pyrite layer. Remnants of replaced pyrite are common in the sphalerite. 

Pyrite exhibits a variety 9f textures produced by mild deformation 

and strain. Large idioblastic crystals of pyrite in close proximity to 

smaller anhedral grains suggests possible recrystallization. The anhedral 

grains may also result from growth impingement during replacement of the 

silicate material. The pyrite also exhibits possible subgraining in some 

samples when viewed under crossed nicols. Stanton (1972) does not ackno1t1

ledge the possibility of subgraining in pyrite. Perhaps the optical pro

perty developed during polishing. Overgrowths of pyrite often enclose 

aggregates of inclusions and primary fractured pyrite. Occassionally an 

arc of inclusions is present representing the former crystal boundary. 

Through a relatively minor phase, brittle deformation is evident in the form 

of cataclastic pyrite {Plate 23). 



I 

i

r 

PLATE 19. Disseminated sulphides in fragmental volcanics, from 

11 811
sample TDH-9, horizon. Field of view is 2.3 cm. 

I 

I 
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PLATE 20. 

PLATE 21. 

Microfragments surrounded by sulphides - coronal 

11 811texture, from sample TDH-44e, horizon. Field 

of view is 2 mm. 

Banding of pyrite, possible recrystallization, from 

11 811sample TDH-20, horizon. Field of view is 2 mm. 
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PLATE 22. Banding of pyrite and sphalerite (dark gray) gangue 

is black. From sample TDH-36a, 11 8 11 horizon. Field 

of view is 2.4 cm. 
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Relict colloform texture involving the banding of pyrite± chal

copyrite is also present in the "B" horizon ores (Plate 24). T~e collo

form texture as previously mentioned results from chemical precipitation 

of the sulphides (Chen, 1978). The pyrite-chalcopyrite banding however 

is not the only evidence for co-precipitation. In Plate 25 the two sulphides 

form a network surrounding silicate fragments. A close-up of this texture 

(Plate 26) reveals a spheroidal nature of the pyrite closely resembling 

the framboids present in the colloform East Mine sample. Sizes of the fram

boids range from 10 to 150 µm. The average diameter is 50 µm suggesting 

that the larger grains may have undergone some overgrowth. Embayment of 

the pyrite by chalcopyrite is very minimal indicating a co-precipitaion 

of the two sulphides rather than a later introduction of the chalcopyrite. 

Many of the sections show a distinct "atoll" texture (Plates 27, 

33, 39). Pyrite grains in a matrix of sphalerite commonly host inclusions 

of sphalerite, chalropyrite and occassionally gold. Pyrite crystals lacking 

the inclusions are often deeply embayed. The texture results from replace

ment of the pyrite by each of the minerals. The gold was either released 

from the pyrite during replacement or was introduced in solution along with 

the other sulphides. The inclusions tend to amalgamate and migrate toward 

grain boundaries for eventual expulsion from the pyrite. Pyrite crystals 

which either have succeeded in expelling the inclusions or were originally 

replaced at grain boundaries exhibit deep embayments due to loss of volume. 

In other sections pyrite contains inclusions of chalcopyrite and silicate 

material representing the replacement of pyrite during alteration of the 

volcanic host. 

Further evidence of replacement of pyrite is pictured in Plate 28. 



11 811PLATE 23. 	 Cataclastic pyrite, from sample TDH-17, horizon. 

Field of view is .55 mm. 

PLATE 24. 	 Relict colloform pyrite and surrounding of fragments, 

11 811from sample TDH-44f, horizon. Field of view is 

2 mm. 
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PLATE 25. 	 Network of pyrite and chalcopyrite surrounding frag

ments. Pyrite is rounded and exhibits higher relief. 

11 811From sample TDH-11, horizon. Field of view is 

2 mm. 

PLATE 26. 	 Framboidal pyrite (py) in chalcopyrite (cpy), enlarge

11 811ment of Plate 25. From sample TDH-11, horizon. 

Field of view is 1.1 mm. 
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PLATE 27. 	 Pyrite (white) exhibiting distinct atoll textures in 

a matrix of sphalerite (light gray). From sample 

TDH- 18, "B" horizon. Field of view is 1.1 mm. 

PLATE 28. 	 Replacement of pyrite (py) by chalcopyrite (light gray) 

and sphalerite (dark gray), gangue is black. From 

11 811sample TDH-36b, horizon. Field of view is 2 mm. 
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Flames and shreds of chalcopyrite and sphalerite are seen to transverse 

across pyrite grains. The shreds are commonly orientated in three to four 

directions representing crystallographic directions in the pyrite. Dis

persed flames completely enclosed by pyrite resemble exsolution intergrowths. 

Stanton (1972) does not acknowledge the possibility of pyrite hosting any 

exsolution bodies nor the possibility of one sulphide exsolving two others. 

Within the same sample there are occurrences of larger elongated inclusions 

of chalcopyrite and sphalerite which are oriented parallel to the four 

sides of the host pyrite cube. Their deviation in appearance from the re

placement grains suggests a different mode of origin. The texture possibly 

formed by co-precipitation of the three minerals where during the successive 

growth of pyrite, the chalcopyrite and sphalerite were incorporated into the 

grain along regular crystal faces. 

Exsolution intergrowths of chalcopyrite in sphalerite are quite 

common. The chalcopyrite occurs as a myriad of minute blebs dispersed 

randomly throughout the sphalerite grain (Plate 41). Exsolution results 

from the unmixing of a chalcopyrite-sphalerite solid solution during cooling 

(Stanton, 1972) and thus provides excellent evidence of simultaneous 

deposition. 

Mild deformation of the sulphides is also apparent within the 

massive sphalerite samples where the sphalerite commonly exhibits lamellar 

twinning. The twinning probably occurs during annealing where stresses 

and accumulated strains within the crystal are reduced or eliminated 

(Stanton 1972). Twin sets are randomly oriented throughout the sphalerite 

revealing the polycrystalline nature of the otherwise massive-looking mineral. 

Covellite occurs in trace amounts throughout most of the sections 

replacing chalcopyrite, sphalerite and gangue. In Plate 41 the covellite 
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exhibits replacement of chalcopyrite and gangue along perimeters of grains. 

Plate 33 illustrates both rim replacement and irregular internal replacement 

of the gangue. The covellite has only replaced gangue which is in direct 

contact with sphalerite. No replacement along gangue-pyrite boundaries 

is visible. Considering that the silicate material predated the pyrite, 

introduction of the covellite must have occurred contemporaneously with or 

shortly after replacement of the pyrite and gangue by sphalerite. 

Hematite is abundant in one section; however, its radiating and 

acicular habit around an Fe-Al silicate mineral suggest an alteration origin 

rather than a hydrothermal fluid source. 

Native gold was observed in all but one of the polished sections 

11 811from the horizon. The section which lacked gold contained over 80 

modal percent pyrite. The gold was distinguished from chalcopyrite by its 

brilliant yellow colour, high reflectivity and brightly speckled, greenish 

internal reflections. Plate 29 is a microphotograph showing pyrite, chal

copyrite and gold under partially crossed polars. The red tint to the min

erals results from the inability 9f the photographic microscope to have fully 

crossed polars. The pale pyrite matrix and darker chalcopyrite grains 

exhibit no reflectance. The gold in contrast is highly reflective internally 

with a distinctive sparkling surface. 

The morphology of gold in some sections closely resembles that of 

the chalcopyrite which replaces pyrite (Plates 30 and 31). Other morpholo

gies include small anhedral grains (Plates 32, 39 and 41 ), minute cubes 

in pyrite (Plates 35 and 36) and irregular clusters (Plates 37 and 38). 

Plate 39 shows two grains of gold completely enclosed within a 

pyrite crystal. The gold was probably introduced during the replacement of 

pyrite by chalcopyrite and sphalerite. One grain of gold appears to embay 



PLATE 29. 	 Bright internal reflectance of gold (Au), partially 

11 811crossed polars. From sample TDH-38, horizon. 

Field of view is 180 µm. 

11 811PLATE 30. 	 Gold (Au) in pyrite, from sample TDH-38, horizon. 

Field of view is 180 µm. 
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PLATE 31. Gold (Au) and chalcopyrite (cpy) in pyrite (py). 

11 811From sample TDH-38, horizon. Field of view 

is 180 µm. 

PLATE 32. Gold (Au) and pyrite (py) in sphalerite (light 

11 8 11gray). From samp1e TDH-38, horizon. Fie1d 

of view is 180 µm. 
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PLATE 33. 

PLATE 34. 

Gold (as indicated) in pyrite. Pyrite exhibits atoll 

texture, covellite (blue) is replacing gangue. From 

sample TDH-18, 11 8" horizon. Field of view is .5 mm. 

Large flake of gold {Au) in gangue (black), from 

11 811sample TDH-36b, horizon .. Field of view is .5 mm. 
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PLATE 35. Gold (Au) in pyrite (py) fracture between sphalerite 

11 8 11(sph) and gangue. From sample TDH-36a, horizon. 

Field of view is 180 µm. 

PLATE 36. Gold (Au) filling fracture in pyrite, from sample 

11 811TDH-44c, horizon. Field of view is 180 µm. 
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PLATE 37. Gold (Au) cluster in pyrite (py), from sample TDH-38, 

"8 11 horizon. Field of view is l mm. 

PLATE 38. Gold (Au) cluster in pyrite (py), enlargement of 

11 811Plate 37. From sample TDH-38, horizon. Field 

of view is 180 µm. 
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PLATE 39. 

PLATE 40. 

Gold (Au), chalcopyrite (cpy) and sphalerite (gray) 

in pyrite - atoll texture. From sample sample 

11 811TDH-18, horizon. Field of view is 180 µm. 

Gold (Au), chacopyrite (cpy) and pyrite (py) in 

11 811sphalerite (gray). From sample TDH-36a, 

horizon. Field of view is 180 µm. 
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PLATE 41. 	 Gold (as indicated) and sphalerite (gray) in pyrite. 

Chalcopyrite exsolution in sphalerite (upper right 

corner). Replacement of cpy and gangue by covellite 

11 811( b 1 ue). From sample TDH-20, horizon. Field of 

view is .5 mm. 
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the pyrite suggesting direct replacement. Most of the gold hosted within 

pyrite alone is related to fractures. Even where no fracture is seen the 

overall generality would suggest that minute unseen fractures are present. 

Though frequently in contact with, gold is rarely hosted by chalcopyrite. 

Gold hosted entirely by gangue is also uncommon. Of all the gold occur

rences examined less than half involved any contact with silicate material. 

Rare occurrences where gold is found hosted by primary silicates is probably 

due to direct replacement. In the pyrite-rich sections gold is usually 

associated with minor chalcopyrite, sphalerite, ± gangue (Plates 31 and 41 ). 

In the sphalerite-rich sections gold is often hosted by the sphalerite 

matrix and frequently in contact with pyrite, chalcopyrite, ± gangue, (Plates 

32 and 39). 

In Plate 40 the pyrite is being replaced by chalcopyrite which in 

turn is being replaced by sphalerite and possibly gold. The gold appears 

to be either contemporaneous with or replacing sphalerite. Plate 35 shows 

a fleck of gold extending along a fracture in pyrite from sphalerite to a 

silicate grain. The pyrite has replaced the silicate and is being replaced 

by the sphalerite. Due to the remobilized nature of the gold through the 

pyrite, it again appears to be related with the introduction of sphalerite. 

It is also possible that the gold was in some manner liberated from the 

silicate, though such a large concentration of gold would be unlikely. 

It thus appears that gold is relatively late in the paragenesis 

though its actual time of emplacement is debatable. In Table I the environ

ments of 36 gold grains from seven polished sections are tabulated. Column 

one deals with the minerals in direct contact with gold, column two with 

all minerals in close proximity to gold. Unfortunately the analysis is 

not very qualitative, thou9h some observations can be drawn. A tally of 
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Table I 

TABULATION OF MINERALS AND MINERAL 

ASSEMBLAGES WITH OBSERVED GOLD 

Minerals Au in contact with Au proximal to 

1 0PY 
py-fracture 4 0 

cpy 1 0 

sph 1 0 

gangue 2 2 
py-cpy 2 0 

py-sph 4 6 

cpy-sph 2 0 

py-gangue 7 9 

cpy-gangue 1 
sph-gangue 1 
py-cpy-sph 6 11 

py-cpy-gangue 2 0 

py-sph-gangue 0 

py-cpy-gangue 0 3 

Total gold grain.s 36 36 

%total PY 75 89 

%total cpy 42 42 
%total sph 44 67 

%total gangue 42 53 

Average modal ~~ in sections 
pyrite 48 
chalcopyrite 6 

spha 1erite 21 
gangue 25 
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the individual minerals in contact with gold reveals pyrite as the most 

common. Of the 36 gold grains examined, 75% of them had pyrite in direct 

contact, 42% chalcopyrite, 44% sphalerite and 42% gangue. In the examina

tion of minerals in close proximity to gold (including contact) the pyrite 

is again most common. Eighty-nine percent of the gold is proximal to pyrite, 

42% to chalcopyrite, 67% to sphalerite and 53% to gangue. The lack of 

increase for chalcopyrite indicates that the mineral has little control 

in the occurrance of gold. Pyrite and sphalerite increase significantly. 

The average modal percents of pyrite and sphalerite are approxiamately 48 and 

21 respectively. It is possibly due to high modal percentage of pyrite 

that gold is often found in close proximity to it. 

In summary, the gold was probably introduced during replacement 

of the pyrite (py) and host volcanics by chalcopyrite (cpy) and spha1erite 

{sph). It often appears to be replacing the chalcopyrite. The relationship 

with sphalerite is uncertain since evidence for both contemporaneous growth 

and replacement of sphalerite can be seen. Though the relationship between 

gold and covellite (cov) cannot be seen directly it is probable that the 

covellite was introduced later. Remobilization of chalcopyrite, sphalerite 

and gold alike is evident along fractures. The covellite however does 

not exhibit such behavior. 
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11 811A suggested paragenesis for the non-colloform/framboidal 

horizon ore is as follows: 

pillowed volcanics 

PY 

cpy 

sph~ 
cpy

Au 

cov 

time ........ 


For the colloform/framboidal sections much less replacement is 

seen. A suggested paragenesis is: 

pillowed volcanics 

PY 

cpy 

sph 

time 



CHAPTER 5 


CONCLUSIONS 

11 811In the horizon, mineralizing solutions during periods of 

volcanic hiatus resulted in the deposition of~ and replacement of mafic 

pillowed volcanics by sulphides; pyrite, chalcopyrite and sphalerite with 

accompanying gold. Mineralization in the East Mine is analogous to that 

11 811of the horizon in that it is volcanogenic and has resulted in extensive 

alteration of the footwall rocks. Petrographic observations indicate that 

the volcanic hosts of both deposits are metamorphically of lower green

schist grade, with a high modal percent of chlorite. The two ore zones 

differ in geochemistry, mineral textures, and mineral types. 

The East Mine volcanics are basaltic komatiitic to magnesium 

tholeiitic in composition, and alkali depleted. Ore samples from the 

mine exhibit both replacement textures and well-preserved colloidal 

textures of pyrite and chalcopyrite. An overall mineral paragenesis for 

the ores would be: - magnetite -hematite -pyrite -chalcopyrite 

sphalerite --covellite, where chalcopyrite occurs contemporaneous with 

or replaces pyrite. 

11 811The horizon volcanics are spillitized magnesium theoleiites. 

There is no correlation evident in the samples between Au and volatiles, 
As, Sb, Cu or S. A probable relationship does exist between Au and Zn. 
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A sphalerite-rich sample containing greater than 40 weight percent Zn 

exhibited the highest Au value (29 ppm) of the samples analysed. A marked 

increase in the Au content was noticed in sphalerite separates of two 

samples. Pyrite and chalcopyrite separates show a decrease in Au content 

from whole rock values. 

11 811The horizon ores host a variety of textures including collo

form and framboidal pyrite, exsolution, atoll texture and sulphide banding. 

The preservation of colloidal pyrite is indicative of very low regional 

deformation though some local strain features such as cataclastic pyrite 

are present. Native gold is prevalent in these polished sections. The 

gold replaces pyrite, chalcopyrite and gangue, and appears to be contem

11 811poraneous with sphalerite. An overall paragenesis for the horizon 

ores would be: - pyrite -chalcopyrite -sphalerite/gold -covellite where 

chalcopyrite occurs contemporaneous with or replaces pyrite. 

The observation of gold in samples from the basal Cape St. John 

Group ( 11 811 horizon) verifies the results of Kusmirski and Norman (1981) 

and opens a whole new area to mineral exploration. 
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APPENDIX 	 A 

ANALYTICAL METHODS 

A.l. 	 SAMPLE PREPARATION 

A representative portion of each sample was crushed in a chipmunk 

jaw crusher, ground in a disc pulverizer and powde~ed in a tungsten carbide 

shatterbox to -200 mesh. 

A: 2 	 NEUTRON ACTIVATION 

Gold, arsenic and antimony abundances were determined by instrumental 

(INAA) neutron activation analysis. Approxiamately 0.7 grams of sample 

powder were weighed into poly?tyrene vials and irradiated in the McMaster 

Nuclear Reactor for one megawatt hour along with known chemical standards. 

After one and a half days of cooling the samples were transported to the 

lab for counting. Sample preparation and methodology is described in detail 

by Fyon (1980) and Kusmirski (1981). The Au, As and Sb values are on the 

order of a few parts per million. 

A.3 	 XRF ANALYSIS OF MAJOR AND TRACE ELEMENTS 

Rock compositions were obtained usin~ a Model 1450 AHP automatic 

sequential x-ray fluorescence spectrometer. 

Major elements 

Fusion pellets were prepared usin9 the procedure outlined by Hutchin

son (1977). A Cr x-ray tube was used to analyse the major elements Si, Al, 

total Fe, Mg, Ca, Na, K, Ti, Mn and P. 
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Trace elements 

Pressed powder discs were made using the method outlined by Marchand 

(1973). Trace elements analysed for were Cr, Co, Pb, Cu, Zn, As, V and Ni. 

A.4. 	 LECO ANALYSIS 

Rock powder samples were analysed for S with the Leco gas analyzer 

at McMaster University. 

A.5. 	 DETERMINATION OF VOLATILES 

Loss on ignition (L.O.I.) was determined by heating approxiamately 

1.3 g of sample in an electric furnace at 1,000 C for one hour. 



Sample Number 

TOH- 1 
2 
3 

4 
12 
13 
14 
16 
22 
43 
32 
33 

26 
27 
28 
29 
9 

11 
17 
18 
l 8a 
19 
l 9a 
20 

APPENDIX B 


SAMPLE DESCRIPTIONS 

Description and location 

Mafic, variol itic volcanics; hanging wall to "B" horizon. 

Mafic, variol itic volcanics; hanging wall to "B" horizon. 

Mafic, variol itic volcanics; hanging wall to "B" horizon. 

Mafic, variol itic vo~canics; hanging wall to "B" horizon. 

Mafic, variol itic pi 11 owed volcanics;· footwa ll to "B1' horizon. 

Mafic, variolitic pill owed volcanics; footwa ll to "B" horizon. 

Mafic, variol itic pill owed volcanics; footwal 1 to "B" horizon. 

Mafic, variolitic volcanics; Han9in9 wall to "B" horizon. 

Mafic, variolitic, pillowed volcanics; footwall to"B" horizon. 

Mafic, strongly variolitic volcanics; footwall east of "B" horizon. 

Mafic, variolitic volcanics; hanging wall to "A" horizon. 

Mafic, variolitic volcanics with disseminated sulphides; hanging 


wall to "A" horizon. 
Banded iron formation; "A" horizon. 
Banded iron formation; "A" horizon. 
Banded iron formation; "A" horizon. 
Banded iron formation; "A" horizon. 
Massive sulphides; "B" horizon. 
Disseminated sulphides; "B" horizon. 
Massive sulphides; "B" horizon. 
Massive sulphides; "B: horizon. 
Pyrite+ silicate separate of TOH-18. 
Massive sphalerite; "B: horizon. 
Sphalerite separate of TDH-19. 
Disseminated and massive sulphides; "B" horizon. 
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44a-f Disseminated and massive sulphides within pillow; "B" horizon. 
38 Massive sulphides (pyrite+ sphalerite); fresh "B" horizon. 
36ab Banded sulphides (pyrite+ sphalerite); fresh "B" horizon. 
34 Chloritized footwall; main lode, East Mine. 
35 Weakly mineralized pillow volcanics; picking floor, East Mine. 
39 Massive sulphides; float from East Mine. 
42 Massive sulphides; float from East Mine. 
40 Massive sulphides; float from East Mine. 
40a Chalcopyrite separate of TDH-40. 
41 Massive sulphides; float from East Mine. 
18b Pyrite + sphalerite separate of TDH-18. 



APPENDIX C 

MAJOR AND TRACE ELEMENT 

.COMPOSITION OF SAMPLES 
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Table C-1 

Sample 
Number TDH-1 TDH-2 TDH-3 TDH-4 TDH-12 TDH-13 

In weight % 

Si0 2 49.95 50.40 49.06 50. 84 59 .03 50.96 

Al 203 16.57 16.55 16.34 16.81 15.23 16.62 

Fe 2o3 12.18 12.60 9.78 13.25 9. 71 11. 99 

MgO 10. 22 11. 20 8.50 10. 62 9.21 11.04 

cao 2.44 2.23 6.69 1.35 0.74 l. 53 

Na 20 5.05 4.62 5.17 4.69 4.66 4.59 

K20 <.0.20 " 0 . 20 "0 . 20 ... o. 20 '0. 20 <O. 20 

TiO., 
"' 

0.58 0.58 0.51 l. 58 0.55 0.70 

MnO 0.33 0. 31 0.36 0. 28 0. 20 0. 25 

P205 0.05 0.05 0.06 0. 25 0.04 0.06 

L.O.I. 4.41 4.40 5.44 3.51 3.22 4. 21 

Total 101. 78 102.94 101. 91 103.45 102.59 101.95 

In ppm 

s 42 22 <.10 0.27* 340 360 

Cr 592 569 505 530 685 515 

Co 55 56 36 48 43 47 

Pb 15 12 16 35 18 14 

Cu 100 41 62 126 124 82 

Zn 202 151 193 821 1422 984 

v 290 303 23 7 378 253 304 

Ni 175 157 149 155 218 153 

As 0.33 0.92 0. 71 7.68 l. 46 l. 46 

Sb 0.31 0.68 0.29 0.64 o. 21 0.20 

Au 0. 002 0.008 0.005 0. 029 0.010 0.041 

* In weight % 
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Table C-2 

Sample 
Number TDH-14 TDH-16 TDH-22 TDH-43 TDH-32 TDH-33 

In weight % 

Si0 2 53.19 46.36 48.57 41. 48 47.65 N.A. 

Al 2o3 15.59 17.42 17.24 13.43 12. 93 N.A. 

Fe 2o3 9.81 14.36 14. 92 24.64 10.14 N.A. 

MgO 9.95 11.18 11. 26 12.23 10. 77 N.A. 

Cao 4.20 1. 82 o. 21 0.40 6.09 N.A. 

Na 2o 4.40 4.47 4. 50 0.99 3.21 N.A. 

K20 ... 0. 20 '0. 20 '0. 20 '0. 20 '0. 20 N.A. 

Ti02 0.60 1.03 0.73 0.89 0.28 N.A. 

MnO o. 28 0.28 0-. 26 0.25 1.17 N.A. 

P20 5 0.06 0.17 0.06 0.31 0.03 N.A. 

L.O. I. 4.96 4.51 4.00 5.48 7.96 N.A. 

Total 103.04 101.60 101. 75 100."74 101.65 25.00 

In ppm 

s 150 N.A. N.A. 1.49* 24 11.13* 

Cr 415 N.A. N.A. 705 760 331 

Co 44 N.A. N.A. 83 289 122 

Pb "' 20 N.A. N.A. 26 22 "'20 

Cu 176 N.A. N.A. 103 0.37* 13.80* 

Zn 557 N.A. N.A. 0.15* 1. 05* 0.07* 

v 226 N.A. N.A. 349 272 171 

Ni 166 N.A. N.A. 286 477 44 

As 3.12 0.97 4.16 18.61 l.16 30. 24 

Sb 0. 23 0.44 0. 50 1. 22 1. 01 0.80 

Au 0.010 0.005 0.378 0.103 0.044 0.060 

* In weight % 

N.A. no analysis 
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Table C-3 

Sample 
Number TDH-9 TDH-11 TDH-18 TDH-19 TDH-20 

In weight % 

Si0 2 
31. 49 38.28 32.43 8.11 44.22 

Al 2o3 8.85 10.67 10.82 1. 89 9.29 

Fe 2o3 24.04 24.66 28.69 9.16 21. 51 

MgO 13.48 13.94 16.01 3.06 13.58 

cao 0.07 0.07 0.06 0.07 0.08 

Na 20 0.27 1. 09 0.34 <O. 20 1. 08 

K20 "'0. 20 "'- o. 20 "'0. 20 ..:0. 20 <. 0. 20 

Ti0 2 
o. 72 0.69 1.15 0. 02 o. 74 

MnO 0.15 0.18 0.25 0.03 0.18 

P205 0.11 0.08 0.10 0.06 0.09 

L.O.I. N.A. N.A. N.A. N.A. N.A. 

Total 89.18 100.99 119.94 95,66 102.87 

In ppm 

s 9.3* 9.5* 20.0* 29.1* 10.87* 

Cr 550 497 506 181 471 

Co 76 73 64 21 49 

Pb 30 20 62 < 20 40 

Cu 0.01* 0.33* 0.46* 0. 76 * 0.32* 

Zn 0.60* 1. 50* 9.63* 43.40* 0.91* 

v 354 26 2 235 94 226 

Ni 203 217 218 3 78 196 

As 16.47 33.05 N.A. 8.03 49.30 

Sb 1. 75 1. 69 N.A. 1. 76 2.39 

Au 0.569 2.83 N.A. 28. 8 2 2.32 

*In weight % 
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Table c-4 

Sample 
Number TDH-44a TDH-44b TDH-44c TDH-38 TDH-40 TDH-41 

In ppm 

s 
Cr 

Co 

Pb 

Cu 

Zn 

v 
Ni 

As 

Sb 

Au 

34 .18 * 

275 

132 

46 

0.30* 

0.07* 

15 

123 

23. 75 

5.15 

0.487 

34.66* 

266 

124 

49 

0.30* 

0.07* 

10 

123 

23.39 

5.57 

1. 79 

N.A. 

N.A. 

N.A. 

N.A. 

N.A. 

N.A. 

N.A. 

N.A. 

23. 74 

5.83 

0.964 

36.06* 

362 

65 

53 

0.11* 

0.70* 

29 

18 

79. 35 

4.85 

6.87 

45.98* 

165 

597 

35 

1. 54* 

5.00* 

38 

49 

313. 21 

89.00 

1. 30 

35.06* 

965 

807 

20 

0.11* 

129 

119 

1673 

291.10 

14.15 

0.608 

* In weight % 

Table C-5 

Sample 
Number TDH-17 TDH-26 TDH-27 TDH-28 TDH-29 

In ppm 

As 

Sb 

Au 

41. 59 

5.04 

8.32 

2.93 

0. 61 

0.473 

9.09 

0.62 

0.081 

5.22 

0.60 

0.052 

4. 20 

0. 91 

0.074 

Table C-6 

Sample 
Number TDH-18a TDH-18b TDH-19a TDH-40a TDH-37a TDH-37b 

Mineral 
Separate PY sph sph cpy cpy hem 

As 

Sb 

?~U 

15. 27 

l. 22 

l. 71 

59. 4 i' 

2. 28 

50.32 

In sipm 

9.51 

l. 57 

14 3. 4 2 

340.86 

50. 0-l 

0. 78 5 

l. 64 

l. 6 2 

0.031 

9. 71 

3.11 
0.047 
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