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Fig . 1

Simplified geologic map of the Tuolugou Co( Au) ore district

1 —Cobalt (gold) orebody and its serial number; 2 —Cobalt ( gold) mineralizing bed; 3 — Attitude ; 4 —Reversed fault ; 5 —Geological boundary ;

6 —Drainage ; 7 — Anticlinorium ; 8 — Anticlinal axis; 9 —Synclinal axis; 10 —Location of the measured geological section. Q, —Alluvium; Pl —

Marble ; Z- el — Metamorphosed sandstone ; Z- €° — Metamorphosed volcanic- sedimentary rocks ; Z- el — Metamorphosed tuff and sandstone ;

Z- €" —Metamorphosed carbargillite ; ¢ —Quartz vein
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Fig . 2

a —Marble ; b —Chlorite-carbonate phyllite ; ¢ —Carbonate-sericite-quartz phyllite interbedded with chlorite-carbonate-quartz schist ;

d — Metamor-

phosed keratophyre ; e —Carbonate-quartz schist ; f —Carbonaceous siderite-sericite- quartz schist ; g —Co( Au) mineralizing bed; h —Chlorite-sericite

phyllite ; i —Chlorite- carbonate-sericite- quartz schist ; j —Mylonitized Co( Au) mineralizing bed; k — Mylonitized sericite- quartz schist interbedded

with quartz albitite (exhalite) ; I —Carbonate-sericite- quartz phyllite ;

m —Pyritized pebbly sandstone ; n —Calcareous slate ; o —Carbonate- bearing

sandy slate ; p —Sericite-quartz schist
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Fig. 3 Sketch of YMI pit mouth in the Tuolugou

ore district
1 —Alluvium ; 2 —Sericite-quartz schist ; 3 —Quartz-albite schist ; 4 —
Chrorite-sericite- quartz schist ; 5 —Post- mineralization fault ; 6 — Atti-
tute of foliation; 7 —Co( Au) orebody, Massive ore ( only suitable for
inset 1) ; 8 —Laminated ore (only suitable for inset 1) ; 9 —Dissami-

nated ore ( only suitable for inset 1)
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Table 1 Microprobe analyses of ore minerals in the Tuolugou Co( Au) deposit ( wy/ %)

5 Y S Fe Co Ni Cu Zn As Ag Sn Te Au py &b
TL-30-1 PAEG- 53.26 46.01  0.06 0.1 0 0 0 0 0 0.02 0.13 0 99.58
TL-30-2 PEN- 52.84 45.17 1.09 0.2 0 0.0  0.01 0.01 0 0.02 0.03 0 99.38
TL-38-1 [48R%Ek 0 96 .71 0.1 0.21 0.47 0.06 1.16 0 0.11 0 0 0  98.82
TL-38-2 &8 AR 0 059 0.03 0.23 83.82 1.34 0.69 2.84 9.88 0 0.07 0 99.49
TL-38-4 ARY 0 033 0.07 0.1 0 0.78 0 0.01 98.28 0 0 0 99.58
TL-38-5 &8 AR 0 0.69 0.07 0.17 83.54 0.98 0.4 2.7  10.58 0 0.02 0 99.15
TL-84-1 HifA3E¥™  52.08 30.76 6.32 10.01 0 0 0 0.1 0.07 0 0 0 99.34
TL-84-2 FEEEN”  s52.61 4361 2.73  0.39 0 0.01 0 0 0 0.04 0 0 99.39
TL-84-4 R4 0 0.11 0 0.13  0.08 0 0 5.95 0 0 93.14 0  99.41
TL-84-5 SEEEN™  53.07 4232 262  0.49 0 0 0.77 0 0.04 0 0.01 0 99.32
TL-96-1 & 8EH AR 1.8 1.26 0.13 0.1 63.87 31.13  0.09 0 0 0 0 0 98.46
TL-96-2 & FEH AR 0 0.92 0.2 0.12  67.1 31 .24 0 0 0 0 0 0 99.58
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F2 REATEERRURTETHEE (wy/10°°)

Table 2  Average content of metal elements in stratigraphic sequence and ores of the Tuolugou deposit ( wp/10" 6y
=B 2L Au As Sh Hg Ni w Cr Ti

Z €° 3 0.0294 34 .4 1.13 0.3 0.043 11.73 18 .63 66 .17 2038.53
z et 11 0.0196 20 .8 0.99 0.4 0.046 15.3 21.03 78 .78 2171 .15
Z ¢ 36 0.3391 211 .2 4.56 0.5 0.066 57 .62 39 .82 78 32 1 901 .59
z. e 12 0.0146 8.6 1.23 0.4 0.047 21 .43 30 .88 85.06 1892 .69
e 11 1.027 658 .7 2.69 0.68 0.084 143 .2 48 .8 62 .3 2017.1
HE FEH Sn Y% B Ag Cu Pb Zn Mn Mo Co
Z €° 3 1.33 545 63 .57 0.21 32 .4 91 .7 335 431 .9 0.32 4.6
z et 11 1.63 533 29 .4 4 .56 38.9 148 .6 773 417.9 0.28 6.2
Z €° 36 2.54 68 .3 39.12 7.13 217.5 1941.7 3138 607 .5 12 .61 164 .3
z. e 12 1.86 79.7 96 .23 1.33 36 .8 584 .1 119.7 771 0.5 8.7
) 11 3.8 65 .3 57.2 0.83 604 .3 1335 .4 51.3 240 .1 36.97 489 8
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Geology and Geochemistry of Tuolugou Exhalative Sedi mentary
Co- Au Deposit, Qinghai Province
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( jing g g y g
810001 , Qinghai, China)

Abstract

The Tuolugou cobalt-gold deposit , located in the central part of the East Kunlun orogen, serves as the first
example of exhalative-sedimentary deposits in this region and is now under exploration. Lithologies of Co- and
Au-bearing formation in the Tuolugou ore district include detrital and volcanic rocks of four lithostratigraphic
sub-units, which are from bottom to top black shale (Z €“), tuff-sandstone ( Z Gb) , volcano-sedi mentary
rocks ( Z- €°) and sandstone (Z- €%) . There are no intrusive rocks involved in the Tuolugou ore district . Vol-
canics in four sub-units are intermediate to acidic and show a che mical affinity of active continental margin or is-
land arc. The cobalt-gold ore bed is hosted by volcano-sedimentary rocks (Z- €°) , whose sequence is mainly
composed of metamorphosed pelitic siltstone with interbeds of tuff and exhalite ( quartz albitite) . U-Pb dating
data (570 Ma) obtained from zircon of quartz albitite indicate an age between Sinian and Cambrian. Co- Au ore-
bodies are in stratiform and lenticular forms. They extend conformably in strata, forming an over 7 km-long
mineralization zone . Individual orebodies are 100 to 1 000 m long and 0.86 to 4.45 m thick, with average
grades of 0.024 % ~0.108 % Coand 0.3 ~0.78 g/t Au. The ores display laminar, banded, disse minated and
massive textures. The gangue minerals include quartz, albite, carbonate ( siderite, ankerite and calcite) ,
sericite , chlorite and tourmaline ( dravite) , whereas the ore minerals are composed of pyrite ( > 30 %) , small
amounts of arsenopyrite, chalcopyrite, sphalerite pyrrhotite, bornite, and trace cobalt pentlandite, cobalt
pyrite , linnaeite , carrollite , cattierite and gold. Cobalt is contained in pyrite in the ore. The multiple orogeny
during Caledonian and Late Variscan to Indosinian produced extensive metamorphism and deformation, and led
to the development of folds that evolved into thrusts. This caused reformation of exhalative-sedimentary orebod-
ies and partial e mplacement of gold orebodies. The complex ore-forming process mentioned above finds
expression in variable generations of pyrite in Co- Au ores. Pyrite of early generation is anhedral, fine-grained
and frag mented, with quartz, calcite and gold filled in microfractures . Pyrite of early generation is sometimes
seen to be elongated into spindle-shaped crystalloblasts . Pyrite of late generation is of a lower proportion relative
to early pyrite, and is subhedral to euhedral and coarse-grained in form with no fragmentation. Microprobe
analyses show that early pyrite has high average content of Co and Ni, and low Au (2 .44 % Co, 0.49 % Ni and
0.01 % Au) relative to late pyrite (0.1 % Co, 0.1 % Niand 0.14 % Au) . All this suggests that early pyrite and
late pyrite were formed before regional metamorphism and deformation (exhalative-sedimentary stage) and dur
ing metamorphic and deformation stage , respectively , and that cobalt mineralization is mainly related to exhala-
tive-sedimentary mineralization, whereas gold is mainly an epigenetic product related to collisional orogeny .

Key words : cobalt deposit, exhalative-sedimentary mineralization, Tuolugou, East Kunlun



