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Ore characteristics of the Sankuanggou iron-copper ore deposit in Nenjiang
County, Heilongjiang Province, and their significance
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(1. China University of Geosciences, Beijing 100083, China; 2. MLR Key Laboratory of Metallogeny and Mineral Assessment,
Institute of Mineral Resources, Chinese Academy of Geological Sciences, Beijing 100037, China; 3. Heilongjiang Heilong
Mining Group Co., Ltd., Harbin 150036, China)

Abstract: Located in the Duobaoshan ore concentration area of Nenjiang County, Heilongjiang Province, the
Sankuanggou deposit is a small skarn type iron-copper deposit. On the basis of field geological investigation,
ICP-MS test, indoor rock ore appraisal, scanning electron microscopy (SEM) and energy spectrum analysis, the
authors studied ore characteristics of the Sankuanggou deposit. Numerous minerals such as empties, ferberite,
scheelite, cassiterite, native Bi, tellurobismuthite, wittichite, cobalt-pyrite, hessite, ellurobismuthite, elec-
trum, zinc-bearing enargite, native gold, and kustelite were newly discovered. Useful metals such as copper,
iron, zinc, tungsten, cobalt, indium and bismuth should be evaluated so as to understand the characteristics of
these elements. In this way, the comprehensive utilization of these elements and the improvement of the eco-
nomic values can be realized. The formation process of the Sankuanggou deposit can be divided into five stages,
in which the endogenous ore-forming period can be divided into four phases, i.e., (O the dry skarn phase, @
the wet skarn phase, @ the oxide phase, @ the hydrothermal-sulfide phase, whereas the supergene period only

has the supergene phase (phase 5). The iron mineralization occurred at the high temperature stage, whereas the
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copper mineralization was produced by hydrothermal metasomatism under the medium temperature condition.

Key words: Sankuanggou deposit; skarn; ore characteristics; metallogenic stage; comprehensive utilization
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Fig. 1 Geographical location of Duobaoshan (a), geological sketch map of the Sankuanggou-Duobaoshan metallogenic belt (b)
and geological sketch map of the Sankuanggou deposit (¢) (modified after Du Qi ez al., 1988; Li Zhitong e al.>2008; Zhang
Yingfen et al ., 2011)
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I—Quaternary; 2—Middle Ordovician Duobaoshan Formation; 3—hornfelsed sandstone; 4—hornfels; 5—skarn; 6—marble; 7—Late Variscan

granodiorite and tonalite; 8—moyite; 9—aplite diorite; 10—orebody and its serial number; 11—serial number of ore belt; 12—fault; EEGN—
Eerguna Block: XA—Xingan Block; SN—Songnen Block; HE—Heihe: F1—Mudanjiang Fault; F2—Dunhua-Mishan Fault; F3—Yitong-Yilan
Fault; F4—Xilamulun-Changchun Fault; F5—Nenjiang Fault; F6—Tayuan-Xiguitu Fault
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Fig. 2 Typical field and specimen photographs of the Sankuanggou deposit
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YORBA 5 SKG-3-11D); — 3B YORET A (FES SKG-1-1): g— IR AEYCR YA A4 (FE5 SKG-2-7-1); h— IR AE W B B A F
(Ff5 SKG-2-2); PI—RHCA s Kis—#K A Br—R Bk Cop— 340 Mag—HWEERA; Py—358k0 s Hem—BE8kA s Az— 85410 ; Mal—
LEH

a—Sankuanggou mining pit; b—skarn (SKG-2-14); ¢—sparse disseminated copper ore (SKG-6-8); d—dense disseminated iron and copper ore

(SKG-5-5); e—dense disseminated iron ore (SKG-3-11); f—dense disseminated iron ore (SKG-1-1); g—secondary massive iron and copper ore
(SKG-2-7-1); h—secondary flaggy iron and copper ore (SKG-2-2); Pl—plagioclase; Kps—K-feldspar; Bt—biotite; Cep—chalcopyrite; Mag—

magnetite; Py—pyrite; Hemr—specularite; Az—azurite; Mal—malachite
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Fig. 3 Typical microphotographs of the Sankuanggou deposit
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BOE A (DD, 8655 H (Ep) S RIE K (W) 5 7 A s b—8k0™ H (K5 SKG-3-10), BRI (Mag) A AE N A1, BT (Cop) VI HI AT
(Mag): i A (FES SKG-3-11), BEERA (Hem) VIFIREA™, 5 DIRIBARE " d— 80 Y R E (FES SKG-1-5), 380 (Py) b1 #I
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a—grayish green iron ore (SKG-1-1) in a typical skarn mineral assemblage, tremolite (Tr) replacaing garnet (Grt) and calcite (Cal) or diopside
(Di)» epidote (Ep) replacaing wollastonite (Wo) and calcites specularite replacing skarn minerals; b—iron ore (SKG-3-10), magnetite (Mag) re-
placing tremolite, chalcopyrite (Cep) cutting magnetite (Mag): ¢—iron ore (SKG-3-11), specularite (Hem) cutting magnetite, chalcopyrite cut-
ting magnetite; d—iron and copper mineralization skarn (SKG-1-5), pyrite (Py) cutting specularite; e—copper ore (SKG-2-10), veinlet dissemi-

nated pyrite; chalcopyrite and bornite (Bz); f—iron and copper ore (SKG-4-1), association of pyrite, chalcopyrite, bornite, chalcocite (Ce),

pyrite oxidized into limonite (Lm), chalcopyrite oxidized into azurite (Az) and malachite (Mal); g—epidotized skarn type iron and copper ore

(SKG-2-7), natural bismuth (Bi) of magnetite; empties of chalcopyrite (Emp); h—epidotized skarn type iron and copper ore (SKG-2-7),
empties (Emp), wittichite (Wtc) and hessite (Hes) in chalcopyrite
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Fig. 4 SEM images and energy spectral patterns of ferberite, andradite and cassiterite
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around scheelite (Sh); ¢—iron mineralization skarn (SKG-1-3-18), chalcopyrite (Cep) around cassiterite (Cst)
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a—copper mineralization skarn (SKG-1-5-7), magnetite (Mag) around native bismuth (Bi); b—copper mineralization skarn (SKG-1-5-4), specu-
larite (Hem) around tellurobismuthite (Tel), black for quartz (Qtz); ¢—copper mineralization skarn (SKG-1-5-4), energy spectral patterns of tel-
lurobismuthite; d—iron mineralization skarn (SKG-1-3-17), white for native bismuth, bismuthinite (Bis) along the edges: e—iron mineralization
skarn (SKG-1-3-17), energy spectral patterns of bismuthinite; g—oxidized copper ore (SK(G-2-18-1-5), gray for chalcopyrite (Cep), white for
empties (Emp), black for garnet (Grt): h—oxidized copper ore (SKG-2-18-1-2), wittichite (Wtc); i—oxidized copper ore (SKG-2-18-1-2), en-

ergy spectral patterns of wittichite
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a—copper mineralization skarn (SKG-2-10-2-1), chalcopyrite (Cep) around hessite (Hes); b—oxidized copper ore (SKG-2-18-1-1), chalcopyrite
around electrum (Ele); ¢—iron and copper ore (SKG-4-1-3), pyrite (Py) around kustelite (Kus); d—copper mineralization skarn (SKG-2-10-3),

pyrite around native gold (Au)
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Fig. 7 SEM images and energy spectral patterns of cobalt pyrite, cobaltites zinc-bearing enargite
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a—copper mineralization skarn (SKG-2-10-1-8), white spots for cobaltite (Cob), black for diopside (Di), cobalt-pyrite (Co-Py) around: b—cop-
per mineralization skarn (SKG-2-10-1-8), energy spectral patterns of cobaltite; ¢—oxidized copper ore (SKG-2-18-1-6), chalcopyrite (Cep)
around zinc-bearing enargite (Zn-Ena), black for andradite (And): d—oxidized copper ore (SKG-2-18-1-6), energy spectral patterns of zinc-bear-

ing enargite
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Table 2 Statistics of useful metallic elements that can meet the minimum industrial grade in the Sankuanggou deposit
lhac) B AT Fe Cu Zn A\ Co In Bi

1 SKG-1-2 RGBT KA TR A 23.0 7.89

2 SKG-1-3 P SER/RIN R RS 9074 11.60

3 SKG-2-4 IR S GAB R 42 940 678.00 222.0 7.06

4 SKG-2-5 IRGEEAAN 31.6 14 440

5 SKG-2-8 IR SRR A 8098 10.70

6 SKG-3-10 ¢ BT A 59.8 2931 161.0

7 SKG-3-12 o B-TRAAR A 59.9 16 385 173.5 14.25

8 SKG-5-3 B 20.7 29272 8.48 559

9 SKG-5-6 B 20.9 26 534 11.4

10 SKG-5-11 B 57.6 22 842 165 5.75

11 SKG-6-8 WA 22633 21.9

12 SKG-6-9 B 24.5 50924 20.9

13 SKG-6-10 kR 32.3 8017 8.85

14 SKG-7-1 BRI A 19 554 8.84 574
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