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Fig. 1 Regional map of Asmara metallogenic belt and Emba Derho, Debarwa deposits, Eritrea (Modified from Zhao et al, 2012;

Ghebreab et al, 2009)[2, 16]
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Fig. 2 Geological section along exploration line, showing orebody zone at Emba Derho deposit
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Fig. 3 Microphotographs showing characteristics of ores of Emba Derho and Debarwa deposits (Py—Pyrite; Hm—Hematite; Lm—

Limonite; Cc—Chalcocite; Ac—Alpha chalcocite; Cp—Chalcopyrite): (a) Chalcopyrite replacing pyrite along fissures SRK-007-M;
(b) Hematite replacing limonite(goethite), SRK-017-M; (c) Chalcocite and Alpha chalcocite, SRK-023-M; (d) Pyrite is clasfic, and

replaced by chalcopyrite, SRK-036-M
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Fig. 4 Characteristics of fluid inclusions from Emba Derho and Debarwa Cu-Zn deposits: (a) Different V/L ratio fluid inclusions
occurring in light colored sphalerite, SRK0035-M-3, Debarwa; (b) Fluid inclusions occurring in melanocratic sphalerite, RK002-M-2,
Emba Derho; (c¢) Cracked fluid inclusions in vein quartz surrounded by many small inclusions, SRK003-M-1, Emba Derho;

(d) Secondary inclusion groups occurring in vein quartzs associated with sphalerite, SRK0035-M-1, Debarwa deposit
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Fig. 5 Representative Raman spectra of fluid inclusions in sphalerite: (a) Emba Derho Cu-Zn deposit; (b) Debarwa Cu-Zn deposit
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Table 1 Sulfur isotopic compositions of ore sulfides from Emba Derho and Debarwa Cu-Zn deposits

Deposit Sample No. Mineral 3**Sy.cpr/% Average value/% Range/%
SRK-027-M Barite 1.66
Debarwa 1.69 1.66—1.73
SRK-034-M Barite 1.73
SRK-001-M Pyrite 0.48
SRK-002-M Pyrite 0.34
SRK-003-M Pyrite 0.38
Emba Derho 0.35 0.20-0.48
SRK-007-M Pyrite 0.39
SRK-008-M Pyrite 0.34
SRK-010-M Pyrite 0.20
SRK-022-M Pyrite 0.25
SRK-025-M Pyrite 0.11
SRK-027-M Pyrite 0.21
SRK-031-M Pyrite 0.06
Debarwa SRK-034-M Pyrite 0.04 0.13 0.04-0.25
SRK-035-M Pyrite 0.11
SRK-036-M Pyrite 0.11
SRK-038-M Pyrite 0.11
SRK-040-M Pyrite 0.17
SRK-007-M Chalcopyrite 0.31
Emba Derho SRK-008-M Chalcopyrite 0.31 0.23 0.08—0.31
SRK-010-M Chalcopyrite 0.08
Debarwa SRK-040-M Chalcopyrite 0.13
SRK-001-M Sphalerite 0.34
Emba Derho 0.30
SRK-002-M Sphalerite 0.26
Debarwa SRK-035-M Sphalerite 0.09
DEB-VMS Chalcocite 0.01
Debarwa SRK-023-M Chalcocite 0.14 0.09 0.01-0.14
SRK-027-M Chalcocite 0.12
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Fig. 6 Diagrams of sulfur isotope composition in typical Cu-Zn deposits (Py—Pyrite; Cp—Chalcopyrite; Sp—Sphalerite; Cc—
Chalcocite): (a) Sulfur isotopic histograms from Emba Derho deposit; (b) Sulfur isotopic histograms from Debarwa deposit
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Fig. 7 Comparisons of sulfur isotopes in the Debarwa and Emba Derho Cu-Zn deposits (after Ph.D.thesis by LIU Feng, 2009)%:
(Py—Pyrite; Cp—Chalcopyrite; Sp—Sphalerite; Cc—Chalcocite; Brt—Barite)
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Table 2 Lead isotopic characteristic parameters of ore sulfides from Debarwa and Emba Derho Cu-Zn deposits

Sample No.  Testmineral  2“Pb/**Pb  ’Pb/**Pb  2®Pb/**Pb 4 w TWU  Aa AB Ay

SRK-001-M 17.523 15.467 37.137 931 3465 3.60 60.15 12.04 19.06
SRK-002-M 17.810 15.514 37.484 937 3500 3.62 6460 1412 2176
SRK-003-M  Emba Derho 18.476 15.529 37.617 932 3226 335 66.62 1284 5.04
SRK-007-M Pyrite 18.721 15.647 39.111 953 3797 386 7871 2043 43.78
SRK-008-M 18.334 15.558 38.075 939 3506 3.61 6926 1531 23.40
SRK-010-M 17.839 15.485 37.518 930 3473 361 6177 1191 2024
SRK-031-M 17.500 15.540 37.210 947 3579 3.66 6726 1753 2550
SRK-034-M Debarwa 17.496 15.535 37.196 946 3571 365 6678 17.19 2499
SRK-038-M Pyrite 17.461 15.455 36.952 930 3406 3.54 59.04 1147 1537

SRK-040-M 18.101 15.498 37.655 930 34.02 354 63.14 11.84 16.26
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Fig. 8 Diagrams of lead isotope growth curve (a, b) and tectonic environment (c, d) of Debarwa and Emba Derho Cu-Zn deposits

(LC—Low Crust; UC—Upper Crust; OIV—Ocean Island Volcanic; OR—Orogenic Belt): (a) Growth curve diagram of

206p204pph—207p/2%pp Jead isotopic compositions; (b) Growth curve diagram of 2°Pb/2**Pb—2"Pb/***Pb lead isotopic compositions;

(¢) Tectonic environment discrimination diagram of **°Pb/***Pb—2"Pb/***Pb lead isotopic compositions; (d) Tectonic environment

discrimination diagram of 2**Pb/***Pb—2"*Pb/2**Pb lead isotopic compositions
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Chemistry sediments; 5S—Hydrothermal sediments on seafloor;
6—Middle to deep metamorphism; 7—Deep metamorphism
lower crust; 8—Orogenic belt; 9—Upper crust of old shale;
10—Retrogressive metamorphism
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Fig. 10 Lead isotope ratio plot for pyrite samples from Emba Derho, Debarwa, Bisha, Adi Nefas, along with lead growth curves for
Stacey and Kramers (1975) P*laverage terrestrial lead and Doe and Zartman (1979)°*upper crust and average mantle. Also plotted
are fields for Arabian VMS, including Nugqrah, Jabal Sayid, Wadi Shwas, and Kutam and Neoproterozoic massive sulfide deposits

from the Damaran-Lufilian belt (Kawbe and Kipshi, Zambia) and Tsumeb, Namibia
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Sulfur and lead isotope constrains on source of
ore-forming materials in Asmara VMS-type deposits, Eritrea

CHENG Xi-hui"2, XU Jiu-hua" %, WANG Jian-xiong®, CHU Hai-xia*, XIAO Xing" 2, ZHANG Hui"?

(1. School of Civil and Resource Engineering, University of Science and Technology Beijing, Beijing 100083, China;
2. Key Laboratory of High-Efficient Mining and Safety of Metal, Ministry of Education,
University of Science and Technology Beijing, Beijing 100083, China;
3. Wuhan Center of China Geological Survey, Wuhan 430205, China;
4. China University of Geosciences, Beijing 100083, China)

Abstract: Volcanogenic massive sulfide (VMS) deposit is an important type of nonferrous deposit. In Eritrea,
Neoproterozoic volcanogenic massive sulphide deposits and occurrences, to a large extent, distribute in Asmara-Nakfa
Belt (ANB). The most important mineral deposits and occurrences known in Asmara-Nakfa Belt are those of the Emba
Derho and Debarwa VMS deposits. Based on the research related to the Debarwa and Emba Derho deposit’s oreforming
geological conditions, the compositions of S, Pb isotopes as well as the characteristics about fluid inclusions in sphalerite
and ore textures were studied, and the origin of oreforming materials was discussed. The results show that the
transformation and superposition of regional metamorphism for deposits are limited. Ore-bearing fluids are characterized
by medium-high temperature, low salinity. The 6**Scpr values of primary sulfide ore minerals distribute narrowly
(0.01%—0.48%) in Debarwa and Emba Derho deposits, 5**Scpr value of barite in Debarwa deposit is 1.66%—1.73%. The
characteristics of sulfur isotopic composition show that the sulfur in these two deposits is derived from the mantle mixed
seawater. Meanwhile, the Pb isotopic composition of ore sulfides is stable and the ore lead is ordinary common lead with
little U and Th radiogenic lead. According to the tracer analysis regarding the characteristic parameters, lead composition
model and Af—Ay diagram, the conclusion is drawn that the ore lead is typically crustmantle mixed subduction lead.

Key words: sulfur isotope; lead isotope; fluid inclusions; VMS deposit; Eritrea
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