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Abstract

The Chagangnuoer iron deposit is one of the large-size iron deposits within the Awulale metallogenic belt,
West Tianshan, Xinjiang. It is hosted in the andesitic volcanic rocks of the Lower Carboniferous Dahalajunshan
Formation. Spatially and temporally, iron orebodies are associated with the well-developed hydrothermal garnet,
actinolite, and epidote. The garnet and epidote are the main minerals in different hydrothermal stages. Both of
them have zoned texture, shown by the color, grain-size, optical characteristics, BSE image, and chemical compo-
sition. There are two generations of garnet, consisting of three different types. The early generation garnet(Grtl
and Grt2) commonly occurs in massive garnet-magnetite rocks, and is characterized by brown-yellow color, rela-
tively smaller size, and obvious core to rim zonation. Grtl shows anomalous optical characteristics under crossed
nicols; the core(Grtl-c)is relatively rich in the grossular( Gros, ;;And,, ,,Spr,) , while the rim(Grtl-r) with oscilla-
tory zoning is richer in andradite (Gro,,,,And,,,,Spr,,). Grt2 is characterized by inverse core to rim zonation.
The core (Grt2-c) s isotropic andradite (And,, ,,,Spr,,). However, the rim (Grt2-r) shows anomalous optical cha-
racteristics under crossed nicols, and is of anisotropic andradite-grossular series( Gro,, ,And,, ,Spr,,) with oscilla-
tory chemical zonation. The late generation garnet, named Grt3, generally occurs as veinlets or cements of the
magnetite breccia. The Grt3 is different from the Grtl and Grt3 by its reddish brown color, lager grain size, and
oscillatory zoning. The end members of garnet are mainly andradite, followed by grossular
(Gro,,.,And,, Spr,). The garnet texture and chemical composition variations indicate that, during the early gar-
net deposition, the fluids were weakly oxidized to oxidized,and intermediate to alkaline. During the process of
the rims formation, the oxygen fugacity and pH values changed regularly, due to the addition of Fe-richer fluids
or related periodic fluctuations of pressure build-up and release. In the late garnet stage, there were weakly oxi-
dized and mildly alkaline fluids in a relatively open system. Three generations of epidote were recognized , named
Epl,Ep2,and Ep3. Epl is typically composed of a core(X,=0.19~0.21)and an overgrowth rim (X;=0.26~0.29),
which mostly shows oscillatory zoning and has highest TiO, content (0.19%~0.26%). Epl has the lowest MnO
content (0.01%~0.18%). Ep2 (X, =0.15~0.20) is heterogeneous and has undergone dissolution-reprecipitation
process. It is characterized by lowest TiO, content (0.02%~0.07%) but highest MnO content (0.42%~1.19%).
Ep3 (X,.=0.28~0.37)is homogeneous and has replaced the Ep2. Its MnO content is 0.12%~0.77%, and TiO, con-
tent is 0.02%~0.10%. The chemical variation from Epl-c to Ep3 indicates that, in the late stage of the iron mine-
ralization, the oxygen fugacity of fluid increased firstly, then reduced, and finally increased again. At the same
time, the fluid composition also changed, from poorness in Ti and Mn to richness in Ti, and then richness in Mn.
Therefore, during the hydrothermal iron mineralization stages in the Chagangnuoer deposit, the physical-chemi-
cal condition evolution was complex. This research indicates that, in addition to the garnet, the epidote can be a
potential tracer for fluid evolution in the hydrothermal ore deposit based on detailed texture and chemical study.
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Fig. 4 Hand specimens and microphotographs of the three types of typical garnets in the Chagangnuoer iron deposit

Hand specimen(a), microphotographs under crossed nicols(b) and BSE image(c) of the Grtl garnet; Hand specimen(d),

microphotographs under crossed nicols(e) and BSE image(f)of the Grt2 garnet; Hand specimen(g),

microphotographs under crossed nicols(h) and BSE image(i)of the Grtl garnet

Act—Actinolite; Mt—Magnetite
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Fig. 5 The end member composition diagram of garnet in the
Chagangnuoer iron deposit
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Table 2 The EPMA results of epidote in the Chagangnuoer iron deposit

g Gl-1 G1-2 G1-3 Gl-4 Gl-5 Gl1-6 G1-7 G1-8 G1-9 Gl1-10 G2-1 G2-2 G2-3 G2-4
Ep3 Ep3 Epl-r Epl-r Epl-r Epl-r Epl-r Ep2 Ep2 Ep3 Ep3 Ep2 Epl-r Epl-r
w(B)/%
SiO, 39.03 38.46 38.34 38.23 38.50 38.54 38.64 37.90 38.04 38.43 38.31 38.48 38.48 38.80
TiO, 0.10 0.08 0.26 0.26 0.21 0.25 0.24 0 0.04 0.03 0.07 0.05 0.29 0.29
ALO, 2295 23.02 22.34 23.16 23.23 23.01 2291 24.76 26.25 21.61 20.46 26.10 22.36 22.93
Cr,0, 0.04 0 0.03 0 0.01 0 0.03 0 0 0 0.04 0.03 0.03 0
FeO 12.58 12.27 12.97 11.28 11.94 11.98 12.22 8.71 6.69 13.76 15.03 8.37 13.03 12.38
MnO 0.14 0.34 0.08 0.01 0.05 0.09 0.06 1.19 0.95 0.18 0.42 0.79 0.11 0.09
MgO 0.03 0.02 0.06 0 0.03 0.01 0.04 0.04 0.04 0 0.05 0 0.03 0.01
CaO 23.43 22.83 23.34 23.52 23.28 23.19 23.49 23.43 23.39 23.30 22.78 23.08 23.28 23.33
Na,O 0 0 0 0.02 0.02 0.01 0 0 0.02 0.02 0.03 0 0.03 0
K,0 0 0 0 0 0 0 0 0 0 0.02 0.02 0 0.03 0
gyl 98.30 97.02 97.42 96.48 97.27 97.08 97.63 96.03 95.42 97.35 97.21 96.90 97.67 97.83
g G2-5 G2-6 G2-7 G2-8 G2-9 G2-10 G3-1 G3-2 G3-3 G3-4 G3-5 G3-6 G3-7 G3-8
Epl-r Epl-c Epl-c Epl-c Epl-r Epl-r Ep3 Ep3 Ep3 Ep2 Ep2 Ep2 Ep2 Ep2
w(B)/%
SiO, 38.40 39.03 38.95 39.23 38.65 38.34 37.43 38.08 37.92 39.20 38.71 38.65 38.53 39.05
TiO, 0.19 0.10 0.12 0.11 0.22 0.23 0.02 0.08 0.02 0.02 0.06 0.03 0.07 0.02
ALO, 22.26 25.71 25.44 26.05 23.09 22.40 20.06 21.16 19.75 25.82 24.35 26.05 25.42 25.61
Cr,0, 0 0 0.01 0 0 0 0 0 0 0.02 0 0.01 0.02 0
FeO 12.65 9.23 9.31 8.81 12.47 13.14 15.29 14.10 16.29 8.53 9.92 8.28 8.66 8.75
MnO 0.14 0.18 0.09 0.05 0.04 0.07 0.12 0.20. 0.77 0.97 0.42 0.79 0.75 0.73
MgO 0.01 0.03 0.01 0 0.02 0.02 0 0.01 0 0 0 0 0.05 0.01
CaO 23.27 23.62 23.95 23.78 23.28 23.46 22.89 22.98 23.01 22.83 23.03 23.84 23.49 23.05
Na,O 0 0 0 0.01 0 0.04 0 0 0 0 0 0 0.02 0.01
K,0 0.01 0.02 0 0.01 0 0.03 0 0.01 0 0 0 0 0 0
ps¥il 96.92 97.91 97.88 98.07 97.77 97.71 95.81 96.61 97.76 97.39 96.49 97.65 97.01 97.23
c)o ULA, Epl-r T 25 L BSE B BARE 2,181 7f, Kl 8a.b).,

TR R L, B3 B AR I p it Pk,
Epl-r K HHRGH454 (K 7b.d). Epl-cw(SiO,)
M 38.95%~39.23% , w ( ALO; ) Hy 25.44%~26.05% ,
w (FeOT) 8.81%~9.31%, w0 (Ca0) 4 23.62%~23.95%,
w(MnO) H9 0.05%~0.18% , w (TiO,) 4 0.10%~0.12%,
w(V,05)40.04%~0.07%(F2) . #%: T Epl-c,Epl-r
P = A w (FeOT) (13.76%~16.29%) w (TiO,)
(0.19%~0.26%) , EAK 1 w(AL,0,) (19.75%~21.61%),
DR AHRE i HAM T 2R e (3R 2, [ 71, 161 8b) SARHAE .
Ep2: 2 ANFLIPKLAR | 5 8% Ep3 40 2% SR E 28
VI AR A & Epl RS B Epl A=K (Kl 7a.c)
THEA-REARE TWEM _HE TWE, 5
SRR S AR R KR, AN R B IRG A (K Ta~e) o
Fr A AR SR A P, Ep2 B & & A w (MnO)
(0.42%~1.19%) , T Hifth EZ LK % 25 Epl-c M
1, 4% w(TiO,) (0.02%~0.07% ) ¥ Ep1-c Ry — 2L (&

Ep3: AR A KRR, 38 5 F1 58 Epl-r . Ep2
DGR, SO F A, SR A Rk S5
A (Kl 7ac.e). BEHRABSZHANYL] - =5 T
o, B B BOR 55 A M, SR 2SR 6
(Bl 7a~e) o B T AHXT 38 w(MnO) (0.12%~0.77%)
FEE w (TiO,) (0.02%~0.10%) LA4b , Ep3 BT X 40
A5 Epl-rBCh AL (32, K 7. g, K 8a.b) .

S AR R AT A 1 T 60 3 B UG R
FeO . ALO; MnO & &AL I P8 5C R |, th L 2
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