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Geochemical characteristics of the garnets from the Laodonggou gold deposit, Beishan, Inner

Mongolia

Abstract: The Laodonggou gold deposit is a medium-sized gold deposit discovered in the eastern section of the Beishan
metallogenic belt. It resulted from the superposition of multi-phase and multi-stage metallogenesis. Due to its complex
deposit genesis, the deposit has five sections, of which skarn orebodies dominate Section III. Skarn minerals are mainly
garnet, which can be divided into early and late phases, with early garnet having more oscillatory ring bands. We
systematically studied the two types of garnet by detailed microscopic observation and electron microprobe. The core of the
early garnet primarily consists of essonites, and the edge is calcium—iron to calcium—aluminum composition. Andradites
dominate the late garnet. The chemical composition of garnet indicates that the early skarnization stage is under a
moderately acidic and weakly oxidizing—to—weakly reducing hydrothermal environment, while the iron content increases in
the later stage and the oxygen escape increases, resulting in increased alkalinity and oxidation. The garnets in Section I,
originating from hydrothermal metasomatism, belong to the andradite—essonite series. Essonites and andradites prevail in
the early stage, accompanied by copper mineralization. With the late hydrothermal environmental changes, andradites
increase, and pyrite mineralization and arsenopyrite mineralization increase as well, resulting in gold-rich mineralization.
Keywords: garnet; electron probe; skarn; Laodonggou gold deposit; Beishan metallogenic belt
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Fig. 1 Geological sketch of Laodonggou area in the Beishan orogenic belt (modified from Zhang et al., 2021)

(a) Geological sketch of the Beishan orogenic belt; (b) Geological sketch of the Laodonggou area

1—-Quaternary; 2—Chijinbao Formation of the lower Cretaceous; 3—Shuangbaotang Formation of the lower Permian; 4—Dahuoluoshan Formation
of the Qingbaikouan System; 5—Upper member of the Pingtoushan Formation; 6-Lower member of the Pingtoushan Formation; 7-Gudongjing
Group of the Changchengian System; 8—Triassic porphyritic biotite granite; 9—Permian granite; 10—Silurian biotite monzogranite; 11-Ophiolite;

12—Reversed fault; 13—Geological boundary; 14—Angular unconformity; 15-Deposit; 16—Provincial boundary
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Fig.2 Geological sketch of the Laodonggou gold mine (modified from Qian et al., 2018)
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Fig. 3 Geological profile of Exploration Line P12 in Section II of the Laodonggou gold deposit
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Fig. 4 Mineral characteristics of different ores in the Laodonggou gold deposit

(a) Oxidized ore; (b) Primary ore; (c) Skarn belt in Section Ill; (d) Au-grains along the fissures in oxidized ore; (¢) Pyrite replaced by galena ; (f)
Two phases of arsenopyrite; (g) Tractured quartz vein; (h) Chalcopyrite replaced by galena; (i) Quartz—pyrite vein filled along the fissures in
skarn ore; (j) Limonitized arsenopyrite; (k) Arsenopyrite replaced by chalcopyrite; (1) Disseminated pyrite and magnetite developed along the
fractures in skarn ore

Qtz —quartz; Grt —garnet; Ep —epidote; Py —pyrite; Apy —arsenopyrite; Ccp —chalcopyrite; Gn —galena; Mag —magnetite; Au —natural gold;

Lm-limonite
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Fig. 6 Microscopic characteristics of garnet in Section III

(a) Symmetrical extinction of the early garnet (+); (b) Total extinction of the early garnet core(+); (c) Early cataclastic garnet (+); (d) Ring band
development of the early garnet (+); (e) Late garnet filled in the fissures of the early garnet (+); (f) Late garnet filled in early garnet grains (+); (g)
Late garnet and calcite veins filled in the fissures of early garnet (—); (h) Ring band rarelty occurs in late garnet (+); (i) Early cataclastic garnet,
late garnet and calcite veins filled in the fractures; (j—1) Pyrite and chalcopyrite are disseminated and filled in the fissure of early garnet (reflected
light)

Grt [ —early garnet; Grt Il —late garnet; Qtz—quartz; Ep—epidote; Py—pyrite; Ccp—chalcopyrite

e BRMIOMTARTHE) Z, MRS EEIRE ZEE RN (E 6d—o6f), Z B MIE —F H B4
PEZOR, B A B SRR e TR e T A . M (B eg—o6i), UKL — B/, 28 & B, R
AYERKN . AR T A0, BIERZRHAM 0 RSE, BRFTE, IEZO6 T 2R (1A e,
TR — 2, BBCIR RCRFTI T RWIA R T AR 6. 6hy 61) o M AT R T A el A AR R 55 T L0 A AR



68 ¥R 55 54 https://journal.geomech.ac.cn 2023

T, I A WA A R (5 6i) .

W Rl o W Bk i Sk Gk
e, LS gk ik e o8 £, BBk ik Zz . &
BB RIIE N2 W T AR T A, S A R R e IR
T A T A UKL B A FL B A, Bl 5 A IR T B
T 2RBE (& 65—61) o

4 BT HE MM FEA

4.1 MHHRERMKAZ

IR B SR R B T A L B, R
WG T %5 A LDGI1, LDGI2, LDGI3, LDG14,
LDG15. LDG16, Mf 4148 ¥ 41 %5 4 LDG21, LDG22,
LDG23, LDG24, Hff LDG11, LDG12, LDG21, LDG22
R A — {4 F 5 19 AN [ A 8 A, LDG13, LDG14,
LDG23., LDG24 Jy [a] — {4 # &b 19 AS 6] 30 4 4 4
KRR AR AW RE, ARk
AW AR A S o Sl B AT T TR
) 5% 5 5, AE D S b bk BCEL A AR M A BT
A HEAT A i . 3 e i I 7 o

R Z2WAST WFRABFAEFRHIINER (woe)

b J5T 98 A R VG 22 U PO B R SE I S S A,
TR AR A5 O TXA-8230, T 3 i L N
15KV, WHEHLJE A 10 nA, SBE H A2 K 1 pm, I %
Y fd JH ZAF J5 i AT B BT 5L

42 MLER

10 7441 18 A B i i T R A T 4 2R an 3k 1 i
Ro 10 PFRESL Y w(Si0,) 4 34.91%~ 38.72%, w( TiO,)
N 0~0.54%, w(CaO) K 33.31%~36.50%, w(ALO,)
K 0~15.00%, w(FeO)N 8.63%~29.06%, w(MnO)
5 0.08%~0.60%, w(MgO) R 0~0.27%, VL & 45 .
BB R, RIS S AT D L BE . R
YRR B AN [R) o7 5 8K | 48 3% = R AL Bk, IR R L
oW R R OAR OG . AR 32 o0 BT Y o ot 4
5y LLES B 41 (And) . 85 58 88 41 (Gro) g 3, HoAth 3
JU 4L oy B 40 R A7 (Pyr) | B 55 A £1 (Spe) & &
0.05%~1.55%

B W F A w(Sio,) N 34.919%~38.64%,
w(ALOy) K 0~15.00%, w(FeO)F 8.63%~~29.06%,
w(CaO)H 33.31%~36.50%, MK 45K KW, Si0, Fl
CaO 7 it B AL # /N, ALO; Fl FeO % i B LB K, I

Table 1 Electron probe analysis results of garnets in Section III of the Laodonggou gold deposit ( w/% )

LDG 12438 -0 LDG21

e LDG1 13—k 8
Sio, 3826 38.01 36.87 34.97 35.19 35.07 36.54 36.54 37.48
TiO, 030 008 011 0 0.06 0 011 0 0

Al O, 14.13 12.68 759 0 0.03 0.03 6.84 526 3.90
FeO 10.48 12.58 19.04 29.06 28.07 27.98 19.73 21.60 24.00
MnO 055 049 028 019 0.08 037 033 036 0.5l
MgO 0.08 0.03 0.04 0.13 0.16 020 0.09 0.01 0.07
CaO 3595 35.67 35.16 33.74 33.65 33.67 34.49 3490 33.41
Na,O 0.05 0.01 0.07 003 0 0 0 0 0.02

K,0 0 001 0 0 0 0 0 0 0

P12 ST T P 4

Si 299 3.00 3.00 299 3.02 300 301 301 3.08
Al 133 1.21 076 0 0 0 0.69 0.54 0.40
Ti 002 0 0.01 0 0 0 0.01 0 0
Fe’ 0.57 0.67 1.05 1.67 1.63 1.65 1.10 122 1.28
Fe* 0.12 0.16 024 041 038 036 026 027 037
Mn 0.04 0.03 0.02 001 001 003 0.02 0.03 0.04
Mg 001 0 0 0.02 0.02 0.03 001 0 0.01
Ca 3.01 3.02 3.06 309 309 3.09 304 308 294

And 30.42 36.39 59.12 100.00 99.82 99.82 62.32 70.50 77.15
Gro 67.96 62.30 40.00 0 0 0 36.37 2847 21.09
Pyr 032 013 017 0 0.18 0.18 044 0.06 033
Spe 1.30 1.18 0.71 0 0 0 088 097 143

37.53 36.37 37.82 37.08 3522 3491 36.04 3748 38.72 3838 37.70
027 024 0.11 009 0 0 0.15 0.15 0.13 0.11 0.02
840 584 1059 817 0.04 0.11 372 8.03 1459 14.16 10.34

18.08 21.05 15.17 18.53 26.71 27.27 22.62 18.63 1048 1122 1589
030 045 058 031 026 039 034 041 048 053 031
0.07 0.06 0.06 0 0.13 027 0.07 0.11 0.04 0.01 0.01

35.47 34.79 35.61 3520 33.67 33.77 34.40 34.77 36.07 35.78 35.61
0 0 0.02 0.04 002 001 0 001 0 0 0.03
0 0 0 0 0 0 0 0.01  0.01 0 0

3.00 299 3.00 300 305 301 303 302 300 299 3.00
083 059 1.03 081 0 001 039 080 136 133 1.01
0.02 0.01 0.01 001 0 0 0.01 0.01 0.01 001 O
098 1.18 0.83 1.01 161 1.64 132 100 054 058 0.85
023 026 0.18 024 032 033 027 026 013 015 0.21
0.02 0.03 0.04 002 002 0.03 0.02 0.03 003 003 0.02
0.01 0.01 001 0 0.02 0.04 0.01 001 0 0 0
3.04 3.06 3.03 305 312 312 310 3.00 3.00 299 3.04
55.36 67.67 45.53 56.45 99.75 99.32 78.23 56.73 29.01 30.75 46.73
43.57 30.85 52.77 4276 0 0 20.46 41.72 69.72 67.97 52.48
032 028 026 001 025 068 035 048 0.15 004 0.03
075 120 144 078 0 0 096 1.06 113 124 0.76
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Fef S LDG22 LDG13#%HB— i1 &8 LDG14%HB— 1 #8
Sio, 38.11 38.02 3723 3676 3624 3524 3558 3552 3521 3508 3542 37.00 37.07 3537 35.18 3542 3553 36.05 3537
TiO, 0.08 0.04 0 002 0 0 0 0.04 0.09 004 0 024 006 009 0 0 0 020 0
ALO; 1355 11.87 991 668 3.05 006 007 015 012 0 0.02 853 7.3 011 007 017 032 365 0
FeO 1147 1342 1624 20.02 2450 28.18 28.07 27.40 2826 27.46 27.79 17.83 20.36 27.91 2838 27.72 2690 23.81 2847
MnO 049 039 030 035 031 009 022 026 024 016 016 060 041 008 016 028 020 027 025
MgO 005 0 0.02 008 006 006 010 007 009 004 007 011 010 010 005 007 010 0.07 0.02
Ca0 36.02 3536 3554 3475 3395 33.57 33.60 33.54 33.67 33.81 33.72 3433 3472 3350 33.73 33.64 33.74 3393 3331
Na,O 003 0 002 0 0 001 0 0 006 001 0 0 0.03 0.05 001 0 0.01 001  0.01
K,0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 002 0
PL12AN TR0 B S T4
Si 299 302 299 301 303 3.03 304 305 3001 303 304 301 300 303 301 303 305 302 3.03
Al 129 115 097 068 032 001 001 002 001 0 0 0.85 071 0.01 001 002 003 038 0
Ti 0 0 0 0 0 0 0 0 001 0 0 001 0 001 0 0 0 001 0
Fe* 062 072 089 111 138 1.63 1.62 160 163 1.63 162 09 109 161 164 161 159 133  1.63
Fe** 0.13 018 020 026 034 039 039 036 039 035 037 025 029 039 039 037 034 033 041
Mn 0.03 0.03 002 002 002 001 002 002 002 001 001 004 003 001 001 002 001 002 002
Mg 0.01 0 0 0.01 001 001 001 001 001 001 001 001 001 001l 00l 00l 00l 00l 0
Ca 3.03 301 3.06 3.05 305 309 307 308 308 313 310 299 301 308 309 309 310 3.04 3.06
And 33.17 39.18 48.64 6329 82.06 99.60 99.59 99.06 99.28 100.00 99.89 54.08 61.56 99.29 99.56 98.94 98.01 78.72 100.00
Gro 6549 59.84 5053 3543 1677 0 0 0 0 0 0 4389 3693 0 0 0 0.89 2021 0
Pyr 019 0.02 008 035 029 030 041 038 045 0 0.11 048 045 053 023 037 050 032 0
Spe 1.15 096 074 092 087 009 0 056 026 0 0 155 106 018 020 069 060 075 0
FESL S LDG23 LDGI15##B— 178
Sio, 35.19 35.50 35.87 37.75 37.46 37.06 37.71 38.45 37.31 37.95 37.77 36.85
TiO, 0 0.06 0 0.07 0.54 0.15 0 0.34 0.13 0.06 0 0
ALO, 0.12 0.17 0.12 13.09 11.54 8.60 12.13 15.00 9.80 1231 10.87 7.59
FeO 28.06 27.86 28.50 12.29 13.85 17.33 13.50 8.84 15.26 12.79 15.37 19.05
MnO 0.09 0.25 0.19 0.42 0.33 0.20 0.35 0.39 0.28 0.35 0.41 0.34
MgO 0.04 0.03 0.09 0.09 0.13 0.05 0.08 0.17 0.10 0.10 0.08 0.12
Ca0 34.02 33.80 33.66 35.94 35.64 35.08 35.64 36.21 35.38 35.24 35.42 34.78
Na,0 0.01 0.02 0 0.01 0 0.02 0 0.01 0 0.02 0.01 0.02
K,0 0 0 0 0 0 0 0.01 0 0 0 0.01 0
P12 U A B 2
Si 3.01 3.03 3.04 2.98 2.97 3.01 2.99 3.00 3.01 3.02 3.00 3.00
Al 0.01 0.02 0.01 125 1.12 0.86 1.17 1.41 0.97 1.19 1.05 0.76
Ti 0 0 0 0 0.03 0.01 0 0.02 0.01 0 0 0
Fe* 1.64 1.61 1.61 0.67 0.76 0.96 0.73 0.50 0.86 0.68 0.81 1.05
Fe* 0.37 0.38 0.41 0.14 0.16 0.22 0.17 0.08 0.17 0.17 0.21 0.25
Mn 0.01 0.02 0.01 0.03 0.02 0.01 0.02 0.03 0.02 0.02 0.03 0.02
Mg 0.01 0 0.01 0.01 0.02 0.01 0.01 0.02 0.01 0.01 0.01 0.01
Ca 3.12 3.09 3.06 3.04 3.03 3.05 3.03 3.02 3.06 3.00 3.01 3.04
And 99.27 98.94 99.29 35.37 41.18 53.79 39.00 26.61 48.10 37.22 44.48 59.00
Gro 0.25 0.17 0 63.28 57.46 45.49 59.81 71.77 50.74 61.47 54.18 39.57
Pyr 0.22 0.14 0.45 0.35 0.55 0.22 0.35 0.71 0.46 0.45 0.34 0.56
Spe 0.26 0.75 0.26 1.00 0.81 0.50 0.83 0.91 0.70 0.86 1.00 0.88
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gk 1
i LDG16#%#B8—NH LDG24

Sio, 38.46 38.64 38.04 38.15 36.70 37.69 37.17 37.09 35.25 35.14 35.33
TiO, 0.26 0.37 0.23 0.42 0.04 0.21 0 0.53 0 0.07 0.09
ALO, 13.84 13.59 12.73 14.35 7.35 12.41 11.17 10.93 0.32 0.04 0.06
FeO 11.02 11.34 12.21 8.63 19.91 12.54 15.09 14.42 27.93 28.27 27.83
MnO 0.33 0.42 0.51 0.45 0.24 0.56 0.31 0.47 0.21 0.12 0.20
MgO 0.10 0.10 0.10 0.18 0.08 0.10 0.11 0.11 0.06 0.04 0.07
Ca0 35.95 35.90 35.78 36.50 34.83 34.97 35.23 35.28 33.66 33.81 33.76
Na,O 0.01 0.02 0.01 0 0 0.01 0 0.02 0 0 0.02
K,0 0 0.01 0 0 0 0 0.01 0 0 0 0

PL12AN TR0 B S T4

Si 3.00 3.01 3.00 3.00 2.99 3.01 2.98 2.97 3.02 3.01 3.03
Al 1.31 1.28 1.22 1.36 0.74 1.20 1.09 1.07 0.03 0 0.01
Ti 0.02 0.02 0.01 0.02 0 0.01 0 0.03 0 0 0.01
Fe* 0.59 0.60 0.67 0.54 1.08 0.67 0.80 0.80 1.61 1.64 1.62
Fe** 0.13 0.14 0.14 0.03 0.28 0.16 0.21 0.17 0.39 0.39 0.37
Mn 0.02 0.03 0.03 0.03 0.02 0.04 0.02 0.03 0.02 0.01 0.01
Mg 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0 0.01
Ca 3.01 2.99 3.02 3.07 3.04 2.99 3.02 3.03 3.09 3.10 3.10
And 31.52 32.45 36.10 28.74 60.46 36.62 4323 43.54 98.06 99.74 99.60
Gro 67.29 66.15 62.24 69.46 38.58 61.59 55.57 54.82 0.99 0 0
Pyr 0.40 0.41 0.43 0.74 0.34 0.41 0.45 0.48 0.32 0.20 0.35
Spe 0.79 0.99 123 1.07 0.62 1.38 0.75 1.16 0.62 0.06 0.05
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Fig. 7 Diagram of garnet end group in Section III of the Laodonggou gold deposit
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Fig. 8 Schematic diagram of composition change of the ring belt of early garnet in Section III of the Laodonggou gold deposit
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Fig.9 Schematic diagram of composition change of the late garnet in Section III of the Laodonggou gold deposit
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