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Fluid exsolution, evolution for the ore-controlling in Diyanqin’amu porphyry
Mo deposit, Inner Mongolia
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Abstract: The Diyangin’amu Mo deposit is located in Dong Ujimqin Banner, Inner Mongolia. The barely exposed
intrusive rocks in this deposit are mainly composed of fine-grained syenite and mafic dikes. The Mo mineralization
predominantly occurs in Jurassic volcanic rocks with minor in fine-grained syenite veins, mainly including veinlet,
vein and disseminated mineralization types. Ore-bearing quartz-potassium feldspar-fluorite miarolitic cavities or hydro-
thermal veins with these minerals in the center are identified in the fine-grained syenite, which are direct evidence
for exsolution of magmatic fluids. In this study, based on detailed petrographic observation, we conducted cathodolu-

minescence imaging for main minerals in the quartz-potassium feldspar-fluorite miarolitic cavities, microthermometry
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for fluid inclusions in quartz and fluorite, and compositional analysis for fluid inclusions using SEM/EDS, LRM and
LA-ICP-MS. On the basis of above analyses we discussed the process of fluid exsolution, features of initial ore-
forming fluids and precipitation mechanism of ore minerals. Our results show that the Mo mineralization was geneti-
cally related to the magmatic fluids derived from fluid exsolution of the fine-grained syenite. Enriched fluorine and
other volatiles decreased the solidus and viscosity of the ore-related magma, which enabled rapid upwelling of this
melt to the shallow upper crust via faults. Rapid decompression during ascent was probably the major mechanism for
fluid exsolution of magma. The initial magmatic fluids were F- and CO,-riched fluids with medium-high temperature
(227~457%C) and medium-low salinity [0.3% ~8.6%, w(NaCl,)]. The initial magmatic fluids separated into a
CO,-riched gas phase with low salinity and a liquid phase with high salinity owing to boiling caused by rapid decom-
pression. Therefore, the escape of CO, caused by boiling was probably the main reason for molybdenite precipitation.
Key words: Diyanqin’amu; fluid inclusion; LA-ICP-MS; porphyry Mo deposit; fluid exsolution
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Simplified geological map of the Dong Ujimgin Banner, Inner Mongolia ( modified after Zhang Wanyi et al. , 2009)
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1—Neocene; 2—CQuaternary ; 3—Cretaceous ; 4—Jurassic; 5—Permian; 6—Carboniferous; 7—Devonian; 8—Silurian; 9—Ordovician;

10—Yanshanian granite; 11—Hercynian granite; 12—quartz porphyry; 13—basalt; 14—fault; 15—Cu deposit; 16—Fe deposit; 17—W deposit;

18—Ag-Pb-Zn deposit; 19—Mo deposit; 20—National boundary line; F;—Erlian-Hegenshan fault-zone; F,—Dong Ujimqin Banner Yihebashaer
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Fig. 2 Simplified bedrock geological map of the Diyangin’amu
Mo deposit ( modified after Leng et al. , 2015)
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Fig. 3 Hand specimen and micrography photos of intrusive rocks in Diyanqin’amu Mo deposit
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a—fine-grained syenite sample; b—micrography of fine-grained syenite ( crossed-polar light) ; ¢—lamprophyre sample; d—micrography of

lamprophyre ( crossed-polar light) ; Hbl—hornblende; Kfs—K-feldspar; Pl—molybdenite; Qtz—quartz
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Fig. 4 Photos of different Mo mineralization in Diyanqgin’amu deposit
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a—disseminated Mo mineralization in fine-grained syenite; b—vein type Mo mineralization in wall rock ; Mo—molybdenite ; Qtz—quartz
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Fig. 5 Field and micrography photos of different alteration in Diyangin’amu deposit
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a—stockwork-disseminated K-feldspar alteration in volcanic rock ; hb—disseminated K-feldspar alteration and silication in shear deformed volcanic
rock ; c—silication and fluoritization in fine-grained syenite; d—feldspar is altered into sericite in volcanic ( crossed-polar light) ; e—chlorite
in quartz-K-feldspar vein ( plan-polar light) ; f—carbonatation vein in wall rock ( crossed-polar light) ; Cal—calcite; Fl—fluorite; Chl—chlorite;
Kfs—K-feldspar; Qtz—quartz; Ser—sericite
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Fig. 6 Characteristics of veins from different mineralization stages in Diyanqgin’amu deposit
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a—quartz-K-feldspar vein in fine-grained syenite; b—quartz-chlorite-pyrite vein crosscut the quartz-K-feldspar vein, calcite vein crosscut the

quartz-chlorite-pyrite vein; c—quartz-sericite-pyrite vein crosscut quartz vein; d—quartz-chlorite veins cut through by calcite veins
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Fig. 7 Field and microscope photos of quartz-K-feldspar capsule and quartz-K-feldspar-fluorite veins in Diyangin’amu deposit
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a—quartz-K-feldspar vein in volcanic; b—sample of quartz-K-feldspar capsule in fine-grained syenite; c—micrography of quartz-fluorite vein in

fine-grained syenite ( crossed-polar light) ; d—quartz, K-feldspar and fluorite in fine-grained syenite vein with obvious growth bands ( plan-polar

light) ; e, f—molybdenite occurs in quartz-K-feldspar-fluorite vein ( transmission light and reflected light, respectively) ; Cal—calcite; Fl—fluorite;

Kfs—K-feldspar; Mo—molybdenite; Py—pyrite; Qtz—quartz
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Fig. 8 CL images of quartz and fluorite from ore rocks
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a—quartz shows obvious oscillatory zonation in CL image; b—quartz crosscuts the oscillatory zone of fluorite; Fl—fluorite; Qtz—quartz
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Fig. 9 Micrograph of quartz-fluorite-Mo veinlets in fine-grained syenite veins
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a.b—molybdenite develops between quartz grains and cuts through fluorite grains (a plan-polar light; b reflected light) ; Fl—fluorite ;

Mo—molybdenite ; Qtz—quartz
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Fig. 10 Microscopic photographs of fluid inclusions in quartz-K-feldspar-fluorite stage of the Diyangin’amu deposit
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L—A; V—"CH; DI—fidh; D2—#dh; D3—IEEW 709 ; Da—EPIREVI 704

a—ADV type fluid inclusions, containing the daughter minerals of halite, sylvite and sulfide; b—ADV type fluid inclusions containing halite and

needle-like daughter mineral; ¢—ADV + AV type fluid inclusions assemblage in quartz; d—AV1 type fluid inclusions in quartz; e—AV2 type fluid

inclusions in quartz; f—AV1 + AV2 type fluid inclusion assemblage in fluorite; L—liquid phase; V—gas phase; Dl—halite; D2—sylvine;

D3—opaque daughter mineral; D4—needle-like transparent mineral

4.3 FREERGEHERNESTER

AR FEEX AL AP AR RS AT T
SR AT, SRR 1, R EIR, AVI 2K
IR AR 58 38— B R 2R P AE 273 ~457°C,
FHERJG Y — 2 WA ; KAREE-5.5~-0.2CZ
], JHRARAG PR ER B w (NaCl,, )= 0. 4% ~8. 6%
AV2 AR BRI 58 2 X — R B 7 227
~432°C, FHREH— 2, KSR ETE-5.0~

-0.2°CZ, HHEFGWMAKERE R 0.3% ~7. 8%,
ADV A BRI 35— TR RNk B Y4, OB
— IR JEARALTE RN 336 ~446°C , 13 TR AL IR
FEVEIE 378 ~470°C , P+ e AL iR BE TR
RO IARER BE N 45. 1% ~55. 8%, WHRAUEEKRKE
RS R TR R AT R B 5 X —, B
AL EERTE NP AT S T RIS, IR 20N
383~406°C , RIS,
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Table 1 Data of fluid inclusions microthermomete
i VR S tn. ice” C ¥—J 1y, torat” C Lo halite” C w(NaCl,,) /%
AV1 -5.5~-2.6(3) —L 389~457(3) 4.3~8.6
DY(Q1022 FaE 3 AV2 -5.0(1) -V 432(1) 7.8
ADV —D 341~446(9) 378~470(9) 45.1~55.8
. AV1 -4.7~-4.3(2) —L 372~395(2) 1.57~8.6
DYQ1007 138
ADV —D 336~380(6) 383~430(6) 45.5~50.9
s AV1 -3.2~-0.2(3) —L 273~346(3) 0.4~5.3
DYQ1023 el
AV2 -1.5~-0.2(2) —V 227~260(2) 0.3~2.6

VE: 1y o FVKEOREE: 1 o BRI s 1, e 9 T SFEAGIRLEE (LA S0 Hall ot al. | 1988)

4.4 REERERTITER 12a) FMBRAER (B 12b) . A — 55 iz
4.4.1  HARRGEIRAEOLT 2 PR 500°C LA B4 G AL, SEM/EDS 43 B % LR L

At AV RS R R R ROGH 2 0 IR
ST R WoR, AV RS WA LA H,0
RE(E 11a11b) 5 AV2 BAFRSA ST EE N
CO, N, (Bl 11c), A4 &l < AH A 22 4 v id A6 ) 3]
C,H, .C,H (& 11d),

4.4.2 FEEDFTYE SEM/EDS 38T

¥y, © BAS &SI, feikadr s BA
S 1 Fe AT S AOUEEAE, oM EEERT(F 12¢) ; @ 2
B, ZEHAR AL, BEiE T R B Fe Mn il C
g, ATREAERER BRI L, S a T Wit (K
12d . 12¢) ; @ A&, GEEHHT s HA Cu Fe il
S MUEAE, RN (& 12f)

TBACE AR WS R I ADV 26 U M f B2 A rp
IR (E 10a~10c) , WIEBEHMAZEHHIE, &
BP0 )i B — 2 A, It & — 2 R (378
~470°C) AT 154k, SEM/EDS 4347 57w 5k A 2k (&

4.4.3 HAEERES LA-ICP-MS 4347
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Fig. 11 Laser Raman spectruma of fluid inclusions of quartz-K-feldspar capsule from Diyangin’amu Mo deposit
a—AV1 ZEEIERTH H,0 L% b—AVI Z5RBATHAH H,0 BO6IHE; o—AV2 AT CO, FIN, ML, d—AV2 2k
N, .C,Hg Fl C,H, [t
a—spectra of H,0 (gas phase) in type AVI inclusions; b—spectra of H,0 (liquid phase) in type AV inclusions; c—spectra of CO, and N,
in type AV2 inclusions; d—spectra of N, .C,Hy and C,H, in type AV2 inclusions
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Fig. 12 BSE images and X-ray energy spectruma of daughter minerals in fluid inclusions from quartz-K-feldspar capsule

a— L A T O MR AAE RS

SEGRARENE ;

b—U AR A T O T B ERRIRE RS ; c— WM B B T 4

d. e [ IR ILAE MR (d) Ak (e) FEHAT (1) TH W0 B E R FIBE

a—BSE image and X-ray energy spectra of halite in fluid inclusion; b—BSE image and X-ray energy spectra of sylvite in fluid inclusion; ¢c—BSE

image and X-ray energy spectra of pyrite in fluid inclusion; d,e,f—BSE image and X-ray energy spectra of paragenetic Fe-Mn carbonate(d) ,

halite(e) and chalcopyrite(f) in fluid inclusion
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Fig. 13 LA-ICP-MS spectrum of a high salinity fluid inclusion hosted by quartz-K-feldspar vein
a— AR T E AR Na ALSI K ClICH; b— A AT E AL Cu Pb Zn Sh TR c—WiHEAIEAT &4 La,Ce Sn Ba,
SrTE; d—R R APEE W Mo Ag As TTHE
a—enriched in Na, Al, Si, K, Cl in fluid inclusion; b—enriched in Cu, Pb, Zn, Sb in fluid inclusion; c—enriched in La, Ce, Sn, Ba and Sr
in fluid inclusion; d—enriched in W, Mo, Ag, As in fluid inclusion

HEMIE W5 6 2% A G 19 42 J& 47 K ( Shinohara,
1994 ; Kamenetsky et al. , 1999) , il E 4% Fil A8 [X.
RANEREE, AL Z KRR L 1 240kE T A A A
RHUEREA , HMKA- B, A B nT 0L 5 fOR BE ) i kr
IERA K, RS EA MR AR IE . BT ADESR
T, BT F.CO, H,0 MIFFETE ] LA RLFE AL 2%
(A28 B R AR 2R TR, & /K A B 1k R 0 1k 1 iR
FEA] LUK F] 350°C ( Huang et al. , 2009) , 1%k 2 F
R AR S il B2 T LA A R T 2 4R 2, JF
T B T A R B I AR T s
R K (Ackerson et al. , 2018) , AREEE ML AF]

TERK TR AR . A 2K i A S ¥ 3 1
BT FET ER AR AR, Ak E KA
P25 4 S G v (8 A 0 = B o R A P fR AT I,
I ARGHAT A 18 B Do T 1 T e R A s )
B, AU R A JE R T A T S 9 A - K
A B0 LRI A Hp it A R A 0 R 3 A R 1 8 A
Tai R R, HI— R AN (<457°C) , Xl
SR aE w2 L o (40 F.Co, H,0) A X,
A B A B A rh o e IR A, A S AR
PR kI B EFBRIREE 0 ), XS RIS
E F A Co, K,
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YR T A VRAH A A AR O R R A R
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IKHHEL, CO, TR 3 rp 0 5 fift B 32 1 7 B4 3% i B 48
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TR E CO,, XAl LM A i R RS
PR CO, fHENESE, Adh iRk EEkas
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Fe Cu.Sr.Ba.Ce La i/~ T B W Agig, KB H 7%
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B RGP AR TR b AR & B n R it
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() PR AN 38 255 3 2 5 W) 4 T LT A P ) B B PR R
(TRAELAE, 20015 FRM4HESE, 2012) , X Mo 7EIAAR
T IERSIE SRS AL AT AT T R 5T,
EARAEEARTFIIIAR . A 2EE NN, BEA ST 1A
WA 5k NaCl-H,0 (+CO,) K F&, W] &/ &
KCl,S0, H,S .CH, \HF %, W ik 22 5
oK, I RE SR A K AUKIFIAA Mo T &
LD CU BB T8 (Heinrich, 2005) 5 {H4
A2FHINH Mo HATERRMEFM AR CUIE L%
B, ARYE Lewis BRILFEIS, Mo™ NAEER, 7EHMAH
Al SR HLECAR (40 HCO, A COY ) TE 4 & Wittt
F£(Robb, 2005) , X 7 5 v iy 5 B 3 400 2 14 11y
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TR AR K ) AR TR AR 2 R =, 3R
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HE

(2) BPREAL ih AR B 4 20 BRI 4R 0 S A4 25 A
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HA PR (~457C) PMRERE V& F A3 COo, 1Y
FEAE, AR & &% Mo Pb.Zn Fe Cu,Sr.Ba,
REEs % Z i 0% .
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