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Fluid inclusion characteristics and metallogenic mechanism of Makeng skarn
Fe-Mo deposit in Fujian Province
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Abstract

The Makeng Fe-Mo deposit is a large skarn-type magnetite deposit hosted in interlayer fractures between
carbonates of Huanglong Formation(C,/ ) and clastic rocks of Lindi Formation(C;/) at the exo-contact zone of
the Juzhou-Dayang granite. Petrographic and microthermometric studies of fluid inclusions in garnet, diopside,
hornblende, quartz, calcite and fluorite of different ore-forming stages show that the inclusions related to
mineralization include mainly vapor-rich liquid inclusions, liquid-rich liquid inclusions, daughter mineral-bearing
inclusions and CO,-rich inclusions, in which the liquid-rich inclusions are dominant. Gas components of fluid in-
clusions are mostly CO,, H,O, N, and O,, followed by CH,, C,H, and C,Hy, with a small amount of C,H,,
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Cations of liquid components are mainly Na™, K* and Mg®*, followed by Ca?", with a small amount of Li*,
while anions are mainly SO, F~ and Cl~, followed by Br~ and NO; . Homogenization temperatures of these
ore-forming stages are from early to late 460 ~600C , 260~540C and 160 ~400C respectively, whereas salini-
ties are (6~24%, 32~44%), (4~16%, 36~44%) and (0~4% ) , respectively. H, O, C and S isotopic
geochemistry shows that the early ore-forming fluids of the skarn stage were mainly derived from magmatic wa-
ter, whereas the late fluids of the quartz-sulfide stage were mixed with the meteoric water in varying degrees,
and that the carbon and sulfur in the fluids were mainly derived from the mantle or a deep-seated place, with
some contributions made by other factors such as surrounding rocks. Phase separation of magmatic water and
fluid mixing with meteoric water as well as buck boiling might have been the main factors responsible for minera-
lization.

Key words: geochemistry, fluid inclusions, stable isotope, iron (molybdenum) skarn deposit, Makeng,
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Fig. 1 Simplified geological map of the Makeng Fe-Mo deposit { After Zhao et al., 1990)
1—Sandy shale of Lower Permian Jiafu Formation; 2—Shale of Lower Permian Wenbishan Formation; 3—Limestone of Lower Permian Qixia For-
mation to Upper Carboniferous Huanglong Formation; 4—Quartz sandstone of Lower Carboniferous Lindi Formation: 5—Metamorphic sandstone
and siltstone of Ordovician-Silurian: 6—Gabbro-diabase: 7—Juzhou granite; 8 —Skarn: 9—Limonite ore body:; 10—Anticline; 11—Syncline:
12—Normal fault: 13—Thrust fault; 14—Outline of concealed ore body projected on the surface



292 W JZR

i Ji 2013 &

&, 2L [ e A, 8 AR 23 knn? s KVF A4 A7
T X, 2rdtn EAA, HEE A 28 km?, =
HRAHIEAY 1 ks BHUERE 7 THP. MBS
FOU XN AR, iR BB LR AR W oA &,
KA AT 1], B 2 52 30 2R ) FA L P 1) A 4 7 24 4

SHUERIT IR 1 A4 b — KRB R AR LB IR T 1,
FEFE M- RV R A R A iy o R e o e A
(GG B EREARNIKE . A KA
T A R AR (Cy 1) A FERb R b 25 i IR i
b Z AN JE T AL S R A T o AR 1 5 2k
Al e A — 5, B ACZR Al W el JL P, 0 25— 45°, 78
b7 J2 7 B (9 1S K. R 3000 my FEVR 100~
1200 m, /& 10~ 100 m, 0%} % 80~ 600 m A5,
Al BT PO IR o 7E 17 AR i 0 it A i, — MR R K
FRCE 2).

JE AR R A0 DAIE A RERR A A T LR

ZK6512
> "_9

ARG AN, RP Al T AMsy v AL
Lo AT B R LA, A SRR A B A e
TR TR A IE B O ECEPUIR AR, IR
NELUR AR P ICIRSE . B A S WA R R
ik NS BREE  . AE  EEHEBRET, IR
NBBRN HESRRT BT, IR LGB R A
THAARNE,

SHBRGDE M EE M+ A, B E
BEHENAERAN TR S A K ETBRERA
Ko WRAEZH XgBEIEK MRS, USHR54
T AT AW R A GEEOY RS, SR
WRREY), A LSRR 5, 5555 HE N
5, B BT RBUCE T B E A
KE BRI Ja AR AR, F B e Y
Wia L, HPHREZNASZANAL. & A
B m B AL 5

ZK6511 ""’4 132°
LD rd |

R\-2- iy -7 SK I

Y

~TFl4 i

2 SHBRGEDETIK 61 L
1I—FToBRETFAAPRIE: 2— F_SRXBLHATSE: 3—ELARFELA T -SEMEHAKRSE: 4— FTARTHBAHA RS
SHEGE: 6 WA 70k 8 FEKEA: oW 10—l
Fig. 2 Geological section along No. 61 exploration line of the Makeng Fe-Mo deposit

1—Sandy shale of Lower Permian Tongziyan Formation; 2—Shale of Lower Permian Wenbishan Formation; 3—Limestone of Lower Permian

Qixia Formation to Upper Carboniferous Huanglong Formation: 4—Quartz sandstone of Lower Carboniferous Lindi Formation: 5—Diabase:

6—Skarn; 7—Ore body: 8 —Granite; 9—Fault; 10—Drill hole
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Table 2. Gas chromatographic analyses of fluid inclusions from the Makeng Fe deposit
wB pgg
CH, GH+GH, GH, o, H,0 0, N,
MK-17 300 187 2 1.231 0.301 122.133  495.579 96.937 431.185
MK-3 390-3Y 2 0.096 0.035 58.957 98.522 10.096 44.009
MK-30 420 87 3 0.196 0.167 107.642  278.644 9.028 43.89
MK-20-2 300 197 3 0.16 1.575 - 117.488 74.488 343.928
%
CH, GH+GH; GHg CO, H,O O, N,
MK-17 300 187 2 0.157 0.011 5.688 56.386 6.209 31.548
MK-3 390-3Y 2 0.069 0.007 15.395 62.849 3.626 18.053
MK-30 420 8* 3 0.062 0.016 12.367 78.207 1.427 7.922
MK-20-2 300 197 3 0.047 0.138 - 30.813 10.998 58.004
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Table 3 Ion chromatographic analyses of fluid inclusions from the Makeng Fe deposit
w B opgg
Li* Na* Mgt Ca?t F~ Cl- Br~ NO;  SOi~
MK-17 300 187 2 0 6.23 3.975 - - 5.685 17.017 0.162 1.347 109.163
MK-3 390-3Y 2 0 2.362  0.638 2.523 76.231 1.477 2.546 0 0.508 93.685
MK-30 420 87 3 0 4.411  1.755 2.107 16.213 24.176 3.683 0 0.119 1.14
MK-20-2 300 197 3 0.128 3.413 1.106 - 5.477 2.145 0.169 0.87 -
4 1000 Ina =1.22X
Table 4 Sulfur isotope analyses of ores and wall rocks 10°T°2 — 3. 70 Bottinga et al. 1975 1000
from the Makeng Fe deposit Ina =2.88X%10°T"2—11.36 Zheng 1993
S %o 1000 Ina =3.38 X 10°T "% — 3. 40 Clayton
MK24 26 1972 1000 Ina “2.78X10°T 2-3.40 O
MK76 6.7 )
MK25 3.0 Neil et al. 1969
MK77 5.2
MK8 3.2 8I)H (0) - 47%0 - - 84%0
MKGS8 3.6 . 1
VK0 i — 74%o 1 Di0
- 53%0 2 8DH7(7)
5 = 84%0~ —92.9%o —57.3%o
Table 5 Carbon and oxygen isotopic composition of 1983 3 Do —47%0
calcites from the Makeng Fe deposit ~ —66%0

BISC\/,H)B Y60 SISOv_SM(yW Yoo

MKOL  390-3Y 1.9 5.4
MKO5 300 27 1 6.8
MK13 300 177 -4.6 4.6
MK20-2 300 197 o7 15
MK36-2 420 0.8 7.1
MK42 420 -0.8 10.1
MK102 300 215% =0.3 6.7
MKI12 424 2.6 11.6
4.3
2000
Finningan MAT251
EM
SMOW + 2%o0
+0.2%0
6
6

0.5%0~2.2%o0
4.3%0"“8.8%0
—5.45%0 ~6.17%o

—0.1%0 800 6.17%
800~ 2.25%
SOH)_() - 137%0"’ - 545%0 5
50 0.5%0~2.2%0
5
5.1
CO, H,O Ny O CHy GHy GHe
GH, Na" K*  Mg*
Ca®* Li* SO;” F



300 2013
6
Table 6 Oxygen and hydrogen isotopic data of the Makeng Fe deposit
o0 %00 80“2() %o 8[)“2() Y60 t °C
MKI11 300 177 8.3 2.25 -84 325
MK31 420 87 6.9 -1.37 — 60 265
MK68 8.8 —-1.93 -55 216
MK48 330 7% 6.7 -5.45 —47 193
MK40 420 4.3 6.17 -53 544
MKO02 390-3Y 2.2
MKO06 300 2% 1.4
MK36 420 1.3
MKI116 242 0.5
MK118 360 147 1.3
DY06 2.1
t C
Cl™ Br™ NO5 Meinet et al. 2005 2010
Ca?* la b
1 CaCl, 420~ 300C w NaCly,
K* 8% ~16% 1982 42
405~220C
S;2- NOj 345 ~ 370C 420 ~
_ 300C
6 123 0.83~0.93 ¢
cm?® 2
1 b Il a 300 ~
4~20 pm 400°C w NaClg, 4% ~ 8%
I II MMa 1Ib
3A 460600 C
w NaCly, 6% ~ 24% 320 ~ b 160 ~
44% 300C 0~4%
CcO, 0.42~0.8 g em’
1982
500~ 7607 830 C C0O;
lla b Il
260~540 C 2 500C
380C 1990 2008 2008
4% ~16% 36% — 44 % 2010 Pons et al. 2009
0.5~0.87 g em’ Wilkinson 2010 Xue et al. 2007
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