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Abstract

Located in the middle of the Qinling Mountains, the Zhashui-Shanyang ore concentration area possesses
various kinds of mineral resources and obvious tectono-magmatism. Ore-forming conditions for porphyry-sharn
type copper deposits are favorable. Especially in Lengshuigou area, magmatic activity occurred frequently. The
granite porphyry of Yanshanian period was closely associated with mineralization. There are porphyry Cu, Mo
(in Dongzigou and Kongqueya), skarn Cu (in Shuanglongzhai and Yingdongya) and structural altered rock-host
Au, Ag(in Nangou and Xujiawan) from center to periphery of the porphyry granite, which constitute a com-
plete porphyry metallogenic system. Potassic, quartz-sericite alteration and skarnization are most closely related
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to mineralization. According to penetrating relationships of veins, metallogenic periods can be divided into four
stages. Cu and Mo occurred at the early and middle hydrothermal stage. The geochemistry of porphyry granite
shows high-K cale-alkaline and I type or I A transitional type and its tectonic setting belongs to a local
stretching environment after the intracontinental collision in Yanshanian period. Based on composite ore-forming
characteristics, fluid inclusions, metallogenic physicochemical conditions and metallogenic mechanism, the
authors established a tentative model for the Lengshuigou Cu, Mo deposit and summarized the indicators for
prospecting. The further work should be focused on studying tectonic-magmatic-hydrothermal metallogenic

activity and strengthening the control of rock body and deep orebody.
Key words: geochemistry, Zhashan ore concentration area, Lengshuigou area, porphyry, copper and

molybdenum ore deposit, metallogenic mechanism
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Fig. 1 Geological and mineral resources map of the Zhashui-Shangyan ore concentration area
(modified after Zhang et al. » 2012)

1—Paleogene and Neogene residual and slopewssh materielss 2-—Lower Carboniferous Eryuhe Formation limestones 3—Lower Carboniferous Yuan-
Jingou Formation sandstone snd limestone; 4—Upper Devonian Gudacling Formation limestoney 5—Upper Devonian Jiuliping Formetion limestones
6—Upper Devonian Tangyusi Formation sandatone; 7—Upper Devonian Xinghongpu Formetion phyllite end limestone; 8—Middle Devonian Qling-
shiya Formation limestone: 9—Middle Devonisn Chigou Fattnation sendstone and siltstone; 10—Middle Devonian Niverchuan Formation sandstones
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11—Amphibolite; 12—Gabbro: 13— Dioritic porphytites 14—Quartz diorite; 15— Granite: 16—Monzonite grenite; 17—Gianite porphyrty:
18— Stratigraphic boundary: 19—Fault: 20—Deposit and ore spot; 21— Working ares
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Fig. 2 Geological sketch map of Lengshuigou areaCmodified after No. 713 Geological Party, Northwest Mining
and Geological Exploration Buresu for Nonferrous Metals, 2011)
1—(miemnary slope material: 2—Upper Devonian Yunzhen Formation phyllite and siltstone: 3—Upper Devonian Gudaaling Formation limestone:
4—Middle Devonisn Longdonggou Formaticn marble and phyllite: 5—Amphibolite; §—Altered emphibdlite: 7—Granite porphyty: 8—Granodio-
rite parphyry: 9—Mediim-coarse biotite granite: 10— Medium-coarse granite: 11—Mbyite: 12—Quartz diarite: 13— Breccia: 14—Homstone
15—Skarn: 16—Mixed marble: 17—Fructure zone: 18—Copper orebody; 19—Gold orebody: 20— Fault: 21—Positon of the section
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Fig. 3 Integrated profile of the Lengshuigou Cu, Mo, Au depositCmodified after No. 713’ Geological Party, Northwest
Mining and Geological Exploration Burean for Nonferrous Metalss 20112
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g— 1. Characteristics of ore
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Fig. 5 Characteristics of alterations and veins in the Lengshuigou Cu, Mo ore district

a. Quartz vein eutting chlorite in chloritized smphibelite; b, Quartz cutting potassic slteration; ¢, Quartz cutting pyrite veiny d. Quartz cutting
quartz-sulfide veins; e. Pyrite cutting quartz vein: f. Quartz cutting chlorite in epidotized skarn; g. Potassic alteration and quartz-sulfide veins of

grznite: h. Cuartz cutting chalcopyrite vein of quartz diorite; i. Calcite cutting early quartzs pyrite and chlorite veins

Py—Pyrite: Cep—Chaleopyriter Citz—Quartzs Kfs—K-feldspar; Cht—Chlorites Epi—Epidotization: Cal—Calcite
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Fig. 6 Mineral-forming sequence in the Lengshuigou Cu-Mo-Au deposit
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LZ(2006b)FFR B, K. BB R(<3 )P B E
BLAREKE—BT 3%, TT-SBAREF KM%
MaABEEREME<S ). #KREBRERR
ERERA 1 k. WX KB HRF R E
FRFAEERY . ARERNRESHNNEE
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Table 2 Major and trace element compositions of granfie bodies in Lengshnigon
H#HRMA FERF ERH
e franain ks GEREE s A WieE  EREH 0 ks By ERBEE
011 015 026 BO11 B015 1026 b011 b015 026
w(B)/ % w(B)/108 w(B}/1075
80, 64.93 62.18 73.85 Co 9.39 5.00 3.08 w 2.36 B.65 2.59
TiO, 0.52 0.27 0.29 Ni 14.70 7.49 13.30 As 0.94 0.62 1.40
ALy 15.44 16.84 13.15 Cu 113.00 804.00  261.00 v 87.70 31.40 26.30
Fe,0Os 0.95 1.10 0.56 Zn 39.50 21.00 19.20 Y 13.00 35.30 5.97
Fe 2.89 .1 1.67 Ga 21.30 23.50 14.60 La 30.80 115.00 45.50
MO 0.05 0.03 0.02 Rb 69.90 40.90 77.30 Ce 37.90 204.00 71.50
MO 1.66 0.74 0.95 Sc 859.00 169.00 118.00 Pr 7.05 22.20 7.05
Ca0 3.17 2.11 0.51 Mo 0.67 3.05 5.69 Nd 26.80 77.30 23.00
Na,0O 4,48 6.28 3.52 Cd 0.06 0.08 0.22 Sm 4.32 11.80 2.9
K0 3.63 3.56 5.39 Cs 1.1 1.08 1.38 Eu 1.35 2.3 1.18
P05 0.28 0.11 0.08 Ba 1321.00 1339.00 1292.00 Gd 3.76 9.87 2.42
LOL 0.56 1.13 -0.10 T 0.35 0.30 0.47 Th 0.48 1.38 0.27
B 98.56 97.46 99.89 Pb 11.10 18.80 11.10 Dy 2.63 7.60 1.41
A/CNK 0.90 0.93 1.05 B 1.16 0.40 0.06 Ho 0.49 1.46 0.26
A/NK 1.37 1.19 1.13 Th 5.69 10.60 6.69 Er 1.51 4.50 0.72
K0/ NeyD 0.81 0.57 1.53 u 1.71 2.49 0.44 Tm 0.20 0.63 0.10
[ 3.00 3.03 2.57 Nb 7.76 122,00 7.72 Yb 1.41 4.51 0.68
w(B)/1076 Ta 0.56 5.14 0.38 Lu 0.20 0.77 0.12
Sc 7.92 4.35 3.68 Zr 136.00 803.00 14200 2REE 138.90 463.41 158.12
Li 5.07 11.00 7.07 Hf 4.33 18.50 4.41 dEu 1.00 0.66 1.32
Be 1.80 2.24 0.86 Sn 1.7 1.53 0.88
Cr 16.60 9.98 15.40 b 0.14 0.23 0.37

o BN 1. A/CNK = ALOy/(CaD+ NagO+ KO 1= {NayQ+ K002/ (8i0; — 43) 8Eu= w(Euwy/({1/2 ) w(8mdy + w(Gd)y))«
BENF A AR MM LRI RO b011 K AFTH: v015 K H Zk1501: 1026 K HFL A,

F - AEM AW 2 km, EETREFT L HFES
R, W RS AL EAS S S RT KR
TRESHR.SR. SR BV NAERH GERH%,
2011). R EEHS£MHE, 2FR, CHEHAR
FERAICERAL, BRERRANARNIBAL. Mot K
R RS 5 RBEAX R A, $ L R
RERKERET S&RWAY.

MR BN A MNET KR +40F
F , 485 50 R B 1 R R 0 30 PR S 4% 8 B B ( Richards,
2003> B ARt A BE AE L B A2 B (James et al. » 1999).
Bkt R IR R R, X — R AT
BRI AT R, 2006) . WKW R IE B B T
BTREE)S W R B, s Pl
RAE e ARG AR, R —RFI Bk
Y35 o B O, 0 P A 3B L S8 ) i A L (R %%
B, X R R s T EYFIAA R ARG
B, 2000, HFHE —e B iR mE. AR
B B0 2 B R AR AR YL, MNTO S IR KB S R 36, 5
BWAEMR THRERS A EMBRERS. HHE
FEF2 ISR AR T, R A PR A B, 5 SR S T 5 7 )

LTEBRBAEE, BT LB AS B PERE /N
E, BB EFLE 135~152 Ma. ¥WKIWHE,
BHEARGENRRAEESTH LR, BRI E &, 5
KEEMBFREYFEL. i, B RE
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RUETHEREM. 3B Yan FQOIDIFIR A,
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SHEBUT R, 70 RA SRR TR .
3.3 BEHERX

SERYT XKRAEYRET KR RS
FRIE, B LA KA B R A EEEST KR
RE(E ). ERFNKEEEARFRN, LA YD
R RSP REARKIR . BERGT . g1 IR
AL, EWE T TR RS KA R E PR
BT A IR R B M &AL 40 Bk iR 4R
Lotk B A, HOE R B S A R E S B



oK

.S | 2014 5

X5

v
i AT

R 34 B AR

CRE A

" ﬂ|lT¥'§&J‘f‘l{-‘k|_ |
" g =TT iR +
. St =
' e
e,
£+ 4
PR
+ + +
b
[ S #1 [Ty . + + +
E (UIEY: SER BN T % i
<5 e + b+ + + +
| sy [ ] M + + o+ + o+
s P b0k ok S
-w TR I Ul A R
A+
1% e 0 1600 m
NHEE TS e

: v
v Tl AL b

B8 WhkHBEEA W EEHFHET KR HERRE
Fig. 8 Diagram of a tentative model for genesis of the porphyry-skamn type Cus Mo- Au deposit in Lengshuigon area

HRERENY FERET L, EEEFTE. W
AW, R, CAHRFAR: FEst, w8
FE— B RFHENELSRERY L, TELSHE
HEmBEH D AR E0E ST RRRE
A= A A ) S R IR BE R B K IR e
HE|, XML aF i S AR . BEM
TRRY TRHERLZE S F RSB 5, R
EHALT SRR E RERFIXEE.ZERZ
HFH#EE, WA E4CRERESEE RERR
VHrR.
3.4 BAWHRE

(D ERMARAEX BT LETHERE
B AAORMET R RRt T, CEEBNRT
B, HIL, /Y THARBESERA KT, WE&P
LA ALEL S , Sl NI AT , w7 T A
SRR 3 Uked pli

(2) WERARMAAFIFI WFRBE, 3

RWECHAL. KARMRER S M5 eH LA
e, TR NE 1R NW [ 83 9 (LB s,
R{BF WEREGE, AR, S E 8 Ao Ag ZHEH
At il B, LR P 4 B R AL AL.

Q) ARMERARVE, TRERE H AL
WK, BRAE B Aus Ag T 1L, 3 5 3R B D)
F,CuMo 5 FEU ERGH. . BEBHEXRE
VI, A RE ST CEERIEL, S RERHRIL
AR B A, B L BL R BT -

(4) AR BB AR - LR 2 W R
FRERI G, SAHERT EX, (REB e
(.
2 %

(D RAXAHEHET HRACERAHU.BF
BT HEE A 2, JETE 4O DA B E L,

4



B3 B4

FRHE: BRFIHEK- LR SR KA T KRGO B R LA SR 845

AR R AT i, RS EAWEHEL NS
Wk, MR T — AN BRI BLA AT hR.

(2) ¥k A5 B A WA, RARFKN
2RI Ay, (HXTRREEA B, 8BS 4k [ 5, thdE
KUK AU —BRENWFEN. AL,
R84y R A A B WL E B i BLAE R R
M. BEBRTREGENSE, XNBERT EF
FE.

(3) BKRBEAKRERE. EHA MBI AIRT
—AZNEB MRS ERS], ARRR A%
i, ERAK BT HEERL. RERFBETR
Fo L B A S G Py AR B IR T R T B R R A R ER
B, IRERT VG ARLT A KRS P REH
FET R R, BT R &, MR ENE
AR BBRT R, R A A PR
5.

F W ENSTAAES BT G
AR 713 BAER. KO HRE R TR AZEF
Hinbh: RXEBTREKRAEELTERNE
OFER: PIAL WA AR S0 H TR R A TR
S 781 1R AAT T8 DAL O e !

%3 W/ References

B OB EREE BREW.E W BEN. 2014, BELE-
FEAKT MK 150~ 140 Ma 8- #5288 CoMoFe( AT HRER"
fEFEBRLT], HTER, 30(2): 415-436,

B .0 BRISE REY.EREE ¥ SEEE B
2014b, BB - MR SRR A AT SR M E R
RS A HIERL)]. HBEEH, 88(1): 108-133,

BReR g, TRIEHE, PAEEIR. 1995, ¥k Z & BBV AV HA%
Ry FElrl PEATEEEEH], 502 15,

BAT R, 2006, BT R B ELRRY #A01]. TEHBE. 33
(6): 1181-1196.

T, WA, T, THE. 0.4 % 2014, BRFGETRM
FEAKERREPHSY RERT R HO S FAREED] &
RSEE, 451

FHEE. HME, 2001, HELFEEL=SHERMKTRET &
R R ERG RETRAALT], KBS SR
#,25(1): 27-35.

SRE KRB BT, F B8 B 2009. RSN, WHF
VKBS U-PhFR 1 ARG ERTERRX)].
HEFH,25(2): 248-264.

e, H 8% EFl A2, BE F. 2014, BRI HREER
W2 Ti-Fe W PRET Wi H MFILT]. 2050, 3002): 437-450.

EHGE, a2, FokE, R, RS 2003, MIANE . TEAED
M—HTREEST S LIRS B H A0
T ERHER, 21(1): 1-12,

B, HEY. 2000, P EXRFERE T K. BRMBGE. 2
FIHWEHEART MEEB[)]. HFEEHR, 83012): 1779-1812.

PSR, S, B, &, 1988, b SR EURE SRR
BEIM]. B BN, 442.489.

HAEE. 1994, REMOEEY ENK RERRIEEEXT]. ¥
FEHBBR, 13(3): 221-230,

F  BOBRATR. R OB, BKR. Bh. T OB REH. 2007. R
HMPLEAT FVAENEART RETRIT]. AFNE. 14
(5): 186-198.

kM, BRI W98, WO FURE, 2005, BT KT AR,
B HHRRIAIRSN TR T 7 AU, 24032, 292304,

XM, 2011, BREGHEAR DM RS AR MREE R RER
IR LRIOD]. W £L8, 8. b5 PRBEA
PEke. 2536,

RFfA4E, R d, 0, R E 2. IR, 2005, BWEILIFFE&H
AEMRARAT] HBEFMR, 79(2): 165-173.

FRLEER, 2000, PRKEAERT HRAR HEET RN
¥R T, UEHLR, 19(4): 289-296.

BRO A EREAERF H.OE%A A& K.
2000, FEei A fUHM R £ &R RBHELA K # Wi
[1]. bpRiE#HR, 281): 72-79.

HeSrht, ARE, 4%, .8 . 2006, BMHEERER-SF
IR T BLAVE 4R SHRIMP 7 U-Pb MI<E R H R &
MIT). HERIF. 52(6): 826-835.

£ 5, E5EE, T, HICH, JEER. 2009, R K- WHT
Bieay SR RBATFIE T, MRS, 83(11): 1730-1738.

R, TR, R, EhA, IER, EXXK. 2004, BEAHT
EEREREN] SR, 2002): 229-238.

TSR, BRI, 00 W, SRV &, FORAE, PR, 2006a. ¥, At
R RALLIA A SRR 1T, M SRIEE. 42(1): L6,

PUSEE, WA RO ER R, ER4, EXK. 2006b. BE R
PR EHT AT, 7 PRHLR, 25(4): 491-500.

EWE, E9E. £ H.HEFMEBRLE ¥ 2008 WK LE
EE&RY ME R KERRY B A 2HT]. HEEE, 35(6):
1291-1298,

EREE, ERE, RER, &, 2012, FEHRER EEFREH
HEMET SERERAMAIMI. Jbxt: BURHRHE. 1-262.
EERE. 2013, R R-FERMRE S BB MR SRR 9T

(FLieID]. B Tl L. P EMERNER. 1-141.

E2x"E.FRE.H B E T.EER.BEE BZRE. 2014, %

B B - B B 0L 3 e R M HER AL SRRRE L I ULPD



846 FOK #H &

2014 £

SR E Lo FfCRERL ], BTEH, 30(2): 451-471.

FAEH ARMEER 713 BE\. 2012. Bl & AR K- Hk
EiRes & Ay SEREIR]

WEdE, £ B FERRS, % 2011, BREYFLREEBA - SkRE
AR R MEAIRY H MBRIR]. 1-52.

WEE L IE B 808, THRE KR, WER, KER, fh.
2012. BRAVEARK RHIEMIAEY X9 2 ENE A UPL £
FERREL. B5%#,2801): 1526,

B s ERE K 'LAEE BREN ERE. 2014,
LB FEART MR R HALN] Z2A%E.30
(2): 401-414.

Bath. 1991, REERERPHEAH SR IM]. B35 #EH
Rdk, 1.228.

W, G, 2009, FHARRE LR BBLEET R RA0]. 7
FRBbJR , 2R(5>: 515-538.

TR, RS, R, B E, RO, BILLE, 5 BRR . F
MR, 1989, BEEFEAK- B RE H R E2E M]. BR: +
B #UR 2 LRI, 11-138.

TE, WAL, R, HEKE. 2001, RWiglESXRsh$E
[M]. db3: FEHREH. 421-438.

TR, ERME, 2011, BeE& (L B Ry X B AR R
M RET FNI]. Wik, 44(2): 72.79.

ek, RFEN, TWRE, X W AER. EXS.E E. 2012, B
EFEAGKED-MED-E0TH-&EAT PR ER LR R RT
BT, FEERK,39(6): 17271742,

JesidE. 2002. BREGAE BN OB X R - AR R R
BHBH HEFAM]]. BmsE,2002): 17-38.

KILE, BRI AL ERE. 2010, FREMHEKEY T EHRNK
WREAFEEREL]]. HEAHEE. 2002): 188-202,

RIER, AR, B & SR 2001. KRMETHRE
BV HREREHE—H]]. FRRHESHR, 7(3): 307-315.
Barbarin B. 1999. A review of the relationships between granitoid typess
their origrins and their geodynamic environments[J]. Lithos. » 46:

605-626.

Batchelor R A and Bowden P. 1985. Petmgenetic interpretation of
granitid rock series unsing multicatiomic parsmeters[J]. Chemical
Geology45(1): 43-55.

Cline J S and Bodnar R J. 1991, Can ecorsmmic porphyry copper
mineralization he generated by a typical calc-alkaline mef J17 Jour-
nal of Geophysical Research. 96(B5): 8113-8126.

Callines W J» Bearne S D» White A ] and Chappell B'W. 1982. Nature
and origin of A-type granites with particular reference 1o Southern
Australia. Contd J]. Mineral Petrol. » 80: 189-200.

Cooke D R+ Hollinga P and Walshe J L. 2005. Giant porphyry deposits:
Characteristics» distribution and tectonic controlsl 1], Econ. Ged.

100: 801-818.

HouZ Qr Yaog ZM: QuX M, Meng X J: Li Z Qs Beawdoin G+ Rui Z
Y end Gao Y F. 2009. The Miocene Gangdese porphyty copper belt
generated during post-collisional extension in the Tibetan Orogen
[T]. Oro Geclogy Reviews 36: 25-51.

Imei A. 2004. Variation of €l and S0 contents of microphencerystic
apatite in intermediate to silicie igneous rocks of Cenoeoic Jupenese
island arcs: Implications for porphyry Cu metallogenesis in the
Weatern Pacific Island arcs[ J]. Resource Geologys 54(3): 357-
372.

James I} and Sacks 1 8. 1999. Cencegic farmation of the central Andes:
Ageaphysical perspectivel 1. Society of Economic Geologists Special
Publications 7: 1-25.

Mism K C. 2000. Understanding mineral depositsl M. Boston: Kluwer
Academic Publishers. 335-449.

Pearce J A. 1996. Sources and settings of granitic rocks[J]. Episodes,
19(4):120-125,

Peccetille A and Teylor SR. 1976. Geochemistry of eocene calc-glkeline
voleanie rocks from the Kastarasnu area, North Turkey{ J]. Centri-
birtions to Mineralogy and Petrolgy, 58(1):63-81.

Pitcher W S. 1997. The nature and origin of granitel MJ. London:
Cheprnan & Hall. 1-386.

Richards ] P. 2003. Tectonc-magmatic precursars for parphyry Cu-Mo-
An deposit formation[ J]. Econ. Geol.» 98: 1515-1533.

Richards ] P. 2009. Postsubduction parphyry Cu-An and epithermal Au
deposite: Products of remelting of subduction-modified lithosphere
[I]. Geology, 37(33 247-250.

Sillitoe R FL. 1972. A plate tectonic model for the arigin of parphyry copper
deposital J1. Econ. Gedl. s 23: 184-197.

Sillioe R H. 2010. Porphyty copper systernel ] 1. Feon. Geol. » 105: 3-41.

Singer D A, Berger V I, Menzie W D and Berger B R. 2005. Porphyry
copper deposit densityl J1. Econ. Geal.» 100: 491-514.

S § S and McDonough W F. 1989. Chemicel and isotopic systematics
of oceanic basalts: Implications for mantle composition and processes
CA]. In: Saunder A D and Notry M J, eds. Magmatism in the O-
cean Basinsl C. Geological Society. London: Special Publication, 42
(1): 313-345.

Sylvester P J. 1998. Collision strongly persluminous granites [T 1.
Lithos, 45: 29-44,

Yan Z. Wang Z O Yan Q R, Wang T and Guo X Q). 2012. Geochemi-
cal constraints on the provensance and depositionsl setting of the De-
vonian Liuling Groups esst Qinling mountains, Centrel China: Im-
plications for the tectonic evolution of the Qinling arogenic beld 7.
Journal of Sedimentary Research, 82(1): 9-20.



	孟德明_页面_01.jpg
	孟德明_页面_02.jpg
	孟德明_页面_03.jpg
	孟德明_页面_04.jpg
	孟德明_页面_05.jpg
	孟德明_页面_06.jpg
	孟德明_页面_07.jpg
	孟德明_页面_08.jpg
	孟德明_页面_09.jpg
	孟德明_页面_10.jpg
	孟德明_页面_11.jpg
	孟德明_页面_12.jpg
	孟德明_页面_13.jpg
	孟德明_页面_14.jpg

