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Geology, alteration and mineralization of the Tinggong porphyry Cu deposit
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Abstract: Tinggong is a large porphyry Cu deposit located in the western segment of the Gangdise porphyry Cu
belt in southern Tibet. It contains 1.49 Mt of Cu with an average grade of 0.362% and 0.04 Mt of Mo with an
average grade of 0.018% . The deposit consists of both collisional and post-collisional stage porphyry-type Cu
systems, which are genetically associated with the early Eocene coarse-and fine-grained granite and the Miocene
monzogranite porphyry stock, respectively. It is the most important deposit in the Gangdise porphyry Cu belt,
but geology of the deposit remains poorly constrained. In this paper, the authors conducted a detailed study of
geological features of the deposit, so as to D document the geological characteristics (e.g. , alteration and min-
eralization) of the deposit; @ investigate intrusive sequences and magma source of main intrusions in the de-
posit; @ investigate tectonic control of intrusion emplacement, alteration and mineralization; @ track fluids

evolution process; and @ determine genesis of the deposit. On such a basis, the authors formulated a genetic
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model for the Tinggong deposit. The authors surveyed the petrography-alteration of the Tinggong copper de-
posit, and exactly determined the distribution of formations and magmatites. In combination with zircon U-Pb
isotope dating results of other researchers, the authors built up a detailed series of magma evolution. It is shown
that there existed two peaks of magmatic events, i.e., K-feldspar granite in Eocene ( ~50 Ma) and porphyritic
monzonite granite, tonalite porphyry and diorite porphyry in Miocene (13~17 Ma). Through field and lab re-
search, the authors have come to the conclusion that there occured two phases of mineralization events in the
Tinggong deposit, i.e., copper mineralization in Eocene (~50 Ma) and Cu-Mo mineralization in Miocene ( ~
15 Ma). Moyite formed in Eocene, which has a particular texture, i.e., it has no classical porphyritic texture
but shows unique fine grain-like pegmatite texture. This suggests the existence of sudden cooling of the ore-bear-
ing magma, which might have been caused by the sudden escape of fluids. There also exist large quantities of
micro graphic texture, quartz eyes and some other textures. These special textures imply that the magma was
rich in water and the fluid was once in a saturation state. Porphyritic monzonite granite was associated with Cu-
Mo mineralization in Miocene. The alteration zoning of the deposit is similar to that of other porphyry deposits in
Gangdise. In term of time, the alteration was potassic alteration in early period, propylitization occurred in a
transitional phase, followed by phyllic alteration and argillization. In term of space, from the core to the outer
part there are potassic alteration, phyllic alteration, and propylitization. The latest argillization exhibits patch or
banded form, superimposed upon other alterations of earlier time. The authors described all kinds of alterations,
mineral assemblages and associated veins in detail and dealt with the evolution process of the fluid as well as the
source and accumulation mechanism of metals.
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Fig. 1 Simplified geological map of the Gangdise porphyry copper belt in Tibetan orogeny (a, modified after Zhu et al. »
2011) and distribution of main porphyry Cu deposits in the Nimu ore concentration area(b, modified after Wang Xiaochun
et al ., 2002)
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Fig. 2 Geological map of the Tinggong deposit in Tibet (a) and typical cross-sections (b, ¢)
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Fig. 3 Hand specimen and microscopic photographs of Pana Formation in the Tinggong copper deposit
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a—hornfelsed Pana Formation: h-—oxidized pyrite vein; ¢ d—microphotograph of Pana Formation: Chl—chlorite; Pl—plagioclase: Q—quartz
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4 Photographs of igneous rocks in the Tinggong copper deposit
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a—granodiorite; b, c—moyite; d—porphyritic monzogranite; e—tonalite-diorite porphyry; f—diorite porphyry: Kfs—feldspar:
Epi—epidote; Bt—biotite; Tur—tourmaline; Py—pyrite; Moly—molybdenite; Cpy—chalcopyrite
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Fig. 5 Alteration zoning (a) and typical alteration profiles (b, ¢) of the Tinggong deposit (for location of profile, see Fig. 2)
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Fig. 6 Potassium silicate alteration related to moyite in the Tinggong copper deposit
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a—Q* Kfs vein related to moyite (a) penctrated by Q+ Cpy+ Ser and then by Q+ Kfs vein related to porphyritic monzogranites

b—flat Q vein cutting Bt vein: ¢—a partial enlarged detail; d» e—hydrothermal biotite, and accompanying microgranular diffuse Cpy, Rt
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Fig. 7 Potassium silicate alteration related to porphyritic monzogranite in the Tinggong copper deposit
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a—Kfs vein related to porphyritic monzogranite and cut by the late Q= Kfs vein; b—a partial enlarged detail; ¢—hydrothermal biotite in

porphyritic monzogranite cut by the late Cpy = Chl vein; ds e, f—the granular Qtz in the early irregular vein, and Cpy filling in the Qtz gaps
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Fig. 8 Photographs and micrographs of samples of propylitic alteration
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a—diffuse epidote and chlorite of diorite porphyry: b—nodular tourmaline; c—needle; radial tourmaline; d1, d2—epidotization of plagioclase, with

brighter epidote interference color; el, e2—chloritization of biotite, after being replaced by rutile; and accompanying pyritization; 1, f2—diorite

porphyrite matrix with strong propylitization, and accompanying hematite phenocryst
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Fig. 9 Pyritic sericitization related to moyite of the Tinggong copper deposit
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a—diffuse pyritic sericitization in moyite, cut by Q * Kfs vein related to diorite porphyry; b—late Cpy vein, cut by early Qtz vein related to porphyry;

c—diffuse pyritic sericitization, and accompanying strongly diffuse Cpy, Py and Cc etc; d—Cpy vein with pyritic sericitization alteration halo
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Fig. 10 Pyrite-sericitization related to porphyritic monzogranite in the Tinggong copper deposit
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a—diffuse illite and muscovite in tonalite-diorite porphyry; b—Q = Cpy £ Py vein in porphyry, cut by early Qtz veins ¢—Q= Cpy = Py vein

with pyritic sericitization alteration halos the late Cpy filling the Py interstice
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Fig. 11 Photographs of argillation
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a—argillation distributed along the fracture and rock fracture; b—massive kaolin; c¢—argillation of plagioclase phenocryst
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Fig. 12 Contour diagram of Cu-Mo ore grade
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For the section position see Fig. 2, and a and b are Cu grade photographs, ¢ and d are Mo grade photographs. Repeated mineralization caused the
copper to have a couple of centers, and the high grade copper was mainly produced in contact aureole between porphyritic monzogranite and moyites
the high grade Mo was mainly produced in porphyritic monzogranite
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Fig. 13 Photographs of surface oxide ore in the Tinggong deposit
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a—malachite and covellite distributed along the fracture and rock fracture; b—massive malachite; ¢—copper and molybdenum oxide

ore at the surface of the rock
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Fig. 14 Mineral composition and structure of ore related to moyite
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a—euhedral Cpy in Qtz eye; b—diffuse Cpy, accompanied by a small amount of Py, Mag; c—early Cpy vein distributed in mineral fracture of
moyite; d—fine-grained Cpy in Qtz vein; e—early Cpy replaced by the late Bn; {, g—late Py, Rt overlie early Cpy; h—Cpy replaced by Py, Tn.,
forming metasomatic relict texture; i» m—Cpy-D vein with pyritic sericitization halo; j» k—early Cpy replaced by Cc» Tn, overlain by Rt; [—Py
vein overlain by late Tn: n—late alteration accompanying euhedral Py: o—secondary Ilm distributed at the edge of euhedral Mag: p—Tn growth

compositional zonation; Cpy—chalcopyrite; Py—pyrite; Bn—bornite; Cc—tennantite; Mag—magnetite; Ilm—ilmenite; Rt—rutile

IR R 1 - G B0 ) 52 IR 2 Gtk
T kA, FE R A S, KR —#K 0.2~2
mm, 873 IE S mm ZEAT o FEAT K DE BE AT 4 g kR
—R YR IE K <1 mm) R 40 K~ G BR A4 i (1
~5 mm), T KR GOIRITHE (5~ 10 mm), § X LG
Jik 5 G AR AL 38 A 32 A0 kiR G R R IR

BPOIRI G A S PRiA— AR 0.05~

2 mms O 0.5% ~ 10% o $% HRLJE 0T 40 43k fokE
YR 1 C0.05 ~ 0.25 mm)- 4 RL 7 G R 4 it
(0.25~0.5 mm) TR GAREIEC0.5~2.5 mm)
FLrb iR R e AL 38 B R TIORL S i ORE R R )
WIRZ . TG4 B W) & ] 43 o A EOE GOk ) i
TR <0.5% ) MM B E GOIR M E & 1% ~5%)
P,



HaM FEAFPEAS: PUIHUT E RUA BRI AR S IR R 5 463

200 pm

200 pm

Kl 15 BORZKAERE BN A0 WA G PS5
Fig. 15 Mineral composition and structure of ore related to porphyritic monzogranite
a— PRI ERIR Mag: b—"5 BIEIRCIR Mag AHFEAE [ Tim & FEIE Y Cpy: o—H Kifs BRZBRAIMN Cpy: d—5 34098 A Bk kDR
Cpy: e B4 BT BL Py #2895 2 A0 B Re 8RB SRR R 4500 R BB M BBk F1°E B Cpy~Re 382 g—B Mk i) Cpy
B W3] Co Wil i S 24BRAEAR s h—Q+ Moly ik ¥ AL FEAIBEIR Molys ivg-k—Q+ Moly + Cpy + Py k™ F FE 1) Moly T H ik BE2E K, Cpy 72
HAAE Moly B, Moly KA JG A TE . 43 9EA A BURIEAR 1Y Cpys m—2H 98 E B BEY Q + Cpy + Py + Moly-D ik: n— B JEEHR Moly
AT I Cpys o— WM Re 2T HIM Cpy B ARIR R E51; p—Q+ Py ik Cpy VR IRIBR AR 4R 9 E LI BE AN IELE /) Cpy +
Py + R ik r— 5 e 558 SR 0k H 1) Hem: s— 295 R Gn Wy Sp HIACAOB AR M S5 1 s +—Cpy &R Py TR ST AR S5
Hem— R8s Gn— 7807 Sp—INEE s Moly—FE4HH™; JERFIK 14
a—early tadpole-lile Mag; b—euhedral Mag and accompanying Ilm and Cpy; ¢ —Cpy distributed in the fracture of Kfs; d—grained Cpy distributed
in early Qtz vein; e—Py of propylitization stage repaced by Rt of pyrite-sericitization stage; f—the same period idiomorphic Py and the xenomorphic
Cpys Rt; g—Cpy in B vein replaced along edge and fracture of late Cc; h—euhedral Moly in Q + Moly: i» g» k—euhedral Moly developed vertically
on Q+ Moly + Cpy * Py side, Cpy filling the gap of Moly; I—diffuse Cpy of the pyrite-sericitization stage; m—Q + Cpy + Py + Moly-D vein of the
pyrite-sericitization stage; n—the idiomorphic needle-like Moly replace the early Cpy; o—the late Rt replace the early Cpy and form the metasomatic
relict texture; p—Cpy filling the gap of Py of Q + Py vein; q—discontinuous Cpy * Py + Rt vein of the pyrite-sericitization stage: r—Py replaced by
Cpy; s—early Gn of the pyrite-sericitization stage replaced on the edge of Sp; forming metasomatic dissolution structure; t—Py replaced by
Cpy» forming the replacement residual structure; Hemr—hematite; Gn—gelenite; Sp—sphalerite; Moly—molybdenite
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Fig. 16 Photographs of ore structure
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a—diffuse Cu; b, c—veinlet disseminated Cu; d—platy Qtz + Cpy * Moly vein: e—Qtz vein cut by Qtz = Moly vein; f—platy Qtz + Moly vein cut-

ting early Qtz vein; predominant Cu mineralization is diffuse and disseminated in the mining area, rarely with Cu-bearing B vein. Cu mineralization

mainly developed at the potassium-silicate stage, and less at the pyrite-sericitization stage; Mo mineralization mostly developed in the B vein, mainly

at the transition stage of the potassium-silicate and Qtz-pyrite-sericitization stage
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Fig. 17 Micrographs of quartz eye of moyite (grained chalcopyrite seen in the quartz eyes)
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; S ot
- Q*CpytSerfk
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Q=+ Bt+Cpy+Py-+Chi B
.- !'.“"I - J >

i ’h@‘ _.._‘\.. s 2

g

K18 ML A Bk ik R 4
Fig. 18 Different vein characteristics and stages related to moyite
a—Q+ Kfs-Q* Cpy * Py BKHEBEE B BO M AN A58 A BKYI % ; b—Q+ Cpy + Ser Ik V1% 71K Q+ Kis ik, FeSCREBEA B B IR Q = Kis fik
V% Q= Cpy KB Q£ Cpy = Ser BKVI 5, WU BB BEA I BUK Q£ Kis«Q+ Cpy + Moly kU1 % ;. d—ANELER Brt Cpy IKBMIN Q +
Cpy *+ Ser MkPI%; e—Q=* Br+ Cpy VIF AL Q Ik 43 B Q+ Be+ Cpy + Py + Chl ik; g—BEAMBLIBCIR Q+ Cpy + Py Bk P) %
Q= Cpy = Ser ks h—FEA B BEAIAS N Q kI % Q£ Cpy * Ser ik
a—Q+ Kfs, Q=+ Cpy= Py veins cut by irregular Qtz A vein of the porphyritic monzogranite stage; b—early Q + Kfs vein cut by Q = Cpy * Ser vein
and then cut by Q=+ Kfs vein of the porphyritic monzogranite stage; ¢—Q + Cpy vein cut by Q=+ Cpy = pyrite-sericitization, with both veins cut by
Q=+ Kfs, Q= Cpy+ Moly vein of the porphyritic monzogranite stage; d—discontinuous Bt £ Cpy cut by late Q + Cpy * Ser vein; e—discontinuous
Qtz vein cut by Q£ Bt + Cpy vein; —Q* Bt + Cpy + Py * Chl vein of the transition stage; g—platy Q+ Cpy + Py vein of the porphyritic monzo-
granite stage cutting Q£ Cpy * pyrite-sericitization vein; h—Q = Cpy * Ser vein cut by irregular Qtz vein of the porphyritic monzogranite stage
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ovd)o ALK AR 5 KA B DA O, b R
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e S L
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ZHE A0 BVD MKV ZE s Q kB K= K B AEREIR =
KAe s hah, iR AE K E A KERE, WY %
BIRAE 5 B B A AR AR . ik R — 37 L,
G B IEPIR, k58 S R 2 mm 25 AT, BN R A5
559 R0 A A AR 8 L D S Bl 4R I B AR AT AT
oo ZR KR 2 B K Q + Cpy Q + Moly +
Cpy HkVI% Q + Cpy Mk 2 7= A BRIk — KAL KA,
KA 1, DB SR, % SR . PR
TS PR B A A AR kR s JE AR T 2~ 3 mm A2
A3y WA TR AR R 8 TR IR R B Ao e
1) Q+ Moly + Cpy kAP 2 (B 19¢)-

Kl 19 BRR KA KA BBk ik R 48
Fig. 19 Different vein characteristics and stages related to porphyritic monzogranite
a5 1] Kis 1K, AR Q £ Moly Wk VI %5 b—Q+ Kis ik, Kis 2741 T BRI, 5 D)k B30 Kis A0k —Q+ Cpy Ak V) % 5 141 Q ik,
FEHBM K Q£ Moly + (Cpy Bk P4 s d—Q BN AR K Q + Kis Bk, X HEME I Py + Ser BKPI%F: e—Q+ Cpy ks —MRIIBEA Y
BBk Q+ Moly Bk U128 #H AL B4 45 W BE 119 Q £ Cpy + Ser ik g« h— LK1 Q£ Moly + (Cpy) + (Py) ik, 2Bk P1 % 1 H 1K) 2B = 1)
BAS s i—Q+ Moly + Cpy Tk V)% Q+ Cpy ks —RA R = BAR 21 Py Ik k—H A2 B2 Py kU1 B0 Q ks s 011
Cal + Q ik, Hov1 2 7 B AL B 25 A1 15

a—early Kfs vein, cut by platy Q + Moly vein; b—Q + Kfs vein, and Kfs distributed on two sides of the vein; ¢—early Q vein cut by Q + Cpy vein,

and Q+ Cpy vein cut by late Q  Moly + (Cpy) vein; d—Q vein cutting irregular Q = Kfs vein, and cut by late Py * pyrite-sericitization vein; e—

Q= Cpy vein; {—late Q* Cpy £ pyrite-sericitization related to moyite cut by Q=+ Moly vein related to porphyritic monzogranite; g» h—large Q£

Moly + (Cpy) = (Py) vein, cutting early biotitization alteration; i—Q* Cpy vein cut by Q * Moly + Cpy vein: j—Py vein with pyrite-sericitization

halo; k—early Qtz vein cut by Py vein with pyrite-sericitization halo; —latest Cal+ Q vein cutting the breccia of moyite
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20 PR S RO A G UE B
Fig. 20 Evidence related to moyite mineralization
a—PORTHE A3 A BKATA SERE R B ) 28 0BT L0 D K h—CAE 5 T 1K) S AGR I RA A, 4 5 IR AR 9 AL B BB s e—a 1) JR) 38 I
K& 132 AU FTHHE R 5 3 BB 1y 2 02 AR BT D I o e HEE PR A S B A K (3D A S R B4 B K (450 V) %5 d—BI KA X
RN o)
a—Miocene Qtz and Q= Moly-A veins cutting Eocene D veins; b—Qtz eyes in moyite, overlain strongly by the late pyrite-sericitization; ¢—local
amplification diagram of a, with 1, 2 vein being the Eocene D vein having pyrite-sericitization halo, cut by Miocene Q + Kfs-A veins (3) and Q £

Moly + Cpy-B veins (4, 5); d—micrographic texture in moyite

21 AR A TP AR R IR A e K
Fig. 21  Dendritic quartz veins in moyite
a— PRI AT RN A E L Cpy BKFIA 98 A WK1 5, IR AL AR = B AR B s b— P8 2 R AR B s B A D ik

a—great dentritic Qtz vein cut by discontinuous Cpy and Qtz vein and repeated by pyrite-sericitization and Kl; b—hydrothermal biotite

in dentritic Qtz vein

PR Z K A A AR, FE AR P BB AT B R I AR D K I T, K s IR R B L [ 4
BT WY AE R BB BOR B T B SR AR TG 2 AECIR HLE SR AL K B K IR AR A
o BHETAR , IF B BT R 25 MR A, IX SRR S 1AL, BB Bk T4 b B I A A AR G ik 2
PRI S ok 1A 8 B 389 0, B W BN S5 A SRR 45 L RN, DU ALK A AT R RE S U
FEZ R A B B R SR A, DRI AR B R B BERU AR Rk 3 BT 850 76 AR I 0T B B, ol
FERRAR, @ KUBLEN 2. BEAE AR RN, i SNERVRAAR &, SR IR 43 9 A Ak ph Az . N
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Fig. 22 Emplacement history of Tinggong intrusive rocks and wall rock alteration
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