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Céc dac diém dia chat va quang hda co ban cua ki€éu mo vang tao nii

Lé Xuan Truong"**
'"Truong Pai hoc M6 - Dia chat
2Trung tam Phan tich Thi nghiém Céng nghé cao

TOM TAT

Bai béo gidi thiéu cac dic diém dia chit — quing hoa chinh ciia kidu moé vang tao nui (orgenic gold deposits)
trén co sd téng hop cac két qua nghién ctru chi tiét vé dac diém dia chit— quéng hoa cac mo va cac dai sinh
khoang vang tao nui trén thé gidi. Cac dic diém ndy bao gdm vi tri dia chét, bdi canh kién tao, quy ludt
phan bd, cac ciu tric khéng ché quing hoa, dac diém quing héa co ban, dic diém dia héa va ngudn goc
cia quing. Kiéu mo vang tao nii cung cp ~1/3 san lwong vang cua thé gidi. Mé duge thanh tao cha yéu
trong giai doan két thiic cia qua trinh tao nii, giai doan chuyén giao tir va cham sang tach gidn. Quing hoa
vang thudng phéan bd trong cac da bién chét twéng phién luc. Cac mé c¢6 thé phan bd don 1¢ hoic tip chung
thanh cac cum mo bi khdng ché boi cac dut gy nhanh ctiia mot dut giy khu vice c6 kich thude kéo dai dén
hang tram km, tham chi hang nghin km. Quing c¢6 c4u tao ddc trung cho méi truong bién dang gion hoic
gion déo & d6 sau >5 km, thudng chira khoang 2+5% khoang vt sulphide ¢ thanh phan chinh 1a pyrite +
arsenopyrite. Quang hda c6 nhiét d6 thanh tao phé bién ~ 250+350°C va thuong ty 1€ thuan véi ham lugng
pyrhotite trong quing. Vang ton tai dudi dang hat vang tu sinh v6i ty 1& Au/Ag cao, tir 5 dén 10. Dung dich
nhiét dich thudng giau CO,, ngheo NaCl (pho bién trong khoang 3+7wt%), ¢6 do pH trung binh, tinh khur
yéu, dong vi oxy (3'*0) thudng dao dong tir +6 dén +13%o, ddng vi 5'°C thuong tir -11 dén -2%o va dong
vi 8**S bién dbi trong pham vi rit rong.

Twr khoa: Vang tao ni; vang nhiét dich; vang trong da phién luc.

1. Mé dau

Cong tac nghién ctru dia chit cac mé khoang trén thé gidi phat trién rat manh trong khoang 30 nim tro
lai day nho sy phét trién vuot bac vé cong nghé, thiét bi thi nghiém di kém véi cac phuwong phép nghién
ctru phan tich dinh luong hién dai. Nho do, dbi voi khoang san vang, cac nha dia chit d3 xac lap duoc 9
kiéu mo noi sinh nhu sau:

1) Vang tao nui (Orogenic Au; Goldfarb va nnk, 2005; Goldfarb va Groves, 2015);

2) Vang kiéu mé Carlin (Carlin-type Au deposits; Cline va nnk, 2005);

3) Cu-Au/ Au/ Cu-Au-Mo porphyry (Sillitoe va nnk, 2000; Cooke va nnk, 2005; Seedorff va nnk, 2005);

4) Cu-Au nhiét dich néng trong méi truong oxy hoa (Cu-Au high sulfidation epithermal; Simmons va
nnk, 2005);

5) Au-Ag nhiét dich nong trong moi truong trung tinh — khir (Au-Ag low-intermediate sulfidation
epithermal; Simmons va nnk, 2005);

6) Cu-Au (£Fe, U, REE) IOCG (Williams va nnk, 2005; Skirrow, 2022);

7) Au-Ag (+Sb, Hg, Cu, Zn, Pb) VHMS (Franklin va nnk 2005);

8) Vang nhiét dich ngudn gbc magma (Intrusion related Au; Hart, 2007);

9) Vang trong Skarn (Meinert, 2000; Meinert va nnk, 2005).

Trong s6 9 kiéu mo trén, kidu mo vang tao nii duge ghi nhén 1a loai hinh mo ngudn gbc c6 san lwong
vang khai thac 16n nhat trén thé gi6i. Theo thdng ké tir 119 mé vang ndi tiéng, san lwong vang khai thac tir
kiéu mo nay chiém ~52% tong san luong vang duoc khai thac trén thé gidi, vuot trdi so voi san luong vang
duoc khai thac tir cic moé porphyry, nhiét dich néng va mo vang kiéu Carlin (Goldfard va nnk, 2005). Cac
mo vang tao nui thuong c6 ham lugng vang trung binh giao dong tir ~1 dén 10 g/t. Cac mo 16m c6 trit lugng
tir 70 tAn dén 1.000 tin vang, ngoai trir mot s0 mo khéng 16 nhu Muruntau (~5.300 tin), Ashanti (~2.070
tan) va m6 Golden Mile (~2000 tan) (Goldfard va nnk, 2005).

2. Céac diic diém dia chit — quing héa chinh ciia kiéu mé vang tao nai

* Tac gia lién hé
Email: lexuantruong@humg.edu.vn
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2.1. DPic diém dia chit

Céc m6 vang tao nii c¢6 tudi thanh tao tir ¢d (Archean) dén tré (Cenozoic), duge thanh tao trong giai
doan mudn cia qué trinh tao nui va chii yéu phan bd trong cac da bién chét tudng phién luc (Goldfard va
nnk, 2005), thudc cac d6i ném tang trudng cua cung magma ndi luc, it hon la trong cac doi tach gian sau
cung (Hinh 1a; Goldfarb va Groves, 2015). Trong s6 25 mé vang tao nii 16n nhét trén thé giéi, c6 18 mo
duoc thanh tao trong cic da bién chit tuéng phién luc, 04 mé trong da bién chit tuéng phién luc -
amphibolite, 01 mo trong tuéng bién chit granulite (ngoai trir moé Tick Hill, Australia chua dugc théng ké;
Le vannk, 2021a,b; Le va nnk, 2022, Le va nnk, 2024) va 02 m¢ trong da bién chit th?ip dudi tudng phién
luc (Goldfard va nnk, 2005). Trong mdi dai sinh khoang vang tao nui, cdc mé thudng phan bd thanh cac
cum lién quan dén cac dut giy nhanh ciia mot hoiic mét sb dut giy sau (Goldfard va nnk, 2005, Robert va
nnk, 2005). Vi du tai khu vuc Kambalda Goldfield thudc dai sinh khoang Yilgarn Craton, Australia, c6 17
mo vang phén bd tap trung thanh 5 cum mé va mét sé d6i khoang hoa doc theo durt giy khu vire Playa Fault
(Robert va nnk, 2005). Cac dut giy khu vuc khéng ché hoat dong sinh khoang c6 chidu dai 1én dén hang
tram km, tham chi ca nghin km (Goldfard va nnk, 2005).
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Hinh 1. (a) Vi tri kién tao ciia mot sé kiéu mé nguon goc ciia vang. Cdc mé vang tao niii dwoc thanh tao

trong doi ném tang truong (accreated terane) thuéc cung magma noi luc (continental arc) va trong cac

ddi tach gian sau cung (back-arc) (Goldfarb va Groves, 2015); (b) Cdc mé ving tao nii phin bé thanh

cac mo don lé va cac cum mo doc theo dut chinh Playa hodc cac diet gay nhanh cua diet gay chinh, khu

vie St Ives, ving Kambalda, Tay Uc (Cox va Ruming, 2004); (c) So do thé hién phwong vi ciia cdc ddi
qudng héa vang so véi phwong vi cdc dirt gdy chinh ¢ Tay Uc (Hodkieics, 2003).

Céc dai sinh khoang vang tao nui ndi tiéng thé gioi dwoc ghi nhan cho dén nay gdm c6 Superior Province
(Canada), Yilgarn Craton (Australia), West Africa Craton (Tay chau phi), Arabian-Nubian Shield (Khu vuc
A-Phi hai bén bd Bién Do), Lachlanch Fold Belt (Australia), Ural Moutains (Nga), Central Asia Variscan
(Trung A), East China - Southeast Russia (Trung - Nga), Russian Far East (ving vién déng nuéc Nga) va
Sierra Nevada Foothills (M§). Trong s d6, dai sinh khoang Yilgarn Craton (Australia) véi 28 mé 16n va
54 mé nho ¢6 trit lwong va tai nguyén vang 16n nhit, trong tmg voi ~3.400 tin va ~6.420 tin vang. Mo
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vang Golden Mile dai sinh khoang nay ¢6 trir lugng ~2.000 tan vang, 12 mot trong nhitng mo vang tao nai
16n nhat thé gidi (Goldfard va nnk, 2005; Robert va nnk, 2005).

2.2. Dic diém quing héa co bin

Céc mo vang tao nii phan bé trong cac ddi ubn nép, shear, cac dut gdy nhanh lién quan dén du giy siu
trong méi truedng bién dang tir gion-déo dén gion (Hinh 1b). Cac than quing quing c6 quy mé va hinh thai,
kich thudce bi khéng ché béi cac yéu t céu trac kién tao, thuong co6 chiéu dai > 1 km, sau t6i hon 0,5 km
theo duong hudng déc, rong tir vai mét dén vai chuc mét. Cac mé 1én ¢6 kich thude 1én téi 2-10km, rong
~1 km, sau dén 2+3 km (Goldfarb va nnk, 2005). Cac than quang va d6i quang hoa vang thuong tap trung
tai cac d6i mo, déi bién dbdi, gip khuc lién quan dén dt gay 1on (Hinh 1c; Hodkieics, 2003). Nhiéu mo
vang tao ndi phan b canh cac déi ciu tric “Jog” c¢d phuong vi 16ch khoang 10-25°C so véi phuong vi cia
dut gdy khu vue (Hodkieics, 2003; Groves va nnk, 2018).

Quiing c6 céu tao bién ddi da dang, tur mang mach, dam ket trong doi bién dang gion dén céc loai cdu
tao ddc trung cho méi truedng bién dang gion — déo, bao gdm cdu tao shear, uén nép, vo nhau, xam tan,
khiic dbi,...(Goldfarb va nnk, 2005). Quing c6 thanh phan khoang vat don gian, giau thach anh, ham lugng
sulphide khé thap, chi yéu giao dong trong khoang 2+5% (Goldfarb va nnk, 2005). Thanh ph?in sulphide
chinh trong quang la pyrite va arsenopyrite, it hon 1a pyrhotite, chalcopyrite, sphalerite, galena va c6 thé c6
mot sé khoang vt sulphides khac (vd:Goldfarb va nnk, 2005). Trong nhiéu mé, ham lugng pyrhotite trong
quing ty 18 thuin vdi nhiét do thanh tao quiing. Vang ton tai dudi dang hat vang tu sinh (khéc v6i dang ton
tai chinh ctia vang trong kiéu mé Carlin) v6i ham luong trung binh giao dong chi yéu trong khoang 1+10
g/t, khdng c6 nhiéu mo vang tao nui ¢6 ham lwgng trung binh >10 g/t (vi du: Bendigo, Kolar, Kiland Lake,
Grass Vale, Cmbell-Red Lake,...; Goldfarb va nnk, 2005). Ti 1& Au/Ag trong quing cao, bién dbi tir 5 dén
10, twong dwong véi gia tri gold finess > 900, phd bién trong khoang 920+940 (Goldfarb va nnk, 2005).

Su ¢6 mit cua cac khoang vat bién déi nhiét dich di kém véi quing hoa phu thudc vao thanh phan da
vay quang nhung thuong c6 carbonate, sulfide, sericite, chlorite, K-feldspar, biotite, tuamaline va albite.
Tuy thudc va cudng do dap v& va tham thim cuia khi nhiét dich di vao d4 viy quanh tai tlmg vi trf quing
hoa ma c6 murc d bién dbi nhiét dich khac nhau. Nhin chung, quéng dugc thanh tao trong giai doan bién
chét giat lui (ket thic qua trinh tao nui) nén cé cac dic diém khac biét vé khoang vat va cdu tao quing so
v6i da bién chit quanh quing. Trong trudng hop quing dugc thanh tao & nhiét d6 cao, va da viy quanh
chtra carbonate, t6 hop cac khoang vat da bién déi dugc thanh tao c6 thé trong tuy nhu té hop céc khoang
vét bién dbi thudc nhém da skarn. Nhiét d6 tao quing phd bién cua quing hda vang tao nii giao dong trong
khoang 250-350°C. Cac mo tudi Archean thuong dugc thanh tao ¢ dai nhiét d6 cao hon, khoang 325+400°C
(Groves va nnk, 2020). Tuy nthién tai cdc mo duge thanh tao c6 do sau 16n (>10 km), tham chi 1én dén gin
20 km (Groves va nnk, 2020), nhiét d¢ tao quéng s€ cao hon nhiéu, twong duong vai nhiét d6 thanh tao da
bién chat vay quanh quing.

Hinh 2. (a) Anh c?qi dién cua mach thach anh — sulphide chira ydng tai mo vang tao nui Mt Charlotte,
Kalgoorlie, Tday Uc (Image from Zhaoshan Chang). (b) Bao thé vang (Au) trong cdc hat pyrite (Py) tai
mo vang tao nui Sukhoi Log (Image from Ross Large).

2.3. Dac diém dia hoa va ngmfn gé'c qudang

Mo vang tao nui dwgc thanh tao chu yéu trong méi trudng dia kién tao lién quan dén hoat dong tao nui
va bién chat khu vuc di kém, thuong xdy ra trong giai doan két thuc ciia mot chu ky tao nui, giai doan
chuyén tiép giira va cham va tach gidn ciia hai mang kién tao. Ngudn gdc ciia quing vang thudc kiéu mo
nay tr lau da duogc tranh luan rong rii, tor da@ magma mafic - axit (Tomkins, 2013; Gaboury, 2019), dén mo
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hinh ngudn gbc trdm tich bién chat (Large va nnk, 2011; Tomkins, 2013). Trong d6 mé hinh trim tich bién
chét, véi cac két qua nghién ctru dinh lugng vé dia hoa khoéang vat va ddng vi lién tuc dugc cap nhat, da va
dang duoc sir dung rong rai hon trong viée dinh hudng cong tac tim kiém va thim do moé.

Dung dich nhiét dich trong kiéu mé vang tao nui thudng duge cho 1a c6 ngudn gbe tir cic thé magma
axit trong 16p vo dudi hodc giita va dung dich dugc tich ra trong qua trinh bién chéat khu vuc lién quan dén
hoat dong tao nui lién quan di chuyén theo céc dut gy sau tir dudi 1én (Goldfarb va Groves, 2015). Tay
thudc vao lich sir dia chit kién tao va magma ¢ ting dai sinh khodng va timg cum mo, két hop sb lidu dia
hoa va dong vi bén dé luan giai quang c6 ngudn gbc bién chat hodc nguon goc magma vuot trdi hon so voi
cac ngudn g khac. Nhin chung, chua ¢6 cong trinh khoa hoc nio thé ghién 15 ngudn gbe ciia mé vang tao
nui lién quan dén mot thé magma nhat dinh nao d6, twong nhur kleu mo skarn, porphyry, eplthermal hay
VMS/ VHMS (Goldfarb va Groves, 2015). Nguoc lai, md hinh ngudn goc tram tich bién chét cia mé vang
tao nui tai rat phu hop véi lich st dia chét cua dai sinh khoang. Cac so liéu phan tich dia hoa, dong vi cla
cac thanh phén trong quing ciing rt phit hgp véi mé hinh nay (Goldfarb va Groves, 2015).

Dung dich mang quang thudng giau COz (5+20 mol%) CHa va/ hodc N», thuong chira 0,01+0,36 mol%
H»S, ¢6 d6 mubi thép dén trung binh, phd bién trong khoang 3+7wt% NaCl, thuong c6 d6 pH trung binh
(~5,5) va tinh khir yeu (0,01+0,36 mol% HaS) (Goldfarb va Groves, 2015). Ddng vi oxy (8'80) tir cac
khoang vat chira oxy trong quing dao dong pho bién tir +6 dén +11%o ddi voi quang tudi tién Cambrian va
tir +7 dén +13%o d6i voi quéng tudi Phanerozoic (Goldfarb va Groves, 2015). Pdng vi hydro (3D) va luu
huynh (5**S) bién dbi rdt manh tiy thudc vao ngudn gbe cua dung dich nhiét dich va luu huynh tai timg mo
(Goldfarb va Groves, 2015). Ddng vi hydro (8D) tai nhiéu mo 16n cua thé gisi thuong thay doi trong khoang
tir -80 dén -20%o (Goldfarb va nnk, 2005) trong khi dong vi luu huynh (8%*S) giao dong phd bién trong
khodng 0+10%o nhung ¢6 thé thdp hodc cao hon nhiéu trong mot sb truong hop, phan anh luu huynh da
ngudn gbc tham gia vao dung dich tao quing (Goldfarb va nnk, 2005). Dong vi §'C thuong bién ddi trong
khoang -11 dén -2%o (Goldfarb va Groves, 2015).

3. Két luan

Trén co s6 téng hop cac két qua nghién ctru da duge cong bd vé kidu mo vang tao nui, c6 thé tom tit cac
dac diém dia cht — quang hoa co ban cuia loai hinh mo nay nhu:

e Phin 16n dugc thanh tao trong giai doan két thic ciia qua trinh tao nii, giai doan chuyén giao tir va
cham sang tach gidn gitra hai mang dia chét;

o Vi trf kién tao chinh 1 céac cung tao nui ndi luc, tai cac d6i ném tang truedng cua rai luc dia tich cuc.
Ngodi ra con ¢ mot sé mo duge thanh tao trong cac ddi tach gidn sau cung;

 Phin 16n cdc mé duge thanh tao trong da bién chit tudng phién luc so véi s6 it cac mo duge thanh tao
trong twdng bién chit cao hon hosc thip hon;

. Quang duoc thanh tao trong g1a1 doan bién chit giat 1ui nén co cac dac diém khac biét vé khoang vat
va cAu tao quing so v6i da bién chit quanh quang;

e Cac mo phan bd don 16 hodc thanh cac cum mo bi khdng ché boi céac dut gy nhanh ctia mgt hoac mot
s6 dut giy khu vuce ¢6 kich thuée kéo dai 1én dén hang trim km, tham chi hang nghin km

* Quang co céu tao da dang, tir mang mach, dam két trong d6i bién dang gion dén ciu tao dang shear,
uén nép, xam tan, trao ddi thay thé va/ hodc khuc ddi trong déi bién dang gion - déo, thuong c6 do siu
thanh tao >5 km;

o Thén quiing thudng c6 chiéu dai > 1 km, chidu sau téi hon 0,5 km theo duong huéng déc, rong tir vai
mét dén vai chuc mét. Cac mé 16n c6 kich thudce 1én téi 2+10 km, rong ~1 km, chiéu sau dén 2+3 km;

e Phan 16n cac than quing chira 2+5% khoang vat sulfides véi thanh phan chii yéu gém pyrite va
arsenopyrite. Ham lugng pyrhotite trong quéng thuong ti 1€ thuan véi nhiét do thanh tao quang;

e Vang tdn tai dudi dang hat vang tu nhién, hiém khi tdn tai duéi dang dung dich cling trong tinh thé
pyrite hodc arsenopyrite nhu trong kiéu mé Carlin;

e Pa sb ciac mo c6 ham lugng vang trung binh <10 g/t. Ti 16 Au/Ag cao, bién ddi tir 5 dén 10, twong
duong v6i gia tri gold finess > 900, phd bién trong khoang 920+940;

e Su c6 mét ctia cac khoang vt bién ddi nhiét dich di kém phu thudc vao thanh phé‘ln da vay quang nhung
thuong co carbonate, sulfide, sericite, chlorite, K-feldspar, biotite, tuamaline va albite. Trong truong hop
quéang dugc thanh tao ¢ nhiét do cao, cac khoang vat da bién ddi twong tu nhu td hop cac khoang vat da
skarn;

o Nhiét d6 tao quiing phd bién 1 250+350°C, cac mé tudi Archean thuong duoc thanh tao & dai nhiét do
cao hon, khoang 325+400°C. Tuy nhién tai cac mo dugc thanh tao c6 dd sau 16n (>10 km), nhiét do tao
quing s& cao hon nhidu, twong duong v6i nhiét d6 thanh tao d4 bién chit vy quanh quing;
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o Dic diém coa dung dich nhiét dich 1a: giau CO; (5+20 mol%); do mudi thép dén trung binh, phé bién
trong khoang 3+7wt% NaCl; thuong c6 d6 pH trung binh (~5,5); tinh khir yéu (0,01+0,36 mol% H,S);

« Bdng vi oxy (5'30) dao dong phd bién tir +6 dén +11%o ddi v6i quing tudi tién Cambrian va tir +7 dén
+13%o dbi v6i quang tudi Phanerozoic;

e Ddng vi hydro (8D) va luu huynh (53S) bién d6i rdt manh tiy thudc vao ngudn gdc cua dung dich
nhiét dich va luvu huynh tai timg mé. §**S phé bién trong khoang 0+10%o nhung c6 thé thép hodc cao hon
nhiéu trong mét sb truong hop, phan anh luu huynh da ngudn goc tham gia vao dung dich tao quing;

e Ddng vi 83C thuong bién dbi trong khoang -11 dén -2%o.
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ABSTRACT

Basic characteristics of geology and mineralization for the orogenic
gold deposits

Le Xuan Truong!:2
!Hanoi University of Mining and Geology
2Center for Excellence in Analysis and Experiment

This paper introduces the main geological and mineralization characteristics of orogenic gold deposits
based on the synthesis of detailed research results from different orogenic gold deposits and metallogenic
belts worldwide. These characteristics include geological settings, tectonic contexts, distribution patterns,
ore-controlling structures, basic mineralization features, geochemistry, and sources of the ore. Orogenic
gold deposits account for approximately one-third of the world’s gold production. The deposit mainly
occurs during the transitional period from collision to extension in orogenic belts. The deposits are typically
found in metamorphic rocks at greenschist facies, in the form of either as isolated deposits or in clusters
controlled by subsidiary faults of a regional fault with scales up to hundreds to thousands of kilometers, in
brittle or brittle-ductile deformation environments at depths greater than 5 km. The ore usually contains
about 2+5% sulfide minerals which mainly include pyrite and arsenopyrite. The formation temperature of
the mineralization is typically around 250+400°C and is often positively correlated to the pyrrhotite
contents. Gold exists as native gold grains with a high Au/Ag ratio, ranging from 5 to 10. The hydrothermal
solutions are generally rich in CO,, low in NaCl (commonly ~ 3+7 wt%), with neutral pH, and weakly
reducing conditions. The oxygen isotopes (8'30) typically range from +6 to +13%o while carbon isotopes
(3"3C) usually vary from -11 to -2%o. The sulfur isotopic composition of sulfide minerals associated with
gold varies widely in this type of deposit.

Keywords: Orogenic gold deposits; Mesothermal gold deposits; Gold in greenschist facies metamorphic
rocks.
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