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ABSTRACT

The gold-sulphide mineralization of the Suoi Cun area are discovered along Suoi Cun downstream, locating near by the N°.3
Road. They are vein and veinlet of quartz - chalcedone, cross-cuting volcanic and terrigenous sediments of the Song Hien Formation
(T1Sh). Major mineral compositions are pyrite, arsenopyrite, and autogenous gold with chemical characteristics as followed: pyrite
containing high content of As, sometimes containing Au; elongated arsenopyrite needles, characterized by low As, high S, the ratio
S/As>1.1 and often contain 2.9-13.05 ppm of Au; in the composition of native gold often present Hg. The geochemical
characteristics of ore including high Au, As, Hg, (Sb). Sulfur isotopes (8*S ) in pyrite ranges from -2.9 to 9.2 and those in
arsenopyrite vary from -2.5 %o to 1.9 %o , demonstrated gold-sulfide mineralization type here is low-temperature hydrothermal Au-
As correlation with early Triassic volcanic activity of Song Hien Formation.
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1. Mé dau

Khoang héa vang nhiét do thip thuong tap
trung thanh nhling mo co trit lugng 1on voi gia tri
kinh té cao nhu cac mé & Bic My, Nhat Ban,
Indonesia, Philipin, Tay Nam Trung Qudc. O nudc
ta, cdc mo vang nhiét do thép duogc xac dinh phan
b6 chi yéu & khu vyc Pong Bic Bo nhu Quang
Ninh, Ninh Binh, Lang Son, Cao Bﬁng, Tuyén
Quang v&i hai kiéu quing chinh 1a Au-Sb-Hg va
Au-As (D.H. Dzung, 1994; L.V. B¢, N.T.T. Anh,
1997; T.V. Tri (chua bién), 2000; N.D. Lu, 2003;
Borisenko et al, 2004; T.T. Hoa va nnk, 2005,
2006). Trong do6 kiéu Au-As hat min lién quan vé6i
céc thanh tao luc nguyén-nui lra & khu vuc Sudi
Cun, Cao Bang lan dau tién dwoc nhom tac gia
Tran Trong Hoa phat hién trong qua trinh thyc
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hién cac du an khao sat, tim kiém vang hat min
nam 2011 (T.T. Hoa va nnk, 2013). Mot s6 két qua
nghién ctru ban dau vé biéu hién quing hoa Au-As
trong cac doi dam két ryolit duoc gin két boi thach
anh dang chalcedon chira pyrit giau As,
arsenopyrit hat min va cac doi bién d6i nhiét dich
trong ryolit & Cao Bang da phat hién dugc vang
hat min xam tan trong arsenopyrit, pyrit va trong
d4a bién ddi khu vuc Sudi Cun cé kich thude dao
dong trong khoang tir 3 dén 17 pm; trong cic miu
gid dai doi khi gap cac hat 16n hon - 30-100 pm.
Tuy nhién, c4c tai liéu nghién ctru vé kiéu khoang
héa Au-As chira vang hat min khu vyc Sudi Cun
con rat han ché, nhiéu ndi dung quan trong nhu cac
dac trung khoang vat quang, dia hoa va déng vi
quing, mdi lién quan ngudn gdc giita quing hod va
hoat dong magma chwa dugc nghién ctru & muc do
can thiét. Piéu d6 han ché khong nho t6i hidu qua
dinh huéng tim kiém quing trién vong cong
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nghiép ciing nhu phét hién cac tu khoang c6 trién
vong 16n.

Viéc nghién ciru c¢6 hé théng vé cac dic diém
khoéng vét quing chinh va vang, diéu kién hinh
thanh va méi lién quan voi hoat dong magma khu
vue Sudi Cun duogce tién hanh trong khuon khd dé
tai KC.08.14 “Nghién ctru danh gia loai hinh vang
hat min va si€u min trong cac kiéu quéng hoa khac
nhau khu viuc Pong Bic Viét Nam va dé xuat giai
phap cong nghé thu hoi thich hop khong giy 6
nhiém méi trudng” di cho cac thong tin quan trong
vé khoang vét va dia hoa quang ciing nhu xéc 1ap
mot kiéu khoang hoa vang - sulfur méi trong cac
tram tich luc nguyén - nti lra & Cao Bang. Dicu
nay c6 y nghia khoa hoc va thyc tién rd rét tao co
s& cho viéc danh gia trién vong khoang san vang
cua khu vuc nghién ctru.

Trong bai viét nay, téc gia sé& trinh bay céc két
qua nghién ctru méi vé khoang vat va dia hoa -
ddng Vl quéang sulfur-vang khu vue Sudi Can nham
cung cip thém céc tu liéu mai vé kiéu quiang hoa
Au-As lién quan véi cac thanh tao tram tich phun
trao nui lira & Pong Bac Viét Nam.

2. Khai quat vé dic diém dia chit

Khu vuc phan bd cac déi khoang héa vang -
sulfur méi dugc phat hién chi yéu nam ¢ ha luu
Sudi Ciin, gan véi Tp. Cao Bang (huyén Hoa An);
dién tich khoang 5 km? v6i chiéu dai 2,5 km, chiéu
rong 2 km (hlnh 1). Trong pham vi di¢n tich nay
phat trién chu yéu cac da tram tich va nai lira thugc
phan dudi (Tq shy), mot it tram tich thudc phan hé
tang trén (Ty sh,) cta hé tang Song Hién va cac d4
xam nhap mafic - siéu mafic ciia khéi Sudi Cun
(phtrc hé Cao Bang). Ngoai ra con c6 dién 16 nho
da voi thude hé tang Bac Son (C-P, bs) & trung tim
di¢n tich nghién ctru.

Cac da tram tich thudc phan hé t?mg dudi hé
tang Song Hién trong khu vuc nghién ctru ¢6 thanh
phan chii yéu 1a cat bot két xen kep cac 16p cat két
tuf, bot két tuf. Cac tap da nay c6 hudng cam chu
dao vé dong bac (35-40°), dbi chd bi phirc tap hoa
bdi cac dut gay dia phuong. Cac da nui Itra thude
hé tang nay & khu vuce nghién ciru chu yéu 1a ryolit
va rhyodacit c6 mau xam sang, khi phong hoa co
mau xam loang 16 tring. Da c6 kién triic porphyr
véi cac ban tinh 1a thach anh (5-7%), felspat kali
(7-10%) va plagiocla (3-5%), nén felsit, thuy tinh,

it hon 1a vi kham gdm tap hop thach anh, feldspar
d6i chd bi tai két tinh, cdu tao khdi. Cac da nay
thuong bi bién doi nhiét dich: sericit hoa, feldspar
héa, thach anh héa ddi chd co dang chalcedon
Khoéng hoéa sulfur chira vang phat trién chu yéu
trong cac da bién d6i nhiét dich.

Doc theo qudc 16 3 (cii) khoang hoa vang
sulfur dugc xac dinh trong ba khu vuc va dugc goi
12 bac, nam va trung tam (hinh 1). Ngoai ra con c6
mot doi khoang hoa nita doc theo sudi song song
v6i subi Cun, ndm vé phia dong bic cua cac diém
khoang hoa Subi Cun. Céc biéu hién khoang hoa
Au-sulfur nay thudc vé ba kiéu: (i) Kiéu thir nhat
1a cac d6i bién dbi nhiét dich trong ryolit chira
khoang hoa sulfur, trong d6, qua trinh bién ddi
nhiét dich & day chu yéu 14 argilit hoa, sericit hoa,
va dic biét, hau hét tai cac diém déu ghi nhan biéu
hién silic héa dang chalcedon, mét d4u hiéu cua
nhiét dich nhiét do thip; (ii) Kiéu thir hai la cac
mach va d6i mach thach anh (dang chalcedon)
chira sulfur, d6 1a cac mach thach anh - sulfur hoac
chu yéu sulfur véi kich thugc rat thay doi tir vai
mm dén 15-20 cm; chiing thudng tao thanh cac déi
(3-5 mach), doi khi vai chuc mach chay song song
hodc dan xen nhau; (iii) Kiéu thr ba la cac d6i dam
két chira khoang hoa sulfur, cic manh diam bao
gdm ryolit bi bién ddi chira sulfur, d4 voi, da cat
bot két voi xi ming gin két c6 thanh phén
chalcedon - sulfur (anh 1). Chung 16 & mat cit doc
duong QL3 va tang lan 16n dudi long sudi Cin,
ciing nhu trong sudi nhé chay song song vdi
sudi Cun.

3. Miu va phuwong phap phén tich
3.1. Méiu thu thip

Mau dugc thu thap cho nghién ctru nay chu yéu
tai cac doi khoang hoa doc theo sudi Cin (hinh 1)
v6i cac nhom mau sau: quing sulfur trong dam két
(KC14-316/3; KC14-317/1; KC14-442; KC14-449;
KC14-465/1; KC14-465/3; KC14-465/4); quang
sulfur trong da ryolit bi bién ddi nhiét dich (KC14-
10/1; KC14-10/2; KC14-453); quang sulfur trong
cac mach thach anh dang chalcedon (KC14-316/1;
KC14-316/2; KC14-316/5; KC14-441); quang
sulfur bj oxy hdéa manh (KC14-454/1-3 va KC14-
465/2). Vi tri cia cdc mau thu thap dugc thé hién
trén hinh 1.
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Hinh 1. So dd dia chat va vi tri mau khu vuc khoang hoéa vang - sulfur Sudi Cun, Cao Béng (thanh lap trén co so ban db dia chét ty

1€ 1:50.000 ctia N. C. Thuén va nnk, 2005)

Anh 1. Dam két da khoang véi ryolit, d4 phién va d4 voi bi

sulfur héa duoc g'fm két boi thach anh dang chalcedon chura
pyrit va arsenopyrit. Diém 16 KC14- 316/3, Subi Can (Dé tai
KC 08.14/11-15)

3.2. Phwong phdp nghién ciru

Cac dic diém hinh thai, kién trac va ciu tao
quing duoc nghién ctru bang phuong phap khoang
tudng trén kinh hién vi phan cuc. Cac chi tiét vé

dac diém khoang vat hoc con dugc nghién ctu
bang kinh hién vi dién tir quét (SEM) trén thiét bi
LEO 01430VP. Thanh phan hoa hoc cua khoang
vat quang chinh (pyrit, arsenopyrit) va vang tu
sinh cling nhu trong pyrit va arsenopyrit dugc xac
dinh bang phuong phap microzond trén thiét bi
Camebax Micro va JEOL JXA-8100 tai Vién Dia
chat-Khoang vat hoc Novosibirsk, LB Nga. Ché do
chuyp: 20kV, 200nA, chum electron: 10-15um. g
chinh xac ctia phwong phap 1a 97,5%. Gidi han do
clia cac nguyén to (% trong lugng) ciia phuong
phap la: Co-0,004, Ni-0,005, Fe-0,018, As-0,06,
S-0,02, Sb-0,04 va Au-30 g/T, Ag-470 g/T.

Thanh ph?m hoda hoc cua quing dugc xac dinh
bang phwong phap phan tich khdi phd plasma
(ICP-MS) trén thiét bi Perkin Elmer Sciex ELAN
6000, 6100 hoac 9000 va phuong phap kich hoat
notron (INAA) tai Trung tdm phéan tich Actlab,
Canada. Chi tiét phuong phap phén tich c6 thé
xem trong cong trinh ciia Hoffman (1992) hodc
trén trang web: http://www.actlabs.com.
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Céc nguyén t6 Au, Ag duoc phan tich bing
phwong phap quang phd hip thu nguyén tir (AAS)
tai Vién Dia chét-Khoéng vat hoc Novosibirsk, LB
Nga. Ngoai ra, ham luong Au trong quing con
dugc phan tich bang phuong phap nung luyén
(FA) két hop véi kich hoat notron (INAA) tai
Trung tdm phén tich Actlabs & Canada. Chi tiét
phwong phap phén tich c6 thé tham khao trong
cong trinh cia Hoffman (1998) hodc trén trang
web: http://www.actlabs.com.

4. Két qua
4.1. Khodng vt qudng chinh va vang ty sinh

Céc khoang vat quing phd bién nhét trong cac
d6i khoang hoéa khu vyc Sudi Cin 1 pyrit,
arsenopyrit, thir yéu 1 sfalerit, hiém hon 1a vang tu
sinh, galenit, barit, seelit va gersdorffit (chi phat
hién dugc trong khi phan tich microzond). Duéi
day sé trinh bay chi tiét dic diém khoang vat
quang chinh pyrit, arsenopyrit va vang tu sinh.

4.1.1. Pyrit

Pyrit 14 khoang vét phd bién nhét trong quing,
chung ton tai & dang xam tan, mach xam tan nira ty
hinh v6i kich thudc khong dong déu. Pyrit thuong
xuyén gap trong cac quang nhi¢t dich bi thach anh
hoa dang chalcedon, ¢ céu tao dang dim véi chat
gan két (xi mang) 1a thach anh dang chalcedon cting
sulfur; hoac trong cac mach va d&i mach thach anh
dang chalcedon; hoac trong cac daoi bién ddi nhiét
dich cta ryolit bi sulfur héa manh.

Pyrit co 2 thé hé: Thé hé T xdm tan phd bién
khong nhimng trong da ryolit bi bién d6i ma con ca
trong mach thach anh. Trong d4 ryolit bi bién doi,
pyrit ¢c6 dang hat nho kich thudc thay ddi tir rat
nho dén 0,05mm, chung tap hop lai tao thanh cac
dam 16n. Nhidu khi con quan sat thiy cac manh
pyrit bi bién ddi tao thanh oxyt va hydroxyt sit.
Pyrit xdm tan trong cac mach thach anh la cac tinh
thé nira tu hinh c6 kich thude dén 0,1mm. Pyrit thé
hé 11 1a cac tap hop an tinh c6 cdu tao phan dai,

A

“dang than”, kich thudc khong 6n dinh, doi chd téi

vai mm. Cac khe nut trong cac tap hop clia pyrit an
tinh bi cataclazit hoa duoc 1ap day bang thach anh
(anh 2).

Anh 2. Tap hop pyrit 4n tinh “dang than” trong miu KC14-
316/2. Anh chup duéi kinh hién vi

Két qua phan tich thanh phan héa hoc cua pyrit
(bang 1) tir cac kiéu quang khac nhau: (i) trong
ryolit bi bién d6i chura sulfur; (ii) trong mach thach
anh dang chalcedon chira sulfur; (iii) ddm két chira
sulfur duoc gén két boi thach anh dang chalcedon,
béang phuong phap microzond cho thiy, chung kha
dong nhat va gan nhu khong thay c6 su khac biét,
chu yéu tuong tng v&i thanh phan 1y thuyét.
Thanh phan hoa hoc cua pyrit trong ryolit bi bién
dbi nhiét dich (bang 1) co Fe - tir 46,06 dén
46,09%, S - tir 52,76 dén 53,11 %, ham luong
(%tl) céc tap chit khong dang ké. Thanh phan hoa
hoc cua pyrit trong cdc mach va d6i mach thach
anh dang chalcedon (bang 1) c6 Fe - tir 45,83 dén
46,65% va S - tir 52,3 dén 53,43%, nguyén to tap
chat ¢ day dang chu ¥ 1a ham luong cua As dao
dong trong khoang 0-0,6%, c6 diém phan tich ham
luong As dat dén 4,89% (miu KC14-316/1),
Ni-0,01-0,04%, Sb-0-0,04%. Thanh phﬁn hoéa hoc
clia pyrit trong quing c6 cu tao dang dam két
(bang 1) co Fe - tr 45,79-46,64% va S - tr 51,86
dén 53,10%. Trong sb cac nguyén td tap chat da
ghi nhan dugc Ni - tir 0-0,04% va As - tir 0 dén
1,04 % (bang 1).
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Bang 1. Thanh phin héa hoc ciia khoang vat pyrit (%) trong cic miu khu vuc khoang hoa Sudi Cun

STT KHM Fe Co Ni As Au S Ag Sb Tong n
1 KC14-10/1 46.06 0.00 0.00 0.00 0.00 53.11 0.01 0.00 99.18 5
2 KC14-10/2 46.09 0.00 0.02 0.00 0.01 52.76 0.01 0.00 98.89 6
3 KC14-316/1 46.04 0.00 0.01 0.58 0.00 52.34 0.01 0.04 99.02 14
4 KC14-316/2 46.21 0.00 0.01 0.00 0.01 53.08 0.01 0.00 99.31 5
5 KC14-316/3 45.83 0.00 0.01 0.60 0.01 52.49 0.00 0.02 98.95 16
6 KC14-316/5 45.93 0.00 0.04 0.38 0.03 52.30 0.01 0.02 98.71 6
7 KC14-441 46.65 0.00 0.01 0.00 0.00 53.30 0.01 0.00 99.97 8
8 KC14-465/2 46.49 0.00 0.03 0.00 0.00 53.43 0.01 0.00 99.97 5
9 KC14-317/1 45.79 0.00 0.04 0.89 0.01 52.09 0.00 0.03 98.84 16
10 KC14-317/2 45.93 0.00 0.01 1.04 0.02 52.23 0.01 0.07 99.31 7
11  KC14-317/3 46.38 0.02 0.01 0.00 0.01 52.94 0.00 0.01 99.37 5
12 KC14-317/4 46.28 0.00 0.01 0.63 0.01 52.55 0.01 0.01 99.50 7
13 KC14-442 46.50 0.00 0.02 0.20 0.00 53.10 0.00 0.01 99.82 6
14  KC14-449 46.15 0.00 0.01 0.22 0.00 52.75 0.00 0.01 99.14 6
15 KC14-465/3 46.64 0.00 0.00 0.00 0.00 53.04 0.01 0.00 99.70 5
16  KC14-465/4 46.22 0.00 0.01 0.98 0.01 51.86 0.01 0.13 99.22 6

Ghi chi: Phén tich béng microzond ¢ Trung tdm phan tich Vién Dia chat va Khoang vat hoc, Phan vién Sibiri (Vién HLKH Nga);

Gi6i han phat hién cho phép cia phuong phap phén tich Microzond ciia cic nguyén t6 (%): Fe=0,026, Co=0,029, Ni=0,036,
As=0,062, Au=0,041, S=0,012, Ag=0,054, Sb=0,034, Zn=0,048, Cu=0,040; sb thir 1-2: pyrit trong ryolit bién dbi nhiét dich chtra
quang sulfur; sé the ty tir 3 dén 8: pyrit trong mach va mang mach thach anh dang chalcedon; sé thtr ty tir 9 dén 16: pyrit trong

quéng cAu tao dang dam két; n-sb phan tich

Ngoai cic nguyén t6 néu trén, ham lugng Au
va Ag ciing xuat hién trong nhiéu mau pyrit, chﬁng
dao dong trong khoang 0,01-0,03% (bang 1). Két
qua nay cung dugc kiém ching qua két qua phan
tich pyrit bang phuong phap quang phd hap thu
nguyén ta, ham luong Au dao dong trong khoang
1,1-1,9 g/t, Ag-0,49-1,2 g/t (bang 2).

Bang 2. Két qua phan tich ham lugng Au va Ag (g/t) trong
khoang vt pyrit bing phuong phap Quang phé hap thu nguyén

tr (AAS)
STT  KHM M5 ta mau Au Ag
1 KC14-465/2 mach sulfur bi oxy héa 1,1 0,49
hoan toan
2 KC14-465/3  d6i dam két ryolit 15 0,8
chura sulfur
3  KC14-465/4  dam két ryolit 1,2 0,8
4 KC14-465/6 mach quang sulfur 1,9 1,2
trong d4 gdc ryolit

Ghi chu: Phan tich tai Vién Dia chét - Khoang vat, Phan vién
Sibiri, Vién HLKH Nga

Péng chii ¥ 1a trong phan 16n cac trudng hop,
ham lugng Au trong pyrit thé hién rd ¢ nhimng két
qué phén tich ¢6 ham lugng As cao, nghia la biéu
hién mdi twong quan kha rd gitta ham lugng Au va
As trong pyrit. Diéu nay ciing kha phu hop voi déc
diém thanh phan cua pyrit ¢6 trién vong chira vang
da dugc ghi nhan trong vén lidu cia thé gidi.

4.1.2. Arsenopyrit

Arsenopyrit trong cac diém khoang hoa ¢ khu

vuc Sudi Cun ¢ hinh dang tinh thé rat dic biét:
céc tinh thé dang kéo dai bi dinh lién v6i nhau tao
thanh cac tap hop dang b6 (anh 3), chiéu dai truc
dén 0,5 mm. O mét sd diém, chung bao quanh céc

“manh” rhyolit tan du trong thach anh (anh 4).
Thudng céc tinh thé (hat) arsenopyrit tao nén cac
ciu tric dang sao (anh 5). Py 1a hinh dang tinh
thé dac trung cho arsenopyrit hinh thanh trong méi
truong nhiét do thap. Cac dic trung néu trén vé
miat hinh thai tinh thé arsenopyrit & cac diém
khoang hoa Sudi Cun, chua thdy duoc mé ta trong
cac van lidu nghién ciru vé khoang vét nay trong
cic biéu hién khoang hoa sulfur ¢ Viét Nam
trude day.

D | .
200 um 4

Anh 3. Téap hop dang bo cua arsenopyrit (ar) trong miu KC14-
316/1. Anh chyp duéi kinh hién vi phan xa
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Anh 4. Céc tinh thé arsenopyrit kéo dai (ar) bao quanh cic
“manh” ryolit trong thach anh. Hat 16n mau tring 13 pyrit (py)
dang tha hinh. MAu KC14-316/3

Vé mitc do pho bién, xem xét cdc mau da phan
tich ¢ thé thay trong hau hét cac bién loai mau
quang sulfur Sudi Cun thuong géap arsenopyrit tinh
thé hinh kim hodc lang tru kéo dai. Pay 1a nét dic
trung clia cac arsenopyrit co trién vong chira vang
hat min va xam tan trong sulfur (Kovalev et al,
2011).

Két qua phan tich thanh phan hoéa hoc cua
arsenopyrit khu vuc nghién ciru (bang 3) bang
phwong phap microzond cho thiy, ham luong As
tuong doi thap, ham luong S twong dbi cao va ham
luong Fe giam nhe so véi thanh phan 1y thuyét

Anh 5. Arsenopyrit (ar) cdu tao toa tia trong d4 bi pyrit hoa rét
manh (c4c hat nhé mau tring (KC14-317/1)

(hinh 2). Ham luong As thay doi trong khoang tir
41,12-45,44%, S-20,43-22,69%, Fe-33,56-34,72%
(bang 3). Ty 1&é S/As (% nguyén tir) trong
arsenopyrit dao dong trong khoang tir 1,05 dén
1,29, thuong >1,1 (bang 4). Ham lugng As, S va ty
1¢ S/As nhu vay kha dac trung cho céc arsenopyrit
chtra vang va da dugc ghi nhan pho bién trong cac
van liéu quéc t& (Maddox et al., 1998, Saha et al.,
2002, Kovalev et al., 2011). Cac nguyén t6 tap
chat c6 ham lugng thip nhu: Co-dao dong tir 0 dén
0,16%, Ni dao dong trong khoang 0-0,03%; Sh-
0,01-1,46% (bang 3).

Bang 3. Thanh phin héa hoc ciia arsenopyrit (%) trong cac diém khoang hoa Sudi Cin

KHM KC14-465/4 KC14-441 KC14-442 KC14-449  KC14-465/2  KC14-316/1 KC14-317/4

1 2 3 4 5 6 7
Fe 34.72 34.02 33.56 34.27 33.86 34.36 34.61
Co 0.001 0.155 0.004 0.05 0.005 0.000 0.002
Ni 0.003 0.000 0.013 0.01 0.005 0.003 0.006
As 41.12 44.14 44.54 44.67 4411 42.15 43.52
Au 0.056 0.000 0.000 0.00 0.000 0.006 0.076
S 22.69 21.29 21.17 20.93 21.63 22.48 21.87
Ag 0.0014 0.0045 0.0007 0.00 0.0120 0.0029 0.0120
Sb 1.458 0.250 0.116 0.20 0.037 0.009 0.014
Téng 100.06 99.87 99.41 100.13 99.66 99.01 100.11
Fe 32.89 32.63 32.36 32.90 32.42 32.74 3291
Co 0.00 0.14 0.00 0.05 0.00 0.00 0.00
Ni 0.00 0.00 0.01 0.01 0.00 0.00 0.01
As 29.03 31.56 32.02 31.97 31.49 29.94 30.85
Au 0.01 0.00 0.00 0.00 0.00 0.00 0.02
S 37.43 35.56 35.55 34.99 36.06 37.31 36.21
Ag 0.00 0.00 0.00 0.00 0.01 0.00 0.01
Sb 0.63 0.11 0.05 0.09 0.02 0.00 0.01
S/As 1.29 1.13 111 1.10 1.15 1.25 1.17
n 8 2 6 5 3 7 5

Ghi cht: Phan tich bang microzond & Trung tim phan tich Vién Dia chét va Khoang vat hoc, Phan vién Siberi (Vién HLKH Nga). Giéi
han phat hién cho phép ciia phuong phap phén tich Microzond ciia cdc nguyén td. Fe=0,026, C0=0,029, Ni=0,036, As=0,062,
Au=0,041, S=0,012, Ag=0,054, Sb=0,034, Zn=0,048, Cu=0,040; n: Sé diém phan tich; S thir tw 1, 3, 4: dam két chua sulfur;
2- thach anh chira sulfur trong d6i bién ddi cua ryolit; 6-7: thach anh dang chalcedon chira sulfur; 5-mach sulfur bi oxy hoa hoan toan
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Hinh 2. Biéu db twong quan ham luong As-S cta arsenopyrit
trong quang hoa khu vuc Sudi Cun so v&i thanh phin chuén

Ngoéli cic nguyén to néu trén, con thay Au va
Ag xudt hién trong mot s6 két qua phan tlch tur cac
méu thudc khu vue sudi Cin va mau & sudi song
song v&i Sudi Cun. Ham lugng vang trong cac
mau dugc phat hién dao dong tir 0,006 - 0,076%,
tac la tor 60-760 g/T (bang 3); céac g1a tri ham
lugng Au cao thy chu y€u trong cdc mau dam két.
Gia tri nay ciing dugc khang dinh qua két qua phan
tich arsenopyrit bang phuong phap quang pho hép
thu nguyén tir (bang 4). Qua d6 co thé thay, nhin
chung ham lugng Au trong arsenopyrit kha cao,
dao dong trong khoang 2,9-13 Og/t cao nhit 1a Au
trong arsenopyrit & mau dim két khu vuc Subi
Cun, dat 13,0g/t (bang 4). Ham luong Ag dao dong
tir 0,62-4,20 g/t, chiing kha cao & mau sulfur trong
d&i phong hoa, mau KC14-454/1 (bang 4).

Bang 4. Két qua phan tich ham luong Au va Ag (g/t) trong
khoang vét arsenopyrit bang phuong phap Quang phé hip thu
nguyén tu (AAS)

STT KHM Mo ta mau Au Ag
1 KC14- mach sulfur trong d6i 2,90 4,20
454/1 phong hoa arsenopyrit
2  KCl4- dam két ryolit 13,00 0,62
465/4
3 KC14- mach quéng sulfur trong 4,60 1,10
465/6 da gbe ryolit

Ghi cht: Phan tich tai Vién Dia chat-Khoang vét hoc, Phan vién
Siberi, Vién HLKH Nga

Nhu viy, dic diém tiéu hinh cta arsenopyrit
trong cac doi khoang hoa nay bao gom: hinh dang
tinh thé - hinh kim, lang try nho, manh, kéo dai va

thuong tap trung thanh cac tich tu dang bo lua,
thanh phan héa hoc c6 ham lugng As tuong dbi
thap, ham luong S tuong dbi cao so véi thanh phin
Iy thuyét, ty 1& S/As (% nguyén tir) trong
arsenopyrit thuong > 1,1 va thuong chira vang véi
ham lugng kha cao.

4.1.3. Vang tw sinh

Vang tu sinh hiém gap, chi yéu dué6i dang cac
hat rat nho, kich thudc khoang 30pm. Hinh dang
cua céc hat vang thuong tha hinh, c6 anh vang
(anh 6). Dudi kinh hién vi soi ndi, vang tu sinh
trong tinh quang (tr mau gid dai) chii yéu c6 kich
thude cuc nho, hau hét < 0,1mm. Nghién ctu dudi
kinh hién vi dién tir quét, doi khi quan sat dwoc hat
vang tu sinh bi bao boc badi hat vang tu sinh khac
c6 ham lugng thuy ngan cao va dugc xdc nhén
bang phd thanh phan (hinh 3), theo d6 thi ham
luong Au=77,32%; Ag=7,2%, Hg=15,48%.

Su hinh thanh cac vanh vang giau thiy ngén
trén hat vang ty sinh c6 “do tudi” cao nhu mé ta
trén c6 thé duoc giai thich 1a do tac dong cua fluid
nhiét dich mudn hon cé6 ham lugng thuy ngén cao.
Két qua la xay ra sy gin két (amalgamation) tu
nhién hat vang duoc hinh thanh trude dé tao thanh
mot ge‘in két tu nhién. Su ¢6 mit cac kién trac vang
tu sinh kiéu nay Kkét hop vé&i sy ¢6 mat cua cac tinh
thé dinh két cua arsenopyrit di khang dinh thém su
thanh tao quang & nhiét d thép téi han va d6 sau
nho. Vi thé, co thé suy doan ring phan quing hoa
chtra vang 16 trén bé mat hién tai chi 1 biéu hién
phan khoang hoa ¢ muyc (phan) trén, va c6 thé hy
vong vao tiém ning 16n hon cua quing héa kiéu
nay ¢ dudi sau.

Theo két qua phan tich (bang 5) bang phuong
phép microzond thi ham lugng Au cua vang tu
sinh trong cac ddi khoang hoa Subi Cin c¢6 do tinh
khiét cao, dat 87,72-97,69%. Ngoai cac tap chat
nhu Ag, con c¢6 Cu dén 0,28%. Dic biét, hau hét
cac mau vang tu sinh phan tich déu c6 mat Hg voi
ham lugng dao ddng tur 0,04 dén 0,21%, va ham
lwong niy cang cao & nhitng mau c6 tudi vang cao.
Diéu nay cang khing dinh cho cic két qua nghién
ctru bang kinh hién vi dién tr quét néu & trén.
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Anh 6. Cac hat vang ty sinh (mau vang) trong tap hop khoang vat quang (tinh quang tir mau gid dai). 1, 2 - mau KC14-316/2, 3 -
mau KC14-316/3

Wym ' Electron mage 4

\ 1 A 2 A 3
Fe
Au A
Hiy
Ag
Fe
/\ll Au Au
Au N Ha o L
"ﬂ-h..._ Pormiann, » —r o,

T T T T T T T T = T T =5 T
2 'l 4 [ o} 10 12 2 4 G 0 10 12
Full Scale 1200 cts Cursor: 3. “’0" 195 ct' 5 ke\/ "Ll acale 1200 otz Cursor: 5.004 111 cts)  keVull Scale 1260 otz Cursor: 4.715 (67 ctz)  keV

Hinh 3. Hinh trén: cc hat pyrit (3) va vang tu sinh (1) v6i vang tu sinh bao quanh chtra thiy ngan cao (2); hinh dudi: gian db thanh
phén cila vang ty sinh ¢ ham luong Au, Ag cao, vang tu sinh c6 ham lwgng Hg cao va pyrit. Cac théng s6 chi yéu: (i) Vang tw
sinh: Au=88,34%, Ag=11,66%; (ii) vang tu sinh cao Hg: Au=77,32%; Ag=7,2%, Hg=15,48%. Mau KC14-316/2
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Bang 5. Thanh phin héa hoc ciia vang ty sinh khu vuc Sudi Cun phan tich bing phuong phap microzond (%tl)

KHM Cu Au Hg Ag Tong n
KC14-316/2 0.28 87.86 0.00 11.65 99.79 2
KC14-449 0.00 89.10 0.08 11.14 100.33 3
KC14-453 0.00 90.82 0.10 8.67 99.60 5
KC14-470 0.01 91.41 0.04 8.98 100.44 3
KC14-454/1 0.02 87.64 0.12 11.16 98.94 10
KC14-465/2 0.06 97.69 0.06 1.58 99.38
KC14-465/3 0.02 96.07 0.21 2.76 99.07 9
KC14-465/4 0.02 87.72 0.09 11.77 99.59 5
KC14-465/5 0.07 97.64 0.12 1.71 99.54 5
KC14-465/6 0.00 90.03 0.07 10.55 100.65 12

Ghi chit: Phan tich bing microzond & Trung tim PT, Vién Dia chit va Khoéng vat hoc, Phan vién Siberi (Vién HLKH Nga)

4.2. Pic diém dia héa quing

Cac miu quing khu vuc Subi Cin duge phan
tich ham luong Au, Ag bang phuong phép quang
phd hép thu nguyen tor (QPHTNT) bao gdm cac
kiéu quing: mau trong cac da ryolit bi bién ddi
nhiét dich; trong cac mach va déi mach thach anh
cAu tao dang chalcedon chtra sulfur; cac dgi dam
két chira khoang héa sulfur va d6i phong hoa triét
dé. Két qua phan tich duogc trinh bay & bang 6.

Két qua phan tich cho thdy: Trong cac da ryolit

bién d6i nhiét dich (miu KC14-316/2; KC14-10/1;
KC14-10/2) phan bd cach xa déi quéng thuc thu
khong xac dinh dugc ham lugng vang (bang 6).
Tuy nhién, trong cac d4 ryolit chira sulfur gan déi
quing c6 xuat hién ham lugng vang va bac song
kha thip (Au-0,062-0,32g/t; Ag- 0,086-1,6g/t).
Ham lugng Au trong cdc mach thach anh dang
chalcedon chira pyrit va arsenopyrit hodc co céu
tao dang dam nhiét dich deu kha cao, dén 3,02 git.
Ty 1& Au:Ag trong cic mau phan tich vé co ban
twong ung véi 2:1, ching to xu hudng vang la chu
yéu ctia khu vuc khoang hoa vang kiéu Sudi Cun.

Bing 6. Ham lugng Au, Ag trong cic kiéu quang khu vie Sudi Cun. Phan tich QPHTNT

Ky hiéu miu Au, g/t Ag, g/t Dic diém miu quing
KC14-316/1 3,02 1,70 Thach anh dang chalcedon véi pyrit va arsenopyrit
KC14-316/2 0,00 0,00 Thach anh nhiét d6 thdp méiu den chira xAm tan pyrit
KC14-316/3 0,30 0,53 Quing dang ddm vdi manh ryolit bi bién dbi; sulfur hoa manh
KC14-316/5 1,47 1,07 Thach anh dang chalcedon trong ryolit vdi arsenopyrit
KC14-10/1 0,00 0,08 Ryolit bi bién d6i nhiét dich chira sulfur
KC14-10/2 0,00 0,00 Ryolit bi bién dbi nhiét dich chtra sulfur
KC14-317/1 0,19 0,09 Quing dang dim v&i manh ryolit bi bién ddi; sulfur héa manh
KC14-317/2 0,00 0,07 Quing dang ddm véi manh ryolit bi bién ddi; sulfur hoa manh
KC14-317/3 0,37 0,24 Thach anh dang chalcedon mau 4m khoi vdi gan mach gotit
KC14-317/4 0,00 0,08 Thach anh dang chalcedon mau am khoi chira sulfur
KC14-441 <0,05 0,055 Mach thach anh trong ryolit
KC14-442 0,22 0,52 Dim két c6 chalcedon mau den chira sulfur
KC14-449 0,13 0,24 Dam két ¢6 mach chalcedon
KC14-453 0,062 0,086 Ryolit chira sulfur
KC14-454/1 0,59 0,71 Mach sulfur trong déi phong hoa arsenopyrit (?)

KC14-454/2 <0,05 0,47 Mach sulfur trong d6i phong hoa pyrit (?)
KC14-454/3 <0,05 0,32 Mach sulfur trong déi phong hoa
KC14-465/1 0,33 1,6 Ryolit chira sulfur dang dam Kkét
KC14-465/2 1,7 0,55 Mach sulfur bi oxy héa hoan toan
KC14-465/3 0,2 0,63 D6i dam két trong ryolit chira sulfur
KC14-465/4 0,75 0,13 Dam két ryolit

KC14-465/5 <0,05 0,098

KC14-465/6 0,32 0,48 Mach quang sulfur trong da ryolit
KC14-470 0,16 0,28 Dim két chira sulfur

Ghi chu: Phan tich tai trung tdm phan tich Vién Dia chét va Khoang vat hoc, Phan vién Siberi (Vién HLKH Nga)
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Két qua phan tich ham luong Au, Ag va cic
nguyén té khac bang cac phuong phap dinh luong
(ICP-MS két hop voi INAA) va két qua phan tich
nung luyén (FA) két hop véi kich hoat neutron
(INAA) tai Trung tam phan tich ACLAB
(Canada) (bang 7) cling khang dinh ham lugng
Au cao trong cac mau thach anh dang chalcedon
chira sulfur hodc dim két chua sulfur. Cu thé,
ham lugng Au trong mau dam két c6 thé dén 2,41
g/t Au (phan tich bang nung luyén két hop
INAA), 2,54 g/t Au phan tich bang phuong phap

INAA (bang 7), trong mau thach anh dang
chalcedon chtra sulfur ham lugng Au dat dén 2,69
g/t (phan tich bang phwong phiap INAA). Pic
biét, ham luong Au cao hon ca trong mau sulfur
bi oxy hoa hoan toan: Au-5,99 g/t (phén tich bang
phuong nung luyén két hop INAA) va 6,4 g/t
(phan tich bang phuong phap INAA). Ham luong
Au thap hon trong mau sulfur trong dé ryolit: Au-
1,17 g/t (phan tich bang phuong phap nung luyén
két hop v6i INAA) va 1,31 g/t (phan tich bang
phuong phap INAA).

Bang 7. Két qua phén tich ham luong nguyén t6 quing bing phuong phap FA+INAA, ICP-MS, INAA

KHM Au* Au** Ag Cu Mo Pb Ni Zn S Al As Sb Ti Ga Ge Hg TI
ppb  ppb g/t ppm ppm ppm ppm ppm % % ppm ppm % ppm ppm  ppb  ppm
KC14-442 356 457 095 251 29 226 86 186 039 495 312 932 034 124 02 7710 0.78
KC14-449 236 326 068 249 19 209 58 166 057 45 537 136 02 51 0.2 >10000 1.24
KC14-465/3 629 637 1.22 199 6 127 7.9 188 899 074 727 161 005 35 02 >10000 2.89
KC14-470 640 635 055 209 17 495 36 9.9 105 1.62 3730 367 011 3.8 0.3 >10000 5.73
KC14-316/3 607 0.95 11.4 21.1 21.7 187 188 3370 159 57 02 7590 5.78
KC14-317/2 1080 0.15 13.8 6.6 18.3 342 16.1 986 186 104 <01 4790 1.78
KC14-465/1 623
KC14-465/4 2410 2540 047 253 5 132 28 221 253 333 4420 289 008 9 02 >10000 5.38
KC14-316/5 2690 0.7 221 169 115 37 7.6 994 108 85 01 1160 13
KC14-465/5 11 24 064 367 2 321 135 47 1.84 815 463 75 035 201 02 >10000 1.49
KC14-465/2 5990 6400 1 112 <1 482 99.3 194 564 254 5440 286 016 7 03 >10000 5.75
KC14-454/1 1370 1370 0.96 97.7 <1 77.9 274 935 216 571 67700 308 0.18 135 03 4020 2.17
KC14-454/2 70 91 1.14 488 3 272 9 323 048 7.34 7010 625 047 136 04 1060 2.35
KC14-454/3 73 86 0.65 236 <1 365 287 186 0.08 7.73 3250 458 044 163 09 3770 1.71
KC14-453 3 85 059 131 <1 225 97 209 206 7.69 147 162 03 152 02 9810 1.08
KC14-465/6 1170 1310 086 10 9 223 183 21.1 526 4.18 1720 157 0.8 11.1 02 >10000 5.19

Ghi chit: két qua dwgc phan tich tai Trung tim phan tich Aclabs, Canada; *Phan tich bing phuong phap nung luyén két hop véi kich
hoat notron (FA+INAA); **Phan tich bing phuong phép kich hoat notron (INAA); Cac nguyén t6 con lai dugc phan tich két hop

giita INAA/ICP-MS

Ngoai ra, ham luong Au trong cac mau sulfur
thudc déi phong hoa arsenopyrit ¢6 ham lugng cao
hon hin so véi mau thu thap tai doi phong hoéa chu
yéu 1a pyrit (bang 7). Pi v6i d6i phong hoa tir
arsenopyrit- Au-1,37 g/t, As-67,7% (bang 7), tai
d6i phong hoa chu yéu tir pyrit: Au-70ppb, As-
7,01% (bang 7). Nhin chung, ham lugng Ag trong
c4c mau phan tich tai bang 7 déu c6 ham luong
thip, dao dong trong khoang 0,15-1,22 g/t.

Ngoai Au, Ag, nguyén t6 quing c6 ham luong
dang cht y la As - 147-67.700 ppm, Sb-7,5-367
ppm, Hg-3,77- >10ppm, Ga-3,5-20,1 ppm, Zn-7,6-
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186ppm, Pb-11,5-365 ppm, TI-0,78-5,78 ppm
(bang 7).

Nhu vay, vé co ban dic diém dia hoa quéng
Au-sulfur khu vue Sudi Cun duge thé hién cha yéu
boi Au, As; cac nguyén td khac nhu Mo, Sb, Hg va
Tl chua thé hién rd nét. Tuy nhién, nhimng sé liéu
nay, ngoai viéc khing dinh ham luong Au, Ag, As
trong quiang Subi Cun va thé hién r5 hon mbi
tuong quan gilra Au va As, n6 con ching to su co
mat cua Hg va Tl v4i ham luong cao. Cung véi su
¢6 mat cua Hg trong vang tu sinh, do ciing 1a déu
hiéu vé sy hinh thanh quéng trong diéu kién nhiét



Tap chi Cac Khoa hoc vé Trai Dat, 37 (1), 1-15

dich nhiét do thép. Mat khac, ham lugng Zn, Pb va
Ga kha phu hop véi sy c6 mdt cua galenit va
sphalerit trong t0 hgp khoang vat quang.

Tém lai, cac nguyén té quing chinh dic trung
cho céc thanh tao chira vang & day 1a As, co thé
cho rang ca Sb (mic du chua thiy khoang vét chira
Sb). Ham lugng As trong cic mau c6 gia tri ham
luong vang dat gia tri cong nghiép co thé ti vai
%, tham chi hang chuc % nhu trong mau KC14-
454/1. Piéu nay phan anh sy c6 mit cic khoang
vat arsenopyrit va pyrit chita As trong quing nhu
dd mo ta trén. Trong cic mau ryolit bién dbi nhiét
dich khong xac dinh dugc ham luo’ng tang cao cua
cac nguyén t6 nay Tir d6 6 thé cho rang mdi lién
quan nguodn gdc cua ham luong Au v6i ham luong

tang cao cia As, c6 thé ca Sb, 1a kha ro rét. Ham
luong Sb khong qua twong phan va sy c6 mit cua
no6 la do nguyén nhan khac khong lién quan tdi qua
trinh tao quang nhiét dich.

Ham lugng Ag thip hon Au dén vai lan trong
quéng c6 thé minh chiing cho sy ving mat cac pha
khoang thyc thu hodc pha khoang chira Ag, ngoai
trr trong vang tu sinh thudng xuyén cé mat mot
lugng Ag nao do.

4.3. Pong vi lwu huynh

Thanh phan dong vi luu huynh duoc xac dinh

tur cac khoang vat pyrit va arsenopyrit dugc tach tr

cic mau thu thip trong khu vyc nghién ctu
(bang 8).

Bang 8. Két qua phén tich ddng vi luu huynh trong pyrit va arsenopyrit khu vuc Subi Cun

STT KHM Khoang vat 5*S, %oCDT

1 KC14-316/3 Pyrit -2,9 Quing dang dam v&i méanh ryolit bi bién d6i; sulfur
hoa manh

2 KC14-317/1 Pyrit 0,6 Quing dang dam v&i méanh ryolit bi bién déi; sulfur
hoéa manh

3 KC14-453 Pyrit 18,4 Ryolit chira sulfur

4 KC14-465/2 Pyrit 11,9 Mach sulfur bi oxy hoa hoan toan

5 KC14-465/4 Pyrit 9,2 Dam két ryolit

6 KC14-465/6 Pyrit 3,4 Mach quing sulfur trong d4 gdc ryolit

7 KC14-454/1 arsenopyrit 1,4 Mach sulfur trong déi phong hoa arsenopyrit (?)

8 KC14-465/4 arsenopyrit 1,9 Diam két ryolit

9 KC14-465/6 arsenopyrit -2,5 Mach quéng sulfur trong da ryolit

Ghi chu: Phan tich tai trung tdm phan tich Vién Dia chét va Khoéng vét hoc, Phan vién Siberi (Vién HLKH Nga)

Gia trj %S trong cac miu dam két dao dong
trong khoang rong tir -2,9 dén 9,2%. (bang 8),
trong d4 ryolit chita sulfur 1a 3,4%o, trong mau
sulfur bi oxy hoa hoan toan gia tri %S 1a 11,9 %o
(bang 8). Két qua nay cho théy cac kiéu quing hoa
nay déc trung cho san pham cua dung dich nhiét
dich c6 ngudn goc magma va luu huynh dugc bét
ngudn tir nude bién (hinh 4), c6 nghia ching dic
trung cho cac kiéu khoang hoa nhiét dich nhiét do
thap lién quan v&i cac thanh tao nui lira (Seal et al.,
2001, 2006). Nhan dinh néu trén ciing dugc khang
dinh qua gi tri %S trong arsenopyrit, ching dao
dong trong khoang kha hep, -2,5 - 1,9%o (bang 8).
Tuy nhién, diéu ‘nay cing cén duoc khing dinh
thém, do trong sé cac mau pyrit phan tich co mau
pyrit trong da ryolit KC14-453 c6 gia tri 5*'S 1én
toi 18,4 %o (bang 8), trung véi sy giam nhiét dia
héa (thermochemical reduction) cua sulfat nudc
bién (hinh 4) (Seal et al., 2001, 2006).

5"S

Hinh 4. Pdng vi luu huynh cta cac khoang vét sulfur trong

quang hoa Sudi Can
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5. Thao luan
5.1. Ddc diém tiéu hinh ciia khodng vit quing

Pyrit: v6i cic ddc trung vé thanh phan nhu giau
As, thuong c6 ham lugng Au cao trong céc pyrit
chira ham lugng cao ciia As va chiéu giam cua Fe,
didu nay thé hién rd mdi twong quan giita ham
luong Au va As trong pyrit. Mot sb nghién ctru da
chi ra réng, ddi véi cac kiéu Au hat min, Au trong
qua trinh hoa tan dung dich ctiing thuong thay thé
vi tri cia Fe trong pyrit hodc arsenopyrit (Wu and
Delbove, 1989; Fleet and Mumin, 1997; Tarnocai
et al.,, 1997). Tai cac d6i giau As trong tinh thé
pyrit dac trung c6 ham lugng Au cao (Fleet et al.,
1989; Fleet and Mumin, 1997) ddng thoi c6 ham
luong Fe giam (Genkin et al., 1998; Johan et al.,
1989). Péy la nét rét dic trung cho cac pyrit “chira
vang” & cac d6i khoang hoa trong tram tich luc
nguyén va nui lira hé ting Song Hién khu vuc Subi
Cun va co thé coi d6 1a ddu hiéu trién vong vang
hat min va phén tén trong sulfur kiéu nay.

Arsenopyrit trong cic miu quing khu vuc Sudi
Cun thuong c6 hinh kim hoac lang tru kéo dai, cac
tinh thé arsenopyrit thuong tap hop tao nén cac cau
tric dang bo, hinh sao (anh 3-5). Pay 1a hinh dang
tinh thé ddc trung cho arsenopyrit hinh thanh trong
mdi truong nhiét do thap. Mic du, mot sé mo nhiét
dich nhiét do thﬁp ¢6 chtra nhiéu arsenopyrit voi
dang tinh thé néu trén da duoc mod ta & mot sd
nudc trén thé gidi, song nhin chung hinh dang tinh
thé nay ctia arsenopyrit khong phd bién va dugc
coi la kha hiém. Mit khac, thanh phan cua ching
dac trung thép As, thép nhe Fe, cao S, ty 1¢
S/As>1,1, 1a nhitng diu hi¢u rat dic trung cho
trién vong vang hat min va xam tan trong sulfur
cua doi khoang hoa (Maddox et al., 1998, Saha et
al, 2002, Kovalev et al, 2011).

5.2. Kiéu khodng héa va diéu ki¢n thanh tgo

Dua trén dic tinh chuyén hoa dia hoa, quang
khu vue Sudi Can 13 Au, As, su ¢6 mit cta Sb, Hg
trong quang sulfur ciling nhu sy ¢6 mat cia Hg voi
ham luong kha cao trong vang tu sinh va dic diém
tiéu hinh cua cac khoang vat arsenopyrit, pyrit
trinh bay trén hoan toan c6 co s& dé xép cac thanh
tao quang khu vuc Sudi Cun vao kiéu dia héa Au-
As cla loat tu khoang (md) nhiét dich nhiét do
thip (epithermal).
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Déi véi kiéu dia hoa quing Au-As dic trung
cong sinh khoang vat la pyrit, marcasit va
arsenopyrit. Thé hé sulfur som thuong 1a pyrit
dang tinh thé nh6 x4m tan trong cic da bién chét
trao d6i vy quanh than quing. Cac khoang vét
sulfur thé hé muén hon thudong tham gia vao viéc
hinh thanh quang cAu tao xAm tan, dang cau, phan
16p hodc cAu tao dam.

Diu hiéu v& ngudn gc nhiét dich ctia quing
hoa Au-As Sudi Cin 1a cac biéu hién khoang héa
phét trién dudi dang cac d6i bién chét trao dbi do
tac dong cua dung dich nhiét dich cling nhu céac
thanh tao mach, mang mach trong cat bot két bi
phién hoa, trong d4 phién sét va phd bién nhit 1a
trong ryolit cta hé ting Séng Hién. Cac du vét
sulfur hoa cua da ryolit, sy biéu hién rong rdi cac
mach va déi mach thach anh dang chalcedon chira
sulfur quan sat dugc & doc QL3 cii theo sudi Cun,
ciing nhu cac biéu hién tuong ty c6 thé ghi nhan
dugc trong cac da xdm nhap thanh phan mafic-siéu
mafic ciia khéi Sudi Cun (anh 7, 8) chimg t6 hoat
dong nhiét dich ¢ khu vuc Sudi Cin phat trién rat
rong rdi. Pay 1 nhitng dau hidu tryc tiép lam tién
dé cho cic nghién ctru, diéu tra khoang san
tiép theo.

Anh 7. Béi listvenite hoa c6 chita khoang hoa sulfur phat trién
trong cac d4 siéu mafic 16 ra & phan béc khdi Subi Cun
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Anh 8. Céac mach thach anh phat trién rong rai trong cac dé ctia

khu vuc nghién ctru, trong anh 1a mach thach anh chira khoang
hoa sulfur xuyén theo khe nut tach cua cac thanh tao siéu mafic
phia bic khéi Sudi Cin

Trong cac d6i khoang hoa ké trén, sy phat trién
cac qua trinh silic hoa - thach anh dang chalcedon
1a mot dau hiéu thudng thdy trong cac quing hoa
nhiét dich nhiét do thép (epithermal) da dugc ghi
nhan trong cic van lidu vé kiéu mo nay trén thé
gii, vi du nhu Lattanzi (1999) khi tong quan vé
cac mo epithermal cua Italia (Lattanzi, 1999) va &
Viét Nam nhu cong trinh cua Lé Van B¢ (1997).
Diéu dang luu ¥, trong cong trinh ciia L. V. Dé
(1997), thudc kiéu nhiét dich nhiét do thap ¢ Viét
Nam chi ¢c6 mo vang Na Pai (Binh Gia, Lang Son)
va cac biéu hién quing hoa vang ving Binh Liéu -
T4n Mai (Quang Ninh). Trong ca hai truong hop
nay, bdi canh dia chit ciing trong ty nhu cc biéu
hién quing héa khu vic Subi Cun, nghia 1a khoang
hoa phan b trong cac da trim tich ngudn nai lia
va nui lira thanh phan axit; bién ddi nhiét dich phd
bién 1a propilit hoa, silic héa (chalcedon), argilit
hoa. Tuy nhién, thanh phan khoang vat quing ciia
khu vyc Quang Ninh khong duge néu chi tiét, con
dbi v6i mo Na Pai, ngoai pyrit va arsenopyrit con
phé bién céac khoang vat quang khac nhu marcasit,
chalcopyrit, galenit va dong tu sinh. Nhu vay, xét
vé mat cong sinh khoang vat, quang hoa ¢ khu vuc
Sudi Cin c6 thé thudn nhét kiéu dia hoa Au-As
hon so v&i Na Pai. Vi thé, co thé cho rﬁng, cac
biéu hién quing hoa Au-As Sudi Cun 1a thi du thir
ba vé quing héa nhiét do thip trong hé rift noi luc
Soéng Hién - An Chau (khai niém theo T.V. Tri va
nnk, 2009).

Minh chimg cho diéu kién hinh thanh & nhiét
do6 thap cua khoang hoa Sudi Cin con 1a: (i) su co
mat cua ham luong Hg trong vang tu sinh; (ii) ham
luong cao (>10g/t) cua Hg trong nhidu miu quing
da phan tich. Sy c6 mat ctia galenit va sphalerit
dudi dang cac bao thé tinh thé trong pyrit,
arsenopyrit dugc phat hién khi phan tich kinh hién
vi dién tir quét ciing c6 thé 1a dén ching cho diéu
kién nhiét do thép cua qua trinh thanh tao cac
khoang vat quang & Su6i Cun.

V& d6 sdu thanh thanh tao: v6i ban chét nhiét
dich nhiét d6 thép, sy ¢6 mat cia vang tg sinh
chira Hg, quing hoa Au-As Sudi Cun dugc hinh
thanh & d6 sau dyu doan khoang 1-2km. Piéu quan
trong nita 1a cac biéu hién khoang hoa trén mat
hién tai chi biéu hién 1 phin trén cua cdt quing
(hé magma-quing) v6i hy vong con c6 trién vong
o dudi sau.

5.3. Méi lién quan véi hoat dpng magma

Trong khu vuc Subi Cin phd bién hai hoat
dong magma twong phan vé thanh phan 1a (i) to
hop nii Itra thugc hé ting basalt Bang Giang (P3)
va xam nhép mafic - siéu mafic phirc h¢ peridotit,
gabro va diabas Cao Bang; (ii) to hop nii Iira -
xam nhép axit thugc hé ting Song Hién (T;sh) va
phtrc hé Nui Piéng (T. V. Tri va nnk, 2009).

Nhu trén da néu, khoang héa Au-As phd bién
khong chi trong cac déi bién d6i nhiét dich trong
ryolit ciia hé ting Séng Hién, ma con trong da siéu
mafic ciia phirc hé Cao Bing. Tuy nhién, xét vé
mit cong sinh khoang vat, dic diém khoang vat
quang va dia hoa quang, cac bleu hién khoang hoa
Su01 Cun 1 rang khong c6 mdi lién hé vé ngudn
gbc v6i hoat dong magma xam nhdp mafic siéu
mafic & ddy. Quing hoa lién quan dén cic thanh
tao nay la Ni-Cu vdi cac nguyén t nhom Pt di
kém ngudn gbc magma thyc thu (Polyakov va nnk,
1996; T. T. Hoa va nnk, 2006; 2010). Cac biéu
hién khoang hoéa pyrit - arsenopyrit trong cac doi
bién ddi nhiét dich trong da siéu mafic 1a hién
tuong khoang héa mudn hon va co6 1€ lién quan
ngudn goc voi hoat dong magma giai doan sau -
giai doan hoat dong magma axit. Trong cac t6 hop
cong sinh khoang vat quang va dia héa quing cua
cac d6i khoang hoa nghién ctru khong thy bét ky
dau hiéu nao cua khoang vét quéng cing nhu
nguyén t6 quing c6 xuat xtr tir ngudn sau. Cac diu
hiéu vé& dang biéu hién cac than khoang (than
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quang), to hop khoang vat cong sinh, dic diém
thanh phan hoa hoc ctia khoang vat quang va vang
cling nhu cac dic diém dia hoa quang dong nhét
cling nhu két qua phan tich dong vi luu huynh
trong pyrit (-2,9 dén 9,2%o trong dim két; 3,4%o
trong da ryolit) va arsenopyrit (-2,5 - 1,9%0) da
minh chimg cho mdi lién quan ngudn gbc cia
quing héa sulfur chira vang Sudi Cun véi hoat
d6ng nui ltra axit phat trién ¢ khu vyc nay ma cu
thé 1a véi hoat dong nui Itra Trias s6m Song Hién.

6. Két luan

Quéng hoa vang - sulfur khu vuc Sudi Cun,
dwa theo thanh phan khoang vat quéng chinh thudc
kiéu pyrit - arsenopyrit, con vé mat dia hoa - thudc
kiéu Au-As. Cac dic diém tiéu hinh vé thanh phan
hoa hoc cua pyrit 1a chira ham lugng cao cia As va
chtra vang; dac diém tiéu hinh cua arsenopyrit la
tinh thé dang kéo dai, ty 1& S/As (% nguyén tir)
thuong xuyén >1 va chta vang; c6 mit vang tu
sinh kich thudc cuc nhé va min véi ham lugng Hg
cao. Quang hdéa Au-As khu vuc Subi Cun thudc
kiéu nhiét dich nhiét do thép lién quan téi hoat
d6ng magma nui lira thanh phan axit hé ting Song
Hién tudi Mesozoi sém va cé thé duoc coi 1a mot
trong nhiing tu khoang c6 trién vong vé& vang hat
min va phan tan trong sulfur can duoc diéu tra chi
tiét dé danh gia tiém nang thyc té.
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