NGHIEN CUU AP DUNG MO HINH TOAN THONG KE PE PANH
’ GIA PAC PIEM PHAN BO VA
MOI QUAN HE TUONG QUAN GIUA VANG VOI CAC THANH
PHAN CO iCH PI KEM TRONG
QUANG VANG GOC KHU PAK SA, HUYEN PHUOC SON, TINH
QUANG NAM

LE VAN LUONG!, TRUONG XUAN LUAN2 NGUYEN PHUONG?
L Van phong Hoi dong danh gid trit lwong khodng san Quoc gia, S6 6, Pham Ngii Ldo, Ha N§i;
2Trirong Pai hoc M6 - Pia chat, Péng Ngac, Tir Liém, Ha Noi.

Tém tit: Bai bdo trinh bdy co sé Iy thuyet va két qua dp dung phwong phap todn thong
ké dé danh gid ddc diém phdn bé va méi quan hé tiwong quan gitka vang voi cdc nguyén 10
di kém (Ag, Pb va Zn) trong quang vang goc khu Dak Sa; tir do dé xudt dp dung cho cdc
khu vuee khdc c6 diéu kién dia chat khodng san fwong ty. Két qua nghién ciru cho thay ham
lwong Au phan bé trong cdc than qudng vang goc khu Dak Sa co thé quy nap vé ham phan
bé loga chuan Két qua nghién ciru ciing cho thay vang c6 quan hé tirong quan thudn voi
cde nguyén té di kém. Tuy nhién, moi quan hé giita vang voi cdc nguyén 16 di kém trong
cdc than quéng khdc nhau ciing c6 sw khdc nhau it nhiéu. Méi quan hé nay phit hop véi t6
hop cong sinh khodang vdt di cung voi vang ddac trung cho tung khu viec nghién ciru.

. MO BDAU

Nhu chiing ta d4 biét, trong thiam do cac mo khoang san noi chung, kim loai quy hiém noi riéng,
viéc nghién ctru xac dinh dic diém phan bd théng ké ham luong vang va cac thanh phan cé ich
ciing nhu méi quan hé giita chiing trong timg than quang va trong toan mé ¢ ¥ nghia rat 1én. Cac
dic trung phan bd thong ké 1 co sé xac 1ap nhdom moé va mang ludi tham do, 1a co s0 lya chon
phuong phap danh gia chit lugng va tinh toan tai nguyén, trir lugng va 1a mot thong sO quan trong
dé danh gia do tin cAy ctia cong tac tinh trir lwong, tai nguyén va gia tri kinh té mo. Vi vay, viéc
nghién ctru ing dung phuong phap toan, dac biét 1a mo hinh toan thdng ké dé xac 1ap mo hinh
phan bd cling nhu mbi tuong quan gitra ching trong cac than quang voi sy trg gitp cua cong nghé
thdng tin 1a viéc 1am can thiét va ¢ y nghia quan trong. Nhing két qua dugc trinh bay trong bai
béo s& gitp cac nha dia chit & co so san xut tlep can mo hinh toan thong ké trong xu ly tai li¢u
tham do, nhim gop phan nang cao do tin cdy can thiét trong danh gia chat lugng va tinh toan tai
nguyén trir lugng vang gbc noi chung, khoang san kim loai quy hiém néi riéng.

Il. KHAI QUAT VE PAC DIEM DIA CHAT KHOANG SAN KHU DAK SA

1. Pac diém dija chéat

a) Dia uing Khu Pik Sa nam & ria phia bic dia khéi Kon Tum [3], 16 cac d4 thudc phan hé
tang dudi, hé ting Nui Va (PRs-g1nv1) c6 thanh phan gdm da phién thach anh - sericit, d4 phién
thach anh - sericit - muscovit, giau vat chat hitu co, da voi bi hoa hoa; nhiéu mach, thau kinh thach
anh chtra vang dat gia tri cong nghiép [4].

b) Magma xdm nhdp: Khu Dak Sa c6 mat da si€u mafic phire hé Hiép Dure; granit - granodiorit
phuc hé Bén Glang Qué Son xuyén cét va gay bién chat nhiét cac trAm tich hé tang Nai V.
Trong d6, tai d6i tiép xuc gitra xAm nhép phtrc hé Bén Giang - Qué Son va hé tang Nui Vi ¢6 chira
khoang hoa vang.

¢) Pdc diém kién tgo: Trong dién tich nghién ctru phan bd nép 16i Song Giang phuwong kéo dai
tay bic - dong nam, hai canh nép ubn co goc déc 45+50°, c6 su phan bd cic mach thach anh -
sulfur da kim - vang. Dut giy Dak Sa la dut giy duy nhit xuét hién trong khu Pik Sa, phuong



phat trién dong bic - tdy nam. DAy la dut giy xuat phat tir dit gdy K7, 1am phirc tap hoa céu tric
vung nghién ctru (Hinh 1).

2. Dic diém quing hoa vang géc

Khu Pik Sa bao gom hai phan khu Bai Dat va Bai G di dugc tham do dén trit luong cap 122.
Theo két qua tham do cua Cong ty Vang Phudce Son, nim 2006 da x4c dinh trong dién tich nghién
clru c6 mit cac than quing vang gdc co gia trj cong nghiép, trong d6 co gia tri hon ca 1a than quing
BDMQ phén khu Bai Dat va than QTZ3 phan khu Bai G6.

- Phan khu Bai Dat

Than quang chinh (BDMQ) duy tri lién tyc trong dién tich khoang 0,6 km? (Hinh 2). Tai mot
s6 cong trinh khoan d4 phat hién than quing nho (BBUQ) nam trén than quing chinh. Than quing
BDMQ la mach thach anh - sulfur da kim - vang phan bd trong cac khe nut tach, phan mai thuong
phan b cac tap da voi bi hoa hod, da phién thach anh - mica, phién amphibol. Phan try 14 cac tip
da phién thach anh - mica, phién graphit hé ting Nuai V.

Than quang kha ding thude. Theo phuong dong béc - tay nam da khong ché khoang 250 m,
chiéu sau than quang da khéng ché dén 450 m, quing cam vé tay bic véi goc déc trung binh
khoang 30°. Chiéu day than quang thay d6i 0,11+8,37 m, trung binh 2,37 m, h¢ s6 bién thién chiéu
day 1a 77,8 % [2]. Ham lugng vang trong than quéng thay d6i 0,13+197,99 g/T, trung binh 19,29
g/T, hé sb blen thién ham lugng vang 1a 151,6 %, thudc loai dac biét khong dong déu. Ham lugng
cac nguyén td ¢6 ich khac (Ag, Pb va Zn) trong than quing dao dong manh, cu thé: Ag dao dong
0,15+239,0 ¢/T, trung binh 24,63 g/T; Pb 12+140.680 ppm, trung binh 15,962 ppm; Zn
15+118,716 ppm, trung binh 17,058 ppm [2]. Bién doi canh mach c6 hién tuong thach anh hoa,
sericit hoa.

- Phan khu Béi G0

ba xac dinh dugc cac than quang tur trén Xuéng bao gém: SERP, BGUQ, SC2, MB2, BGLQ
(QTZ2,QTZ3, SC3), MB1, QTZ4 [2, 5, 6].

Khac biét voi phan khu Béi Dit, ¢ phan khu Bai G6 khong c6 sy phan b6 cua tap da voi b hoa
hoa ma phan vach va try than quéng thuong phan b6 cac tap da phién thach anh - mica, phién
graphit, phién amphibol hé tang Nui V.

Trong phan khu Bai G co6 than quing QTZ3 la lon nhat. Than quang phat trién theo phuong
dong béc - tdy nam dai 450 m, chiéu sau khong ché dén 460 m, cim vé phia tay - tiy bac véi goc
dbc trung binh 30°. Than quing c6 chiéu day dao dong 0,20+15,74 m, trung binh 2,35 m, thudc
loai bién d6i rat khong on dinh (hé s6 bién thién Vm = 116,39%). Ham luong vang trong than
quing dao dong 0,11+206,00 g/T, trung binh: 10,35 g/T, thudc loai dic biét khong dong déu (Ve=
183,5 %). Cac kim loai khac nhu Ag dao dong 0,1+144,98 ¢/T, trung binh: 13,08 g/T; Pb dao dong
0,4+126,886 ppm, trung binh: 9,648 ppm; Zn dao dong 7+114,300 ppm trung binh 2,116 ppm [2].
Bién d6i canh mach gém chlorit hoa, sericit hoa va thach anh hoa.



Hoai Son

e 1

-+

{

I

Chi dan
%] Heé ting Niii Vi gém thach ach-zericit,

albit, arooctit, amphibolit, graphit, 45 vdi boa bps

B8 Phbir bé Béa Giaag-Qué Son:
graoodiorit, granit
- Pair he Hiep Dix:
A3 sicu mafic bi bica d6i
Cac Ky hxs khac
[=7] Rach gisi dia chat
Thaa quiag
(B] Toé o ciia 4 va gée déc
=] Sbng, 2udi
(| Duiyag mba
w’
&4 L4 khoan va 36 hidu

BaiDat .,

Bai Cu

i A ST Bl Tear

Hinh 1. So do dia chat va bé tri céng trinh khu Pk Sa
(phi ty l¢, theo tai liéu cua Cong ty Vang Phuoc Son) [2].




Hinh 3. M6 hinh 3D vi tri cac than qudng
trong phan khu Béi Go[2].

Hinh 2. M6 hinh 3D vi tri cdc than qudng
phdn khu Bai Pat [2].

lll. CO SO’ LY THUYET VA THUAT TOAN

1. Co s& tai liéu va déi twong nghién ctru

Nghién ctru vé vang gbc va cac nguyén td c6 ich di kém trong khu Dk Sa, cac tac gia da sir
dung t6 hop céc phuong phép sau:

- Thu thap, phan tich cac tai li¢u dia chat - khoang san dé c6 g(‘)m cong trinh hao, khoan (120
16 khoan), phan tich mau (nung luyén 8.742 mau, thach hoc 27 mau, khoang tudng 30 mau, bao
thé 05 mau, dong vi Ar-Ar 01 mau va mot sé mau cong nghe).

- L trinh do dac, quan sat, 1y va phan tich mau thach hoc, khoang tuéng bd sung.

2. Co s& ly thuyét va thuat toan st dung

Quy luét phan b6 thong ké dugce phan 1am hai nhém. Nhém céac quy luat phan bo o1 rac bao
gdm: phan bd déu, nhi thirc, da thic, Poison. Nhém cac quy ludt phan bé lién tuc gom: quy luat

Fiser, Student, phan b6 chuén, loga chuan, gamma, luy thira.v.v. Du¢i day la mot s6 md hinh phan
b thudng sir dung trong tham do va str dung trong danh gia vang goc.

- M6 hinh phén bé chudn

M0 hinh phan b chudn c6 vai tro rat ddc biét trong xir Iy tai liéu dia chit, boi trong thuc té
nghién ctru rat nhiéu cac thong s6 dia chat than quing thuong phu hop véi ham phéan bo chuan
hodc c6 thé cai tao vé ham phan bo chuan. Trong nhitng di€u kién nhat dinh cac phan bd khac cé
theé cai tao hodc chuyén doi vé gan vdi phan bo chuan.

Néu thong s6 nghién ctru tuan theo ham phan bd chuan, thi cic dic trung théng ké xac dinh
nhu sau [1]:

+ Gié tri trung binh >4 duogc xac dinh theo cac cong thic:

XZX

i1 (1.1)
Trudng hop s6 lugng miu nhiéu tién hanh phan khoang (Z=1+3,322 IgN) thi ham lugng trung

binh xéc dinh: X =20 (1.2)
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Trong d6 Xi: gia tri trung binh 16p i; fi: tin xuat xuét hién trong khoang i: N v6i Ni: sb
mau thudc 16p i; N: s6 mau nghién ctru.

& —
Ao
o= =AY, - X
+ Phuong sai a’ xac dinh theo cong thirc: M-1 2 (1.3)
+ Hé s6 bién thién V:
r=Z100%
X

- M6 hinh phén bé loga chudn

Mod hinh nay phu hop yc’yi nhiéu qué trinh va hién tuong dia’chét, vdéc biét v&i quang I}(f)i sinh.
Phén b6 loga chuan c6 the hiéu 1a phan bo tuén theo luét phén b6 chuén cua day logarit bién luong
ngau nhién, nghia la cdi tao gid tri ban dau (xi) ve chuan khi chuyén doi cac bién lugng ngau nhién
theo dang [1]:

¢i = In(xi) hoac @i= Ig(xi)

Ham mat d6 f(x) ctia phan bd loga chuan c6 dang:

fix)= WE ()
O
hodc: ) x.:rl'ﬁ (1.5)

Trong d6: p - gia tri trung binh caa In (xi), lg(xi) ctia théng sé nghién ctru; olg, oln - Do léch
binh phuong trung binh cua Ig(xi), In(xi).
Ham phén b loga - chuin cua dai luong ngiu nhién c6 dang:

1 x (mr-aF
I :rzln dx
Fo=x)= O~ 28 X ;

hoac:
i % _(gx-
ir?
I—e o
F(p <x)= Tw¥m e (L6)

+ Khi cac thong sé phan b theo phan b loga chuan thi x4c dinh cac dic trung théng ké nhu
sau [6]:

- —
+ Gi4 tri trung binh = E(x)=e"" (1.7)

+ Phuong sai ¥ = o' =e®T(e" - 1) (1.8)
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A A1k L V= ()
+ Hé s6 bién thién 1o (1.9)

- M6 hinh phén bé gamma

M6 hinh thuong str dung trong nghién ctru cac mo da kim, kim loai hiém, phong xa, dét hiém,
kim loai quy va kim loai mau [1, 6].

F‘I:x}= F(

1 P .
- F
N EFSYYL R

Ham phén b gamma c6 dang:
Trong d6: o, B - Cac thong sd ciia ham phan bd gamma.
I'(a+1) Ham gamma c6 dang:

Do+ D)= [e'r=at
o

Céc thong sé o, B duoc xéac dinh theo cong thire sau:

&

Trong do: * - Gia tri trung binh cta dai lwgng nghién ciru; ¢ - Phuong sai.

Pé kiém tra dai luong phan bd ngiu nhién theo luat phan bd nao d6 c6 nhiéu phuong phap khac
nhau. Trong thuc té, phuong phap do 1éch, do nhon cai tién, phuong phap Poison dugc ap dung
pho bién hon do tinh todn don gian, song van dam bao dg tin cay.

3. Xac lap méi quan hé twong quan giira cac thong sé dia chat than quang

M5 hinh twong quan gitip 1am sang t6 mdi quan hé phu thudc giita hai dai lwong ngiu nhién
can nghién ctru bang hé so twong quan (rxy) va dugc xac dinh theo cong thie [5]:

. MNEm —ExEp
T e () e it - (F
= K‘?
Ty (1.10)
Sh-ed
x
Trong do: # (1.11)

lxy €O gid tri nam trong khoang tir -1 dén +1. Theo gia tri ctia hé s6 rxy c6 thé dinh hudng lam 4
murc quan h¢ sau: rat chat ché 0,75+1; chat ché 0,5 + 0,75; yéu 0,25 + 0,5; rat yéu < 0,25.

IV. KET QUA NGHIEN CcUrU

1. Pac diém bién hoa ham Iwong Au va cac nguyén t6 di kém

Céac budc tién hanh theo trinh tu kiém tra xac 1ap luat phan bd théng ké, xur ly mau dic cao, tién
hanh tinh toan cac dac trung thong ké cta thong so6 nghién cuu.

a. Nghién ciru xdc dinh cdc déc trung phan bo thong ké ham lwong vang

- Phan khu Bai Dat

+ Kiém tra luat phan bd chuan



Than quing BDMQ dugc khéng ché boi 50 16 khoan, gom 178 mau 16i khoan phan tich thanh
phan Au, Ag, Pb va Zn. Trong d6 két qua thong ké ham lugng vang trong than quéng cho ta ket
qua nhu Hinh 4, 5 va Bang 1.

Bang 1. Két qua théng ké ham lwong vang than quang BBMQ

sé Ham lugng Au (g/T) Thong s bién d6i
Luat 4 $bién| Do léch | Donh
A 1A uong : . A Hé s6 bién| 0 1éc 0 nhon
phanbo| . °| Min | Max | TB | Phuongsail DO lech| yisn )l ass, Eloe
Chuén 0,13 | 197,99 | 19,286 | 855261 | 29244 | 1516 18,09 39,99
178
Loga 089 | 23 0,86 0,65 057 | 91,9 0,046 1,73
chuan
Bang 2. Két qua thong ké ham lweng vang than quing QTZ3
, Ham lugng Au (g/T) Thong s6 bién ddi
buat | SO luong Ph H¢ s bién | Doléch | Do nh
o . . wong A & s0 bién 0 léc 6 nhon
phanbo [ mau | Min | Max | TB sai | POIeCh| ien o) | Avoa Eloe
Chuan 011 | 2060 |1035 | 36045 | 1898 183,5 397 168
252
Loga 09 | 23 | 062 | o058 057 91,9 1,82 41,65
chuan

Két qua xur 1y thdng ké ham lugng Au trong than quing BDMQ cho thdy ham lugng Au phan
bd dic biét khong d@)ng déu (Vauw= 151,6 %). Do 1€ch tiéu chuén A/oa>3, d6 nhon tiéu chuén
E/oe>3 khong thoa man phan bd chuan (Hinh 6).

+ Kiém nghiém luat phan bd loga chuan, két qua duoc tong hop & Bang 1.

Qua Bang 1 cho thay luat phan b tap mau Bai Dat béng tiéu chuén d6 1éch va d6 nhon A/ca <3
va E/ce <3 va dudng cong phan bb can d6i (Hinh 7, gan gidng hinh chuéng) cho phép nhan dinh
phan bd ham lugng Au trong than quing BDMQ tuan theo luat phan b loga chuan.

- Phan khu Béi GO

Than quang QTZ3 dugc khong ché boi 70 15 khoan Vo1 252 mau hoa Au, Ag, Pb va Zn. Bé
kiém tra luat phan bd ham luong Au trong than quing tién hanh cac budc sau:

+ Kiém tra luat phan b6 ch}lan, két qua thé hién & Bang 2. Két qua thong ké ham luong Au
trong than que_inquTZ3 cho thay ham lugng Al} phan bo dac bi¢t khong dong déu (Vc=, 183,q5 %).
D¢ 1éch tiéu chuan A/ca>3 va d) nhon ti€u chan E/ce >3 khong tuan theo ludt phan bo chuan.

+ Kiém nghiém luat phan b loga chuan

Két qud nghién ctru cho thiy d 1éch tiéu chudn A/ca<3 va do nhon tiéu chuan E/ce<3, duong
cong phén bo can do6i (Hinh 11, gan giong hinh chuéng) cho phép nhan dinh phén bé ham luong
Au trong than quang QTZ3 tuan theo luat phan bo loga chuan (Bang 2).

b. Todn do tan sé

- Phan khu Bai Dat
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Hinh 4. Biéu do tan sé6 xudt hién ham lwong
Au trong than quang BDMQ.
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Hinh 6. Ham mdt dg phan bo ham luong Au
theo ludt phan bo chuan than quang BDMQ.

- Phén khu Bai Go
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Hinh 8. Biéu do tan sé ham lwong Au thin
quang QTZ3.
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Hinh 5. Biéu do luy tich tan s6 ham lwong
Au than quang BDMQ.
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Hinh 7. Ham mat c?‘é phdn bé:hdm lwong Au
theo ludt phdn bo loga chuan than quang
BDMO.
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Hinh 9. Biéu do luy tich tan s6 ham lrong Au
than quang QTZ3.

au (log10)




Hinh 10. Ham mdt dg phan bo ham lwong Au  Hinh 11. Ham mdt dg phdn b6 ham heong Au
theo ludt phdn bo chuan than quang QTZ3.  theo ludt phan bo loga chuan than quang QTZ3.

c. Ham phén bé

- Phéan khu Bai Dat
Ham mat d6 f(x) cia phin bd loga chudn thin quing BPMQ c¢6
gx-0g6y°
S
dang: 7(0.63) e (1.13)
Ham phan bé loga - chuan cua dai luong ngiu nhién c6 dang:
p o _Ugx-0se) u,:af.}
J’ T
Flo<x)= 0,65+ (1.14)
- Phén khu Bai Go
Ham mat d6 f(x) ctia phan b loga chuan c6 dang:
1 [lgx—062F
Fi [x] _ o 2n58)°
x(0,58)~ 27 115
Ham phan b loga - chuan ctia dai luong ngau nhién c6 dang:
v . lgr-062° usz}
TaosEt

mﬁw_l

F(o <x)= (1.16)

Nhu véy, qua két qua mo hinh ho bang mé hinh thong ké cho thay ham luong Au trong quéng

vang gbc khu Pak Sa ¢ ' phan b loga chuin va nhin chung phu hop voi dac diém chung ddi véi
ham lugng cic nguyén tb trong khoang san kim loai quy, hiém.

2. Méi quan hé twong quan giira ham lwong Au va cac nguyén té di kém

Phuong phap théng ké hai chiéu dugc ap dung cho phép lam sang to mdi quan hé phu thudce
gitta cac ham luong Au, Ag, Pb va Zn. Ap dung: cong thirc 1.10 két qua nhu sau:

- Than quing (BDMQ) phéan khu Bai Dat, két qua tinh toan duoc trinh bay trong Bang s6 3:

Tir Bang s 3 cho thdy vé co ban Au c6 quan hé twong quan véi Ag, Pb va Zn. Trong do, Au
tuong quan thuan kha chat che voi Zn va kém chat che voi Ag va Pb. Ag tuong quan thuan rat chat
ché véi Pb va Zn. Két qua cling Phﬁ hop voi td hop cong sinh khodng vat thach anh - sulfur da kim
- vang theo tai liéu phan tich mau khoang tudéng da xac lap.

- Than quang QTZ3 phan khu Bai Go

Quan h¢ twong quan cdp dbi véi cac nguyén té trong than quing dic trung phan khu Bai G
dugc dan ¢ Bang 4.

Qua bang h¢ sb tuong quan cap ta thdy c6 sur khac nhau khong nhiéu so véi than quing dic
trung cho khu Bai Dit, cu thé Au tuong quan thuan yéu voi Ag, Pb va Zn. Ag tuong quan thuin
rat chit ch& voi Pb va twong quan thun yéu voi Zn va méi quan hé giita Au voi cac nguyén té co
ich di kém ciing c6 su khac nhau it nhiéu so véi than quing BDMQ.

Bang 3. Hé sé twong quan cép cac nguyén toé cé ich trong than quing BBMQ



Au Ag Pb Zn
Au 1
Ag 0,462 1
Pb 0,366 0,788 1
Zn 0,619 0,675 0,608 1

(N = 178 mau)

Béng 4. Hé sé twong quan cdp cac nguyén tb c6 ich trong than quing QTZ3

Au Ag Pb Zn
Au 1
Ag 0,423 1
Pb 0,399 0,931 1
Zn 0,202 0,479 0,392 1

(N =252 mau)

V. KET LUAN VA BE XUAT

1/ Khu Pk Sa di xac dinh duoc cac than quing vang gdc, phan b trong cac tram tich hé tang
Nui Vi, kéo dai chii yéu theo phuong dong bic - tdy nam, than quing cim vé tiy bic véi goc dbc
khoang 30°. Trong d6 than quing BPMQ va QTZ3 1a ¢ gia tri hon ca.

2/ Ham lugng Au trong cac than quing c6 thé quy nap vé ham phan bé loga chuan. Két qua
nghién ctru cho thay Au c6 tuong quan véi Ag, Pb va Zn. Tuy nhién, mdi quan hé ndy giita cac
than quing c6 su khic nhau it nhiéu.

3/ Két qua nghién ciru co s& 1y thuyét va tinh toan thyc nghiém & khu Dik Sa cho thiy mé hinh
toan thong ké c6 thé trién khai ap dung dé bd tri cong trinh thim do bo sung, thim do mé rong hop
ly, dong thoi ing dung thiét ké tham do ddi v6i khodng san Au & cac khu vuc c6 diéu kién dia
chat, dic diém khoang san twong ty. Nghién ctru kha nang str dung mé hinh thdng ké trong du béo
tai nguyén, trit luong vang theo cap ham luong va du bao khoang san di kém trong céc than quing
vang gbc.
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