Tap chi Khoa hoc PHQGHN: Cac Khoa hoc Trai d4t va Moi truong, Tap 32, S62S (2016) 81-94

Pic diém dia hoa va nguon goc dung dich
dia nhié¢t My Lam, Tuyén Quang

H~oa‘1ng Van Hiépl’*, Tran Trong Théngz, bang Mai', Vi Van Tich',
Nguyén Pinh Nguyén', Pham Xuén Anh’, Nguyén Thi Oanh', Vii Viét Puc'

"Khoa Pia chat, Ty ruwong Pai hoc Khoa hoc Tw nhién, Pai hoc Qudc gia Ha Noi,
334 Nguyén Trai, Thanh Xudn, Ha Néi, Viét Nam
Vién Khoa hoc Dla chdt va Khodng san, Bo Tai nguyén va Moi truong
Té dp doan Ddu khi Quoc gia Viét Nam

Nhan ngay 01 thang 8 ndm 2016
Chinh stra ngay 30 thang 9 nam 2016; chap nhén dang ngay 28 thang 10 nam 2016

Tém tit: Trén co s¢ cac dir li€u thanh phan hoa hoc dugc phan tich bing phuong phap AAS va
ICP-OES, cac mau lay tir gleng khoan (LK13) khai thac nuéc khoang néng tai nguén dia nhiét My
Lam da duoc nghién ctru nhim luan giai nguon gbc va nhiét do thanh tao cua diém xuét 16 dia
nhiét noi day. H¢ dia hoa tuong quan ba hop phan CI SO4 -HCO;" va Na-K- Mg'? & trang thai can
bang nhiét dong hoc da duoc str dung dé xac dinh ngudn goc. Cac m6 hinh dia hoa nay va ty 16
ddng vi bén cho thiy dung dich nuéc khoang nong c6 ngudn gbe nude khi twong duge nung nong
nho ngudn dia nhiét sau lién quan dén manti va hoat dong kién tao hién dai ting sau. Pia nhiét ké
cc ion hoa tan va SiO, duge st dung dé udc tinh nhiét do bon dia nhiét My Lam. Gia tri cta céc
dia nhiét ké thach anh, dia nhiét ké Na/K/Ca va dia nhiét ké Na/K cho biét nhiét d6 thanh tao cua
nguodn bién d6i tir 159-258°C. Két qua xac dinh nhiét d6 ngudn va ngudn gdc thanh tao cta dung
dich dia nhiét khu vue My Lam cho thiy ngudn dia nhiét noi day lién quan téi hoat dong magma
thanh phan mafic trong khu vuc, 1am néng ngudn nuéc khi twgng tir bé mit thim xudng va dung
dich dia nhiét duoc dua 1én bé mit do kénh din doc theo dut giy hoat dong theo md hinh twong tac
trao d6i nhiét ting su.

Tir khod: Ngudn dia nhiét, dia nhiét ké, nuéc khoang nong, ddng vi bén, ngudn dia nhiét My Lam.

1. Pic diém dia chit va dia nhiét khu vuc
nghién ciru

Khu vyc nghién ciu (Hinh 1) nim trong
vung Dong Bic Viét Nam, noi c6 dic diém dia
chét dic trung béi hai pha kién tao twong dbi rd
rét: (1) Pha kién tao Indosini duge ghi nhén voi
sy hinh thanh binh dod cau trac chinh ngdy nay,
xudt hién cac da co6 ngudn gbc luc nguyén va
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cac da co ngudn gde trdm tich bién, ngay tiép
sau la cac hoat dong magma va bién chét di
cing vao thoi ky tir 250 dén 230 triéu nim
trudc day. Hoat dong nay di cung véi chuyén
dong hoi tu kéo theo chuyén dong phu chom
quy mé 1on di véi cac ciu tric dia di lam xudt
16 phan 16n cac da trén bé mat nhu ngay nay
[16]. (2) Pha kién tao Himalaya (35-5 triéu nim
trugc day) di tao nén déi giy sau Song Hong di
cung voi hoat dong magma va bién chit doc va
hai pha d6i dut giy [24]. Hoat dong kién tao
trong pha thtr 2 nay khong chi di véi hoat dong
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magma bién chit nhu cac tac gia néu trén [16,
24] ma con di cung v6i hoat dong bién dang
don quy mo vo. Chinh hoat dong nay lam cho
v luc dia trong khu vuc bi dap v& theo co ché
trugt bang trai di v6i cing gidn sdu. Chinh hoat
dong dat gy nay lam phat sinh cac hoat dong
magma tré tai ving Pong Béc, va lam bién chat
cac da tao ruby co tudi tir 26-7 triéu nam tro lai
day, dac biét ghi nhan cac dung dich manti
thanh phan siéu kiém tao nén mot s6 khoang vat
siéu kiém trong da hoa phat hién dugc tai khu
vuc Minh Tién [14, 15, 18]. Bén canh ruby

duoc hinh thanh, hoat dong nay con dé 1ai cac
biéu hién dia nhiét sau, trong d6 nhiéu diém dja
nhiét (nudc khoang néng) da xuat hién doc theo
cac d6i dut gly tré di v6i bién dang don.

Nam cach thanh phd Tuyén Quang 14 km
vé phia dong nam va canh qudc 16 37, ngudn
dia nhiét My Lam thudc xa Pht Lam, huyén
Yén Son (21°46'03"-105°07'31") hién nay dang
dugc khai thac va sir dung cho tim khoang va
chita bénh. Pay la mét trong cac ngudn dia
nhiét ¢o tiém nang cho khai thac nang luong dia
nhiét st dung cho phat dién (Hinh 1) [4].
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Hinh 1. Vi tri dia 1y ngudn dia nhiét My Lam trong ving Tay Bic [3].
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V& dia chét, diém 16 dia nhiét My Lam ¢
Tuyén Quang thudc doi L6 Gam (Hinh 1), noi
c6 cac thanh tao dia chat tuéi tor Proterozoi,
Cambri va Devon; thanh phan gém cac da bién
chét nguon gbc tram tich va magma, trong do
cht yéu 1a cac da co ngudn gbc luc ‘nguyén -
carbonat, cu thé nhu sau: da voi tai két tinh, da
hoa dang dudng xen it voi sét, d4 phién sericit
(c6 tudi Dypp,) thudc phan hé tang dudi cua hé
tang Pia Phuong day 450m; da granit biotit,
plagiogranit dang gneis yéu, granit 2 mica hat
nho - vira dang porphyr c6 tudi (c6 tudi yaD;
ns) thudc pha sém cua phurc hé Ngan Son [3].

Vé mit cdu trac kién tao: Trong pham vi phan
b ctia ngudn dia nhiét My Lam c6 3 hé théng dut
@iy tré di v6i pha bién dang don ctia chuyén dong
kién tao Himalaya, nhung nim tai ria doi bién
dang siu Song Hong [24] bao gdbm: hé théng
phuong tdy bic-dong nam, 1a hé thong dut giy
sdu 4 vO va c6 qui md 16n, ¢6 vai tro phan chia déi
cAu trac trong vung; hé théng phuong dong béc-
tdy nam, chi yéu 1a cac dut gdy nodi doi; hé thng
dut gay phuong a kinh tuyén it phd bién hon, chu
yéu 1a cac dut gay c6 quy m6 nho (Hinh 1). Hoat
dong dut gy nay déu la dut gdy rat tré di voi
bién dang don khong lién quan téi hoat dong
magma da 10 dién trong khu vuc nghién ciru tir
chu ky kién tao Indosini (néu & trén), c6 18 1a cac
dut gay nhanh cua déi dat giy sdu Séng Hong,
biéu hién cua chiing 1a cac nguén dia nhiét xuét 10
doc theo cac d6i dirt gay (tai khu vuc nghién ctru
1a diém nu6e khoang nong My Lam).

Vé dic diém dia nhiét: nguon dia nhiét My
Lam da dwoc néu trong cong trinh cua C.
Maddrolle nam 1923 [17]. Nam 1928 F. Blondel
d3d md ta so bo ngudn nudc dudi tén goi “Nhan
Gia” (theo tén dia phuong luc d6) véi dic diém
nude kha nong, khoang hoa thp (cin kho 0,336
/1) [17]. Nam 1941, M. Autret da 14y mau phan
tich thanh phan (Bang 1) nhim nghién ctru dic
diém nude dia nhiét ciia ngudn nay [17]. Nam
1978, Poan dia chat Thiy van 47 d3 tién hanh
khoan sau 200m (16 khoan 13) [17], hién dang
duogc khai thac chi ra tai hinh 2. Sau nay nganh
dau khi, Truong Pai hoc Dugc, Trudng Pai hoc
M6 Dja chit, Nhém nghién ctru cia Tiép Khéc
cling dd tién hanh nghién ctru phan tich thanh

ph?m hoa hoc cia dung dich dia nhiét tai cung vi
tri 16 khoan vao cac nim 1981, 1984, 1988, 1999
voi cac két qua thong ké trong Bang 1.

Gan déy, Cao Duy Giang va cac cong su [4]
d3 tién hanh phan tich thanh phin hoa hoc va
phan loai ngudn nudc khoang néng, trong do
nude khoang nong My Lam duge liét vao loai
nuée khoang kiéu hoa hoc bicacbonat - natri voi
d6 khoang hoa thap, xep loai nude khoang
sunlfuahydro-silic-fluor rat nong va co tiém ning
dbi voi khu vuc ving Tay Bic. Theo nghién ctru
nay, ngudn nudc khoang My Lam c6 thanh phan
tuong tmg v6i mot s6 ngudn khac ndi bat trong
khu vyc nhu Na Hai, Pom Lot/Uva (Pién Bién)
va Quang Ngin (Ha Giang). Tuy nhién, ciing
giéng véi cac nghién ciru da thyc hién trude do
nghién ctru nay [4] van chua thyc hién luan giai
chi tiét vé ddc diém dia hoa, dia cht, nhiét do
sdu va ngudn gde cua dung dich dia nhiét ngudn
cling nhu ban chit co ché xuit 16 cua nguén dia
nhi¢t My Lam.

Trong nghién ctru ndy, trén co so két qua
phan tich thanh phan héa hoc ctia dung dich dia
nhiét nguén My Lam (Hinh 1) bang céc thiét bi
phan tich hién dai, ching t6i tién hanh tinh toan
nhiét do cua nguén dia nhiét dudi sau cling nhu
ngudn gdc thanh tao cua chung. Nhiét d6 ngudn
ctia bon dia nhiét s€ duogc tinh bdi cac dia nhiét
ké khac nhau va dugc danh gia bang cach so
sanh vo1 nhiét d6 do duoc trén bé mit trong khi
ngudn goc cua dung dich nhiét s€ dugc luan
giai tur két qua phan tich hod hoc va thé hién hai
ddng vi oxi va deuterium [4] trén biéu do twong
quan. Bén canh dé, qua trinh tron 1an cta dung
dich dia nhiét My Lam ciing s€ dugc danh gia
bang hai mé hinh can bang anion va cation duéi
hinh thirc biéu dd dia hoa theo twong quan ba
hop phdn cia Giggenbach, W.F (1988) va
Powell, T., Cumming W., (2010) [9, 10,11, 20].

2. Thu théip va phén tich miu
2.1. Thu thdp mau

Dung dich dia nhiét duoc lay mﬁu (Hinh 2)
theo cac chai dung khac nhau dé phan tich
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thanh phan cation, anion, silic. Ung v&i mdi
muc tiéu phan tich, mau dugc bao quan va xu 1y
riéng (Bang 2) [2]. Dé kiém chung do chinh xéac
ctia cac két qua phan tich, ching t6i cho phan
tich 1ap lai 3 lan trén mot mau dé ddi sanh. Ddi
vOi mau déng vi, dé dat duoc d6 chinh xéac voi
d tin cdy cao nhét, chung t6i da sir dung cach
tiép can b sung chuén cho mau.

2.2. Phdn tich mau va két qua

Trén co s& cac mau thu thap dugc va phan
tich chung trong phong thi nghiém, ching t6i s€
tién hanh tinh ra két qua trung binh ham luong
cac ion trong dung dich nhiét dich, cac két qua
phan tich 1an luot duoc thuc hién theo cac
phwong phap khéac nhau cu thé nhu sau:

- Phén tich cation: Viéc phan tich dugc thuc
hién bang hai phuong phap, trong doé: cac ion
kim loai nhu Mg*", Fe**, AP’", Mn*", Ca®>" duoc
phan tich bang may quang phd hip thu nguyén

ta (AAS) Agilent 200 véi k¥ thuat ngon Ita.
Ddi véi céc ion nhu Na', K* va Li’, tién hanh
phan tich bang khdi phd ké (ICP/OES)
ULTIMA 2 - Horiba véi gidi han phan tich
trong khoang 0,001-1000 mg/l tai Phong thi
nghiém Dia chat mdi trudng va Thich Gmg Bién
dd1 Khi hau thuéc Khoa Dia chat, Truong Dai
hoc Khoa hoc Ty nhién (Pai hoc Quéc gia Ha
No6i) va tai Vién Hod hoc - Vién Han lam va
Khoa hoc Cong nghé Viét Nam (Bang 3).

- Phén tich anion: Thong thudng mot s loai
anion nhu F, Cl, Br, SO,*, S* b:fmg Séc ky ion
trén h¢ thong may 838 Advanced Sample
Processor va 861 Advanced Compact IC tai
phong thi nghiém phan tich méi truong Vién
Hoa hoc, Vién Han lam Khoa hoc va Cong
nghé Viét Nam. Khi xac dinh SO,* da loai bo
su két tha cua kém axetat, voi F~ d3 tach cin
than voi CI (trong dai phd). Cac két qua phan
tich anion duoc thé hién trong Bang 4.

Bang 1. Téng hop két qua phan tich dung dich dia nhiét nguén My LAm

Chi tiéu phan tich  Pon vi do ML1 ML2 ML3 ML4 ML5 ML6
T (°C) 58,50 63,00 63,00 64,00 67,00 65,50
Do khoang hoa (mg/1) 259,00 343,11 300,00 299,94 175,00 290,00
H,S+ HS (mg/1) 5,10 5,60 1,66 5,00 3,20 0,68
HCO;y (mg/l) 125,40 129,40 134,20 133,63 140,00 146,40
COs> (mg/1) - 50,75 68,00 0,00 - -
Cr (mg/1) 9,70 12,67 10,60 17,02 17,50 4,30
SO,* (mg/l) 13,12 11,66 28,20 10,57 12,80 15,60
NOy (mg/l) - - - 1,20 - 0,033
PO,* (mg/1) - - - 0,06 - -
Na* (mg/1) 15,00 59,99 117,40 62,80 61,11 61,80
K* (mg/l) 3,70 4,10 3,83 2,40 3,60 2,30
Ca®" (mg/l) 6,90 7,55 6,32 9,02 4,00 2,40
Mg* (mg/1) 3,12 6,41 2,50 1,70 0,60 0,10
Fe** (mg/1) 0,50 1,50 1,61 0,22 0,01 -
A" (mg/l) 1,50 - 1,08 - - -
F (mg/l) - - - 8,20 6,48 2,11
NH," (mg/1) - - 1,80 - - -
Mn?* (mg/1) - - - 0,33 - -
Li (mg/l) - - - 0,08 - 0,13
Si0, (mg/l) - - - - - 60,25

Nguén: ML1-M. Autret, 1941; ML2-PTN Déu khi, 1981; ML3-DH Dugc HN, 1984;
MLA4-Tiép Khac, 1988; MLS-DH Mo dia chat, 1999; ML6-Cao Duy Giang, 2012 [17].
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Hinh 2. Vi tri léy mau nudc khoang néng (dung dich dia nhiét) tai 16 khoan~13 & diém dia nhiét My Lam,
Tuyén Quang: a: vi tri khao sat, b-c: vi tri lay mau.

Bang 2. M6 ta mau va xtr Iy mau tai thuc dia [2]

Mau Phan tich Xir Iy mau
Mg, SiO, Khong xur ly
Si0, Pha loang; cho 10-50 ml mau vao 50-90 ml nudc cét hai lan
pH, CO,, H,S Chai thuy tinh véi nat thuy tinh da dugc mai hoac chai nhya
ML-01a, .
Anions Loc (0,45um)
ML-01b,
Su dung bang dinh cach dién, gidy parafilm quéan ‘quanh nit
ML-0lc 2r 18
H, O chai hodc 6ng nghiém dé bao quan mau khoi sy tiép xuc cua
oxi trong khong khi
Cations Loc (0,45um); Cho 0.8 ml HNO; dam dic vao mdi 200ml mau

Béng 3. Két qua phan tich cac cation trong dung dich nhiét tai nguon My Lam

Chi tiéu (mg/1) ML-0Ola ML-01b ML-01c Trung binh

Na* 31,01 31,10 29,35 30,487

K" 3,77 3,92 4,15 3,947

Ca** 4,07 4,11 3,86 4,013

Mg* 2,37 3,43 2,10 2,633

Fe®* 0,15 0,15 0,13 0,143

AP 0,11 0,14 0,12 0,123

Mn** 0,02 0,03 0,02 0,023

Li" 0,08 0,09 0,09 0,087
C6 thé nhan thiy riang két qua phan tich cac thuong, phuong phap nghién ctru dong vi thuy
ion trong dung dich nhiét tai khu vyc nguén vin nay s& gitip tap thé tac gia co thé danh gia

nhiét My Lam chénh léch nhau khong dang ké.
- Két qua phan tich dong vi: Nghién ciru
ddng vi thuy van (nghién ctru cac ty sé dong vi

duoc ngudn gbe dung dich nhiét dua theo nghién
clru cc tiéu chi nay. Két qua phan tich dong vi
N - 5 g S [4] d6i v6i ngudn nude khoang My Lam do dugc
bén deuterium ("H) va "0 trong dung dich dia sau khi tién hanh phan tich do 1a: 'O (%o) 12 -8,82
nhiét ctia nguon nudc khoang népg My Lam) la va D (%o) 1 -60,39.

mét linh vyc khoa hoc twong d61 méi st dung
ddng vi tu nhién hinh thanh cac phan tir nudc
dé xac dinh ngudn gdc va theo ddi su chuyén

Dé c6 thé tién hanh nghién ciru danh gia
nguén géc, dac diém cua dung dich dia nhiét
. - My§ Lam, tap thé tac gia su dung ph?m mém
dong cta nude ca trén be mat va dudilong dat.  phan tich dia nhiét ké Liquid Analysis-V3 do
Keét hop véi cac phuong phap dia hoa hoc thong
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Powell va Cumming thiét ké [20] duoc sir dung
nham tinh toan, thanh l4p cac biéu dd ba hop
phan va biéu do twong quan cua cic dong vi
nham ludn giai ngudn gdc. Trén co s¢ do, cac
Kkét qua phan tich dugc lua chon phuc vu tinh
toan dugc trinh bay trong Bang 5. Cac s6 licu
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nay duoc sir dung dau vao cho cic tinh toan
theo cac mo hinh ctia Fournier., 1979 [7]; Nivea
va Nivea., 1987 [19]; Arnorsson va nnk., 1983
[1]; dia nhiét ké Na-K-Ca cua Fournier &
Truesdell.,1973 [S] va Powell, T., Cumming
W., 2010 [20] trong phan 3 dudi déy.

Béng 4. Két qua phan tich cac anion va ham lugng SiO, trong dung dich nhiét tai nguon My Lam

Chi tiéu (mg/l) ML-0la ML-01b ML-01c Trung binh
H,S+ HS 3,37 3,91 4,24 3,840
HCO;y 111,32 113,54 112,58 112,480
Co,” 58,04 55,12 61,37 58,177
Cr 18,51 20,65 20,82 19,993
SO~ 13,21 13,16 11,75 12,707
NO; 0,46 0,42 0,52 0,467
F 7,73 7,79 7,96 7,827
NH, 0,48 0,55 0,59 0,540
SiO, 80,13 80,01 80,55 80,230

Bang 5. Thanh phan ho4 hoc ngudn dia nhiét My Lam theo cac két qua nghién ctru
phuc vu luén gidi nhiét d§ ngudn cap, nguon goc thanh tao

. ™)
Chi tiéu D‘g(‘) Vi ML'% gb ’ MLI ML2  ML3 ML4  ML5  ML6
Nhiét do °C 65.000 58.50 63.00 63,00 64.00  67.00 65,50
pH - 8,470 8,20 7,50 7,30 8,13 8,53 6,90
Do khoang hod (mg/) 257,800 259,00 343,11 300,00 299,94 175,00 290,00
HCO; (mg/l) 112,480 12540 129,40 13420 133,63 140,00 146,40
cr (mg/l) 19,993 9,70 12,67 10,60 17,02 17,50 430
SO~ (mg/) 12,707 13,12 11,66 28,20 10,57 12,80 15,60
Na* (mg/) 30,487 15,00 59.99  117.40 62.80 61,11 61,80
K' (mg/)) 3,947 3,70 4,10 3,83 2,40 360 2,30
Ca*' (mg/l) 4,013 6,90 7,55 6,32 9,02 400 2,40
Mg>* (mg/l) 2,633 3,12 6,41 2,50 1,70 0,60 0,10

Ghi chii: ) Thanh phan ho4 hoc trong dung dich dia nhiét nguén My Lam phuc vu luén gidi do tap thé tic gia phéan tich
(tinh theo trung binh). Cac chu giai khac theo bang 1 [17].

3. Luén gidi va thao luan

3.1. Két qud tinh toan nhiét do dwoi sau nguo”‘n
nwoc khodang nguon My Ldam

Pé tinh toan nhiét do dudi sdu ngudn nudc
khoang ngudn My Lam, tap thé tac gia st dung
ddng thoi nhidu cap dia nhiét ké khac nhau véi
muc dich xem xét tinh can bang cua cac cip ion
theo cac m6 hinh cua cac phuong phap khac
nhau. Day 1a phuong phap duoc ap dung cho tat

cd cac nghién ctru, tham do va khai thac dia
nhiét trén thé giéi di duoc cong bd trén cac
cong trinh hi¢én nay, tuy nhién chua dugc tinh
toan cho cac ngudn trong khu vuc nghién ctru
mot cach bai ban. Co s¢ cua phuong phap nay
1a dwa vao tinh chit hoa tan cta cac khoang vét
trong nudc nhiét do cao, cling nhu cac phan ing
gilta nudc dia nhiét va cac da vay quanh. Theo
d6, & mdi mot nhiét d6 nhat dinh va ap suét thi
kha nang hoa tan cua khoang vat hodc phan ting
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gitta khoang vat hay da vay quanh voéi nudc
nhiét d§ cao la khac nhau, theo thoi gian cac
cdp ion duoc ton tai can bang nhiét dong hoc
v6i nhau. Khi dung dich dia nhiét chua c6 cac
cdp ion can bf?mg nhiét dong dugc dua 1én mat
dat, ching van giit duoc thanh phan ban dau.
Dé xem xét cac can bang nay, ching toi tién
hanh thyc hién theo hai nhom dia nhiét ké dung
dich dia nhiét (két qua tinh toan thé hién trong
Bang 6) d¢ la:

- Dia nhiét ké SiO,: Dia nhiét ké nay dua
vao murc do hoa tan cta cac ion ciia nhém SiO,
va nhiét do can bang nhiét dong hoc ddi véi
tung khoang vat riéng biét [6]. Do gia tang su
hoa tan SiO, va cac dang thu hinh cua SiO,
duoc st dung rong rai nhu mdt chi sb nhiét do
ctia bon nhiét [8]. Ly thuyét nay duoc xem xét
khi silic dugc hoa tan & nhiét d0 cao dudi do
sau 6n dinh trong dung dich dia nhiét va khong
két tua khi dung dich dia nhiét di 1én bé mat.
Trong cac hé théng dia nhiét c6 nhiét do trén
180°C, ndéng d6 silic dudi dang H,SiO, 1a mot
axit yéu bi kiém soat boi cac trang thai can
bang véi thach anh, trong khi ¢ nhiét d¢ thap
hon cac trang thai cn bang véi chalcedon trd
nén dang ké hon. Phan tng do hoa tan khoang
vat chura silic c6 thé duge thé hién nhu sau:

SiOsu4n + 2H,0 = HySiO,° (1)

Cong thuc tinh nhiét d6 theo dia nhiét ké

Si0O, [6] nhu sau:
oC— 731
4,52 +1og(S)

Trong d6 S la né)ng do silic tinh theo mg/kg
(mg/1).

Cac két qua tinh toan cho cdp dia nhiét Kké
nay dugc trinh bay trong Bang 6.

- Dia nhiét ké cation (Na', K', Ca"): DPia
nhiét ké nay dua vao su can béng nhiét dong
clia cac cation theo cic phan tmg trao doi dudi
tac dong cua nhiét do cao cua nguén dia nhiét
khu vuc. Cac phan ng nay bao gdm khoang
vat ¢6 lién quan téi cac cation Na', K', Ca’ va
H,O (phan tng 2). Mét trong nhiing chi sé cho

-273,15

nhiét do can be"mg cac cap cation trong nhiét ké
nay chinh 1a ti s§ Na'/K". Ti 18 nay giam khi
nhiét do gia ting va theo d6 ndng do cua cic
cation (Na", K") trong dung dich bi khdng ché
boi cac phan Gmg can bang nhiét do voi feldspar
(albit va K-feldspar) (phan tmg 2). Két qua
phan tich tir dia nhiét ké nay hay hon so véi dia
nhiét ké SiO, 1a ching it bi phu thudc boi qua
trinh pha lodng tr dung dich vi ham lugng Na”,
K" trong dung dich it bi pha loang.
NaAlSi;O5 + K" =KalSi;Og + Na™ (2)

Céc trang thai can bang cua cip cation trong
dung dich lién tyc theo thoi gian s& dugc thé
hién bang ti 16 mol ctia cac cdp ion twong Ung.
Trong nghién cuu nay, ngoai viéc su dung cac
dja nhiét ké co6 lién quan dén ti sb giita Na va K
chung t6i con st dung thém mdt loai dia nhiét
ké nita d6 1a dia nhiét ké Na-K-Ca duoc phat
trién va hiéu chinh theo Fournier, R. O. va
Truesdell, A.H., (1973) [5]. Uu diém chinh cua
loai dia nhiét ké nay so voi dia nhiét ké SiO, va
dic biét 1a dia nhiét ké Na-K 1a do chinh xéac
cao hon tham chi ddi voi nhitng ving nuéc lanh
va hoi dia nhiét, nuéc khong can b?ing, nhitng
viing ¢6 ham lugng Ca cao c6 thé cung cap mot
két qua nhiét do cao khac thuong khi sir dung
dia nhiét ké Na-K.

Trén co s nguyén ly tinh toadn nhiét do
ngudén cap dudi siu theo dia nhiét ké cua
Fournier 1979 [7], Nivea va Nivea., 1987 [19];
Truesdell., 1976 [23]; Arndrsson va nnk., 1983
[1] va dia nhiét ké Na-K-Ca cua Fournier &
Truesdell., 1973 [5], tap thé tac gia tién hanh ap
dung phian mém phan tich dia nhiét ké Liquid
Analysis-V3 [20] cho cac két qua tinh toan
nhiét d0 néu tai Bang 6. Theo do6, nhiét do
ngudn cp dudi siu ciia ngudn nudc khodng My
Lam tinh toan dugc ndm trong khoang tir 159°C
dén 258°C.



88 H.V. Hiép va nnk. / Tap chi Khoa hoc PHQOGHN: Cdc Khoa hoc Trdi ddt va M6i truong, Tdp 32, S6 2S (2016) 81-94

Bang 6. Két qua tinh toan nhiét do dudi sau theo cac dia nhiét ké

DPia

Nhiét do

nhié.t Ké Cong thirc °C) Nguon
. o 731 .
SlOz T C:m*273,15 159 Fournier 1977
T°C= 1217 273,15
Na-K - Na S0 241 Fournier, 1979
1,483 +1log ¥
T”C—i856 273,15
Na-K - Na 21 219 Truesdell, 1976
0,857+1og &
T"C—i883 273,15
Na-K B Na S0 258 Tonari, 1980
0,78+ log X
e 1187
Na-K rC=———m-27315 228 Nivea va Nivea, 1987
1,47 +log X
933
- C=———" 27315 5 3
Na-K 0,933+ log(Na/ K) 224 Arnorsson va nnk, 1983
o _ 1647 B
Na-K-Ca re= 21315 234 Fournier & Truesdell, 1973

log(Na /K)+%[log(x/Ca / Na)+2,06]+2,07

3.2. Bdc‘ diém nguo”‘n géc dung c{ich dia nhiét
cua nguon My Lam theo thanh phan hoad hoc

Trong cong trinh nay, ching t6i st dung
mdi quan hé cén bang nhiét dong cia cac hé
anion, cation tir nghién ctru nay va dong vi bén
D/"®0 (ké thira két qua phan tich tir Cao Duy
Giang va nnk., 2012 [4]) dé x4c dinh ngudn gdc
va dic diém dia hoa ciia dung dich dia nhiét My
Lam, cu thé nhu sau:

- Xéc dinh ngudn gbc cua dung dich dia
nhiét theo twong quan ctia ba hop phan
CI'-S0,”-HCO5:

Theo Giggenbach, W.F. va Goguel R.L.,
1989 [10], cac biéu dd ba hop phan CI-SO,*-
HCO3™ dugc st dung dé budc dau phan loai
mau dung dich dia nhiét [9, 10] dya theo néng
dd cua cac anion chinh CI', SO,*, HCO5. Trong
d6, anion CI" 13 nhan t6 khong tham gia vao céac
phéan ung hoa tan cac da, néng d0 cua no la doc
1ap voi can bang trong dung dich dia nhiét. Vi
dac tinh nhu vay, anion CI" dugc coi nhu mdt
nhan t6 chi thi cho viéc phan loai cac loai dung
dich dia nhiét va anh hudng cua no dén cac qua
trinh theo d9 sdu. Trong truong dia nhiét co

vung nong va vung lanh tai cac vi tri ndng sau
khac nhau, trong thuc té, cac loai nudc giau
ham Iugng CI” nhin chung dugc tim thay ¢ phia
dong chay bé mit cua hé théng dia nhiét trong
khi hoi nudc néng chira ham luong cao SO~
thudng phan bd & phan trén cing cta trudng dia
nhiét [11]. Mtc d6 phan tach giira cac diém dir
lidu gitta ndng dd cao CI” va nudc bicacbonat
(HCOy") - chi thi cho sy tuong tac mét cach
tuong ddi cua dung dich giau CO, & nhiét do
thip hon va cta nong d6 HCO5’, sy gia ting nay
thé hién theo thoi gian va khoang cach véi
ngudn nhiét.

Tir viée xem xét ngudn goc ciia dung dich
nay, nhidu két qua phan tich & cac thoi diém
khac nhau cho mét ngudn My Lam s& duoc xac
dinh mbi twrong quan ngudn gbc theo biéu dd
phan loai cua Giggenbach, W.F. va Goguel
R.L., 1989 [10]. Trong d6 tong cac ndng do (S)
tir 3 ndng d6 thanh phan (C;), don vi 1a mg/l:

S =Ca + Csos + Cucos

Trong d6 %CI, % HCO; va % SO4* dugc
tinh nhu sau:

%- CI' =100.(Cc/S)

%- SO, = 100.(Cs04/S)
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%- HCO;™ = 100.(Cycos/S).

Théng qua vi tri phan bd trén biéu dd (Hinh
3), v6i cac vi tri khac nhau, c6 thé do sai sb
phan tich hodc ky thuét phan tich khac nhau,
tuy nhién c6 thé thdy rang hau hét cac diém dau
tap trung trong mién gidu hidrocabonat t&i
80-90%. Nhu vy vé mit ngudn gc ciia nude
khoang néng, dung dich dia nhiét nudc khoang
néng My Lam tap trung phan 16n vé phia dinh
ctia anion gdc hidrocabonat va theo phan loai
d6 chiing thudc phan ving ctia nudc ngoai vi,
hay con goi 13 nude nong do nhiét cung cap tir
long dat chir khong phai truc tlep tur dung dich
magma. Diéu nay chimg to ring ngudn cung
cap cho bdn dia nhiét chinh 1a tir nuéc bé mit
hodc tir cac tang chira nudc nam phia trén cua
ngudn nhiét Nudce lanh tir cac ngudn nay sé
duogc ngam chay xudng cac tang phia dudi tién
vao ngudn nhiét nhd c¢6 hoat dong cua kién tao
hién dai la dap vo kién tao va bi nung nong dan
1én theo chiéu sdu cua tang dat d4. Sau d6, mot

(cly

(80,

lugng 16n anion HCO; sé dugc hoa tan vao
trong dung dich nhiét trong qua trinh di 1én cta
chung theo ap luc.

- Xdc dinh nguén géc cua dung dich dia nhiét
theo twong quan cua ba hop phcfn K- Na -Mg"”:

Dé kiém tra chinh xéac nguon goc cua ching
va dbi sanh véi thanh phan da goc 16 ra trong
khu vuc nghién ctru, chung toi tién hanh xem
xét theo twong quan ciia K-Na-Mg'” ctia theo
Giggenbach, W.F. va Goguel R.L nam 1989.
Theo d6 biéu dd tam giac ba hop phan K-Na-
Mg'”? ciing tuong tu nhu nhu biéu d6 tam giac
ba hop phan chira CI'-SO,*-HCO5™ va vi tri cua
cac diém dit liéu trén so dd cling duoc tinh toan
tuong quan thanh pham twong tu nhu CI'-SO,*-
HCOj' (hinh 4), trong do:

S = Cxo/1000 + C/100 + Cyy,

% Na = Cy,/10S

% K =Cg/S

% Mg = 100Cys,"*/S

ML-01-Tb (,2015
M.Autret, 1941

Phdng thi nghiém Déu khi, 1981
DH Duge-Ha Ngi, 1984

] Tiép Khic, 1988

DH Mo dja chit, 1999

Cao Duy Giang 2012

%

Hinh 3. Biéu db ba hop phin CI'-SO,*-HCO5, xem xét nguon gbc cua nguon nhi¢t My Lam [9, 19].

S liéu biéu dién theo két qua nghién ctru cua tép thé tac gia (ML-01-Tb ) 2015) va cac nghién ctru tir trude
(M.Autret (1941); Phong thi nghiém Dau khi (1981); Pai hoc Dugc Ha Noi (1984); Tiep Khac (1988);
Dai hoc M6 Dia chét (1999); Cao Duy Giang (2912). Ghi chu: cac mién phan biét nguon goc nuéc
theo cac vung nhu nudc trudng thanh (Mature waters), nudc ngoai vi hay nude khi tuong
(Peripheral waters), nudc nui ltra (Volcanic waters) va nudc bdc hoi (Steam heated waters).

(HCO;)
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Biéu dd ba hop phan K-Na-Mg'"? thuong
duoc dung dé dy doan sy can béng theo nhiét
dd va ung dung thich hop cua viéc nghién ctru
nhiét d6 dung dich dia nhiét phu hop theo cac
dia nhiét ké ion hoa tan [9]. Trén co so do,
Giggenbach da dua ra m¢t phuong phap danh
gia mirc dat dugc trang thai can bang dung dich
nhiét va dé bao quanh. Biéu d6 c6 hai hé thong
duoc the hién bang hai tap cac duong thing c6
cac ty s6 Na/K va K/Mg"? khong ddi, toa ra tir
goc Mg'? va goc Na tuong Gmg. Theo dé, biéu
dd nay la thich hop cho viéc du dodn sy phu
thudc nhiét do cua cac to hop cén b;"mg toan bo
cua khoang vat chira kali va natri sau khi chiu
tac dong cua diéu kién dia nhiét dén cac tng da
[11]. biéu nay chu yéu dya trén sy phu thudc
nhiét d6 cia phan tng sau:

K-feldspar + Na" + K' = Na-feldspar +
0,8K - mica + 0,2chlorit + 5,4 silica + 2K"
=2, 8K-feldspar + 5,4 silica + 16H,0 + Mg"

Tir két qua thé hién trong biéu d6 ba hop
phin K-Na-Mg'?, ¢6 thé nhan thdy ngudn nudc
khoang My Lam thudc khu vuc nudc chua
truong thanh dinh hudéng dén goc Mg. Diéu nay
chung t6 qua trinh cin bang cua dung dich nhiét

Nwéc trirérng thanh
(Cén béng to&n phén)

dwa theo cac t6 hop can bang cua ion Na',
K" trong cic phan tng trao dbi la chua du vé
thoi gian va diéu kién nhiét do ciia dung dich
nhiét. Thém vao d6, cac nghién ctru trude do
cling da chi ra rang nong d6 Mg trong chit 1ong
dia nhiét giam manh khi nhiét d¢ tang, va tat ca
cac dung dich giau Mg duoc tim thiy trong tu
nhién thi hau hét di trai qua phan tng giita
dung dich nhiét va d4 vay quanh trén dudng di
1én bé mat & nhiét do thip hon [8]. Theo do, két
qua nay dinh huéng rang dung dich dia nhiét
nguén M¥ Lam duogc lam ngudi va pha tron voi
cac tang dat da cta khu vuc trong qua trinh di
1én trén bé mat hodc cling co thé 1a nudc ngdm
trong cac ting chira dan dén sy tich tu va gia
tang ham lugng ion ciia nguyén to Mg.

Mat khac, qua vi tri cac dlern phén bd,
chung roi vao truong cé nguon gbc gan voi da
c¢6 thanh phin mafic. Didu ndy c6 nghia ring
dung dich nhiét dich c6 thé lién quan t6i cac da
mafic & dudi sau. Diéu ndy khing dinh ngudn
gbc tong thé cua dung dich khoang néong My
Lam c6 sy pha tron va khong lién quan nhiéu
dén da 16 trén bé mat hién nay.

ML-01-Tb 9, 2015

M.Autret, 1941

Phong thi nghi¢m Déu khi, 1981
DH Dugc-Ha Ngi, 1984

! Tigp Khic, 1988

- DH Mb dia chit, 1999

Cao Duy Giang 2012

Nwéc chwa trwdng thanh
(chwa cén béng)
1000
Mg*0.5

Hinh 4. Biéu d4 ba hop phin K-Na-Mg'?, xem xét ngudn gdc ctia ngudn nhiét My Lam [9, 20].
S6 lidu biéu dién theo két qua nghién ciru cta tap thé tac gia (ML-01-Tb ), 2015) va céc nghién ctru tir trudc
(M.Autret (1941); Phong thi nghiém Dau khi (1981); Pai hoc Duge Ha Noi (1984); Tiép Khic (1988);
Dai hoc M6 Dia chét (1999); Cao Duy Giang (2012).

Ghi chi: Vung gach chéo la mién cin bing timg phan (partial Equilibration), mién khong gach chéo (immature waters) 1a
mién nude chua thyc su can bing va can bang toan phan hay nudc truéng thanh.
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- X4c dinh ngudn gbc cua dung dich dia
nhiét theo twong quan ty 1¢ dong vi bén cua
Hydro (*H hay deuterium) va oxy (‘*0O) [8]:

Hai dong vi bén ciia hydro va oxy 1a thanh
phin ciu tao cua phan to nudc. Trong tw nhién,
nudce luon luon van dong theo chu trinh ma theo
d6 thanh phan ddng vi cua nudc s& thay ddi
trong cac qua trinh chuyén pha tir long sang
hoi, hoi sang 16ng hodc rin. Thanh phin dong
vi ctia nuwéc duoc thé hién qua ky hiéu delta (3).
Thanh phan ddng vi deuterium va oxy 18 theo
dinh nghia dugc tinh bang cong thirc:

R -’R R
52[_[ :[ samgle ref ] — [ . sample IJ- 1000
R, R,

18R _ 18R ISR
6180 :( :arr;;gl(’ ref — ~ sample 1 i 1000
Rr(’/' Rr(’/'

| Trong do: "Runpis Ry 18 13 86 déng vi
H/ H, twong tmg, trong mau nghlen clru va
mau chuén, IBRsample vy R 13 ty sb dong vi
0/'°0, tuwong tng, trong mau nghién ctru va
trong mau chuén.

Mdi tuong quan tuyén tinh giita 8°H va
8'%0 trong nuéc mua trén pham vi toan cau goi
1a duong nudc khi twong toan ciu va cua khu
vuc goi la duong nudc khi tuong khu wvuyc.
Puong nudc khi tuong khu vyc duoc s dung
cung véi mbi quan hé 8°H - 5'°0 trong cac miu
nude nghién ciu dé giai thich ngudn gde cac
tang chira nudc pham vi khu viyc. Trén co so sy
khac nhau vé ty s6 dong vi *H/'H va ty s6 dong
vi *0/"°O cua nuéc dai duwong va nudc khi
tuong cling nhu cac ngudn nudc mit co lién
quan dé so sanh véi két qua ctia mau nghién ciru
ma danh gid vé ngudn gdc hay mirc do hoa tron
clia cac ngudn gde trong mau nghién ciru [22].

Trong nghién ctru nay, ching t6i st dung
két qua phan tich thanh phan dong vi ciia Cao
Duy Giang va nnk nim (2012). Ap dung mo
hinh ctia Rozanski K., va nnk [22] dé xem xét
ngudn gdc cua dung dich dia nhiét My Lam trén
co s& két qua phan tich cua tir cong trinh cua
Cao Duy Giang va nnk nim (2012) [4]. Két qua

tinh toan duoc biéu dién trén biéu do (Hinh 5)
vé tuong quan dong vi 8D va 8O cua
Powell, T., Cumming W., 2010 [20].

22 20 3B 16 14 12 0 8 6 4 2 0 2 4 6 B 10

S0 (%) (Delin Oxygen 18)

Hinh 5. Biéu d6 thé hién mbi trong quan 8D (%o)
(Delta Deuterium) va 8'*0 (%o) (Delta Oxygen 18)
duogc xay dung trén co s& cac két qua phan tich
thanh phan dong vi bén D (*H) va '*0 [4, 20].
© 1a biéu thi cho ty 1& dong vi ctia dung dich dia
nhiét My Lam.

Theo biéu d6 thé hién mbi tuong quan cua
cap ddng vi 8D va 5'%0 (Hinh 5), vi tri ngudn
goc cua nuge khoang nong cua nguon dia nhiét
M§ Lam nam trén duong nudc nguén goc khi
tuong (meteoric trend line), gan duong coé
ngudn gdc pha tron (mixing line). Véi két qua
nay, cho thay nuéc khu vuc My Lam hoan toan
1a nuéc c6 ngudn gde tir trén bé miat dugce nung
noéng boi hoi nong lién quan dén dung dich
magma mafic kiém nhu duoc miéu ta tai hoat
dong bién chit tré cac da hoa chira ruby trong
khu vyc tai cac cong trinh da cong bd vé dia
chat khu vuc thoi gian gan day [14, 15, 18].

Nhu vy, ddi chiéu véi cac két qua luén giai
ngudn gdc theo cac biéu dd ba hop phan, cac dic
diém dia chit-dia dong lyc (d3 trinh bay & trén)
¢6 thé két luan rang trong pham vi phan bd cia
ngudn nhiét, dung dich dia nhiét dugc hinh thanh
tr nudc lanh co nguén géc trén bé mat hoac cac
ting chtra nude phia trén cua ngudn nhiét. Qua
trinh ndy, c6 thé nhin nhan theo mé hinh co ché
hoat dong ctia nguodn dia nhiét theo mot mo hinh
cua White D.E. va nnk (1971) [25] nhu trinh bay
trong Hinh 6. Trong do, nudc tur bé mét dugc
ngam xudng thong qua cac h¢ thong dut giy, roi
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dua 1én bé mat theo co ché tudn hoan sau. Diéu
ndy duge minh chimg boi su hoa tan cua cac ting
dat da théng qua cac phan (g trao ddi ion va su
thay doi ctia mot s6 ion phu thudc vao nhiét do

dung (}ich phiét nhu theo cac két gué luan giai tr
cac bi€u do phan loai dva theo dong vi va tuong
quan ba hgp phan K-Na-Mg'?, CI'-SO,*-HCOj..

Nzudn 1o
nirdc nong

Hinh 6. Co ché hoat d6ng ctia ngudn dia nhiét My Lam theo ngudn gbc khi twong
theo mo hinh cua White, D.E., va nnk (1971) [25].

4. Két luan

Qua két qua nghién cttu, danh gia dac diém
thanh phan hoa hoc dung dich nhiét ciia ngudn
nudc khoang My Lam - Tuyén Quang, trén co
s dbi sanh véi cac nghién ciu da thyc hién
trude do, cong trinh di sau luan giai ngudn goc,
tinh toan nhiét do ngudn cip dudi sau cho phép
di dén két luan nhu sau:

- Cac két qua tinh toan nhiét do nguén cua
dung dich dia nhiét My Lam bang cac dia nhiét
ke khac nhau khang dinh nhiét do cua ngudn
cap dudi siu ciia nguon nuée khoang nim trong
khoang tir 159 °C dén 258 °C.

- Theo két qua phéan loai ngudn gbc dung
dich dia nhiét béng cac mo hinh khac nhau trén
co s& cac tuong quan ba hogp phan CI' -SO,”-

HCO; va K-Na-Mg'?, ciing nhu mé hinh
ngudn gbc dua vao df)ng vi bén 6D va 3'%0,
cho phép khing dinh ring nguon goc cua
nuoc khoang nong My Lam ¢6 ngudn goc khi
twong (nudc ngoai vi), thudc vung nudc chua
trudng thanh.

- Qué trinh hinh thanh nguon nuéc khoang
nay duogc dién giai theo md hinh ctia nhom tac
gia dé xuit nhu sau: Nu6c mit va nude ngam
dugc din xudng theo cac hé thong dut giy va
duoc nung nong do nhiét cua dung dich ngudn
gbc magma mafic tr manti. Nuéc duoc nung
nong tao hoi va duoc di 1én bé mat theo qua
trinh d6i luu theo mot co ché tudn hoan sau.
Trong qua trinh di 1én trén bé mat, dung dich
dia nhiét duoc lam ngudi do pha tron voi
nudc ngam.
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- V6i két qua nghién ciru nay, can co thém
nghién ctru chuyén sau lién quan dén tinh toan
luu luong, nang luong hitu ich va xac dinh quy
mo bdn chira dé c6 thé khai thac cho cac muc
tiéu khac véi cac tng dung hién tai, qua do co
thé khai thac tot hon ngudn tai nguyén ning
lugng nay cho phat trién kinh té xa hoi.
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Geochemical Characteristics and Origin of the My Lam
Geothermal Resource, Tuyen Quang Province
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Nguyen Dinh Nguyen', Pham Xuan Anh’, Nguyen Thi Oanh', Vu Viet Duc'
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Abstract: Hot water samples were collected from a production well in the My Lam geothermal
field to analyze for chemical composition using various analytical methods, including AAS and
ICP-OES. The data were interpreted with the aim to clarify the temperature and origin of My Lam
geothermal source. The ternary CI-SO,*-HCO5 and Na-K-Mg'"? at thermodynamic equilibrium were
used to determine the origin of the geothermal springs. The My Lam hot water is of flour-sulfurhydro-
silic type. The reservoir temperatures were determined using quartz, Na/K/Ca and Na/K
geothermometers, that vary from 159°C to 258°C. Oxygen and hydrogen stable isotopic models were
used to define the origin of the geothermal fluid component.

The source temperature and origin of the geothermal hot springs in the My Lam area is believed to
relate to ultra-alkalin mafic magmatic fluid activities in this area, which penetrated to the surface due
to regional active tectonic activities relating to Red River fault zone.

Keywords: Geothermal resources, geothermometry, hot water, stable isotopes, geochemistry, My
Lam geothermal resource.



