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Tém tz'lt Basalt kiém Kainozoi mién Nam Viét Nam chtra phong phii cdc xenolith manti, trong d6
chu yeu 1a xenolith Iherzolit. Két qua nghién ciru bing phuong phdp phan tich lat méng thach hoc
cho thiy trong xenolith lherzolit, khodng vét olivine chiém ham luong cha yéu, ¢6 miu 1én toi
80%, it hon 1a khodng vat pyroxene thoi, pyroxen xién va kha hiém gap spinel. Phin tich thanh
phin héa hoc chinh ciia olivine trong xenolith bang phuong phap EPMA chi ra Iherzolit spinel két
tinh trong diéu kién cAn biang héa hoc ¢6 chi s6 Mgi# tir 89.98 dén 91.66, dic trung cho loai
olivine manti. Ham luong nguyén t§ vét cua olivine trong xenolith dugc phan tich bang phuong
phip LA-ICP-MS dic trung cho loai olivine trong lherzolit spinel. Str dung cdc nhiét ké Al, Cr va
Ca ctia olivin cho thdy xenolith lherzolit spinel trong basalt kiém ving nghién ctru duoc két tinh
trong diéu kién nhiét d6 khoang 900° dén 1000°C véi dp suit gia dinh 12 20 + 5 kbar.

Tir khéa: Basalt kiém, xenolith, lherzolit spinel, nguyén t& chinh, nguyén té vét.

1. Gi6i thi¢u

Vao thoi ky Kainozoi mudn, hoat ddng
phun trao basalt phét trién rong rai tir Dong —
Pong Nam A [1, 2]. Theo nghién ciru cua
Nguyén Hoang (1996), G Bong Duong va Thai
Lan, basalt phu dién rong khoang 30000km?’,
hinh thanh hoang loat cao nguyén basalt cé
chidu day hang trim mét va mién Nam Viét
Nam 12 noi phd bién nhét. Ciing theo Nguyén
Hoang, hoat dong phun trao dugc chia thanh hai
ph,trong d6, pha 1 gdm khdi lugng 16n phun
trao dong c6 thanh phan tholeit thach anh va
tholeit olivin, pha thir hai gdm cdc phun trao
trung tim c6 thanh phan tholeit olivin, basalt
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kiém, basanit va phan b chu yéu ¢ DPa Lat,
Pleiku, Buon Ma Thuot va Xuan Ldc. Cac cao
nguyén Pleiku va Buén Ma Thudt dién hinh cho
nhitng trung tdm phun trao ctia nam Viét Nam
va Péng Nam A [3]. Basalt kiém chira phong
phii cdc xenolith manti, trong d6 chu yéu Ia
xenolith Iherzolit spinel [4], dong thoi basalt
kiém chinh 12 tic nhan dwa cdc loai da qui
peridot 1én mit dat [5, 6]. Cdc nghién ctru dua
vao thanh phin nguyén t§ chinh chi ra ngudn
gdc tdi néng chay cua cdc xenolith sidu manti
trong basalt kiém mién Nam [7, 8]. Nghién ctru
thanh phan nguyén t6 vét cho thdy céc xenolith
duoc lam giau céc nguyén t6 khong twong thich
gdm cdc ‘nguyén t6 LREE, Ba, K va mot 5O
nguyén t6 HFSE va cic xenolith c6 thé da trai
qua qué trinh bién chat trao d6i [9]. Nghién ctru
ciia Nguyén Hoang, 2005 chi ra cic thé tu
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peridotit manti tim thay trong bazan kiém khu
vuc Pleiku trdi qua qud trinh néng chay tao
thanh dung thé bazan, tuy nhién ching twong
dbi giau thanh phan bazan twong ty nhu
peridotit tim thiy tai cdc viing bazan ndi mang,
chimg to mirc d6 néng chay ting phan thip (<
10%) [10]. Nam 2010, De Hoog va nnk nghién
ciru dia héa nguyén t6 vét cua olivin va cho
rang ching nhu 13 ddu hiéu chi thi vé ngudn
gbc, ddng thoi da xdc 1ap cdc nhiét dp ké (Al,
Cr va Ca trong olivin) d& xdc dinh p-T thanh
tao cua cic da trong manti [11]. bé bd sung
thém théng tin vé cic xenolith manti trong
basalt kiém mién Nam Viét Nam, bai bdo dusi
day trinh bay két qua nghién ctu thanh phan
nguyén té chinh va vét cua olivin trong xenolith
lherzolit spinel va tinh p-T thanh tao cta ching
dua vao cdc nhiét ké ctia olivin.

2. Miu va phuong phap phan tich

Cac mau nghién ctru duoc thu thap tai khu
vuc Bién Hé, Gia Lai. Mudi hai miu basalt
duoc gia cong thanh lat mong thach hoc cé do
day tiéu chuan (0.03mm), khong phu lamen dé
phan tich lat mong va lga chon dé xdc dinh
thanh phan héa hoc cua ban tinh olivin bing

phuong phiap EPMA. Phuong phép phan tich lat
moéng dudi kinh hién vi phéan cuc dugc thuc
hién tai Phong Quang hoc Tinh thé, Khoa bia
chét, Truong Pai hoc Khoa hoc Ty nhién,
phuong phap EPMA phan tich thanh phin héa
hoc cua ban tinh olivin thuc hién tai Vién Khoa
hoc Dia chit va Khodng san. Mudi lim mau
olivin trong cdc thé xenolith Therzolit duoc tich
ra, mai lang rdi dem phén tich bang cdc phuong
phip EPMA, LA-ICP-MS nham xic dlnh thanh
phan nguyén té chinh va nguyén t& vét cua
chuing. Hai phuong phap nay dugc thuc hién tai
Vién Dia chit, Khoa héa, Duoc va Khoa hoc
Trai Dat, Truong Dai hoc Johanes Gutenberg,
Mainz, CHLB Duc. Ngoai ra, phuong phdp
XRF con dugc sur dung dé xdc dinh thanh phan
héa hoc cua 03 mau da basalt va thuc hién tai
Trung tam phén tich thi nghiém Dia chit, Tng
cuc Dja chit va Khoang san Viét Nam.

3. Két qua va thio luin

3.1. Bdc diém basalt kiém

P4 ¢6 mau xdm sam (hlnh 1), clu tao dac
xit hodc 16 hong (hinh 2), kién tric porphyr, nén
c6 kién tric trachyte (hinh 4).

Hinh 1. Basalt kiém c6 ciu tao bot, chira xenolith
lherzolit spinel.

Hinh 2. Basalt kiém c6 c4u tao khdi dic xit, chira
xenolith lherzolit spinel.
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Béng 1. Thanh phdn héa hoc ctia mau basalt nghién ctru

TT S104 T102 A1203 F6203 CaO

MgO NazO Kzo P205

MnO  Téng

1 51.76 249 14.06 10.85  8.51
2 4982 234 1336 12.47  9.32
3 50.08 198 13.75 11.68  8.97

522  3.89 2.17  0.67 0.15  99.77
7.01  3.02 1.98 0.46 0.12 999
6.74  3.56 1.83 0.42 0.31 99.32
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Hinh 3. Biéu d@) twong quan hop phén silic (Si0,) va
tong kié{n (Na,O + K,0)
cua mau nghién ctu.

_ Két qua phan tich XRF (bang 1) cho théy,
mau nghién ctru c6 tong kiém lon hon hodc
bang 5%. Trén biéu do tuong quan tong kieém

Hinh 4. Ban tinh biotit trong mau basalt nghién ctru
(sam mau).

(Na,0O + K,0) va silic (SiO,), cac mau déu roi
vao truong kiém (hinh 3).

Phéan tich 14t méng thach hoc cho Kkét qua
basalt kiém ving nghién ctru chtra ban tinh
(phenocryst), xenolith (thé ngoai lai), xenocryst
(manh tinh thé ngoai lai) va nén vi tinh, thiy
tinh. Ban tinh gom cdc khodang vat olivin,
pyroxen, plagiocla, amphybon va mot s6 mau
xudt hién biotit khd nhiéu 1a do sy bién ddi thir
sinh tir olivine (hinh 4). Xenolith chiém vu thé
1a loai xenolith manti, d6 1a 1a lherzolit spinel
(hinh 5). Xenocryst phan 16n 12 olivine tha hinh,
méo moé hoac sdc canh. Nén 1a cdc vi tinh
plagiocla, sau d6 1a khoang vat quang va it hon
1a thay tinh. Sy phong phii vé& ban tinh olivin
dic trung cho d4 basalt kiém. Cic ban tinh
olivin ¢6 hinh dang ty hinh dén tha hinh (hinh
6), cé kich thuong cé kich thudc nhd hon
100pm.

Hinh 5. Tiép xic giita basalt kiém (t6i mau) va
xenolith lherzolit (sdng mau).
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Hinh 6. Méu basalt kiém dudi kinh hién vi phan cyc
chira ban tinh olivine rat ty hinh ( tinh thé hinh luc

gidc, sing mau bén tay trdi va cdc manh tinh thé

olivine tha hinh phan bé rai ric trong miu (nicon: -).

Hinh 7. Diém phén tich thanh phan héa hoc ciia
manh tinh thé olivin (mau xdm, tha hinh va sac
canh) trong basalt ki€ém c6 cau tao bot (mau den).

Bang 2. Thanh phin héa hoc ctia manh tinh thé olivin

TT Na,O K,0 MgO CaO Al,O4 TiO, Si0, MnO FeO Mg"

1 0.002 - 49.321  0.016 0.013 - 41.030  0.156 8.116 91.62

2 0.007 - 49.208 - 0.002 - 40.443  0.112 8.039 91.68

Béng 3. Thanh phan nguyén t6 chinh ctia olivin trong xenolith Iherzolit spinel

TT Si0, FeO MnO MgO NiO CaO AlL,O;  Cr,O3 Tong Mg#
BH1 40.52  9.03 0.14 49.77 034 0.055 0.020 0.032 99.84 90.85
BH2 40.89 9.05 0.15 50.26 047 0.056 0.019 0.031 100.86  90.90
BH3 40.47 899 0.13 49.69 040 0.047 0.019 0.032 99.72 90.87
BH4 4055 9.17 0.14 50.53 037 0.037 0.019 0.031 100.81  90.84
BH5 4121 8.67 0.12 49.88 038 0.047 0.019 0.026 10031  91.19
BH6 41.08 8.66 0.21 50.29 0.25 0.033 0.019 0.025 100.52  91.27
BH7 41.07 854 0.19 50.52 043 0.041 0.019 0.026 100.79 9141
BHS8 40.87 8.84 0.09 50.28 033 0.042 0.019 0.026 10045 91.10
BHY9 40.63 990 0.16 49.38 033 0.039 0.021  0.025 100.44  89.98
BHI10 40.60 9.78 0.22 4920 0.19 0.058 0.021  0.029 100.05  90.05
BHI11 4091 833 0.18 4993 024 0.032 0.022 0.030 99.62 91.51
BH12 41.10 852 0.08 50.78 036 0.054 0.024 0.030 100.89  91.48
BHI13 41.19 844 0.11 50.50 0.28 0.066 0.022  0.030 100.59  91.51
BHI14 4094 845 0.12 50.80 0.33  0.079 0.024  0.030 100.72  91.54
BHIS 41.07 833 0.12 50.83 036 0.045 0.022  0.030 100.76  91.66

Phén tich thanh phin héa hoc cia ban tinh
olivin (hinh 7) bang phuwong phdp EPMA (bang

2) cho két qua olivin ¢ chi s6 Mg 16n hon 91,
dac trung cho loai olivine manti [12, 13].
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3.2. Ddc diém cia xenolith lherzolit spinel

Céc xenolith ¢6 kich thudc tir vai mm dén
40cm [5], mau xanh xam, xanh la ma, trong do,
olivine chiém ham luong cha yéu, c6 mau 1én
té6i 80%, it hon 1a khoang vat pyroxene thoi,
pyroxen xién va kha hiém gip spinel (hinh 1,
hinh 5). Olivin trong nhimng thé xenolith nay
dugc cho 12 ngudn cung cép dd qui peridot cua
Viét Nam [6].

Két qua phan tich EPMA (bang 3) cho thy
olivin trong xenolith c¢6 thanh phan va chi s6
Mg" twong tu v&i cdc manh khodng vat olivin
va dac trung cho olivin manti. Ngoai ra, cic
mau olivin déu khong Xudt hién hién tugng
phan d6i, phan 4nh sy cin bang héa hoc trong
qud trinh két tinh [11].

De Hoog va nnk (2010) da st dung su khdc
biét vé& hé s6 phan bd nguyén t6 vét giita olivin
va cdc khodng vat cung ton tai aé phan biét cac
loai d4 tir manti thach quyén. Nhiéu nguyén t6
da chi ra dugc su khac biét gilra olivin trong
lherzolit garnet va lherzolit spinel vi di luc khéc
nhau cua chiing v&i garnet va spinel.

Nguyén t6 vét trong olivin di duoc De
Hoog va nnk (2010) xac 1ap gdm 3 nhém. Céc
nguyén t6 nhém I (N1, Mn, Co, Cu, Zn va Li) la
nhitng nguyén t6 héa tri 2, ngoai trir Li va ¢6
thé Cu, c6 ban kinh ion gin véi ban kinh cia
Mg, c6 pham vi thay d6i ham luong nho va
olivin la khodng vat chu chinh chtra cic nguyén
t6 nay trong peridotit manti. Ngoai ra, ching
thuong c¢6 ham lugng twong ddi cao trong cic
khodng vat manti khic. Cdc nguyén t6 nhém II
(Cr, Al, Sc, V, Ca va Na) c6 pham vi thay doi
ham luong 16n, ma chii yéu duoc kiém soét boi
nhiét d6 can bang cua da chira. Ching it phu
hop v&i 6 mang olivin hon cdc nguyén t6 nhém
I vi dién tich va ban kinh ion cta ching, nhung
lai t3p trung manh trong cdc khodng vit cling
ton tai trong manti (nhu garnet, clinopyroxene
va spinel). Cic nguyén t6 nhém III (Ti, Zr, Nb
va Y) c6 pham vi thay dbi ham lwong 16n nhat
trong olivin cling nhu trong cic khoang vat
cling ton tai va ham lugng ciia chiing phu thudc

vao thanh phan ciia d4 téng. Do sy chénh léch
16n vé dién tich va kich thudc v6i magie nén
ching rat khong twong thich véi olivin ciing
nhu céc khoang vét tao dd khac cia manti.

Thanh phan nguyén t6 vét ciia miu nghién
ctru duogc trinh bay trong bang 4.

Cdc nguyén 16 nhém 1 (Ni, Mn, Co, Cu, Zn
va Li)

Ni: Trong peridotit manti dién hinh, olivin
1a khodng vat chira dén 90% ham luong Ni, né
c6 xu hudng cao hon trong spinel lherzolit va la
nguyén t6 duy nhit bén canh Mg va Co c6 su
tdp trung cao hon trong manti nguyén thuy
(trong manti nguyén thuy la 1600ppm) [12].
Ham luong Ni trong mau nghién ctru nam trong
khoang 2601,89 — 2961,5 ppm va trung binh
288545 ppm, xap xi v6i ham luong Ni cua
olivin trong cic lherzolit spinel c6 ciing chi s6
Mg’ [6].

Mn: Trong peridotit manti dién hinh, olivin
chira dén 50% Mn. Ham luong Mn cua olivin
trong xenolith lherzolit garnet bién dbi tir 460
dén 850 ppm, trong lherzolit spinel bién déi tir
690 — 1040ppm [11]. Mau nghién ctru c6 ham
luong Mn tir 869,38 dén 1120,75 ppm, nim
trong khoang bién doi ctia olivin trong lherzolit
spinel.

Co: Trong peridotit manti dién hinh, olivin
chira dén 80% Co, trong manti nguyén thuy, Co
c6 ham lugng 1a 104ppm [11]. Ham lugng Co
trong mau 1a 137,27 ppm, trung binh 1 150,16
ppm, cao hon trong manti nguyén thuy.

Cu: ham lugng nam trong khoang 1,259 —
1,616 ppm, trung binh 1,392 ppm, phu hop véi
ham lugng trong pham vi hep 1,2 - 2,0 ppm
trong peridotit spinel, trong khi céc olivin v6i
ham lugng Cu vuot qui 2 ppm déu thudc
peridotit nhiét do cao (> 1060°C) [11].

Zn: olivin chira dén 75% lugng Zn trong
manti [13]. Ham lugng Zn trong mau ndm trong
khoang 50,41 — 64,35 ppm, trung binh 56,75
ppm. Ham lugng Zn thay dbi trong dai hep lién
quan dén su hién dién cua spinel (khodng vét
spinel c¢6 ai lyc manh véi Zn, dic trung cho
peridotit spinel) [14].
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Béng 4. Ham lugng nguyén t6 vét (ppm) ciia olivin thugc xenolith trong basalt kiém viing nghién ctru
Mau Al Cr Li Mn Zn Co Cu Ni P Ca Ti \Y% Y Zr Nb
BH1 54.16 110.6 1.405 940.94 63.35 14199 1368 2923.7 29.08 27629 13.45 2507 0.0177 0.147 0.0058
BH2 51.13 108.04 1372 918.18 62.02 13953 1.616 2891 26.16 25753 1247 254  0.0138 0.101 0.0056
BH3  51.22 109.71 1452 957.22 64.35 14474 1397 296151 27.18 263.19 1278 2.58  0.0141 0.112 0.0065
BH4 51.13 108.04 1372 918.18 62.02 139.53 1.616 2891 26.16 25753 1247 254  0.0138 0.101 0.0056
BH5 50.24 88.12 1.247  916.69 57.07 1414 1.333  2916.2 2459 255.69 1131 2158 0.0147 0.11 0.0059
BH6 50.23 87.15 1.243  919.2 56.4 142.4 1.288 2906.49 25.79 24237 11.7 2238 0.0225 0.092 0.0229
BH7 51.08 90.25 1.252  936.17 5693 14444 1356 2960.72 26.1 267.3 12.24 2227 0.0173 0.119 0.0051
BH8  50.24 88.12 1.247  916.69 57.07 1414 1.333  2916.2 2459 255.69 1131 2158 0.0147 0.11 0.0059
BH9 5646 86.71 1.322  1071.69 59.1 143.08 1.259 2601.89 2438 258.79 10.08 1.82  0.0283 0.071 0.0057
BH10 55.99 98.72 1.38 1120.75 60.17  150.16 1.444 2681.11 23 27039  9.35 2.049 0.0216 0.063 0.0059
BHI11 58.01 104.03 1.387 8&74.11 5041  138.04 1357 2939.6 23.81 276.76 11.18 2215 0.0082 0.063 0.0072
BH12 63.28 102.18 1.325 869.38 5046  137.27 1452 292636 2457 281.59 10.79 2.183 0.0129 0.038 0.0052
BH13 58.01 104.03 1.387 8&74.11 50.41  138.04 1357 2939.6 23.81 276.76 11.18 2.215 0.0082 0.063 0.0072
BH14 63.28 102.18 1.325 869.38 5046  137.27 1452 292636 24.57 281.59 10.79 2.183 0.0129 0.038 0.0052
BHI5 58.76 103.41 1357 871.39 51.03 13792 1261 289994 2446 26547 11.09 2.155 0.0106 0.051 0.0058
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Li: c6 kich thudc cation rat gan voi Mg nén
olivin chira dén 80% Li ctia manti. Trong
lherzolit grant, ham lwong Li va chi s6 Mg* ¢6
quan hé nghich bién, trong lherzolit spinel
khong ghi nhén dugc moi quan hé nay [11]. Li
trong mau nghién ctru ¢6 ham lugng tir 1,243 -
1,452 ppm, trung binh 1,34 ppm va sy bién doi
cta ching khong ¢6 lién quan véi chi s Mg [6],
dac diém nay dac trung cho lherzoliut spinel.

Nhém nguyén té6 nhém II (Cr, Al, V, Sc, Ca
va Na)

Al: Ham luong Al trong olivin rit phu
thudc vao nhiét do két tinh, vi vay, ham lugng
Al s€ dugc st dung dé tinh todn diéu kién két
tinh ciia olivin hay xenolith trong basalt kiém
mién nam Viét Nam. Olivin magma thudng c6
ham lugng Al cao hon olivin manti, dac biét
olivin trong da picrit c6 ham lugng Al 1én tdi
trén 700ppm, olivin trong kimberlit c6 ham
lugng Al nhé hon 2 ppm [11]. MAu nghién ctru
c6 Al thay ddi tir 50,23 — 63,28 ppm va trung
binh 54.88 ppm, dién hinh cho olivin manti.

Cr: Theo De Hoog va nnk (2010), ham
luong Cr trong olivin ciing rat phu thudc vao
nhiét do két tinh. Cr trong olivin manti c6 ham
lugng thdp hon trong olivin magma. Trong
olivin cta d4 picrit, Cr thuong 16n hon 475ppm,
trong olivin cua kimberlit ham lugng Cr thuong
nho hon 50ppm. Cr trong miu nghién ctru thay
déi 86,71 — 110,6 ppm, trng binh 99.42
ppm, dac trung cho olivin manti.

V: Mau nghién ctu ¢6 ham luong trong
khoang 1,82 — 2,58 ppm va trung binh 2.25
ppm. Khong c6 sy khac biét rd rang gitta ham
lugng ctia V trong lherzolit spinel hay lherzolit
granat [11].

Ca: Theo De Hoog va nnk (2010), ham
lugng Ca ctia olivin manti (27 — 630ppm) thap
hon nhiéu olivin magma (trong picrit tir 2300 —
2900ppm). Mau nghién ctru c6 Ca dao dong tir
242,37 - 281,59ppm va trung binh 265,80 ppm.
Hau hét cdc mau véi ham lugng Ca khoang
300ppm, dién hinh cho loai olivin manti.

Nhém nguyén t6 nhém I (Ti, Zr, Nb, Y, P)

Ti: Ham luong Ti trong olivin manti va
olivin magma khong c6 sy khic biét. Mau

nghién ctru c6 Ti tir 9,35 —
binh 11,48 ppm..

Zr: c6 ham luong tir 38 - 147 ppb, trung
binh 1a 85 ppb, cao hon olivin tur peridotite
spinel tu cic khu vuc khac (trung binh la 40
ppb [11]).

Nb: Trong lherzolit spinel, ham lugng Nb
thuong nho hon 5ppb, cia lherzolit granat 16n
hon 20ppb, tham chi 1én téi 1000ppb [13]. Mau
nghién curu ¢6 Nb dao dong trong khoang 5 - 23
ppb, trung binh 7 ppb, tuong tng véi loai olivin
trong lherzolit spinel.

13,45 ppm va trung

Y: Ham lugng Y trong lherzolit granat bao
gio ciing thip hon 2ppb nhung trong Iherzolit
spinel luén 16n hon 10ppb, tham chi 1én t&i
62ppb [11]. Miu nghién ctru dao dong tir 8 — 28
ppb, trung binh 15 ppb, twong tng véi ham
lugng Y cua olivin trong peridotit spinel.

P: thay ddi trong khoang 23 — 29,08 ppm,
trung binh 12 25,22 ppm. Mirc d6 bién d6i ham
lugng P cua peridot Viét Nam la 16n va khac
v6i ham lugng P ctia céc olivin trong peridotit
spinel hay peridotit garnet cua cic vung so sinh.

Nhu viy, thanh phan nguyén t6 vét cua
olivin trong xenolith cia mAu nghién ctru da
dugc xdc dinh gdm du ca ba nhém va chiing
cung chi thi cho loai olivin trong d4 lherzolit
spinel. Pac biét ham lugng ctia Cu ludén nhd
hon 2ppm, trong khi nhitng olivin c¢6 ham
Iugng Cu cao hon 2ppm déu thuodc loai duge
thanh tao & nhiét d6 cao hon 1060°C [11].

3.3. Diéu kién p-T két tinh ciia xenolith lherzolit
spinel

Diéu kién két tinh cua xenolith dugc tinh
dua vao cac nhiét ké olivin. Nhu d3 trinh bay &
trén, sy bién d6i ham luong nguyén td vét cua
olivin chu yéu duoc quyét dinh boi nhiét do (va
c6 vai tro cua ap suét). De Hoog va nnk (2010)
da tinh toan h¢ s6 phan bd olivin cho nhom
nguyén Vet thir I str dung hdi quy tuyén tinh da
chiéu. Méi tuong quan nhi¢t d6 va ham luong
khang dinh ban chét nhay cam nhiét do cua cac
nguyén t6 nay da dwoc nghién ctru va dugc thé
hién qua cong thic {1}, {2} va {3} va d6 1a cac
nhiét ké cta olivin.
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Béng 5. Nhiét 6 thanh tao cua olivin tinh theo nhiét ké Al
. Cr* = AI27 Nhiét do
Mau
Cr/Cr+Al (ppm) P =20 P=19 P=18 P=17 P=16 P=15
BHI 0.51 54.16 938 932 927 921 916 910
BH2 0.52 51.13 932 926 921 916 910 905
BH3 0.52 51.22 933 927 922 916 911 906
BH4 0.52 51.13 932 926 921 916 910 905
BHS5 0.47 50.24 920 915 910 904 899 893
BH6 0.47 50.23 920 915 909 904 898 893
BH7 0.47 51.08 923 917 912 907 901 896
BHS 0.47 50.24 920 915 910 904 899 893
BH9 0.44 56.46 929 923 918 912 907 901
BHI0 047 55.99 935 929 924 918 913 907
BHI1 048 58.01 940 934 929 923 918 912
BHI2 045 63.28 946 941 935 929 924 918
BH13 048 58.01 940 934 929 923 918 912
BHI14 045 63.28 946 941 935 929 924 918
BHI5S 047 58.76 941 935 930 924 919 913
a. Nhiét ké Al trong olivin: 13444 + 48.5P - 4678Cr#"
ol Teeu(°C) = , -273 {2}
9423 + 51.4P + 1860Cr# (14.53 - In[CIT’)
TAI-oI (DC) = -273 {1}

(13.409 - In[AIT")

Trong d6, P tinh theo kbar (c6 thé sir dung
cdc mbi twong quan P-T cia dia nhiét trong
viing nghién ctru (chi sé dan nhiét khoang 42
mW/m” trong viing nén); [Al]”' 12 ham lugng
ctia Al (ppm) trong olivin va Cr* bang gia tri
Crt/(Cr + Al) trong olivin.

Theo De Hoog (2010) nhiét do tinh duogc
khi khong c6 sy hién dién cla granat trong mat
nén on dinh c6 chi s6 din nhiét 40-42 mW/m?
g voi dp sudt tir 15-20 kbar. Olivin trong cic
xenolith Therzolit spinel nén c6 thé str dung ap
suat tir 15 - 20 kbar d tinh nhiét do. Nhiét do
thanh tao cua olivin tinh theo nhiét ké Al duoc
trinh bay trong bang 5. Vi dp suét dugc tinh tir
15 - 20 kbar thi nhiét do thanh tao olivin theo
nhiét k& Al trong olivin c6 gid tri trong khoang
893 - 946 °C.

b. Nhiét ké Cr trong olivin

Crom trong olivin ¢6 hanh vi rat gidng véi
Al, va su phu thudc nhiét d6 cua né cé thé dugc
thé hién:

Trong d6 Cr#*' 1a Cr/(Al + Cr) trong nguyén
tr va [Cr]* 1a ham luong Cr trong olivin tinh
bang ppm. Sy phuy thudc ap luc cua nhiét ké nay
cling twong tu nhu cua nhiét ké Al.

) Nhiét do két tinh cta olivin tinh theo nhiét
ké Cr dugc trinh bay trong bang 6. Cdc gid tri
nhi¢t do theo nhiét ké nay bién do6i tor 917 -
969°C.

c. Nhiét ké Ca trong olivin

Ham lugng Ca trong olivin dugc hi€u chinh
nhu moét nhiét ké theo biu thurc:

o 10539 + 79.8P
c('C) = (15.45- In[Ca[")

Trong d6 Ca” 1a ham luong Ca trong olivin
dugc tinh bang ppm va P dugc tinh bang kbar.
) Nhiét do két tinh cta olivin tinh theo nhiét
ké Ca cho céc gid tri nhiét do 1a 905 - 964° C
(Bang 7).

-273 {3}
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Béng 6. Nhiét d6 thanh tao cua olivin tinh theo nhiét ké Cr

#
Mau g Cranl  CrS3 Nhiét do
PPm) 0 P=19  P=18 P=17 P=16 P=15
BHI 051 110.6 951 946 942 937 932 927
BH2 0.2 108.04 944 940 935 930 925 920
BH3 052 10971 945 940 935 930 925 920
BH4 0.2 108.04 944 940 935 930 925 920
BHS 047 88.12 941 937 932 927 922 917
BH6  0.47 87.15 941 937 932 927 922 917
BH7 047 90.25 943 939 934 929 924 919
BHS 047 88.12 941 937 932 927 922 917
BHY 0.4 86.71 955 950 945 940 936 931
BHIO 0.47 98.72 955 950 945 940 935 930
BHI1 0.48 10403 959 954 949 944 940 935
BHI2 045 102.18 969 964 959 955 950 945
BHI3 0.48 10403 959 954 949 944 940 935
BHI4 045 102.18 969 964 959 955 950 945
BHI5S 047 10341 961 956 951 946 941 936
Béng 7. Nhiét d6 thanh tao cua olivin tinh theo nhiét ké Ca
i, Cr'= Cad Nhiét do
Cr/Cr+Al opm)  P=20 P=19 P=18 P=17 P=16 P=15

BHI 051 27629 962 954 945 937 929 921
BH2 052 25753 953 945 937 929 921 913
BH3 0.2 263.19 956 948 939 931 923 915
BH4 0.2 25753 953 945 937 929 921 913
BHS 047 255.69 952 944 936 928 920 912
BH6  0.47 24237 945 937 929 921 913 905
BH7 047 267.3 958 949 941 933 925 917
BHS  0.47 255.69 952 944 936 928 920 912
BHY  0.44 258.79 954 945 937 929 921 913
BHIO 0.47 27039 959 951 943 935 927 918
BHI1 0.48 276.76 962 954 946 938 929 921
BHI2 045 281.59 964 956 948 940 932 923
BHI3 0.48 276.76 962 954 946 938 929 921
BHI4 045 281.59 964 956 948 940 932 923

BH15 047 265.47 957 949 940 932 924 916
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Nhu vay, st dung nhiét Ké Al, Cr, Ca trong
olivin cho phép x4c dinh dugc nhiét do Kkét tinh
ctia xenolith lherzolit spinel trong basalt kiém
mién Nam tir 893 dén 969°C, véi 4p suat gia
dinh 1a 20 kbar. Nhiét ké Cr trong olivin luén
cho nhiét d¢ cao nhét va cao hon 5-12°C so véi
nhiét k& Ca va khoang 20°C so véi nhiét ké Al
Két qua nhiét d6 nay phdt hop véi ham luong
cua Cu. Vi ham luong Cu trong peridot Tay
Nguyén luén nhé hon 2ppm, trong khi céc
olivin ¢6 ham lugng Cu vugt qud 2 ppm déu
duoc thanh tao ¢ nhiét d6 cao hon 1060°C [11].
Két qua tinh todn trén phit hop voi nhiét do va
dd sdu thanh tao cua basalt kiém da duogc cong
b6 1a dp suit khoang 23kbar, nhiét d6 khoang
1100°C, tham chi c6 thé cao hon [15].

Két luan

Két qua nghién ciu thanh phan nguyén t6
chinh va vét cua olivin trong cdc thé xenolith
lherzolit spinel cho phép di dén két luan sau:

- Xenolith Therzolit spinel trong basalt kiém
mién nam Viét Nam duoc Kkét tinh trong trang
thdi can bang héa hoc.

- Xenolith Iherzolit spinel trong basalt kiém
mién nam Viét Nam két tinh & nhiét do khoang
900 - 1000°C v&i 4p suét gia dinh 1a 20 +5kbar.

Loi cam on

Nghién ctru nay duoc tai trg boi Quy phat
trién khoa hoc va cong ngh¢ quoc gia
(NAFOSTED) trong dé tai ma sé 105.01-
2012.01. Xin tran trong cam on. Ngoai ra, tic
gia xin bay té sy cam on siu sic toi PGS. TS.
Nguyén Ngoc Khdi dd hd trg trong viéc phan
tich mau bang céc phuong phap EPMA va LA-
ICP-MS tai CHLB buc.

Tai liéu tham khao

[1] Barr S. M. and MacDonald A. S. Gechemistry and
geochronology of late Cenozoic basalts in

(2]

(3]

(4]

(6]

(71

(10]

[11]

Southeast Asia. Geol. Soc. Amer. Bull. 92 (1981)
1069.

Taylor B. and Hayes D. E. Origin and history of
the South China Basin. In The Tectonic and
Geologic Evolution of Southeast Asian Seas and
Islands (ed. D. E. Hayes); Amer. Geophys. Union,
Geophys. Monogr. Ser. 27 (1983) 25.

Nguyen Hoang, Martin F.J. Flower, Cung Thuong
Chi, Pham Tich Xuan, Hoang Van Quy, Tran
Thanh Son. Collision-induced basalt eruptions at
Pleiku and Budén Me Thudt, south-central Viet
Nam. Journal of Geodynamics 69 (2013) 65.

Nguyen Hoang, M. Flower et al. Major, trace
elements, and isotopic = compositions  of
Vietnamese basalts: Interaction of hydrous EMI1-
rich asthenosphere with thinned Eurasian
lithosphere. Geochimica et cosmochimica Acta,
60/22 (1996) 4329.

Nguyén Kinh Qudc (chi bién). Ngudn gbe, quy
luat phan bd va danh gi tiém nang dé quy - d4 ky
thuat Viét Nam. Béo cdo tong két D& tai KT-01-
09. 1995.

Nguyen Thi Minh Thuyet, Nguyen Ngoc Khoi,

Christoph Hauzenberger. Geochemical
characteristics of peridot from south-central
Vietnam. International Symposium “Larga

igneous province of Asia mantle plumes and
metallogeny”, 7-11, November 2013, Hanoi,
Vietnam (2013) 145.

Nguyén Hoang, M. J. Flower, Pham Tich Xuan.
Van d& dong lyc hinh thanh magma bazan
Kainozoi mugn qua két qua nghién ctu thanh
phan nguyén t6 vét va dong vi. BC tai nguyén
(Cong trinh ky niém 20 nam thanh 18p Vién Dia
chét), I (1996) 156.

Pham Tich Xuan, Nguyén Hoang, Lee Hyun Koo.
Geochemistry of Late Cenozoic basalts in Viét
Nam and its tectonic significances. J. of Geology,
B/24 (2004) 65.

Pham Tich Xuan. Trace element geochemistry of
mantle xenoliths from Late Cenozoic basalts in
Vietnam. Journal of Geology Series B, No 27
(2006) 58.

Nguyén Hoang. Manti thach quyén bén dudi
Pleiku: bang chimg tir cdc bao thé siéu mafic. Tap
chi Dia chét, Loat A, s6 287 (2005).

De Hoog J.C.M., Gall L., Cornell, D.H. Trace-
element geochemistry of mantle olivine and
application to mantle petrogenesis and

geothermobarometry. Chemical Geology 270
(2010) 196.



78  N.T.M. Thuyét / Tap chi Khoa hoc PHQGHN: Cdc Khoa hoc Trdi dit via Moi truong, Tdp 32, S6 2 (2016) 68-78

[12]

[13]

Deer W.A., Howie R.A., Zussman J. Rock
Forming Minerals: Orthosilicates, 2nd ed.
Geological Society of London, 1997.
Embey-Isztin A, Dobosi G. Composition of
olivines in the young alkaline basalts and their
peridotite xenoliths from the Pannonian Basin.
Annales historico-naturales musei nationalis
hungarici. Volume 99 Budapest (2007) 5.
OReilly, S.Y., Chen, D., Griffin, W.L., Ryan,
C.G. Minor elements in olivine from spinel

[15]

lherzolite xenoliths: implications for
thermobarometry. Mineralogical Magazine 61
(1997) 257.

Nguyén Viét Y, Ngé Thi Phuong, Pham Thi
Dung, Trin Héng Lam, Hoang Viét Héng. biédu
kién thanh tao cdc d4 basalt Tdy Nguyén, Viét
Nam trén co sé nghién ciru dic diém thanh phén
khoang vat. Tap chi Dia chét, Loat A sb 295
(2006) 25.

Forming Conditions of Mantle Xenolith
(Spinel Lherzolite Xenolith) in Cenozoic Alkaline Basalt
in the South of Vietnam

Nguyen Thi Minh Thuyet

VNU Upniversity of Science, 334 Nguyen Trai, Hanoi, Vietnam

Abstract: Late Cenozoic alkaline basalts in the South of Vietnam contain abundance of mantle
xenoliths, consisting mainly lherzolite xenolith. The results of microscope analysis showed that
lherzolit xenonith composes mainly olivine mineral (up to nearly 90%), pyroxene and spinel are found
less. Major elements compositions of olivine in xenolith were defined by EPMA method indicated
lherzolit xenolith crystalized in conditions of chemical equilibrium. Content of trace elements of
olivine in xenolith were analyzed by LA-ICP-MS method characterized for spinel lherzolit type. Al,
Cr and Ca thermometer confirmed that spinel lherzolite xenolith in the alkaline basalt was formed in
conditions of chemical equilibrium at 900 - 1000° C and an assumed pressure of 20 + Skbar .

Keywords: Alkaline basalt, xenolith, spinel lherzolite, major element, trace element.



