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TOM TAT

Cac thanh tao basalt Kainozoi muén phan bé rong khap khu vuc Dong Nam B, chiém khodng
6617,15km?2. Cong tac khao sat dia chat khu viic Dong Nam Bo da phat hién mot s6 hang dong
nui Itfa & khu vuc riing Gia Ty (km123, QL20), thi trdn Tan Phu, huyén Tan Phu, xa Bau Ham, huyén
Trang Bom, phuding Bau Sen, thanh phé Long Khanh, tinh Béng Nai. Két qua nghién ctu dac diém
phan bé, thanh phan vat chét, co ché thanh tao cac hang déng ndi Ifa cho thdy cac hang dong
nui lra phan bé trong cac thanh tao phun trao basalt Bé ti thudc hé tang Xuan Loc va hé tang Cay
Géo, thanh phan chti yéu gém céc d4 basalt tholeiit (andesitobasalt) va basalt olivin kiém (basalt,
trachybasalt). Nhém basalt tholeiit ddc trung bdi ham lugng SiO; cao (52,84-54,54wt%) tucng Ung
téng kiém (Na,O+K,0) dao dong tir 3,28-3,47wt%, ty 1&é NayO/K,0=5,70-7,37 va K,O/MgO=0,06-
0,07. Cac da c6 ham lugng Sr cao (200,87-248,01ppm), téng ham lugng cac nguyén té dat hiém
nhe chiém chu yéu Y LREE (35,99-44,90ppm) nhung cac nguyén té dat hiém nang chiém tha yéu
Y HREE (16,30-16,64ppm), ty s6 Rb/Sr=0,04-0,06. Nhém basalt olivin kiém dac trung baéi ham lugng
SiO dao déng tir45,54wt% (basalt) dén 48,86wt% (trachybasalt) tuong tng téng kiém (Na; O+K;0)
dao dong tur 3,97-5,13wt%, ty |6 Nay O/K,O=1,51-3,65 va K,O/Mg0=0,10-0,26. Cac da c6 ham lugng
Sr cao (670,64-764,71ppm), t8ng ham lugng cac nguyén té dat hiém nhe chiém cha yéu YLREE
(150,66-176,20ppm) nhung cac nguyén té dat hiém nang chiém thiyéu Y HREE (17,14-21,33ppm),
ty s6 Rb/Sr=0,07-0,15. Cac hang dong ni Itra basalt khu vuc Bong Nam Bo dugc hinh thanh theo
co ché thanh tao hang déng dang éng dung nham (lava tubes) va hang déng miéng nui Itra (vent
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Cac thanh tao phun trao basalt phan b6 & khu vuc
Dong Nam Bo duge nhiéu nha dia chit trong va ngoai
nudc quan tm nghién ctu. Téng hop cdc cong trinh
do vé 1ap ban d6 dia chit ty 1¢ 1:200.000 7% va ty 1é
1:50.000* cho théy chiing dugc phan chia thanh bay
hé tang theo thi tu ti ¢6 dén tré nhu sau: hé tdng Pai
Nga (BN3dn), hé tdng Loc Ninh (BN,2In), hé ting
Tuac Trung (BN;-Q; tt), hé tAng Xuan Loc (BQ;%xl),
hé ting SokLu (taxQ;>sl), hé tAng Cay Gao (BQ;3cg)
va hé ting Phudc Tan (BQ, > pt). Trong nhiing im gin
day, cac nha khoa hoc thudc Vién Sinh hoc nhiét déi
va Hoi hang dong Berlin (Dtic) > da phét hién quan thé
hang dong nuilta trong cac thanh tao basalt & khu vuc
xa Phd Loc, huyén Tan Phu, tinh Péng Nai va cong bo
la mot trong nhiing di san dia chat doc ddo, co gia tri
can dugc bao ton va gin gii.

Gan day, trong chuyén khao sat dia chdt mién Dong
Nam B¢ nhom téc gid da phat hién thém mot s6 hang
dong nui lta & khu vuc riing Gid Ty (km123, QL20),
thi trdn Tan Phu, huyén Tan Phu, xa Bau Ham, huyén
Trang Bom, phudng Bau Sen, thanh ph6 Long Khanh,

tinh Dong Nai. Vi vdy, nhom tac gia tién hanh nghién
ctiu dic diém phén bd, thanh phén thach hoc, thanh
phan céc nguyén t6 chinh, thanh phén cac nguyén to
vét, diéu kién nhiét d¢ - ap sudt thanh tao basalt, trén
co sG d6 co thé dua ra mdt s6 nhan dinh vé co ché
thanh tao cdc hang ddng nui lia basalt, khong nhiing
c6 y nghia quan trong vé khoa hoc con c6 gid tri 16n
vé phit trién du lich va di sdn van héa Qudc gia.

VAT LIEU VA PHUONG PHAP

Dac diém dia chat va vi tri ldy mau

Cac thanh tao phun trao basalt phan bd kha rdng
rdi, v6i tong dién tich 6617,15km?, chiém khoang 1/4
dién tich Dong Nam B¢. Trong khong gian phan biét
dugc ba truong basalt tach roi nhau: truong Loc Ninh
- Phuéc Long, truong Nam Cét Tién - Dinh Quén va
truong Cay Géo - bat Bo (Hinh 1).

Trudng basalt Loc Ninh - Phudc Long: phin b6 rong
rai ¢ viing Bac va Pong tinh Binh Phudc, tit khu vic
vuon Quéc gia Bu Gia Map xudng dén vudn Qudc
Gia Nam Cat Tién, Bl D6p, Loc Ninh, Fu Miéng,
Binh Long, Phuéc Binh, Phu Riéng va rai rac 6 Dong

Trich dan bai bao nay: Tuan T Q, Nhuan D V. Dac diém phan bé, thanh phan vat chat va co ché
thanh tao cac hang ddng nui Ita basalt khu vuc Pong Nam Bo. Sci. Tech. Dev. J. - Sci. Earth Environ.;

5(S12):51106-S1119.
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Hinh 1: So d6 phan b6 basalt Dong Nam Bé va vi tri Idy mau

Phu, gém céc thanh tao phun trao hé ting Dai Nga
(BN 3dn) va h¢ ting Loc Ninh (BN,%In) pha trén
trdm tich hé tdng Ba Miéu (N,2 bm).

Trudng basalt Nam Cét Tién - Pinh Quéan: phan bs
doc theo truc c6 phuong kinh tuyén tii ving Nam Cat
Tién, qua Tan Phd, kéo dai t6i ving Pinh Quan, ndm
pht truc tiép 1én cic thanh tao trAm tich Jura va thanh
tao xdm nhap Mesozoi, chti yéu 1a thanh tao phun trao
hé tang Cay Gao (BQ 3cg).

Trudng basalt Cay Gao - Dat Do: phan bs doc theo
truc ¢ phuong a kinh tuyén tii ving Cay Gdo, qua
Cim My, kéo dai xudng t6i viing Dit Do, nim phu
tryc tiép 1én cdc thanh tao trdm tich Jura, thanh tao
phun trao Jura mudn - Kreta sém, thanh tao xam nhap
Mesozoi va thanh tao tram tich gin két yéu Neogen -
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Pleistocen sém, gobm céc thanh tao phun trao hé ting
Tiac Trung (BN;-Q tt), hé ting Xuan Loc (BQ;2xl),
hé ting SokLu (T Q 351), he tdng Cay Gdo (Q 3cg),
hé ting Phudc Tan (BQ; > pt).

Hai truong basalt Nam Cét Tién - Pinh Quan va
trudng basalt Cay Gdo - Dat Do tip trung hdu hét
cac hang dong nui ltta va hong ndi ltia. Céc hong
ndi ltia phin bd doc theo truc hé théng dut gay cd
phuong kinh tuyén va 4 kinh tuyén, chiéu dai ctia truc
hong ni ltia khoang 50km, chiéu dai cta hong nti
Itta khoang 20km. Céc hang dong ndi ltia cht yéu
phén b6 trong hai thanh tao phun trao basalt Xuan
Loc (BQq2xl) va basalt Cay Géo (BQ;°> cg).

Basalt Xuan Léc (BQ;%xl): chiém hau hét truong
basalt Cay Géo - Pat Do véi dién tich khoang
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2015km?, nim pht tric tiép 1én cac thanh tao trim
tich Jura thu¢c hé tang Dray Linh (J;dl) va hé tang
La Nga (JoIn), thanh tao phun trao Jura muén thudc
hé tdng Long Binh (J3/b), thanh tao x4m nhap Meso-
zoi thu¢c phiic hé Binh Quan (J3dg), phtic hé Béo Ca
(Kdc), phtic hé Ca Na (Kpcn) va thanh tao trdm tich
gin két yéu Neogen - Pleistocen sém thudc hé ting
Ba Miéu (N»2bm) va hé tdng Trang Bom (aQ;! th).
Thanh phan chu yéu gom basanit, basalt olivin kiém
va basalt thuong. Bé mdt dia hinh viing pht basalt
Xuan Loc khd bing phing, cao do thay d6i tu 100-
150m, noi nao c6 dang vom cao hon, khoang 200-
250m, bi phong hoa manh tao 16p vé phong hoa la-
terit, d4t do kha day. Bé day 16p vo phong hoa giam
dan tu trung tdm vom (30-35m) ra phén ria (1-2m).
Trén bé mit 16p phu basalt Xuin Loc con bao ton
nhiéu cdu tric hong nui lia dang hinh nén, chép cut
phén b6 & phén trung tdm, co thé diing doc 1ap hoic
thanh cym kéo dai theo phuong 4 kinh tuyén nhu
hong nui Gia Nhan, nii Cam Tiém, déi 51, doi 57,
do6i Mat Triang, nui Con Rén, ndi Le, nti Dat Do, nui
Nhang, nti Dat, ndi Sdu Lé.... cling nhu quan thé hang
dong nui lta Bau Sen, thanh ph6 Long Khanh, tinh
Dbong Nai.

Basalt Cay Géo (BQ; 3cg): 16 ra dudi dang 16p phti ctia
dung nham chay tran ti cdc hong nui ltta phtt toan bo
dién tich truong basalt Nam Cat Tién - Pinh Quan
khoang 524,75km?, nim pht truc tiép 1én cac thanh
tao trdm tich Jura muon thudc hé ting La Nga (J,in)
va thanh tao xdm nhap Mesozoi thu¢c phtic hé Dinh
Quén (J3 dq) va mot phan dién tich thudc viing Cay
Gdo - Tri An khoang 168,4km?2, thudc trudng basalt
Cay Géo - bat Do. Tng dién tich phan bé basalt Cay
Géo khoang 693,15km?. Thanh phan chii yéu I3 an-
desitobasalt, c6 ca basalt va trachybasalt. Bé mat go
ghé, 16m chdm bdi cac tang cuc con sot lai trong vo
phong hoa rat mong hodc khong cé. Trén bé mit 16p
pht basalt Cay Gao con bao tén nhiéu ciu tric hong
ndi ltta dang hinh nén, chép cut, dang chi “C” nhu
hong nui Yangka, nui Liia, ndi B6... cling nhu cac
quan thé hang dong nui ltta Ba Miéng, hang dong nui
ltta Km123-QL20, huyén Tan Phu va hang dong nui
ltta Bau Ham, huyén Trang Bom, tinh Péng Nai.
Mau nghién ctu dugc thu thép ldy tai cic khu vuc
phéan b6 hang dong nui ltia Bau Sen (Long Khéanh),
Bau Ham (Trang Bom), Km123-QL20 (T4n Phu), Ba
Miéng (Tan Phu) (Hinh 1). Céc loai mau phan tich
st dung trong nghién ctiu bao gébm 20 mau phan
tich thanh phan thach hoc, 07 miu phén tich thanh
phén nguyén t6 chinh, 07 mau phan tich thanh phén
nguyén td vét (Bang 1). Mau dung cho phan tich 1a
cdc mau tuoi dugc lya chon ti cdc mau 16i khoan (ky

hiéu QT) va méu trén bé mit (ky hiéu XL, TB, TP) 14y
& céc khu vyc phan bs hang dong nui ltta basalt.

Céc da nui Itta c6 mau xam sdng, xdm den hodc den,
kién truc 4n tinh hodc vi tinh, cdu tao 16 héng va dic
sit. Dudi kinh hién vi phan cyc nhén thdy cac da c6
kién truc porphyr v6i nén kién truc dolerit (Hinh 3A,
Hinh 3B) va gian phién (Hinh 3C, Hinh 3D). Thanh
phén thach hoc chu yéu la andesitobasalt, basalt olivin
va trachybasalt.

Phuong phap phan tich

Céc mau dd dugc mo ta bing mat thudng, gia cong lat
mong va phan tich thach hoc dudi kinh hién vi phan
cyc (Meji-Nhat Ban), thuc hién tai Truéng Dai hoc
Mo - Dia chat Ha Noi.

Cac nguyén t6 chinh va nguyén t6 vét dugc phin
tich tai Phong thi nghiém trong diém Tai nguyén
khoang san va cac qua trinh dia chét, Pai hoc Khoa
hoc bia chit Trung Quéc (Vi Han).
chinh dugc phén tich trén da tdng bang phuong phéap

Nguyén to

quang phd huynh quang tia X (X-Ray fluorescence
spectrometry-XRF). Mau chudn GBW07103 dugc st
dung d€ kiém tra d¢ chinh x4c phan tich. D¢ chinh
xdc phan tich ndm trong khoéang tit 0,5% dén 4%.
Nguyén t§ vét dugc phan tich trén dd tOng béng
phuong phéap quang phé khéi plasma cam ting Agilent
7500ce (Agilent 7500ce inductively coupled plasma
mass spectrometry-ICP MS). Céc mau chudn BHVO-
2, AGV-2va OU-6 dugc st dung d€ kiém tra d¢ chinh
xdc phén tich. D¢ chinh xdc phén tich nim trong
khoang tit 5% dén 15%. Céc mau da tuci chua bi bién
d6i thu thap dugc nghién nho thanh bt va ray cho téi
kich thudc hat nho hon 200um. Tit ca cdc mau bot
dugc 14y khoang 1g dem sdy kho & nhiét do 105°C
trong khoang thai gian 4 gid xac dinh ham lugng mat
khi nung (Loss on ignition-LOI) va hoa tan phd mau
(50mg) bang hén hgp acid HF va HNO3 & nhiét do
190°C khoang 48 gi¢ trudc khi dua mdy phan tich
nguyén t6 chinh va nguyén t6 vét. Chi tiét qud trinh
phén tich c6 thé tham khéo tit nghién ctiu ctia Hieu
etal. (2020)°.

Céc két qua phén tich dugc st dung dé€ tinh todn
thanh phan khoéng vat quy chudn CIPW, tinh toan
céc chi s6 thach dia hoa, diéu kién nhiét d9o, ap suit
thanh tao, dugc biéu dién trén céc biéu d6 khic nhau
(t& Hinh 4 dén Hinh 13) bang cic phdn mém chuyén
dung nhu GeoPlot, Ipetwin, Corel Draw va dua vao
thao luan.

KET QUA VA THAO LUAN
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Bang 1: Tdng hgp mau nghién ciu hang ddng nui Ita basalt

Ki Hang dong
hiéu nui ltia

BS Bau Sen

BH Bau Ham

GT Km123

BM Ba Miéng

Téng cong

Dia diém

Long
Khénh
Trang Bom

Tan Pha

Tan Pha

Thanh tao Mau nghién ctiu
basalt

Thach hoc Nguyén t6 chinh
Xuén Loc XL15-XL17, XL15, QT30/2

QT30/1, QT30/2

Cay Gao TB2-TB5, QT07/2
QT07/1, QT07/2

Cay Gao TP02-TP04, TP 02, QT04/2
QT04/1, QT04/2

Cay Gao TP05, TPO6, TP 06, QT06/2
QT06/1,QT06/2

20 mau 7 mau

Nguyén t6 vét

XL15, QT30/2

QT07/2

TP 02, QT04/2

TP 06, QT06/2

7 mau

SI1109
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(C) Hang dong nvii lra Bau Ham

Hinh 2: Hang dong ni Itra basalt khu vuc Bong Nam Bo

(D) Hang déng nii hra Biu Sen
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(A) Mau QT04/2. Andesitobasalt kién triic porphyr
v@i ban tinh pyvroxen (Cpx). nén kién tnic dolerit

'

(C) Mau QT30/2. Basalt olivin kien tric porphyr véi ban
tinh olivin (Ol) bi idingsit hoa, nén kién tric gian phién.

" -l i, i -
(B) Mau QT06/2. Andesitobasalt kién triic porphyr
vGi vi ban tinh olivin (O1), 'plagioclas (P1) cau tao

ddi trang, nen kien tnic dolent

by N
(D) Mau QT07/2. Trachybasalt

vdi ban tinh olivin {O1), nén kién triic gian phién

Hinh 3: Kién tric porphyr véi ban tinh olivin, pyroxen, plagioclas, nén kién truc dolerit, gian phién

Pic diém phan bé cic hang ddéng nui Ita
basalt

Két qua khao sat khu vic phan bé cac hang dong nui
Itia cho thdy cdc quin thé hang dong nui lta & khu
vuc riing Gid Ty (Km123, QL20), thi trdn Tan Phu,
hang dong nui ltia Ba Miéng & khu vuyc xa Phu Loc,
huyén Tan Phu, hang dong nui ltta Bau Ham, xa Bau
Ham, huyén Trang Bom va hang dong nui ltta Bau
Sen, phuong Bau Sen, thanh phé Long Khanh, tinh
Pong Nai (Hinh 1) ndm trong cdc thanh tao basalt
Xuén Loc va basalt Cay Gao.

Hang dong nui Itta Km123 (QL20) (Hinh 2A): phan
b trong thanh tao basalt Cay Géo, khu vuc thi tran
Tan Phu, huyén Tan Phu, tinh Pong Nai, ¢6 dic diém
hinh thdi dang hang ddng miéng ni lGia (vent caves)
va 6ng dung nham (lava tubes)’, phat trién theo hai
phuong chinh Nam T4y Nam - Bic Dong Bac va Tay
Nam - Béng Bac . Céc hang dong miéng nui ltia (vent
caves) c6 kich thudc miéng hang rong khoang ti 0,6-
1,5m, md& rong vé phia day dat chiéu cao tti 3-4m. Cac
hang dong dang 6ng dung nham (lava tubes) c6 hinh
dang vong cung, chiéu rong hang khoang 5-7m, chiéu
cao khoang 2-3m.

Hang dong nui ltta Ba Miéng (Hinh 2B): phan b6
trong thanh tao basalt Cay Gao, khu vyc xa Phu Loc,
huyén Tan Ph, tinh Dong Nai, ¢6 dic diém hinh thai
dang hang dong miéng nui lta va 6ng dung nham,
phét trién theo phuong Bic Dong Bic - Nam Tay
Nam. Cic hang dong miéng nui ltia cé kich thuéc
miéng hang rong khodng ti 1-2m, m& rong vé phia
day dat chiéu cao ti 4-5m. Cac hang dong dang
6ng dung nham (lava tubes) c6 hinh dang vong cung,
chiéu rong hang khoang 10m, chiéu cao khoang 3-4m.
Theo két qué khao sat ctia cac nha khoa hoc thudc
Vién Sinh hoc nhiét déi va Hoi hang dong Berlin
(Ptic), hang dong nui Itia Ba Miéng c6é doan dai nhat
la 426m”.

Hang dong ndi lta Bau Ham (Hinh 2C): phan bd
trong thanh tao basalt Cay Gdo, khu vuc xa Bau Ham,
huyén Trang Bom, tinh D6ng Nai, c¢6 dic diém hinh
théi dang 6ng dung nham véi vom hang cao khoang
5-10m, chiéu rong khoang 10-20m, phdt trién theo
phuong Dong Pong Bic - Tay Tay Nam

Hang dong nui ltia Bau Sen (Hinh 2D): phén b6 trong
thanh tao basalt Xuan Loc, khu vic phusong Bau Sen,
thanh phé Long Khénh, tinh Déng Nai, ¢é dic diém
hinh thai dang 6ng dung nham véi vom hang cao
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khoéang 6-8m, chiéu rong khoang 10-15m, phat trién
theo phuong Tay Bic - Dong Nam.

Thanh phan nguyén té chinh

Duya trén sy quan gitia ham lugng SiO; va tong kiém
(Alk=Nay O+K,0) cho thdy thanh phéan cht yéu cua
cac hang dong nui ltia gobm andesitobasalt, basalt va
trachybasalt, c6 thé chia thanh 2 nhém chinh:
Andesitobasalt: c6 ham lugng SiO, (52,84-54,54wt%),
TiO, (1,82-2,06wt%), Al,O; (14,04-14,28wt%),
Fe, O3t (10,48-11,39wt%), MnO (0,13-0,14wt%),
MgO (6,12-6,95wt%), CaO (7,86-7,92wt%), Na,O
(2,88-3,05wt%), K,O (0,40-0,52wt%) va P,Os
(0,16-0,23wt%. Tdng kiém (NayO+K,0) thay déi
tu 3,28-3,47wt%, ty 1¢ NayO/K,O dao dong trong
khoang 5,70-7,37. Do chua sit F=FeO/MgO thay
d6i tit 1,39-1,55 va ty 1é K,O/MgO dao dong trong
khoang 0,06-0,07. Ham lugng trung binh nguyén t&
chinh ctia andesitobasalt thé hién trén Hinh 4.
Basalt, trachybasalt: ¢6 ham lugng SiO, (45,54-
48,86wWt%), TiO» (2,09-2,67wt%), Al,O3 (12,01-
14,09wt%), Fe,Ost  (11,88-12,69wt%), MnO
(0,14-0,15wt%), MgO (7,84-12,04wt%), CaO
(7,93-9,19wt%), Na,O (2,57-3,12wt%), KO (0,85-
2,04wt%) va P,Os (0,534-0,70wt%). Téng kiém
(Na;O+K,0) thay déi tu 3,97-5,13wt%, ty 1é
Nay;O/K,0 dao dong trong khoang 1,51-3,65. Do
chia sit F=FeO/MgO thay déi tit 0,92-1,36 va ty
l¢ KoO/MgO dao dong trong khoang 0,10-0,26.
Ham lugng trung binh nguyén t6 chinh cua basalt,
trachybasalt thé hién trén Hinh 4.

Két qua xti ly trén bi€u d6 tuong quan gitta ham lugng
Si0;, va tdng kiém (NayO+K,0) (TAS) theo Le Bas,
1986 (Hinh 5) tuong tu theo Irvine & Baragar, 1971
(Hinh 6A) cho thdy cac hang dong nui ltia c6 thanh
phan chu yéu 1a andesitotbasalt, thudc loat 4 kiém
va basalt, trachybasalt thu¢c loat kiém. Trén biéu d6
AFM theo Irvine & Baragar, 1971 (Hinh 6B) cho thay
cdc d4 andesitobasalt 4 kiém nam & ranh gidi gitia
truong tholeit va trudng voi kiém, nghiéng vé phia
trudng tholeit. Mat khdc, trén biéu d6 tuong quan
gitia ham lugng SiO; va Ky O cho thdy cac da andesi-
tobasalt 4 kiém chu yéu roi vao loat tholeiit thap kali
(Hinh 7A - theo Peccerillo & Taylor, 1976) va loat cao
kali hodc ranh giéi gitia loat trung binh kali-loat thdp
kali (Hinh 7B - theo Le Maitre, 2002).

Trong thanh phan khodng vat quy chudn tinh theo
phuong phap CIPW !2 cho thdy cac hang dong nui
Itta c6 thanh phan thudc nhém basalt qua bao hoa silic
(tholeiit thach anh) chti yéu 1a andesitobasalt va basalt
gin bao hoa hodc bao hoassilic (basalt olivin kiém) chtt
yéu la basalt, trachybasalt. Nhom basalt qua bao hoa
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Hinh 5: Biéu d6 (Na,0O+K,0)-SiO, theo Le Bas,
19868

silic (tholeiit thach anh) dac trung béi su xuit hién
cac khodng vat quy chuén thach anh (4,25-6,64%) va
hyperthen (23,41-26,24%), khong xudt hién nephelin,
olivin va corindon. Chi s6 plagioclas (49,16-50,43%),
chi s6 orthoclas (2,39-3,10%). Nhom basalt gan bao
hoa silic ddc trung bai su xudt hién cac khoang vat quy
chufin nephelin (0,41-3,21%) va olivin (21,22-27,64%)
va basalt bao hoa silic (Hy 0,42-25,88% va Ol 0,34-
20,53%), tat cd déu khong xuit hién thach anh va
corindon. Chi s6 plagioclas tit 32,92-46,40%, chi s&
orthoclas 5,46-19,47% (basalt gan béo hoa silic) va Pl
45,40%, Or 12,23% (basalt bao hoa silic). Mit khéc,
dua vao méi tuong quan gitia cac thanh phan khoang
vat quy chuén CIPW (Ne-Di-Ol-Hy-Q) theo Thomp-
son RN, 1984 (Hinh 8), cac hang dong nui ltta ¢
thanh phan chu yéu roi vao trudng tholeiit thach anh
va basalt olivin kiém.

Thanh phan cac nguyén té vét

Thanh phan nguyén t6 vét ctia basalt tholeiit (andesi-
tobasalt) va basalt olivin kiém (basalt, trachybasalt)
kha tuong ddng nhung cling c6 su chénh 1éch kha 16n.
Basalt tholeiit (andesitobasalt):
nguyén t6 linh dong c6 ham lugng Rb (9,99-
13,13ppm), Sr (200,87-248,01ppm), Cs (0,17-
0,30ppm), Ba (78,46-114,00ppm); cac nguyén té kém
linh dong c6 ham lugng Zr (101,46-134,56ppm),
Nb (8,91-14,83ppm), Hf (2,88-3,68ppm), Ta (0,59-
0,94ppm), Pb (1,29-1,54ppm), Th (1,05-1,43ppm),
U (0,32-0,37ppm) va téng ham lugng cic nguyén
t0 dat hiém REE (53,78-63,13ppm), trong dé cac
nguyén t6 dit hiém nhe chiém cha yéu Y LREE

thanh phin céc

(35,99-44,90ppm) va cac nguyén t6 dit hiém ning
chiém tha yéu Y HREE (16,30-16,64ppm); cac chi
s6 dia hoa Ba/La (12,38-14,22), Ba/Nb (7,69-8,80),
Ba/Th (75,04-79,59), La/Nb (0,54-0,71), Rb/Nb
(0,67-1,25), Rb/Sr (0,04-0,06), Th/La (0,16-0,18),
Th/Nb (0,10-0,12), Th/U (3,31-4,05), Zr/Nb (9,08-
11,38). So sanh ham lugng trung binh cic nguyén
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Q-Thach anh)

td vét ctia basalt tholeiit véi tri s6 Clark theo A.P.
Vinogradov, 1962 (Hinh 9)'* cho thdy hanh vi dia
héa cac nguyén t6 Hf, Ce, Dy c6 xu huéng tap trung
cao trong d4, v6i ham lugng cao hon tri s6 Clark
2,46-3,56 lan va cic nguyén t6 Sc, Rb, Cs, Ba, Pb, Th,
La, Lu ¢ xu hudng phén tin manh trong d4, véi ham
lugng nho hon trj s6 Clark 2,32-5,62 lan.
Basalt olivin kiém (basalt, trachybasalt): thanh
phin cic nguyén t6 linh dong c6 ham lugng Rb
(47,72-116,92ppm), Sr (670,64-764,71ppm), Cs (0,54-
0,67ppm), Ba (484,44-529,28ppm); cic nguyén td
kém linh dong c6 ham lugng Zr (209,78-278,79ppm),
Nb (52,55-61,95ppm), Hf (4,80-6,23ppm), Ta (3,11-
3,76ppm), Pb (2,99-3,63ppm), Th (4,61-4,98ppm),
U (0,64-2,96ppm) va téng ham lugng cic nguyén
t6 dat hiém REE (170,02-200,34ppm), trong d6 cac
nguyén t6 dat hiém nhe chiém cht yéu Y LREE
(150,66-176,20ppm) va cac nguyén t& dat hiém ning
chiém thu yéu YHREE (17,14-21,33ppm); cac chi
s6 dia héa Ba/La (12,42-14,37), Ba/Nb (7,95-10.07),
Ba/Th (98,83-106,18), La/Nb (0,64-0,70), Rb/Nb
(0,91-1,89), Rb/Sr (0,07-0,15), Th/La (0,13-0,14),
Th/Nb (0,08-0,09), Th/U (1,56-7,79), Zr/Nb (3,95
4,50). So sdnh ham lugng trung binh cdc nguyén t6
vét chia basalt olivin kiém véi tri s Clark theo A.P.
Vinogradov, 1962 (Hinh 9) ' cho thdy hanh vi dia héa
cac nguyén t6 Zr, Nb, Hf, Ta, Ce, Pr, Nd, Dy c6 xu
hudng tap trung cao trong da, v6i ham lugng cao hon
tri s6 Clark 2,15-15,97 lan va cic nguyén t6 Sc, Pb, Lu
¢6 xu hudng phéan tan manh trong d4, véi ham lugng
nho hon tri s6 Clark 2,43-2,94 lan.

Su phén bd cac nguyén t6 dit hiém (REE) dugc thé
hién trén biéu d6 chan nhén (Hinh 10) cho théy cic
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da basalt olivin kiém (basalt, trachybasalt) khd tuong
quan véi basalt ddo dai duong (OIB), basalt tholeiit
(andesitobasalt) c6 t6 hgp cdc nguyén t6 REE bién
thién & khoang giia basalt dao dai duong (OIB) va
basalt song nui gitia dai duong kiéu E (E-MORB),
song chung gin giai hon véi basalt ddo dai duong
(OIB). Biéu dé chan nhén chudn héa theo chondrit ®
(Hinh 10A) cho thdy cac d4 basalt tholeiit va basalt
olivin kiém c6 d6 nghiéng am, cdc nguyén t6 REE bién
thién theo xu thé gin gi6ng nhau, ham lugng d4t hiém
ning (HREE) nghéo hon so v6i ham lugng déit hiém
nhe (LREE). Ham lugng Eu dao dong trong khodng
tu 1,49-1,59ppm (basalt tholeiit) dén 2,22-2,82ppm
(basalt olivin kiém) va déc trung boi di thuong duong
ctia Eu yéu, v6i Ew/Eu* = 1,04 (basalt olivin ki€ém) dén
Eu/Eu* = 1,06-1,08 (basalt tholeiit). Piéu nay phan
anh cdc da basalt tholeiit va basalt olivin kiém dugc
thanh tao do qua trinh phéan di két tinh ciia magma
basalt ngudn gbc tit manti thach quyén. Chuén hda
theo manti nguyén thity !> (Hinh 10B) cho thdy dudng
biéu dién thanh phin nguyén t6 REE cta cdc dd basalt
tholeiit va basalt olivin kiém c6 d6 hinh dang cong 16i
phia trén, tuong tu véi kiéu OIB. Tét ca cac da biéu
hién di thudng duong nguyén t6 Pb.

Piéu kién va co ché thanh tao

Diéu kién nhiét d va dp sudt thanh tao dugc xic
dinh dya trén ham lugng cta SiO; va MgO theo
cdng thic tinh cua Albarede F., (1992) 16 |t qua
tinh toan (Bang 2) cho thy cac d4 basalt tholeiit (an-
desitobasalt) dugc thanh tao trong diéu kién nhiét
dd va ap sudt thip hon basalt olivin kiém (basalt,
trachybasalt), tuong ting la T=1171-1200°C, P=4,20-
5,40kBar va T=1246-1387°C, P=9,99-21,28kBar. Dua
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vao cac phép tinh dp sudt dia tinh, phan vo trai dat
cti xudng sau 3,6km, ap sudt ting 1kBar va dén phén
manti trén chi con 3km, tit d6 ¢6 thé nh4n dinh ring
cac da basalt tholeiit va basalt olivin kiém c6 d6 sau
thanh tao ti 15,10-19,46km dén 35,98-76,62km.

Vé bdi canh kién tao, két qua xu Iy trén biéu d6 MgO-
FeO*-Al,O3 theo Pearce T.H., 1977 (Hinh 11A)
cho thdy cac da basalt olivin kiém roi vao truong
basalt dao dai duong (OIB), basalt tholeiit roi vao
truong basalt dao dai duong (OIB) va basalt luc dia
(COB). Trén biéu d6 MnO-TiO,-P,05 theo Mullen
E.D., 1983 (Hinh 11B), céc d4 basalt olivin kiém roi
vao trudng basalt kiém déo dai duong (OIA), basalt
tholeiit roi vao trudng tholeiit ddo dai duong (OIT).
Trén biéu d6 La-La/Nb theo Li S.G., 1993 (Hinh 12A),
cac da basalt olivin kiém roi vao truong OIB, basalt
tholeiit roi vao truong chong l4n gitta OIB&KMORB.
Hon niia, cdc d4 basalt tholeiit va basalt olivin kiém
dugc thanh tao lién quan dén boéi canh ndi mang
dugc thé hién ro trén biéu d6 F1-F2 theo Pearce
J.A., 1976 (Hinh 12B) va cic biéu d6 Th-Hf/3-Ta

(Hinh 13A), Th-Hf/3-Nb/16 (Hinh 13B), Th-Zr/117-
Nb/16 (Hinh 13C) theoWood D., 1980.

Vé co ché thanh tao hang dong nui ltia basalt, day ciing
la cd mot van dé€ khoa hoc. Tt truc dén nay c6 nhiéu
quan diém vé co ché hinh thanh hang dong, mot s6
nha khoa hoc cho ring hang dong dugc hinh thanh
do sy hoa tan cac da dé hoa tan, x6i mon doc theo hé
thong khe nt, dit gay hodc bé mit 16p (hang dong
karst), hodc dugc hinh thanh do dong dung nham
chay r6i, chay xodn, thodt khi, co rat thé tich theo
quy luat thay thach dong luc, chénh 1éch 4p sudt (hang
ddng ndi lta - volcanic caves), hodc dugc hinh thanh
do su chuyén dong khoi ctia d4 g6c (hang dong kién
tao - tectonic caves)”?>?3. Trong pham vi khu vuc
Pong Nam B9, cac hang dong dugc hinh thanh trong
cac da basalt tholeiit (andesitobasalt) thudc hé ting
Cay Gao va basalt olivin kiém (basalt, trachybasalt)
thudc hé ting Xuan Loc, c¢6 dac diém hinh théi dang
hang dong miéng nui Itia (vent caves) va 6ng dung
nham (lava tubes), dugc xép vao loai hang dong nui
Itia (volcanic caves). Trén co s& d6 c6 thé dua ra nhan
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Bang 2: K&t qua tinh toan nhiét dé va ap suat thanh tao

SHM TPO02 QT04/2 QT06/2 TP06
Nhoém da Basalt tholeiit

Céc da chu yéu Andesitobasalt

Si02 52.84 53.34 54.54 54.53
MgO 6.60 6.95 6.17 6.12
Nhiét do (T°C) 1191 1200 1172 1171
Ap suit (P, kBar) 5.40 5.20 421 420
Do sau (km) 19.46 18.72 15.15 15.10

QT07/2

Trachybasalt

48.86

XL15

45.54

12.04

1387

21.28

76.62

QT30/2

Basalt olivin kiém

Basalt

46.35

8.46

1278

14.67

52.79

MgO Al,O,

Mn0O*10 P,0,“10

Hinh 11: Biéu d6 MgO-Fe,03;-Al,03 theo Pearce T.H., 19777 va MnO-TiO,-P,05 theo Mullen E.D., 1983 '8
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Hinh 12: Biéu d6 La-La/Nb theo Li 5.G., 1993 '° va F1-F2 theo Pearce J.A., 1976 2

dinh vé co ché hinh thanh cdc hang dong ndi ltia basalt
khu vyc Pong Nam B¢ nhu sau:

Hang dong ndi lta dang 6ng dung nham (lava tubes):
dugc hinh thanh trong qua trinh nui lta hoat dong,
dong dung nham phun trao 1én khdi mat dat, chay
tran trén bé mit dia hinh, ngudi dac va tao thanh mot
16p v6 cting bén ngoai, trong khi phdn dung nham bén
trong van con néng 1ong dudilép vo cling nay van tiép
tuc chay. Két qua cuia qud trinh nay la tao ra cac doan
hang dong hinh dng dién hinh gin bé mit chi dugc
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biét dén khi miéng hang sup dé.

Hang dong miéng nui Itia (vent caves): dugc hinh
thanh bdi dung nham basalt, phun ra ti miéng nui
Itta ndi tié€p budng magma hay phun trao xuyén qua
khe ndt. Khi nui ldia phun trao, dung nham phun trao
ra tit khe nit (Hinh 14A) va tap trung thanh dai phun
dung nham. O phia trén bé mit ctia khe nut, cac dai
phun dung nham tao ra mot day miéng ni ltta, phan
con lai ctia khe nit dugc bao pht béi cac vun nui lta
roi xudng, khi d6 m& rong thém chiéu cao va bé rong
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Hinh 13: Biéu d6 Th-Hf/3-Ta (A), Th-Hf/3-Nb/16 (B), Th-Zr/117-Nb/16 (C) theoWood D., 1980
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Hinh 14: Sy hinh thanh cac hang déng miéng nui Itra trong qua trinh phun trao khe nit?? (1- Huéng di chuyén
clia dung nham basalt phun ra; 2- Bai phun dung nham; 3- Vat liéu hoa luu che lap mét phan hodc che phu khe
nut; 4- Cac hang dong dugc hinh thanh khi dung nham rat xuéng)

clia cac vach miéng nui Ia (Hinh 14B). Trong giai
doan cudi ctia qua trinh phun trao, trén nhiing diém
ma magma ngudn cung cip bi ngling dot ngot, dung
nham rat xudéng cdc phan siu hon cta khe ntt tiép
liéu va cdc miéng nui ltia nho cung cép cho dai phun
dung nham trudc day da can (Hinh 14C) D) mé rong
ctia cac hang dong miéng nui lta trén bé mat kha nho
(rong 1-2 m) nhung md& rong vé phia day dat chiéu
cao tl 4-5m.

KET LUAN

Céc hang dong ni lta basalt khu viic Pong Nam B¢
phén bs chtl yéu trong cac thanh tao phun trao basalt
Pé tit thudc hé tdng Xuin Loc (hang dong ndi lta

Bau Sen) va hé ting Cay Gdo (hang dong ndi ltia Bau
Ham, Ba Miéng, Km123-QL20). Thanh phén cta cac
hang dong ndi ltia cht yéu gém céc da basalt tholeiit
(andesitobasalt) va basalt olivin kiém (basalt, trachy-
basalt).

Nhom basalt tholeiit c6 ham lugng SiO; dao dong tu
52,84-54,54wt% tuong tng téng kiém (Na, O+K,0)
dao dong tir 3,28-3,47wt%, ty 1¢ Nay O/K,O dao dong
trong khoang 5,70-7,37 va K;O/MgO dao dong trong
khoéng 0,06-0,07. Cac d4 c6 tong ham lugng cac
nguyén t6 dat hiém nhe chiém cha yéu Y LREE (35,99-
44,90ppm) nhung cac nguyén t6 dat hiém ndng chiém
thid yéu Y HREE (16,30-16,64ppm), ty s6 Rb/Sr=0,04-
0,06.
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Nhém basalt olivin ki€ém c¢é ham lugng SiO dao dong
ti 45,54wt% (basalt) dén 48,86wt% (trachybasalt)
tuong tng téng kiém (Na; O+K,0) dao dong tii 3,97-
5,13wt%, ty 1é Na;O/K,0 dao dong trong khoang
1,51-3,65 va KoO/MgO dao dong trong khoang 0,10-
0,26. Céc da co tong ham lugng cac nguyén t6 dat
hiém nhe chiém cht yéu Y LREE (150,66-176,20ppm)
nhung céc nguyén t6 dat hiém ndng chiém thd yéu
YHREE (17,14-21,33ppm), tj s Rb/Sr=0,07-0,15.
Céc d4 basalt tholeiit va basalt olivin kiém dugc thanh
tao do qua trinh phan di két tinh ctia magma basalt
ngudn gbc tit manti thach quyén, lién quan dén bdi
canh ndi mang va ching hinh thanh nén cac hang
dong nui Itra 6 khu vic nay. Diéu kién thanh tao cta
cac dd basalt olivin kiém (basalt, trachybasalt) trong
khoang nhiét do T=1246-1387°C, ap sudt P=9,99-
21,28kBar, & do sau 35,98-76,62km va basalt tholeiit
(andesitobasalt) thanh tao trong khoing nhiét d¢
T=1171-1200°C, ap suit P=4,20-5,40kBar, & do sau
15,10-19,46km.

Céc hang dong nui lua basalt khu vic Pong Nam Bo
dugc hinh thanh theo co ché thanh tao hang dong
dang 6ng dung nham (lava tubes) va hang dong miéng
nui Itia (vent caves).
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Distribution characteristics, material composition, and formation
mechanism of basalt volcanic caves in Southeast Vietham

Thiem Quoc Tuan'"", Do Van Nhuan?

ABSTRACT

Late Cenozoic basaltic formations are widely distributed throughout southeast Vietnam, occupy-
) ) ing about 6617.15km?2. During a geological survey in the Southeast Vietnam, the population of
Use your smartphone to scan this volcanic caves has been discovered in the Gia Ty forest area (Km123, National Highway 20), Tan
QR code and download this article Phu town, Tan Phu district, Bau Ham commune, Trang Bom district, Bau Sen ward, Long Khanh city,
Dong Nai province. The research results of distribution characteristics, material composition, and
formation mechanism of volcanic caves show that volcanic caves are distributed in Quaternary
basalt eruption formations of Xuan Loc Formation and Cay Gao Formation. The main composi-
tion consists of tholeiitic basalts (basaltic andesite) and alkali olivine basalts (basalt, trachybasalt).
Tholeiitic basalts are characterized by high SiO, content (52.84-54.54wt%), corresponding to the
total of alkaline (Na, O+K,0) vary from (3.28-3.47wt%), Na, O/K, O ratio of 5.70-7.37, and K O/MgO
ratio of 0.06-0.07. Rocks have high Sr content (200.87-248.01ppm), the total content of light rare
earth elements is mainly Y LREE (35.99-44.90ppm), but high rare earth elements occupy the sec-
ondary YHREE (16.30-16.64ppm), Rb/Sr ratio of 0.04-0.06. Alkali olivine basalts are characterized by
SiO, content vary from 45.54wt% (basalt) to 48.86wt% (trachybasalt), corresponding to the total
of alkaline (Na,O+K20) vary from 3.97-5.13wt%, NayO/K, O ratio of 1.51-3.65 and K,O/MgO ratio
of 0.10-0.26. Rocks have high Sr content (200.87-248.01ppm), the total content of light rare earth
elements is mainly Y LREE (150.66-176.20ppm), but high rare earth elements occupy the secondary
Y HREE (17.14-21.33ppm), Rb/Sr ratio of 0.07-0.15. Basalt volcanic caves in Southeast Vietnam were
formed by the mechanism of lava tubes and vent caves.

Key words: cave, volcanic, basalt, Cenozoic, Southeast Vietham
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