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Abstract: The long development history and geological diversity of the Phong Nha-Ke Bang area
is shown by the rich and diverse lithological composition of the stratigraphic units ranging in age
from Devonian to Present day: granite, terrigenous rock, thin-bedded limestone, and massive
limestone. The geomorphology of the national park includes limestone mountain terrain alternating
with terrigenous rock mountain terrain surrounding the karst valley system. The formation of the
cave is an endogenous-exogenous geological process that occurs according to the cycle of global
sea level change. The tectonic activity is the mother that gives birth to the caves of different heights
and ages. The higher the cave, the older it is, and the oldest cave is 32 million year old-Khe Ry cave.
The four fault systems of Northeast - Southwest (NE-SW), Northwest - Southeast (NW-SE), West -
East (WE), and North - South (NS) create four cave systems that are deep faults with strong
destructive intensity. Exogenous geological activities in the cave have created a uniquely beautiful
landscape including three simultaneous processes: i) Chemical washing of driftwood, mechanical
abrasion, polishing of the cave walls, and ceiling caused by travertine floods pouring into it from
outside the cave; ii) Precipitation forming stalactites from the ceiling of the cave and precipitation
forming stalagmites from the floor of the cave slowly over millions of years; and iii) Travertine
sedimentation on the cave floor resulting in many unique sedimentary bodies, specifically filling the
rough terrain of limestone blocks, covering the ancient stalactites falling from the cave ceiling,
forming spiral mushroom island in the Son Doong cave, and creating gem pebbles located in fan-
shaped sunken cells of the cave.
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Lich sir dia chat hang dong va nhiing gia tri di sén
tiéu bieu cua vuon quoc gia Phong Nha - Ké Bang

Tran Nghi!, L& Nam?, DPao Bui Din?, Pinh Xuan Thanh?,
Ta Hoa Phuong!, Pang Vian Bao?!, Nguyen Thi Huyen Trang™”

YTruong Dai hoc Khoa hoc Tu nhién, Pai hoc Quéc gia Ha Noi,
334 Nguyén Trai, Thanh Xudn, Ha Ngi, Viét Nam
2B Tai nguyén va Moi truong, 10 Tén That Thuyét, Ha Ngi, Viét Nam

Nhan ngay 05 thang 8 nam 2023
Chinh sira ngay 03 thadng 10 nam 2023; Chap nhin ding ngay 27 thdng 11 ndm 2023

Tém tit: Lich sir phat trién lau dai va tinh da dang vé dia chét ctia khu vuc phong Nha-K¢ Bang
dugc thé hién boi thanh phan thach hoc phong phu va da dang cta hau hét cac phan vi tang c6 tudi
tir Devon dén nay: da magma granit, da luc nguyén, da voi phan 16p mong va d4 voi dang khéi. Tinh
da dang cua dia mao thé hién dia hinh karst xen k& dja hinh nti da luc nguyén nam bao quanh hé
thdng thung ling karst. Lich su tao hang dong 1a qua trinh dia chat ndi-ngoai sinh dién ra theo chu
ky thay d6i muc nudc blen toan cau. Hoat dong kién tao 1a nguoi me khai sinh ra cac hang dong co
d9 cao khac nhau va tudi khac nhau. Hang cang cao c6 tudi cang c6 va hang c6 nhat 1a hang Khe Ry
¢6 tudi 32 triéu ndim. Bon hé théng dut giy Pong Bic - Tay Nam (PB-TN), Tay Béc - Pong Nam
(TB-BN), Pong - Tay (PT) va Bic - Nam (BN) tao ra 4 hé théng hang dong 1a nhitng dut giy sau
¢6 cuong d6 pha huy manh. Hoat dong dia chét ngoai sinh trong hang dong da tao nén phong canh
dep doc d4o bao gdbm 3 qua trinh xdy ra ddng thoi: i) Qua trinh rira liia bing phuwong thirc hoa hoc
va mai mon dénh bong co hoc vach hang va trin hang do cac dong i travertin tir ngoai hang dd vao;
i) Qua trinh két tua tao thach nhii tir trin hang xudng va két tia tao ming da tir san hang 1én tir qua
hang triéu ndm d tao nén cac tién canh ky th(; va iii) Qua trinh trdm tich travertin trén san hang da
tao ra nhiéu thé tram tich doc dao: 1ip nhét dia hinh gb ghé ciia cac khéi tang da voi; phu trén cac
khdi tang thach nhii ¢6 roi tir trin hang xudng; thanh tao dao nam hinh xody dc & hang Son Poong;
tao cac cudi ngoc dong nam trong céc 6 triing hinh ré quat.

Tir khoa: Pa dang, dut gay, dia chét noi — ngoai sinh, thach nhii, mang d4, ngoc dong.
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1. Mé dau

Thang 7 nam 2003 UNESCO co6ng nhan di
san thién nhién thé giéi vuon qudc gia Phong
Nha - Ké Bang Quang Binh Viét Nam. Pay la di
san thién nhién thé gidi thtr 2 sau Vinh Ha Long.
Dé co duoc két qua dang tu hao d6 khong thé
khong no6i dén nhimng dong gop clia nhan dan dia

" Téc gia lién hé.
Dia chi email: nguyentrang181@gmail.com

https://doi.org/10.25073/2588-1094/vnuees.4971

phuong Quang Binh vé sy kham phd tim toi
nhitng bi mat noi chén rau cét rén. C6 thé chia ra
2 giai doan ndi tiép nhau: i) Giai doan 1: 1a giai
doan tham hiém hang dong bat dau tir nim 1991
dén nim 1995 phdi hop gitta Hoi hang dong
Hoang Gia Anh va nhém can bo khoa hoc cua
Khoa Dia 1y-Dia chét, Trudong Pai hoc Tong hop
Ha Nbi; va ii) Giai doan 2 1a giai doan vira tiép
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tuc tham hiém vira nghién ctru khoa hoc dé xay
dung “Ho so di san thién nhién thé gisi”.

Nguoi Quang Binh goi dong Phong Nha la
“Chua Hang” vi su ki bi va linh thiéng cua né.
Chua hang da dugc dan dia phuong phat hién tr
lau doi nhung cong cudc tham hiém cua ho chi
bang dbt dube dé soi sang duong di theo hang.
Vi vay tham hiém nay mang tinh chét to mo theo
thi hiéu don gian nén khong duogc ghi chép do
dac va chyp anh c6 gia tri nhu cac tu liu, s6 liéu
dé lai cho con chau doi sau. Sau d6 Phap lai tiép
tuc tham hiém va dén nam 1937 phong du lich
ctia toa Kham Str Phap & Hué da xuit ban mot to
gip nho gidi thidu du lich tinh Quang Binh trong
d6 c6 dong Phong Nha. Tuyén du lich Phong Nha
duogc Phap xép vao hang thir 2 & Pong Duong.

Nam 1965 doan dia chit 20 thudc Téng Cuc
Dia chat Viét Nam di thanh 1ap “Bén d6 dia chat
khu vuc tinh Quang Binh ty 1€ 1/500.000” thudc
mot phﬁn ban d0 dia chit mién Béc Viét Nam ty 1€
1/500.000 do Dovjicov (Li€n X4 cti) chu bién [1].

Nam 1980 Nguyen Quang Trung (chu bién)
da thanh lap “Ban d6 dia chat va khoang san td
Maxay-Ddng Héi ty 16 1/200.000 [2].

Nam 1980, 1997 cac cong trinh nghién ctru
vé dia tang Devon va ranh gioi Frasni-Famen
do Nguyén Hiru Hung, Ta Hoa Phuong va nnk
thuc hién ¢ khu vuc Quy Pat va Phong Nha -
K¢ Bang [3].

Céac cong trinh noi trén da co6 nhiing dong
gOp quan trong giup tac gia cta hd so hoan thién
tinh da dang dia chét, dia mao va lich st phat
trién 1au dai cua vo Trai dat & khu vie phong Nha
-K¢é Bang: i) Ban d6 dia chat ciia Dovjicov chu
bién (1965) va ban dd dia chat ciia Nguyén
Quang Trung chu bién (1980) da thé hién 4 hé
thng dut giy c6 4 phuong tring v6i 4 phuong
cia hang dong Phong Nha - K¢ Bang dugc tao
thanh do cac dut giy ngim trong 1ong cac khoi
nti da voi; va ii) Cong trinh cia Nguyén Hitu
Hung va Ta Hoa Phuong (1980,1997) da chinh
xac hoa ranh giéi Frasni-Famen cia dia ting
Devon khu vire Phong Nha-Ké bang dé lam ting
tinh da dang dia chit va thang dia ting c6 tinh
lién tuc tir Ordovic-Silur dén tram tich Dé Tu.

Niam 1990 1an dau tién c6 su hop tac tham
hiém hang dong giita Khoa Dia ly-Pia chét,

Truong Pai hoc Téng hop Ha No6i va Hoi hang
dong Hoang Gia Anh do Howard Limbert thdm
hiém dwoc 3 km & dong Phong Nha va Hang
Vom. Tir ndm 1992 dén 1999 da khao sat dugc
23 km gdm cac hang: Phong Nha (7729 m); hang
Khe Ry (18902 m; hang En (1642 m); hang Ruc
Ca Roong (2800 m); hang Ngudi Lun 865 m;
hang Vuot (3244 m); hang Ho (1616 m); hang
Pai Cao (1607 m); hang Tién (2481 m).

Tir 1991 d&én 1996 cac cong trinh nghién ctru
vé dia chat Pé Tir cac con cat va ddng bang ven
bién va bién nong ven bo tinh Quang Binh do
Tran Nghi chu tri dd c6 nhitng phat hién méi vé
dia ting va lich sir phat trién dia chat Bé Tt gop
phan ning cao chat lugng ciia hd so di san [4, 5].

Nam 2008 va nam 2010 mot nhém cac nha
khoa hoc Viét Nam va thanh nién dia phuong da
dan Howard Limbert va cong su vao thdm hiém
hang Son Poong va da dua hang Son Poong vao
danh sach mdt trong nhitng hang dep va ky vi
nhét thé giGi.

Nhimng két qua tham hiém hang dong cua
Howard Libert 1a mot trong cac dit li€u quan
trong da giap cac nha dia chit dia mao tiép tuc
nghién ctru va chimg minh mot cach thuyét phuc
cac tidu chi yéu cau cia UNESCO va da xay
dung thanh c6ng ho so di san thién nhién thé giGi
vuon qubc gia Phong Nha-Ké Bang, Quang Binh
Viét Nam.

Lich sir xay dyng hd so di san thién nhién thé
giéi vuon qudc gia Phong Nha-K¢é Bang co thé
tom tat nhu sau:

Nam 1986 khu dong Phong Nha da duogc
Chinh pht nuéc Cong hoa Xa hdi Chu nghia Viét
Nam xép hang di san qudc gia dic biét quan
trong theo quyét dinh s6 194/CP ctia Thu tudng
Chinh phu;

Niam 1993 khu bao ton thién nhién Phong
Nha dugc chinh thuc thanh 1ap véi dién tich
41132 ha.

Nam 1997 “Dy an xdy dung vuon qubc gia
Phong Nha - Ké Bang giai doan 2000-2005 bao
gdm toan b ving niii da voi Phong Nha - Ké
Bang va hé thdng hang dong trong khu vuc véi
tong dién tich khoang 147945 ha.

Nam 1999 theo yéu cdu ctia UNESCO cin
nghién ctru bd sung hoan chinh hd so Di san
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thién nhién thé gi¢i ddi voi vudn qudc gia Phong
Nha-Ké Bang, Truong Dai hoc Khoa hoc Ty
nhién da giao cho Gi4o su Tran Nghi chu tri va
2 cong sy la Gido su Ta Hoa Phuong chuyén gia
nghién ctru vé Dia tang va Pho  giao su Bang Van
Bio chuyén gia nghién ciru vé Dja mao da trién
khai thyuc hién tir 1999 dén 2001. Ho so 1a mot
cong trinh nghién ctru khoa hoc dé chimg minh
day du 5 van dé quan trong: i) Pa dang dia chat-
dja mao va lich st phat trién vo Trai Pat lau dai;
i) Chirng minh hang dong c6 tudi ¢b va phan biét
tudi ctia cac thé hé hang; iii) Tinh doc déo va co
ché hinh thanh danh lam thing canh cua hang
dong; va iv) Pa dang sinh hoc va nhirng loai
dong thuc vat dang c6 nguy co tiét chung.

Niam 1999 ho so “Di san thién nhién thé giGi
vuon qudc gia Phong Nha-Ké Bang” bit dau
nghién ctru va xay dung lai tir ddu bam sat 5 tiéu
chi do UNESCO yéu cau dudi sy chi tri ciia GS
Tran Nghi, bao gém: i) Tinh da dang dia chdt;
ii) Lich sir phdt trién ldu dai cia vé Trdi Dt
manh tinh chat toan cau, iii) Tinh da dang vé dia
hinh-dia mao, iv) Lich s dia chat hinh thanh
hang dong va cdc phong canh da dang va déc
ddo; vav) Chiing minh duwoc tuoi hang dong phdi
co. Pay 1a mot nhiém vu hét stc quan trong va
cip thiét tuy nhién ciing 12 bai toan kho bai
nhing ap luc khong nho déi véi nhom tac gia
trude ddy di c6 mot nhoém nghién ciru xay dung
ho so di san nhung hoi dong di san UNESCO bo
phiéu khong dat. Didu d6 doi hoi nhom nghién
clru sau phai hét sirc can trong nghién ctru ky cac
tiéu chi yéu cau cua UNESCO va 1y do hd so bi
loai dé bd sung hoan chinh hd so. Nhu vay muén
hoan thanh duoc hd so theo yéu cau cua
UNESCO tét yéu phai 1a cic nha dia chat dic biét
phai c6 nha dia chat Tram tich thi méi nghién
ctru va 1am sang to dugc co ché hinh thanh hang
dong khong phai 1a do “nudc chay da mon” nhu
mdt s6 nha dia 1y cta thé giéi quan niém ma do
la mot qua trinh hoat dong dia cht ndi sinh va
ngoai sinh 1au dai bat dau tir 32 triéu nam. Tinh
da dang cua dia chit dugc thé hién khong chi 1a
dic diém cAu trac dja chit va sy c6 mat phong
phii cc loai da tir khdi granit Pong Hoi dén cac
da phién cua hé tﬁng Kham P, cac da tram tich
luc nguyén tudi Ordovic-Silur, cudi san két tudi

Creta cua hé t?mg Mu Gia, da vo6i dang turbidit
va da voi platform tudi Carbon -Permi ky vi nhur
mot hoang mac 16n nhat thé giéi. Pén giai doan
Kainozoi bdi canh dia chét cua khu vuc Phong
Nha-K¢é Bang lai bi thay d6i va kién 1ap nén sy
da dang vé dia hinh - dja mao va phong canh doc
ddo da dang bén trong cac hang dong. Nhom
nghién ctru da ching minh dugc hang dong
Phong Nha-Ké Bang 13 ¢6 nhat Dong Nam Chau
A. Thé hé hang dau tién c6 tudi 32 triéu ndm cling
tudi voi pha tach gidn dau tién cua day Bién Dong.

C6 mdt s6 cong trinh trich dan mang tinh liét
ké, chua c6 danh gia. Cac cong trinh nghién ctru
can trinh bay theo trét ty thoi gian.

2. Phuong phip ludn va phuwong phap
nghién ciru

2.1. Phuong phap ludn

Nghién ctru dia chit hang dong phai tiép can
theo quan diém hé thdng, lich sir, nhan-qua, tién
hoa chu ky va ddi sanh.

Quan diém hé thong 13 tu twéng xuyén subt
trong lich sir hoat dong dia chit ndi sinh va ngoai
sinh. Mdi quan hé nay chi nhin thdy duoc qua
hién dién cia cac san phém di chi dja chét nhin
thdy duoc trén bé mat Trai Dat. Trong hang dong
thay rd cac khoi da voi co kich thude tir nira mét
dén hang chuc mét duoc phi boi cac 16p tram
tich travertin phan 16p mong d6 1a két qua cua 2
qué trinh ndi sinh va ngoai sinh. Qua trinh dia
cht noi sinh dugc thé hién béi sy hién dién cua
cac khdi tang d4 voi. Chiing 1a san phdm cua dut
gdy siu pha huy cac nui da voi theo 3 chiéu: cao-
sau, rong va dai. bat gy sdu mdi c6 khong gian
dé tat ca cac khdi da voi bi pha huy roi xudng va
l4p kin vao khoang trong phia du6i dong thoi tao
ra khoang khong phia trén do chinh 1a hang dong.
Travertin phu trén cac khdi tang da véi 1a san
pham cua qua trinh dia cht ngoai sinh. Chung 1a
vat li€u bun cat luc nguyén tha sinh tron voi
manh vun da voi dugc ga"ln két boi carbonat calci
két tua tir bicarbonat qua bdo hoa ludn ludn ton
tai trong dong bun da travertin.

Tiép can lich sir 1a khi quan sat mot hang
dong nao d6 phai nhin thiy ching 1a mot birc
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tranh sinh dong ghi lai cac qua trinh lich su dia
chat noi sinh va ngoai sinh tir khi bit dau cac hoat
dong dut gdy tao hang dén cac chu ky gia cong
che tac va to diém ctia dia chat ngoai sinh trong
mdi quan h¢ véi cac chu ky bién tién va bién
thoai. DAy 1a tiéu chi vé tudi ctia hang dong ma
UNESCO yéu cau. Khi tham hiém hay qua trinh
nghién ciru khao sat rat d& dang phat hién duoc
céc thé hé hang treo, hang kho nam trén lung
chirng nti hodc cac hang ngdm dudi mat dat. Bé
trd 101 cau hoi tai sao lai nhu vay? va ching dugc
sinh ra tur lac nao? thi khong don gian. D6 chinh
la mot trong nhiing bi quyet ma nhom xay dung
hd so di san thién nhién thé gidi vuon qudc gia
Phong Nha-K¢ Bang Quang Binh Viét Nam da
giai ma thanh cong.

Tiép can nhan qua va tién hoa 1a tu duy triét
hoc d6 1a quy luat bién ching. Qua trinh tién hoa
ctia vo Trai Pat dugc biéu dat ra cac ddi tugng
dja chat khac nhau. Hang dong 1a mot dbi tuong
dia chét doc dao. Qua trinh dia chat hang dong
dlen ra theo quy ludt nhan-qua va tién hoa trong
mdi quan hé vé6i 5 chu ky kién tao trong Dé Tam
va 8 chu ky bién doi khi hau va thay déi muc
nude bién trong Pliocen-Dé T lién quan dén
chu ky bang ha/gian bang.

2.2. Phuong phap nghién ciru

Céc phuong phap nghién ctru dja chét karst
hang dong 1a chia khoa thanh cong cua ho so di
san thién nhién thé gigi Phong Nha-Ké Bang
bao gom:

2.2.1. Phuong phdp phdn tich dut gay

- B6i sanh phuong dit giy va phuong chay
cta hang: khu vuc Phong Nha-Ké Bang c¢6 4 hé
thong hang chay theo 4 phuong dut giy:
i) Phuong BB-TN: sdng Son, séng Chay, hang
Vom, hang Khe Ry; ii) Phuong TB-DN: hang
Pai Cao, hang Pygmy, hang Lanh; iii) Phuong
BN: hang Phong Nha, hang Son Poong; va iv)
Phuong PT: hang Thung, hang Va (Hinh 11).

- Nhirng bang chimg hang la két qua ta dut
gay: i) Tran hang phat trién thach nhii chay theo
tuyén song song voi hang; ii) Tran hang c6 Hinh
2 mai nha khép lai tya nhu né¢c mai nha chay doc
theo hang cling véi hé théng khe nirt chay song

song vdi khe nut néc hang; va iii) San hang ngdn
ngang khoi tang da voi cung thanh phan voi nii
da voi Carbon-Permi dang khoi la bang chiing
cua dut gay pha huy sau.

2.2.2. Phirong phap phdn tich thach hoc

Phuong phap nghién ctu thach hoc ngoai
troi va thach hoc 14t moéng trong phong thi
nghiém da ching minh cho tinh da dang cuia dia
chat trong khu vuc vuon qudc gia Phong Nha-
Ké Bang. Cac loai d4 khu vuc Phong Nha-K¢&
Bang di duoc xac dinh, bao gdm: i) P4 cat két,
bot két, da phién sét tudi Ocdovic muodn-Silua
som h¢ tang Long Dai (03-5:1d); i1) Pa voi chira
silic dang 6 tudi Devon sém hé tang Rao Chan
(Dirc); iii) P4 voi phan 16p mong xen silic tudi
Devon mudn-Carbon sém hé tang Phong Nha
(D3 Cipn); iv) Da voi dang khéi tinh khlet hé
tang Bac Son (C-Pbs); v) P4 luc nguyén h¢ tang
Khe Giita (P2kg); vi) Cudi két, san két va cat bot
két tudi Creta hé tang Mu Gia (Kmg); va vii) Cat
bot két tuéi Neogen hé tang Pong Hoi (Ndh) va
5hé tang tram tich Bé T b 101 (Q) phén b6 trén
cac thém, bidi boi song mién nui, dong bang
s6ng-lagoon ven bién va cac con cat thach anh
ven bién.

2.2.3. Phuong phdp nghién ciu dia mao
nguon goc va dia mao lich sir

Phuong phap nghién ctru dia mao ngudn gbc
da chirng minh dugc tinh da dang vé dia hinh va
dia mao khu vuc Phong Nha-K¢é Bang. Phuong
phap nay chii yéu nghién ctru ngoai thuc dia va
giai doan anh vién tham bao gdm 2 budc: i) Budc
1: nghién ctru thyc dia: quan sat dia hinh va
thanh phan thach hoc lién quan, do d6 doc mdi
kiéu dia hinh, mang luéi thuy van va chup anh
dia hinh; va ii) Budc 2: nghién ctru trong phong:
giai doan anh vién tham dé chinh x4c hoa phan
loai dia hinh dia mao theo quan diém dia mao
nguén géc va dia mao lich str.

2.2.4. Phuwong phdp xdc dinh tudi cia hé
thong hang déng

Tudi ctia hé thong hang dong Phong Nha -
Ké Bang duoc xac dinh dya trén 3 budce: i) Xac
dinh dd cao, do siu cua tt ca cac hang va ngan
bién so véi muc nudc bién hién dai; va ii) Phan
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tich tudi tuyét ddi ciia so Oc tai ngan bién cao
5 m ¢ hang Chay bang phuong phap phén tich
C cho két qua 1a 5,5 ka BP tuong tmg voi pha
bién tién cuc dai Holocen gitra. Két qua nay hét
stc quan trong xac dinh tudi ciia ngan bién s€
giip xdc dinh duge tudi cua cac hang va ngan
bién cao hon va thap hon ngén bién nay theo tudi
céc chu ky thay doi myce nudc bién toan cau.

3. Co sé khoa hoc chirng minh cho cac tiéu chi
di san thién nhién the giéi

3.1. Tinh da dang dia c}!d't va lich su phat trién
lau dai cua vo Trai Pat khu vuec Phong Nha-
Ké Bang

V6 Trai Dat khu vue Phong Nha-K¢é Bang c6
mdt lich sir phat trién lau dai va lién tuc tir 450
triéu nam dén nay trai qua cac giai doan Cambri
(540-410 Ma); Devon (410-355 Ma); Carbon-
Permi (355-250 Ma); Mezozoi (250-65 Ma) va
Kainozoi (65 Ma dén nay) (Hinh 1, 2) [6].

Lich st phat trién vo Trai Dat da hinh thanh
ra cic bé tram tich phat trién c6 tinh ké thira. Vi
vdy, chung c6 hinh dang khac nhau va dugc lap
day boi cac vat ligu tram tich ciing khac nhau
theo quy luat tién hoa.

Trong thoi ky Ordovic-Silur (O-S) bé tram
tich c6 dang tuyén hep dugc 1ap day boi tram tich
luc nguyén - silic ¢ cau tao turbidit (hé tang
Long Dai va Pai Giang).

Pén thoi ky Devon bé tram tich co dang
tuyén m& rong phat trién tram tich voi-silic cau
tao dang phan 16p mong va turbidit. Thanh phan
d4a voi kha phuc tap bao gdm ham luong calcit
chiém duéi 70%, silic khoang 20%, sét 15%. D4
ludn ludn chira ham lugng dolomit khoang 10%
diéu d6 chimg to bé tram tich dang viing vinh
ntra kin va siu, ché d6 khir yéu va kiém manh
(pH>9) thong tri (Hinh 3). Phan trén caa be tram
tich chuyén sang luc nguyén min chu yéu la d4
sét chura bitum moi truong viing vinh kin méi
truong khir thong tri (Hinh 4).
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- HT Rao Chan (D,rc)
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N 255
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Hinh 1. Thang dia té‘mg trdm tich khu vuc Phong Nha-Ké Bang va lan can (Ta Hoa Phuong, 1999) [6].
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Hinh 2. Céc giai doan phat trién bé tram tich khu vuc Phong Nha-K¢é Bang (Tran Nghi, 1999) [6].

Hinh 4. D4 phién sét chira bitum mau xam den tudi
Hinh 3. Pa véi-silic tudi Devon cau tao phan 16p Devon, h¢ ting Rao Chan (Drc)
mong chita nhiéu 6 va thau kinh silica 16 ra bén bo _ biphong hoa thanh mau vang do
song Chay (Anh Tran Nghi, 1999) [6]. (Anh Ta Hoa Phuong; Tran Nghi, 1999) [6].
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Hinh 5. P4 voi dang khéi (platform) tudi Carbon-
Pevrmi (C:P) véi vach truot thang ding do dit gay
(Anh Tran Nghi, 1999; khu vyc Phong Nha) [6].

Trong thoi ky Carbon-Permi (C-P) bé tram
tich c6 dang hinh ovan dén ding thudc, trim tich
voi kha tinh khiét dang khéi (platform). Ham
lugng calcit chiém trén 80%, silic dudi 5%, sét
khoang 5% va vang mit dolomit (Hinh 5); diéu
d6 chung t6 moi truong bién viing vinh néng va
rong, ché d6 kiém 6n dinh giau bicarbonat
(Ca(HCOs),). Pa voi dang khoi tudi Carbon-
Permi chiém khéi lugng va dién tich rong 1on &
khu vuc Phong Nha-Ké Bang 14 diéu kién can dé
hinh thanh cac hang song kéo dai, quy mé 16,
thach nhii dep tinh khiét, hang c6 tudi co va
nhiéu thé hé thach nhu chdng phu 16n nhau.

Hinh 6. Cudi tang két tudng proluvi hé ting Mu Gia
(Kmg). Thanh phén thach anh nhiét dich chira cudi
tang mai tron t6t, chon loc kém
(Anh Tran Nghi, 1999) [6].

Giai doan Mezozoi trong khu vuc nghién ctru
10 ra cac loai da luc nguyén tir rat thd dén rat min

phan anh mét pha bién tién manh mg: p}lén duoi
la cuoi ket phén trén 1a bot ket xen sét két hé tang
Mu Gia tudi Kreta (Kmg) (Hinh 6, 7).

Hinh 7. Sét két phan 16p ngang song song min,
mdi truong viing vinh ndng, tudi Kreta, hé ting
Mu Gia (Kmg).

Trong Kainozoi bat dau tir 32 triéu nim day
Bién Pong bat dau tach gian theo 3 chu ky:
32-26 Ma, 26-21 Ma, 21-16 Ma. Dén 16 tri¢u
nam thi qua trinh tach gian bi dimg lai. Tiép dén
1a cac chu ky sut 1n va nang trdi cua cac bé tram
tich Kainozoi trén thém luc dia Viét Nam:
16-11 Ma; 11-5 Ma va 5 Ma dén nay. Khu vuc
Phong Nha-K¢ Bang bi bién cai manh mé bai
hoat dong kién tao-dia dong luc: dut gay kién tao
theo 4 huéng DB-TN,TB-DN, TP va BN da khai
sinh ra dong séng Son, séng Chay, cac hang kho,
hang treo va cac hang dong thip c6 song chay
doc theo hang nhu hang Phong Nha. Chuyen
dong sut lun va nang troi khoi tang nguoc chiéu
d3 tao ra vo s cac vach trugt mau trang bac vinh
ctru thing dung cua cac khdi d4 voi Carbon-
Permi. Chinh chuyén dong nang trdi va sut lan
nguoc chiéu nay da tao nén sy dbi lap vé vi tr
cao sdu gitra cac hang treo va hang ngdm. Quy
luat nay hét sirc quan trong vi khong it cac nha
nghién ctru da nham 1an cho rang cac hang dong
0 dudi long 1a do qua trinh rira 1{ia ctia cac dong
nudc ngdm ddi v6i cac khdi da voi dudi sau.
Thuc chit déy la nhiing hang dugc thanh tao trén
mit dat nhu nhiing hang dang hién dién trén bé
mat hién tai nhung bi nhén chim do cac pha sut
lan kién tao.
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Trong giai doan D¢ T ¢6 3 thanh tao tiéu
biéu: i) Cac thém song va ddng bang thung lling
hep; ii) Cac ddng bang song- lagoon ¢6 tudi
tur Pleistocen som dén Holocen

(Q:1,Q:%,Q:%,Q0:%,Q:®-Q); va iii) Cac dé cat
ven bo va con cat ven bién c¢o6 tudi tur Pleistocen
sém dén Holocen (Hinh 8) [7].

Hinh 8. Cat dun do gié mau xam trang cau tao khdi
tudi Holocen muén (Q2®) phu trén cat vang
Pleistocen mudn, phin mudn (Q13?). Cat vang ¢ cdu
tric 2 16p: i) Lép dudi 1a dé cat ven bo do song tao
ra, mau vang trang loang 16, cdu tao thanh timg 16p
nam ngang khong hoan chinh; va ii) Lop trén la cat
dun do gi6é mau vang dong nhat cau tao kh6i
(Anh Tran Nghi, 1999) [6].

3.2. Tinh da dang vé dia hinh-dia mao

Tinh da dang vé dia hinh-dia mao duogc thé
hién trén toan khu vyc vuon qudc gia Phong
Nha-Ké Bang. Do 1a két qua cua qua trinh dja
chat ndi sinh va ngoai sinh da hoat dong dong
thoi tir dau Kainozoi dén nay [6]. Cé thé phan
loai cac dang dia hinh-dia mao trong khu vuc
nghién ctru nhu sau: i) Dia hinh da vo6i dang thap
dinh tron bé mit carw véi vach truot thang dimg
nhin béng mau tring bac; ii) Pia hinh da voi
dang thap dinh tron (Hinh 5) va dinh nhon (Hinh
9) xen k& vai cac thung liing karst va cac dong
song nhanh (Hinh 9); iii) Pia hinh nui dat dinh
tron xen k€ vai dia hinh Karst bi phu boi tram
tich deluvi luc nguyén day phaét trién rimg ram
nguyeén sinh (Hinh 10); iv) Cac bac thém song va
thém bién c6 do cao tuong duong v6i do cao cac
thé hé hang dong cb (Hinh 10); va v) Mang luéi
thuy van va thung liing karst day dic bat nguon
tur cac khu vuc cé vé phong hoa terarossa mang
phii sa d6 vé khi mua lii dai ngay bién séng Son

trong xanh trong mua kho thanh con séng dé vao
ngay 1, vi vay song c6 tén 1a sdong Son.

Hinh 9. Céc nui d4 voi hinh thap dinh nhon, vach
truot nhdn mau trang bac
(anh Bang Vian Bao, 1999) [6].

Hinh 10. Canh quan cac don vi dia hinh-dia mao tir
gan dén xa: i) Bai bdi hep va cao cia thung liing
song Son (s6ng mién nui) dang bi x06i 16 tao nén

vach thang dimg cao 15 m, bai séng & chan dc rat

hep; ii) Phia sau bai boi song mién nui 14 dia hinh
nui thap dinh tron do bao mon va phong hoa trén nui
da luc nguyén; va iii) Day nui phia sau la ring gia
nguyén sinh (Anh: Pang Van Bao va Tran Nghi,
1999; khu vuc Khe Gat B6 Trach) [6].

3.3. Pia chat hang dong va phong canh dep
doc dao
3.3.1. Qud trinh dia chat néi sinh

Put gy kién tao pha huy la ngudi me khai
sinh ra dong soéng Son va h¢ thong hang dong
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Phong Nha-K¢ Bang. Trong cac pha ning tr01
tao nui Kainozoi, bit dau tir 32 triéu nam da xuat
hién 4 hé thong dut gdy pha huy chay theo 4
phuong: DB-TN, TB-BN, TP va BN (Hinh 11)
da tao ra hoang mac da voi vai vo s6 cac khdi nti
hinh thap dinh nhon v&i nhitng vach trugt nhin
mau bac trang vinh ctru (Hinh 9). Song song véi
cac phuong dut gy nay trong long clia hoang
mac da voi c6 hang loat cac hang dong. DA c6 tac
gia ngudi nudc ngoai cho rang qua trinh thanh
tao hang dong 1a bat dau tir viéc mé rong cac khe
nat rdng tur vai milimet nghia 1a theo phuong
thirc “nude chay da mon”. Co 1€ ho khong phai
1a cac nha dia chit nén giai thich cac hién tuong
dia chat mang tinh chat twéng twong khong dua
trén co s& khoa hoc. Piéu kién thanh tao cac
hang dai va sau la phy thudc vao quy mé va
cuong d6 dut gdy manh hay yéu. Hé thong hang
dong Phong Nha - Ké Bang c6 quy m6 16n, hang
dai, siu va rong do 4 tuyén dut giy kéo dai xuyén
khong gian, mat dut gay thang ding lién quan
dén qua trinh tao nui ép trdi véi lyc ép 2 phia can

bang. Nhiing dut giy nay c6 2 kiéu khac nhau:
i) Dut gdy pha huy c6 bién do dich chuyén 16n
tao nén song Son va cac nhanh séng Son (Hinh
11, 12); va ii) “Dht gdy &m” tao nén sy pha huy
sup d6 khéi tang theo tuyén kéo dai trong long
cac khdi d4 voi. Hai canh dut gdy khép kin ¢ tran
hang va mét phia lién thong voi mat dat dé tiép
nhén cac dong lii travertin vao mua mua. Hinh
dang cta hang thudong c6 2 vach tran déi xtng
khép lai nhung van con khe hé tira nhu 2 méai nha
¢6 noc bi dot. Cac khdi d4 voi bi pha huy roi
xudng day sau dé lai mot khoang rong kéo dai
theo phuong dit gdy. Con song chay theo hang
Phong Nha nbi lién voi song Son 1a do dit giy
nay cat dut giy 16n tao nén séng Son. Hang nao
¢6 kich thudc 16n ca 3 chiéu chimg to cuong do
hoat dong dut giy pha huy rat manh mé. Hang
c6 phong canh dep doc ddo va da dang la phu
thudc vao hé théng khe nurt trén tran hang ciing
hét sic da dang. Doc theo tuyén hang thinh
thoang c6 cac dong cao va rong d6 la vi tri 2
tuyén dut gay cét nhau.
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Hinh 11. So d dia chat biéu dién sy phan bd cac hé tang va dut giy
(Tran Nghi, Ta Hoa Phuong bién hoi, 1999) [6].
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Hinh 12. So d6 phan b hé théng hang dong theo 4 phuwong co ban tring
v6i 4 phuong dut gay (xem Hinh 11) [6].
Phuong DB-TN: Sdng Son, song Chay; hang Khe Ry, hang Vom;
Phuong TB-PN: hang Pygmy, hang Tdi, hang Lanh;
Phuong BN: hang Phong Nha, hang Son ¢, hang En
Phuong TD: hang Thung, hang Ruc-Céa Roong.

3.3.2. Qua trinh dia chat ngoai sinh

Sau khi thanh tao cac hang tho qua trinh gia
cong trau chudt danh bong va trang diém da lién
tuc xdy ra lam thay d6i cin ban bo mit va phong
canh trong hang nho céc qua trinh hoa tan va két
tua CaCOsz theo phuong trinh phan Gng thuin
nghich sau day:

CaCOs; + CO2 + H20 «» Ca(HCOs)2

i) Qua trinh tao thach nhil, mang da

Thach nhii 14 san phim cua qué trinh két tia
CaCOs tir trén tran hang xudng, con ming da 1a
két tha cac giot nudc “thira” roi tir tran hang
xuéng dang vi tri tao thach nhil trén tran. Dén
mot liic nao d6 mang da va thach nhii s€ gép nhau
va trd thanh mot cot da phi ngan sao 1ap lanh do
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céc tinh thé calcit duoc tai két tinh thanh hat 16n
tu hinh (Hinh 13, 14);

Khi khdi thach nhii qua ning sé& bi roi xudng
san hang va qua trinh tao ming d4 xay ra trén
mot dién rong phat trién phii trén khdi thach nhii
ctia thé hé trudc tao nén phong canh ky vi huyén
thoai vira giéng cac dan voi, su tir, cac cu rua vira
giéng cac dia phu voi cac tuong phat, la han, 6ng
tién, ong but va cac nang tién giang tran. Phong
canh muén mau muén vé da hap dan du khach
khong chi vi cai dep huyén thoai ma ca su linh
thiéng toat ra do mdi ngudi cam nhan. Nhiéu
khéi thach nhii ¢b bi roi nhung van chwa phat
trién thém céc 16p mang da moi (Hinh 15);

i) Qua trinh tram tich cua Travectin

Travertin 1a trdm tich trong hang dong c6
mau xam den va xam xanh duoc van chuyén va
ling dong trong muia mua Iii xuat hién cac dong
chay 1i bun da bat ngudn tir ngoai hang rdi chay
cudn cudn vao trong hang. Ching vira bao mon
co hoc tran hang, vach hang va ling dong tram
tich bun cét co thanh phan hdn hop: cat, san va
bun sét luc nguyén, manh dam da véi vun va bun
voi. Travertin c6 ciu tao phéan 16p ngang, phan
16p xién chéo dong huéng. Thanh phan carbonat
calci duoc két tua tir bicarbonat qua bio hoa
trong thoi ky ling dong tram tich va két tia sau
khi da két thuc lang dong tram tich. Hinh dang
clia céc thé tram tich travertin hét stic da dang va
phan b6 khip moi noi trong hang theo dia hinh
khac nhau va nhiéu | giai doan dia chat khac nhau
phu thudc vao ngudn cung cip vat liéu tir ngoai
hang vao do cac dong li va phu thudc vao muc
nude dang cao va ha thip ctia con lii. Trong hang
Phong Nha co6 dia hinh don nghiéng travertin tao
thanh cac 16p trAm tich trén nén hang nghiéng vé
phia dong song dong hudng voi huéng dong
nuéc 1 mia mua. Travectin con tao ra mot ndm
hinh xo0ay 6¢ khong 16 trong hang Son Poong.
Déy la san phim cua qu4 trinh tich tu trdm tich
theo dong 1t bun da travectin khi gap mot khoi
da chan dong thi ching vira chuyén dong Xoay
tron theo khoi da vira tich tu co hoc vira két tiia
CaCO; tao ra hinh xo4y dc theo ting chu ky cia
cac con lii. Trén dinh c6 bé mit bang phang 1a
danh déu dinh & cao nhét tai 6 tya nhu mot bac
thém song hodc thém bién (Hinh 16);

Hinh 13. Thach nhi va mang da gap nhau nbi thanh
cot, cac vet khia tao dang 1a do nudce chay thanh
dong tao khia vao mua mua (Anh H. Limbert, 1995).

Hinh 14. Mang da hinh chudéng, chan ¢4t da bi 1om
sdu vao do gdm mon cua myc nudce li hang nam; cac
ranh khia thing dimg dugc tao ra do qué trinh mai
mon ciia vo sd cac dong chay nude mwa mua 1 tir
tran xubng. (Anh H. Limbert, 1995).

Hinh 15. Mot khéi thach nhii ¢ roi tir trin hang
xudng trong dong Phong Nha bi qué trinh mai mon
thay doi hinh dang lién tuc do cac dong lii hang nim
tac dong (Anh H. Limbert, 1995).

Mot dang trim tich travertin doc dao khac 1a
hinh thanh “rudng bac thang r& quat” thu nhd
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(Hinh 17). Céac khay hinh quat dang bac duogc
hinh thanh theo 2 giai doan: 1) Giai doan 1 ling
dong mot tang day bun cét travertin phu trén mot
suon dbc dang bac thang; va 2) Giai doan 2:
dong 1ii xody di chia cét 16p bun travertin thanh
6 triing lién tiép theo suon doc. Cac “bd” ngin
gilta cdc 6 triing hinh ruong béc thang r& quat nay
c6 thanh phan tram tich 1a travertin va giong voi
thanh phan cic qua cudi hinh cau nam trong
khay. Diéu d6 chimg to cac qua cudi travertin va
céc vach bo ngan 13 ciing ¢6 mot ngudn gc;

Hinh 16. Nidm xo4y trong dong Son Poong. Nam
x04y dugc thanh tao do c6 mot khéi tang 16n da voi
chan gitra dong 1t bun da travertin. Hang ndm vao
mua 1 trAm tich bun dé travertin dugc boi dép xung
quanh khdi tang d4 véi theo hinh xoay 6¢ tir thip
dén cao va tir trong ra ngoai. Pinh nim xo4y bing
phing 14 danh dau myc nude Iii hang cao nhat tya
nhu mot bac thém (Anh Ta Hoa Phuong, 2019).

ili) Cugi travertin va ngoc dong

Ngoc dong 1a thudt ngit do cac nha nghién
clru hang dong dat ra dé chi cac hat cudi tron va
bau duc co kich thudc khac nhau ndm rai rac
hoic phan bé tap trung dugc tao ra do dong nude
chay rbi trong mdi héc travertin. Bai bao nay s&
chinh xac hoa lai khai ni€ém ngoc dong noi trén
gdm 2 loai c6 ngudn gbc va co ché thanh tao
khac nhau 1a cudi travertin va ngoc dong: 1) Cudi
travertin c6 hinh dang nhu nhiing hon cugi da voi
mai tron t6t (Hinh 17) hodc gidng nhu nhimng qué
na (Hinh 17A). Thyc chit day 1a nhitng manh
bun dic travertin dugc vo tron gidng nhu nhiing
hon cudi mit ngoai nhin nhung bén trong 1a vat
lidu travertin ddng nhét hodc gdm cac hat két von

ctia bun voi va manh vun da voi duoc gan két véi
nhau boi keo bicarbonat. Thanh phan céc hon
cudi qua na va thanh phan cta cac vach ngin
(Hinh 17) déu 1a vat liu tram tich travertin. Duéi
tac dong ctia dong 1l xody bun dac travertin vira
tao ra cac vach ngén vua tao ra cac hon cudi do
bun dic travertin bi chia cét thanh tirng manh va
bi vo tron thanh timg vién giéng nhu nhitng qua
na hodc qua cam bi giit lai trong hdc ¢6 vach
ngan hinh r€ quat; va 2) Cudi ngoc dong cAu tao
dong tam (Hinh17B) 1a san pham ciia qua trinh
két tia CaCOs xung quanh mét vat thé nao d6
trong trang thai chuyén dong theo cac dong nudc
ri trong hang vao muia lii. Nhan két tia c6 thé 1a
manh vun d4 voi hodc mot két von travertin ¢
truéc nam trén ddy cac hdc travertin da clng
chic. Cac 16p carbonat calci két tua tir dung dich
bicarbonat qué bao hoa (Ca(HCOs3)2). Chlng cé
cAu tao dong tdm twa nhu vong ting trudng cia
mot than cay (Hinh 17B). Céc vong dong tim co
mau d6, vang, tring xen k& nhau chimg t6 mdi
mot giai doan Kkét tha dung dich bicarbonat chura
mot loai tap chét mang mau khac nhau. Cac vong
ddng tAm nay duoc két tia trong trang thai hon
cudi ludn ludn chuyén dong xoay tron theo dong
nudc xoay.

Hinh 17. Ngoc dong xép ddy trén cac ngin 6 twa
“rudng bac thang” thu nho. Cac ngan 6 nay dugc
hinh thanh trén mot suon ddc dang bac thang. Dong
bun travertin kién 1ap nén cac go bao do vo s6 cac
dong 1t hang d6 xudng twa nhu cac dong thac thu
nhé don bun travertin ra tao thanh go bao. Cac vién
cudi hinh cau va hinh bau duc 14 san phém cua bun
dac travertin dugc hinh thanh do cac dong chay xoady
tron trong ting 6 bac thang (Anh: Ta Hoa Phuong).
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Hinh 17. Cudi “ngoc dong” ¢ hang Phong Nha gdm
2 kiéu: (A) Dang qua na dugc thanh tao do bun dac
travertin chira nhidu vat liéu vun co hoc duge chia sé
va vo tron do cac dong nudc chay xody tron trong
timg 6 “rudng bac thang” (Hinh 15); Lat cit mot
“qua na” thiy 13 cac hat riéng 1¢ duoc gin két lai do
bun travertin két tia; (B) Dang trong subt nhu vién
ngoc dugc thanh tao do qua trinh két tua dung dich
bicarbonat qua bao hoa xung quanh mot manh vun
co hoc trong qué trinh nudc chuyén dong rdi trong
c4c 6 bac thang (Anh: Ta Hoa Phuong, 2019).

3.4. Tuéi ciia hang déng

Tudi cia hang dong Phong Nha-Ké Bang
dugc xac dinh bang phuwong phap *C va phuong
phap dbi sanh. Do cao cac hang hién tai 13 bang
chung tin cay cho viéc xac dinh tudi tuong dbi
ctia hang theo quy luat tudi ciia thém sbng va
thém bién 13: hang cang cao thi c6 tudi cang cd.
Vi tri d6 cao ctia hang do 2 yéu t& quyét dinh:
i) Sy thay d6i muc nudc bién cb do bién tién va
bién thoai; va ii) Chuyén dong nang kién tao sau
khi hang dong da hinh thanh. Hang Xa Phong c6
d6 cao 5m tring voi ngn bién 5,5 ka BP 1a mot
minh chtng dang tin cay dé thuc hién cac phép
so sanh tudi va dd cao cua tat ca cac hang con lai
(Hinh 18). Hang nao c6 d¢ cao khoang 5 m cung
d6 cao v6i ngan bién 5 m nhu hang Xa Phong thi
¢6 tudi tir 6 dén 5 ngan nam cach ngay nay (tudi
theo *C). Tudi cb nhét ciia hang Phong Nha-Ké
Bang 14 cung tudi voi hé thng dut gay 32 triéu
nam khi day Bién Pong bit dau tach gidn (32-26
Ma) c6 d6 cao trén 1500 m tuong Gng véi bé mit
san bang tudi Oligocen & cac khu vuc khac ciia
Viét Nam. Luc d6 hoang mac da voi Phong Nha-
Ké Bang bi cac hé thong dut giy pha huy, dong
thoi tao thanh céc tuyén dat gdy pha huy chay
song song véi 4 phuong dut gay nhung lai bi

khép kin trong long céc khoi da voi dang khoi
(platform) voi chiéu dai cia hang dén nay chua
dugc kham pha het.

Hinh 18. Ngén bién hang Xa Phong cao 5 m ¢6 tudi
5,5 ka BP (anh Tran Nghi,1999) [6].

Néu tinh tir thap dén cao tirc tir tré dén cb ta
¢6 cac thé hé hang sau day:

- Hang Khe Ry: cao 1500-1600 m, c6 tudi
Oligocen sém (Es?) (32 triéu ndam BP), chay theo
phuong BB-TN;

- Hang En: cao 360 m, c6 tudi Pliocen som
(N2%) (4 triéu ndam BP) chay theo hudng TB-DN,
twong ung véi pha gian biang B-C (5,1-4,0
triéu nam);

- Hang Vom: cao 300 m , c6 tudi Pliocen
gitta (N2?) (2,8 triéu nim BP), chay theo phuong
DB-TN, tuong tng voi gian bang C-Donau (3,7-
2,8 triéu nam);

- Hang Thung: cao 133 m c6 tudi Pliocen
mudn (N2%) (1,9 tricu ndm BP); chay theo
phuong TB-DN, tuong rng voi pha gian bang
Donau-Gunz (2,3-1,9 triéu nam);

- Hang Phong Nha: cao 83 m co tudi
Pleistocen sém (Q:!) (800 ka BP), chay theo
phuong bic nam, tuong tng véi pha gian bing
Gunz-Mindel (1,4-0,8 triéu nam);

- Hang Toi: cao 80 m, c6 tudi Pleistocen
giita phan som (Q:%®) (191 ka BP), chay theo
phuong TB-DN, tudng Gng voi pha gian bang
Mindel-Riss (402-191 ka BP);

- Hang En: cao 49 m, c6 tudi Pleistocen giita
phan muon (Q:%) (83 ka BP); chay theo hudng
TB-DN, tuong tng voi pha gian bang Riss-
Wurm1 (130-83 ka BP);
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- Hang Thién Puodng: cao 51 m, c6 tudi
Pleistocen giita phan mudn (Q:%°) (83 ka BP);
chay theo hudng PB-TN, tuong ung vdi pha
gian bang Riss-Wurm1 (130-83 ka BP);

- Hang Phong Nha khd, hang Doi cao 25 m,
Hang Chén Chudt, hang Minh Cam cao 15 m ¢6
tudi Pleistocen mudn phin sém (Q:*) (40 ka
BP), tuong mg v&i pha gian bang Wurml-
Wurm2 (50-40 ka BP);

- Hang Xa Phong c6 tudi Holocen giita (Q2%)
(5,5 ka BP) (Hinh 10). Tuong tmg v&i pha bién
tién Flandrian.

4. Két luan

i) Tinh da dang cua dia chét khu vuc Phong
Nha-K¢ Bang gan lién véi lich st phat trién dia
chét 1au dai va thanh phﬁn thach hoc da dang tur
435 triéu nam (Ordovic mudn) dén nay. Su hién
dién trén bé mat dia hinh hién tai 7 hé tﬁng trAm
tich trudc Pé Tir va 5 hé tAng tram tich Dé Tir 1a
btrc tranh sinh dong nhat dé chirng minh diéu do.
Bay hé tang trudc Pé Tir bao gdm: tram tich luc
nguyén hé tang Long Pai (03-S1/d); da v6i phan
16p mong xen cac ¢ silic hé tang Rao Chan
(D1rc); da voi dang khéi chira dolomit xen da
voi silic phan 16p moéng hé ting Phong Nha
(D3-Cipn); da voi dang khdi tinh khiét hé ting
Bic Son (C-Pbs); tram tich luc nguyén hé ting
Khe Giira (P2kg); tram tich luc nguyén hé ting
Muy Gia (Kmg); tram tich lyc nguyén hé tang
Dong H6i (Nidh). 5 hé tang tram tich D¢ Tir bao
gdm hé tang Pleistocen som (Qi'); hé tang
Pleistocen gitta phan sém (Q:%); hé tang
Pleistocen gitta phin mudén (Q:%); hé tang
Pleistocen muodn phan sém (Q:*); va hé tang
Pleistocen mudn phan mudn-Holocen (Q:*-Q,);

ii) Pa dang dia mao duogc thé hién qua tinh
da dang dia hinh va thanh phﬁn thach hoc: 1) Dia
hinh dang thap dinh tron va dang thap dinh nhon
cua cac nui da voi; va 2) DPia hinh dinh tron cua
cac ntii d4 lyc nguyén. Hai dia hinh nay nim xen
k& nhau va bao quanh cac dong bang karst, thung
liing karst va 2 bén bo cac dong séng nhanh va
sbng Son.

iii) Qua trinh hinh thanh hang dong va phong
canh dep doc dao trong hang 1a mot qua trinh
hoat dong dia chat noi sinh va ngoai sinh lau dai:

1) Qua trinh dia chat noi sinh 1a hoat dong
dut gay sau pha huy xay ra trong long cac nti da
v6i 1ién khéi kéo dai tir huyén B Trach sang dén
lanh thd cua Lao. Cac dit giy nay tao nén mot
hé théng hang dong chay theo 4 phuong song
song v6i 4 tuyén dut gay 16n tao nén song Son,
song Chay va cac thung lling karst:

- Phuong DB-TN: song Son, séng Chay;
hang Khe Ry, hang Vom;

- Phuong TB-BN: hang Pygmy, hang Tdi,
hang Lanh;

- Phuong BN: hang Phong Nha, hang Son
Poong, hang En;

- Phuong TD: hang Thung, hang Ruc-
Céa Roong.

2) QUa trinh dia chat ngoqi sinh xay ra dong
thoi véi qué trinh dit gy tao hang, dugc biéu
hién bdi qua trinh sau: bao mon co hoc va hoa
tan An mon bang phuong thirc hod hoc cac vach
da voi trong hang dong, ling dong trAm tich
travertin trén san hang, két tia thach nhil tir tran
hang xudng theo khe nit va két ta tao nén cac
mang da va cot da hinh thanh nhiing phong canh
ky vi va doc dao. D6 1a két qua cua thé hé hoat
dong ké thira nhau vira xy dung cai méi vira pha
huy va bién cai cai ci;

iv) Hang dong Phong Nha-K¢é Bang c6 tudi
¢ nhat Béng Nam Chau A, gin lién v6i tudi clia
cac pha tach gian day Bién Dong, tudi ciia cac bé
mit san bang va tudi cua cac pha bién thién trong
Pliocen va Dé Tir. Tudi cd nhét 12 hang Khe Ry
32 triéu nam cao 1600 m va tré nhat 1 hang Doi
va hang Phong Nha kho 40 ngan nim nam ¢ do
cao 15-25 m.
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