33(4), 669-673

Tap chi CAC KHOA HQC VE TRAI PAT

12-2011

HOAT PONG KARST CUA KHOI PA VOI
PHONG NHA - KE BANG DUOI GOC bO
THUY PIA HOA

DO QUANG THIEN', NGUYEN THI NGOC YEN? VU CAO MINH?
E-mail: dquangthien@yahoo.com
lTrm‘mg DPai hoc Khoa hoc Hué
*TruongPai hoc Bach Khoa Pa Ning
3Vién Pia Chat - Vien Khoa hoc va Cong nghé Viét Nam
Ngay nhan bai: 15-5-2011

1. Mé dau

Khéi d4 voi Phong Nha - Ké Bang nam trén dia
ban ctia huyén B Trach va Minh Hda, tinh Quang
Binh, cach thanh phé Ddng Héi khoang 50km vé
phia tiy bic; phia tiy giap khu bao ton thién nhién
Hin Namno, tinh Khammouan (Lao). Khbi d4 voi
nay cé dién tich 16n, rong khoang 200.000 ha
(thudc 1anh thd Viét Nam), phan khdi ndi nhé 1én
trén mat dat (ving 15i) c¢6 dien tich 1a 85.754 ha véi
300 hang dong, cac song ngdm va hé dong thuc vat
quy hiém. Téng chidu dai cua hang dong hon 80
km, nhung céc nha khoa hoc mdi chi tham hiém
duoc 20km, trong d6 17km & khu vuc Phong Nha
va 3km ¢ khu vuc Ké Bang. Trudc day, dong
Phong Nha - K¢ Bang giit kha nhiéu ky luc nhu:
hang nudc dai nhét; cta hang cao va rong nhét; bai
cat, ¢4 rong va dep nhét; hd ngadm dep nhat thach
nhii trang 1€ va ky 4o nhit; dong song ngam dai
nhit Viét Nam va hang kho rong va dep nhét thé
gidi. Tuy vay, thang 4/2009, doan tham hiém Hang
dong Hoang gia Anh da phat hién hang Son Podong
1a hang dong c6 kich thudc 16n nhat thé gidi (dai
trén 500km, cao 200m, va rdng 150m), 16n hon
nhiéu so v6i hang Deer & Gunung Mulu - Sarawak
(Malaysia), 16n gip 4 dén 5 1an so v6i Phong Nha.
D4 voi Phong Nha - Ké Bang 1a mot khéi da voi
16n thudc hé tng Béc Son, 1a khdi d4 voi cb nhit
Chau A duoc hinh thanh cach day 400 tri€u nam.
Trai qua nhiéu thoi ky dia chét - dia mao, dia hinh

khu vuc ndy tré nén hét stc phuc tap va duoc
UNESCO cong nhén 1a Di san thién nhién thé gioi
theo ti€u chi dia chét - dia mao nam 2003; hién nay
khdi nui d4 voi nay dang huéng t6i muc tiéu duoc
UNESCO c6ng nhan 1an 2 1a Di san thién nhién thé
gidi voi ti€u chi da dang sinh hoc. Hoat dong karst
rt nhay cam ddi v6i sy phat sinh nhiéu tai bién dia
chét ty nhién, nhan sinh ddng hanh khéc va c6 tac
dong tich cuc 1an tiéu cuc dén moi tru(mg, dan
sinh, kinh t& va an ninh quéc phong cua m01 qudc
gia. Do vay, dé c6 mot burc tranh téng quat vé hoat
dong karst hién nay ctia khéi da voi dang xét, viéc
st dung cac phuong phap thuy dia hoa dé danh gia
su 6n dinh cua di san thién nhién nay 1a hét stc can
thiét va co ¥ nghia 16n v& mit khoa hoc cling nhu
thuc tién.

2. Co sé danh gia kha niang hoat dgng Karst

Karst 13 mot trong cic qua trinh dia chat dong
lyc ty nhién ngoai sinh phd bién & nhidu qudc gia
trén thé gidi va Viét Nam. Trén quan diém dia chit
dong luc cong trinh, chiing t6i cho réng: hoat dong
karst 1a mdt qua trinh xay ra khi nudc trén mat va
nuée dudi dét tiép xac voi cac da co kha nang dé bi
hoa tan (da voi, da dolomit, da phén, da macno,
thach cao, anhydrite, mudi mo, mudi kali), khi d6
cac da co6 kha nang dé bi hoa tan s& bj hoa tan (x6i1
mon hoéa hoc), xdm thyc (x6i mon co hoc) cudn
tréi dat da dé hoa tan va hinh thanh nén cac dang
dia hinh trén mit ciing nhu cac hang dong ngam rat
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dic trung. Nhim danh gia kha ning hoat dong
karst ctia khoi da voi Phong Nha - Ké Bang, chiing
toi sur dung hai phuong phap phuong phap so sanh
tich sé hoat tinh (a el ) v&i tich sb hoa tan

cua da voi (KC o 7,7X10'9) va phuong phap

lwong thiéu hut bdo hoa cia ion [Ca®"]va [CO5™]
trong nudc.

Dbi v6i phuong phép so sanh tich s hoat tinh

a_,...a._, voi tich s6 hoa tan cua da voi,
Ca® o}

Lomtadze (1977) [3] cho rang tich s6 hoa tan cua

da voi K =7,7%x10" va tich sd hoat tinh cua
CaCoO,

jon [Ca’'] va [CO5*] duoc xac dinh theo phuong
trinh (1):

)=1/4x107° X ye,00 [Ca®* 1x[COF ] (1)

(aCa CO

trong d6 [Ca’'], [COs*] 1a ham lwong cua ion
[Ca’"] va [COs*] trong nudc (tinh bang me/l).
Trudng hop trong két qua phén tich nude khong co
ham lugng ion [CO32'] ma chi c6 ham lugng ion
[HCO;] thi ham lugng ion [CO32'] duoc tinh theo
cong thic (2):

37710 x[HCO; |x 1 @
10 pH)

f 1a tich sb hoat tinh bicarbonat phu thudc vao luc
ion K va dugc tra theo bdng 1.

lco, =

Luc ion dugc xac dinh theo cong thirc (3):
=510 (Tl + Tl ot Dl L} O)

Vi [xy, X,]: nong do (me/l) cta cac ion c6 hoa
tri 1,2,...,n

71, Z,: hoa tri cua cac ion

Yeaco, hé s6 hoat tinh carbonat trung binh, dugc

xac dinh theo cong thuc 4:

~1,98x/u

08 Yeuco, =———7—
C1+1,624u

Sau khi x4c dinh va tinh toan cac thong s6 theo
cong thuc 1, 2, 3, 4, hoat dong karst dugc danh gia
theo tiéu chi sau: Néu tich s hoat tinh: a,...a

“

coy

> K. = hoat dong karst dda ngung nghi;

<K = hoat dong karst dang hoat

a _
co; CaCo;

e

dong; =K = hoat dong karst dang

Appr G caco,

& trang thai can bang.

Déi voi phuong phap lugng thiéu hut bao hoa
cuia ion [Ca®"] va [CO,™] trong nudc: trong thuc té,
nude chi co thé hoa tan da voi dén mot gidi han
nao do6, néu lugng chira ion [Ca*'] va [ CO5™] trong
nudc thdp hon giéi han do, thi dugc goi 1a nude
thiéu hut bdo hoa ion [Ca?" ] va [CO5™]. Vi thé, dua
vao luong thiéu hut bio hoa ion [Ca*'Jva [CO,™]
¢ thé danh gia dwoc hoat dong karst dang manh
hay yéu hodc ngung nghi. Luong thiéu hut bao hoa
ion [Ca®"] va [CO,”] duoc xac dinh theo phuong
trinh tich s hoat tinh 5:

Yeaco, X{[C‘12+] ]} {CO2

Trong d6 [x] 1a lugng thiéu hut bao hoa ciia ion
[Ca®"] va [ COs™]. Giai phuong trinh (5) ta tinh
duogc luong thiéu hyt bdo hoa [x], néu [x] >>0 thi
qua trinh karst dang hoat dong.

+[x]}=0,038 (5

Bang 1. Quan hé giira tich s6 hoat tinh bicarbonat va lwc ion H

M F Y7 F M F M F
0,0025 0,73 0,0100 0,05 0,0500 0,2800 0,1300 0,17
0,0030 0,69 0,0125 0,48 0,0600 0,27 0,1400 0,16
0,0040 0,65 0,0150 0,46 0,0700 0,26 0,1500 0,15
0,0050 0,61 0,0175 0,45 0,0800 0,23 0,1600 0,15
0,0060 0,59 0,0200 0,43 0,0900 0,22 0,1700 0,14
0,0070 0,56 0,0250 0,41 0,1000 0,20 0,1800 0,13
0,0080 0,54 0,0300 0,38 0,1100 0,19 0,1900 0,13
0,0090 0,53 0,0400 0,34 0,1200 0,18 0,2000 0,12
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3. Panh gia kha ning hoat dong karst ctia da voi
Phong Nha - Ké Bang

Trén co s phan tich thanh phan hoa hoc cua 05
mau nude tai phong thi nghiém cia Lién doan quy
hoach, didu tra tai nguyén nudc mién Trung,
phudng Vinh Hai, Nha Trang, chung t6i st dung 2
phuong phap néu trén dé tinh toan cho 5 mau nudc
ngam ly vao ngay 30/12/2009 dén ngay 2/01/2010
0 khu vuc nghién ctru. Trong do, mau nudc dugce
léy theo dién & tﬁng noéng, toa do vi tri 1€iy mau
dugc trinh bay trén bdang 2.

Két qua phan tich thanh phin hoa hoc cia miu
nudce va tinh toan cac thong so dugc trinh bay trén
bang 3 va bang 4.

Nhu trén d3 dé cap, tich s6 hoa tan cua da voi

= 7,710 [3].

Tuy nhién, tir s liéu phan tich 5 mau nuéc & bang
2 cho thdy, trong thanh phin cia da voi, ngoai
calcite con c6 délomit véi ham lugng khong 16n.
Do d6, Nguyén Thanh quy wdc lay tich sé hoa tan
clia d4 voi tang 1én (Kcacos= 9,9%107) [2].

chira calcite tinh khiét 1a g
CaCO.

Bang 2. Toa d6 vi tri lay mau nwéc

STT Ky hiéu mau Vi tri Toa dod (x-vy)
1 PN1 Bén thuyén - 0638583 - 1947817
Soéng Son
2 PN2 Cau Chay - 0630924 - 1940315
xa Tan Trach
3 PN4 xa Son Trach 0638638 - 1944664
4 PN5 xa Thwong Hoa 0601575 - 1960074
5 PN6 xa Minh Hoa 0604661 - 1964421

Bang 3. Két qua phan tich, tinh toan cac chi tiéu thay dia héa nwéc karst

Chi tiéu phan tich, PN1 PN3 PN4 PN5 PN6
tinh toan mg/l mel/l mg/| me/| mg/| mel/l Mg/l Mel/l mgl/l mel/l

HCOs 216,61  3,5510 219,66  3,6010 31,01 05084 19831 3,2510 173,90  2,8508

COs* 0,00 0,0000 0,00 0,0000 0,00  0,0000 6,00 0,2000 3,00 0,1000

S0.% 1,15 0,0240 1,68 0,0350 1,38  0,0288 2,14 0,0446 1,31 0,0273

cr 8,15 02296 10,63 02994 7,09  0,1997 9,22 0,2597 8,86 0,2496

NOy 2,54 0,0410 1,74 00281 084 00135 1,49 0,0240 0,88 0,0142

ca** 63,13 31565 59,12 29560 13,03 06515 60,12  3,0060 52,10  2,6050

Mg?* 6,69 05575 11,55 09625 243  0,2025 6,69 0,5575 7,30 0,6083

Na* 2,23 0,0970 3,10 01348 2,58 01122 1,88 0,0817 2,06 0,0896

K 0,35 0,0090 0,35 0,0090 0,57  0,0146 0,56 0,0287 0,35 0,0090

Fe** 0,01 0,0005 0,01 0,0005 0,02  0,0011 0,01 0,0005 0,01 0,0005

pH 8,29 8,27 7,87 8,37 8,33

M) 0,00570 0,00599 0,00130 0,00560 0,00495

F () 0,59 0,59 0,73 0,59 0,61

CO5%(*) 0,0154 0,0149 1,037.10° 0,0169 0,0140
0,73587 0,73085 0,85600 0,73765 0,74980

Yeaco, ©)

a vl o () 8,943.10° 8,047.10° 0,145.10° 9,397.10° 6,844.10°

Ca? CO3

(Ghi cha: (*) 1a théng sé tinh toan)

Bang 4. Két qua tinh toan lwong thiéu hut bao hoa
ctia ion [Ca®*]va [CO;”] ciia 05 mAu nwéc

Mau [Ca®] [COs%] X
Yeaco,

PN1 0,73587 3,1565 0,01540  0,955.10°

PN3 0,73085 2,9560 0,01490  2,972.10°

PN4 0,85600 0,6515 0,00104  61,25.10°

PN5 0,73765 3,0060 0,01695  0,185.10°

PN6 0,74980 2,6050 0,01402  5,395.10°

bang 3, chung ta thiy
,. ) cia cac mau phan

Tir két qua tinh todn &
tich so hoat tinh (ac )
a

tich co gia tri twong dbi nho tir 0,145.107 -
9,397.10”, nhing tri sé nay déu nho hon tich sb
hoa tan ctia d voi 12 Keycos= 9,9%107. Piéu d6 da
minh ching ¢ khu vyc Phong Nha - K¢ Bang, qua
trinh karst van dang hoat dong nhung yéu.

Két qua tinh toan béng phuong phap luong
thiéu hut bdo hoa ion [Ca*"]va [CO5*] cho 05 mau
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nudc néu trén (bang 4) cho thiy cac gia tri x déu
Ion hon 0, nhung rat bé tr 0,185.10° dén
61,25.10°. Diéu d6, mot 1an nita khing dinh qua
trinh karst khu vic Phong Nha - Ké Bang van dang
dién ra v6i cuong do tir yéu dén rat yéu.

4. Dy bao mirc dd béc mon karst théng qua bé
day hoa tan da voi

Trén co s¢ tinh todn, du bado dong luc ctia qué
trinh karst bang 2 phuong phép thity dia hoa da dé
cap ¢ trén déu cho thay qué trinh karst ctia khdi da
voi Phong Nha - K¢ Bang van dang dién ra véi
cuong do tir yéu dén rat yéu. Do vay, ching t6i tién
hanh tinh toan cudong do béc mon karst thong qua
bé day hoa tan da voi trong 1 ndm dé so sanh voi
tdc do boc mon karst & cac khu vuc khac trén thé
gi¢i. Pé tinh toan cuong d6 béc mon karst, can
phai tinh toan lugng da voi bi hoa tan mang di trén
mdt km”. Nhung do thiéu sé liéu quan tric dong
chay & cac song sudi tiéu thoat nude tir khdi da voi
Phong Nha - Ké Bang, nén ching t6i ly ty phin
lwong dong ngam tang trit, van dong trong khdi da
voi giy ra qua trinh karst & day bang 40% 16p dong
chay nam (theo kinh nghiém cua P.F.Boscarev,
1963) [1].

Dua vao céc tai liéu khi twong khu vuc (luong
mua, lugng bbc hoi) tién hanh tinh toan 16p dong
chay (lvu lwong dong chay mit va dong ngim)
nam cua khu vuc. Trong do, qui uéc luu lugng
dong chay bang lugng mua trung binh nam trir di
lwong bdc hoi trung binh nam. Khu vyc nghién ctru
nam trong ving ¢ lugng mua 16n, binh quan tir
2000 dén 2500 mm/nam. O ving nui giap bién gidi
Viét - Lao, luong mua con lén téi 3000 mm/ndm
(Minh Hoa). Do d6 tap thé tac gia lay lugng muwa
trung binh cta ndm lam co s& dé tinh toan, lugng
mua roi xudng trung binh hing nim cua khu vyc 1a
2250mm/nam. Khu vuc Phong Nha - Ké Bang c6
luong bdc hoi kha cao, bién dong tir 1000 dén
1300 mm/nim, lwong bdc hoi 16n nhit vao cac
thang 5, 6, 7, 8 do anh hudng cua gié Lao khd
néng. Tuy nhién, do thoi gian khdo sat thuc dia va
léy mau nudc phan tich 1a mia mua (30/12/2009
dén ngay 02/01/2010) nén khu vuc co lwong bdc
hoi bé nhat. Vi thé, trong qua trinh tinh toan chiing
toi chon lugng bde hoi trung binh ndm cda khu vuc
& gi tri nho nhat 1a 1000mm/nam. Nhu vay:

- Luong dong chay mit va dong chay ngim
trong 1 ndm = 2250 - 1000 = 1250mm/nam.
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- Luong dong chay ngidm = 40%x1250 =

500mm/nam = 0,5m/nam.

- Dong chay ngdm véan dong trong d4 voi trén
dién tich 1km® cua khu vuc trong mdt nam la:
10°x0,5 = 5x10° m’/nam.

Tur két qua phan tich cic mau nudc, co thé xac
dinh dugc ham lugng trung binh cta cac ion céd
trong nudc nhu trén bang 5.

Bang 5. Ham lwong trung binh ctia cac ion
c6 trong nwéc

Chi tiu _ Hamluwong  Chi tiéu ~ Ham
phan tich bonvi trung binh  phan tich bonvi lrong
trung binh
pH - 8,210 ca?* mg/l 49,500
HCOy mg/l 167,898 Mg** mg/l  6,9320
COs* mg/! 1,800 Na* mg/l  2,3700
S07 mg/l 1,532 K* mg/l  0,4360
cr mg/! 8,790 Fe** mg/l  0,0108
NOy mg/! 1,498

Do két qua phan tich mau nuéc PN1, PN3, PN4
khong c6 ham luong ion [CO5*] nén nhom tac gia
tién hanh tinh toan ham luong ion [COs>] theo
ham lugng cua ion [HCO;]. Ham luong ion
[HCO5] trong miu nudc phan tich bao gdm ca ion
[HCO;7] trong da voi va ion [HCO;5] do khi CO,
trong khong khi tdc dung voi nudc tao nén, ma
khdi lugng phan tir ciia ion [HCO;] 1a 61 va cta
ion [CO5”] 14 60, nén:

- Ham luong ion [CO,™] trong nudc tinh theo
ham lugng ion [HCO;] 1a: [CO5*]= [HCO;]/2,03=
82,71 mg/l.

- Ham lugng ion [CO5>] trung binh c6 trong
mau nudc 1a 82,71 +1,8 = 84,51 mg/l.

- Tong lugng ion cé trong 1 lit nudc la:
155,5788 mg/l = 0,1555788 mg/m’ (ham lugng ion
[CO5™] trong nudc tinh theo ham lugng ion [HCO;”
] nén khong tinh ham lugng cua ion [HCO;)).

- Tong lugng ion trong nudc karst trén 1 km® =
155578,8x5,10° = 7,7789410'" mg/km’= 77,7894
T/km’.

- Lugng d4 voi bi hoa tan mang di trén 1 km®
la: 77,7894/2,5 = 3L12m’/km’ = 31,12 x



10°’mm*/10”mm? = 31,12x10°mm (2,5T/m’ 1a
khdi lugng riéng cuia da voi o6 mie do niit né trung
binh, da voi chat xit co khéi luong riéng 1a 2,70
T/m’).

- Luong da voi bi hoa tan trong mot nam la
31,12x10" mm.

Vi ham lugng da vo6i bi hoa tan mang di trén 1
km® trong mot nam rit bé, do d6 chung t6i tinh
luong dé voi bi hoa tan mang di khoi khu vuc trén
mdt ki 16 mét vudng cho 1000 nam la: 31,12X10'3
%1000 =31,12mm

Nhu vay, tbe d6 boc mon karst ciia khbi da voi
Phong Nha - Ké Bang c6 gi tri gan twong ty nhu
mdt sb khdi da voi trén thé gii nhu: Dong Siberi
(Nga) 1a 22mm/1000 nam; & Pennsylvania (My) la
34mm/1000 nam, Hugary 20mm/1000 nam. Riéng
cac khéi da voi ¢ Indonesia (85mm/1000 nim) va
Papua Neguinea (270-760 mm/1000 nam) cé tbe
d6 béc mon karst 16n hon gép nhiéu lan [4].

5. Két luén

T cac két qua nghién ctru néu trén cd thé di
dén cac két luan sau:

- Tich s0 hoat tinh (aazz*"'acogf) cO gid tri

tuong d6i nho: (0,145.10° - 9,397.10™), nhé hon
tich s6 hoa tan cua da voi 13 Keucor= 9,9x107 ;
Luong thiéu hut bdo hoa cac ion [Ca*']; [CO5™] x
déu 16n hon 0, nhung co gia tri rit bé: 0,185.107 -
61,25.107,

- Két qua tinh toan cuong d6 hoat dong karst
theo hai phwong phap trén déu khang dinh hoat
dong karst khu vuc Phong Nha - Ké Bang van dang
dién ra va rat dic trung cho karst vung nhiét déi,
cuong do hoat dong karst tir yéu dén rat yéu.

- Toc d6 boc mon karst ciia khdi d4 voi dang
xét duoc tinh toan thong qua bé bay hoa tan da voi
c6 gid tri khoang 31.12mm/1000nam, tuong tu voi
tdc d6 boc mon karst ctia mot sé khdi da voi trén
thé gioi.
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SUMMARY

Karst activity of Phong Nha - Ke Bang’s Limestone under Hydro - Geochemical viewpoint

Based on the analysis results of 5 water samples taken from limestone of Phong Nha - Ke Bang area in Januany
2009, the authors has used the method of comparation between active product and dissalved limestone production and
the method of lacking content in saturation of [Ca?, [CO4*] anions in water for assessment of Karst activity intensity.
The calculated results from different methods show that Karst activity of reseach limestone taking place with intensity
from weak to very weak. On this basis, assessment the Karst denudated intensity through dissolved limestone thickness
for one year is 31.12x10™ mm. In comparison with others limestone blocks on the world, the Karst denudated intensity of

Phong Nha — Ke Bang'’s limestone block is weak.
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