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NGHIEN CUJU HOAT DONG KARST cﬁ:\, KHO! DA VOI
PHONG NHA - KE BANG, TINH QUANG BINH
BANG PHUUNG PHAP THUY BIA HOA

(RESEARCH KARST ACTIVITY OF PHONG NHA - KE BANG'S
QUANG BINH PROVINCE LIMESTONE BY HYDRO - GEOCHEMICAL METHOD)

ThS. NGUYEN THI NGOC YEN - Bai hoc Bdach Khoa Pa Néng
TS. NGUYEN PUC LY - $¢ Khoa hoc va Céng nghé Qudng Binh

s tdt: Trong bai viét, tdc gid da sit dung hai phicong
phdp nghién citu: phuong phdp so sdnh tich s hoat
tinh vdi tich s6 hoa tan da véoi va phuong phdp lugng
thiéu hut bdo hoa ciia cdc ion [Ca™ ], [ CO,” ] trong nudc dé
ddnh gid cuong do hoat déng Karst ciia khoi da véi Phong Nha
Ké Bang. Két qud tinh todn bang 2 phitong phdp khdc nhau cho
thdy hoat ddng Karst ciia khéi da voi nghién citu dién ra véi
cutong do tix véu dén rdt yéu. Trén co s do, chiing toi tién hanh
ddnh gid cuong dé béc mon Karst thdng qua bé day hoa tan
ctia dd voi trong 1000 ndm la 55.19 mm, va so sdnh vdi cdc
khéi dd voi trén thé gidi thi cuong dj béc mon Karst ciia khoi
dd véi Phong Nha - Ké Bang thugc trung binh.
Abstract: This paper, the authors has used two the method
. the method of comparation between active product and
dissalved limestone production and the method of lacking
content in saturation of [Ca’ ], [CO,"] anions in water for
assessment of Karst activity of Phong Nha Ke Bang intensity.
The calculated results from different methods shown that Karst
activity of reseach limestone taking place with intensity from weak to very weak. On the base, we gave
assessment the Karst denudated intensity through dissolved limestone thickness for thousand year is
55.19 mm and comparated with others limestone blocks on the world just Karst denudated intensity of
Phong Nha Ke Bang's limestone block is medium intensity.

1. Mot vai nét vé khoi nai da voi Phong Nha - Ké Bang

Khéi dé voi Phong Nha - Ké Bang nam vé phia tay bac tinh Quang Binh va dugc gidi han bai toa do
dia ly: 17°20' - 17°48' vi do Bic va 105°46' - 106°24 kinh do Pong (hinh 1). Chiéu dai 16n nhit dat
70km, kéo dai tir déo Mu Gia dén ndi U Bo theo hudng tay bic - dong nam. Chiéu rong 16n nhét khoang
31km kéo dai theo hudng dong bac - tdy nam tir Tay Gat, xa Xuan Trach (huyén B6 Trach) dén bién
gidi Viet - Lao. Toan bo khai dd nam vé phia tady nam séng Gianh, thudc dia phan 9 xa cta 2 huyén
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Minh Hod va B6é Trach. Phia bac khoi da voi
dugc gidi han boi quoc 10 15A, phia nam, tay
nam tiép giap v6i Lao; phia tay gidi han boi quoc
16 561 (quéc 16 12A cii), phia dong, dong nam
gidp cdc xa Truong Son (huyén Quang Ninh),
Phi Dinh va Hung Trach (huyén B6 Trach) va
dugc giGi han bai sudn dong cua day ndi U Bo
(hinh 1).

Pay 1a khoi da voi 16n, ¢d nhit chau 4 va
duoc hinh thanh cach day 400 triéu nam. Hoat
dong Karst cua cdac khoi da voi néi chung rat
nhay cam d6i véi su phét sinh - phat trién nhiéu
tai bién dia chat tu nhién, nhan sinh dong hanh
khac va c6 tac dong tich cuc lan tiéu cuc dén moi
truong, dan sinh, kinh t€ va an ninh qudc phong
cua khu vuce, e A

Hoat dong Karst rat nhay cam déi véi su
phat sinh nhiéu tai bién dia chat tu nhién, nhan
sinh dong hanh khac va c6 tac dong tich cuc lan
tiéu cuc dén moi truong, dan sinh, kinh t€ va an ninh quoc phong ctia méi quéc gia. Do vay, viéc danh
gid mifc do hoat dong Karst clia khoi dd voi Phong Nha - Ké Bang 14 co sd khoa hoc dé dé xudt kip thoi
cac giai phap khoa hoc cong nghé nham bao vé Di san thién nhién nay.

2. Cosddanh gia kha nang hoat dong Karst

Karst 12 mot trong cdc qud trinh dia chit dong luc tu nhién ngoai sinh phé bién ¢ nhiéu quéc gia
trén the giGi va Viét Nam. Trén quan diém dia chat dong luc cong trinh, chiing toi cho ring: Hoat dong
Karst 1a mot qué trinh xay ra khi nuéc trén mat va nude dudi dit tiép xic vaéi cac dé ¢6 kha nang dé bi
hoa tan (dd voi, dd dolomit, dd phan, dd4 macna, thach cao, anhydrite, mudi mé, mudi kali), khi dé da
voi $& bi hoa tan (x6i mon héa hoc), xam thuc (x6i mon co hoc) cuon troi dat dd dé hoa tan va hinh
thanh nén cdc dang dia hinh trén mat cling nhu cdc hang dong ngdm rat dic trung. Nham ddnh gid kha
nang hoat dong Karst ciia khoi dd voi Phong Nha - Ké Bang chiing toi strdung 2 phuong phap: Phuong
phip so s4nh tich s6 hoat tinh (a.2...a..2 ) v6i tich s6 hoa tan ctia dd voi (K,,.o,= 7,7x10”) va phuong
phap lugng thi¢u hut bio hoa cha ion [Ca™]va [Co, ] trong nuéc.

- Boi véi phuong phap so sdnh tich s6 hoat tinh (a2+...a.,,> ) vdi tich s6 hoa tan ctia da voi,
Lomtadze (1977) cho rang tich s6 hoa tan clia dd voi K.,,,=7,7x10” va tich s6 hoat tinh clia ion [Ca™ |
va[CO,” | dugc x4c dinh theo phuong trinh (1):

(@ ool )=1/4x10"x Yeuco, [Ca™]x [CO32~ I (D
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Hinh 1: Vi tri khoi dd voi Phong Nha - Ké Bang
trong tinh Qudng Binh

Trong dé: [Ca™], [ CO,”] 1a ham luong ctiaion [Ca™] va [CO,”] trong nudc (tinh bang me/1). Trudng
hop trong két qua phan tich nudc trong phong khong ¢ ham luong ion [CO,”] mé chi ¢6 ham lugng ion
[HCO, ] thi ham lwong ion [CO,” | duoc tinh theo cong thiic (2):

11 _
o ]= 27710 Iozl[ﬁcos]x /@

f latich so hoat tinh bicacbonat phu thudc vao luc ion p va duoc tra theo bang 1.
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Bang 1: Quan hé giita tich sé hoat tinh bicacbonat va luc ion u
K F u F K F u 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

Luc ion dugc xac dinh theo cong thiic (3):
1 .
M =5x10 3><{Z [Jc,]zl +Z[X3]Zz +...+Z[x,,]z"} (3)
Véi[x,, X, ]: nong do (me/l) cua cicioncéhod tri 1,2,...,n
z,,z,:hod tri cuacacion
Yeacos+ 1€ s6 hoat tinh cacbonat trung binh, dugc xdc dinh theo cong thitc (4):

CaCO
’ l + 1,62\’ “

Sau khi xac dinh va tinh todn cdc thong s6 theo cong thiic 1, 2, 3, 4, hoat dong Karst dugc dianh gia
theo tiéu chi sau: Néu tich s6 hoat tinh: a,2+...a,,;> > K = hoat dong Karst da ngung nghi,
Ao+ Aeoi <Ko, =>hoatdong Karst dang hoat dong; a.z+...a.,# =Ko =>hoat dong Karst dang
O trang thai cn bang.

- Dai véi phuong phap luong thigu hut bao hoa ciia ion [Ca™] va [CO,”] trong nuéc: Trong thuc té,
nudc chi cé thé hoa tan d4 voi dé&n mot gidi han nao d6, néu luong chita ion [Ca™] vi CO,”] trong nude
thap hon giéi han d6, thi dugc goi 1a nuée thiéu hut biao hod ion [Ca™ ] va [Co,”]. Vi thé dua vao lugng
thiéu hut bio hoa ion [Ca™ [va [CO,”] c6 thé danh gi duoc hoat dong Karst dang manh hay yéu hoac
ngung nghi. Luong thigu hut bdo hoa ion [Ca™] va [CO,”] duogc x4c dinh theo phuong trinh tich s6 hoat

tinh (5):
Vo Aca® I+ Ipdicor 1+ [ Jp= 0,038 (5)

Trong d6: [x] 12 lwong thiéu hut bdo hoa cliaion [Ca™] va [ CO,”]. Gii phuong trinh (5) ta tinh duoc
lugng thiéu hut bao hoa [x], néu [x] >>0 thi qua trinh karst dang hoat dong.

3. Panh gia kha nang hoat dong Karst cua da voi Phong Nha - Ké Bang

Trén co s& phan tich thanh phan héa hoc ctia 4 mau nude (PN1, PN3, PN5, PN6) vao miia mua va 6
mau nudc (PN7, PN8, PN9, PN10, PN 11, PN12) vao mua kho, tic gia sir dung 2 phuong phdp néu trén
dé tinh todn cho 10 mau nudc ngam & khu vye nghién ciu. Két qua phan tich thanh phan héa hoc coa
mau nudc va tinh todn cac thong s6 dugc trinh bay trén bang 2, bang 3, bang 4 va bang 5.
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Bdng 2 : Két qua phdan tich, tinh todn cdc chi tiéu thiy dia héa noc Karst miia ma

Chi tiéu phan PN 1 PN 3 PN 5 PN 6
tich, tinh toan | (mg/1)/(me/1) (mg/D/me/l) |  (mg//(me/l) (mg/1)/(me/l)
HCO, 216.61/3.5510 | 219.66/3.6010 | 198.31/3.2510 | 173.90/2.8508
CO,” 0.00/0.0000 0.00/0.0000 0,00/0.0000 0.00/0.0000
SO, 1.15/0.0240 1.68/0.0350 2.14/0.0446 1.31/0.0273
Cl 8.15/0.2296 10.63/0.2994 9.22/0.2597 8.86/0.2496
NO; 2.54/0.0410 1.74/0.0281 1.49/0.0240 0.88/0.0142
Ca™ 63.13/3.1565 59.12/2.9560 50.12/2.506 52.10/2.6050
Mg 6.69/0.5575 11.55/0.9625 6.69/0.5575 7.30/0.6083
Na’ 2.23/0.0970 3.10/0.1348 1.88/0.0817 2.06/0.0896
K* 0.35/0.0090 0.35/0.0090 0.56/0.0287 0.35/0.0090
Fe** 0.01/0.0005 0.01/0.0005 0.01/0.0005 0.01/0.0005

pH 8.29 8.27 8.37 8.33

B () 0.00570 0.00599 0.00493 0.004848
F (*) 0.59 0.59 0.61 0.61
Co,"(*) 0.0154 0.0149 0.0175 0.0140
Yeaco, (*) 0.73587 0.73085 0.75020 0.75182
Aepinbipr (%) 8.943x10° 8.047x10" 8.225x10" 6.844x10°

(Ghi chi: Két qua phan tich maun nude tai phong thi nghiém ctia Lién doan qui hoach, diéu tra tai
nguyeén nudc mién Trung, phudng Vinh Hai, Nha Trang - (*) thong s6 tinh todn)

Nhur trén da dé cap, tich s6 hoa tan cia dd voi chifa canxit tinh khiét 1a K., = 7,7x10” (theo
Lomtadze, 1977). Tuy nhién, tir s6 liéu phan tich 4 miu nudc & bang 2 cho thdy, trong thanh phén cta
da voi, ngoai canxit con ¢6 chita délomit véi ham luong khong 16n. Do d6, GS. TSKH Nguyén Thanh
quy udc 1y tich s6 hoa tan clia dd voi tang 1én (K,co.= 9,9x107).

Tirkét qua tinh toan ¢ bang 2 thay rang tich s6 hoat tinh (a.2+...a.,¢ ) ciia cdc mau phan tich ¢6 gia
tri twong doi nho tir 6.844x107- 8.943x10”, nhiing tri s6 niy déu nho hon tich s6 hoa tan ciia d4 voi 1a
Ko, = 9,9x10”. Tuy nhién do chénh léch giita hai thong s6 nay rét bé, diéu dé da minh ching ¢ khu
virc Phong Nha - Ké Bang vao miia mua hoat dong Karst van dang hoat dong nhung rit yéu.

Bdng 3. Két qud phdn tich, tinh todan cdc chi tiéu thity dia héa nuoc Karst mua kho

Chi tiéu phan

PN 7 PN 8

PN 9

PN 10 PN 11

PN 12

tich, tinh todn

(mg/1)/(me/l)

(mg/1)/(me/l)

(mg/1)/(me/l)

(mg/1)/(me/l)

(mg/1)/(me/1)

(mg/1)/(me/l)

HCO,

143.39/2.3507

140.34/2.3006

140.34/2.3006

146.44/2.4007

158.64/2.6007

164.75/2.7008

CO,”

00.00/0.0000

0.00/0.0000

0.00/0.0000

0.00/0.0000

0.00/0.0000

0.00/0.0000

SO,* 8.20/0.1708

7.10/0.1479

7.46/0.1554

9.70/0.2021

7.81/0.1627

8.12/0.1692
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CI 14.18/0.3994 | 15.95/0.4494 | 14.18/0.3994 | 14.18/0.3994 | 19.50/0.5492 | 17.73/0.4993
NO, 3.36/0.0542 | 3.19/0.0515 | 2.73/0.0440 | 2.94/0.0474 | 5.07/0.0818 | 2.72/0.0439
Ca” 50.10/2.5050 | 49.10/2.4549 | 49.10/2.4549 | 49.10/2.4549 | 53.11/2.6553 | 55.11/2.7555
Mg™ 4.26/0.3547 | 4.86/0.4053 | 4.86/0.4053 | 4.86/0.4053 | 3.65/0.3040 | 3.04/0.2533
Na’ 240/0.1043 | 2.23/0.0970 | 2.58/0.1122 | 3.10/0.1348 | 3.27/0.1422 | 3.45/0.1500
K* 0.35/0.0090 | 0.35/0.0090 | 0.57/0.0290 | 0.57/0.0145 | 0.35/0.0181 | 0.57/0.0145
Fe'* 0.31/0.0168 | 0.33/0.0176 | 0.35/0.0188 | 0.16/0.0086 | 0.10/0.0053 | 0.23/0.0125
pH 8.36 8.31 8.35 8.31 8.30 8.32
(%) 0.004514 0.004488 0.004486 0.004574 0.004826 0.004901
F (%) 0.61 0.65 0.65 0.61 0.61 0.61
CO, (%) 0.01238 0.01080 0.01184 0.01127 0.01193 0.01298
Yeaco, (*) 0.75863 0.75917 0.75922 0.75738 0.75225 0.75077
Aol ()| 5.88164x107 | 5.03195%10° | 5.51688x10” | 5.23856x10" | 5.95739x10" | 6.71308x10"

(Ghi chii: Két qua phan tich mau nudc tai phong thi nghiém cta Lién doan qui hoach, diéu tra tai
nguyén nudc mién Trung, phuong Vinh Hai, Nha Trang - (¥) thong s tinh todn)
Két qua tinh todn thiy dia héa nuge miia kho 6 bang 3 cho thiy tich s6 hoat tinh (a2+...a.,2 ) clia
cdc mau phan tich ¢6 gid tri thay doi tir 5.03195x10°- 6.71308x 10", nhiing tri s6 nay déu nho hon
tich s6 hoa tan cta dd voi 1a K, = 9,9x10”. Diéu d6 lai minh chiing thém & khu vuc Phong Nha -
K¢ Bang vao mia kho qud trinh Karst vin dang hoat dong nhung rét yéu.
Qua cac két qua tinh todn trén déu thiy rang ¢ khu vuc Phong Nha - Ké Bang vao muia mua va
mua kho tich s6 hoat tinh (a.2+...a.7 ) déu ¢6 gid tri nho hon tich s6 hoa tan K, = 9,9x10”. biéu
do6 chung to Karst van hoat dong véi cuong do rét yéu.

Bdng 4: Két qud tinh todn long thiéu hut bdo hoa (mell ) ciia ion [Ca”" Jva [CO,”]
cua 04 mau noc Karst miia ma

Mau Yeaco, [Ca™] [ CO,"] X
PNI1 0.73587 3.1565 0.01540 0.955X10"
PN3 0.73085 2.9560 0.01490 2.972X10"
PNS5 0.74071 2.506 0.0175 2.7096X10°
PN6 0.75182 2.6050 0.01402 5.363X10"

Két qua tinh todn trinh bay trén bang 4 cho thdy cdc gid tri x déu 16n hon 0, nhung réit bé tir
0.955.10" dén 5.363x10" me/l. Diéu d6, mot lan nita khang dinh hoat dong Karst khu vue Phong
Nha - Ké Bang van dang hoat dong v6i cuong do tir yéu dén rat yéu.
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Bdng 5: Két qud tinh todan long thiéu hut bdo hoa ciia ion [Ca”* Jva [Co,”]

cua 06 mau noe Karst mua kho

Mau Yeaco, [Ca™] [ CO,"] X
PN7 0.75863 2.5050 0.01238 7.5566X10"
PN8 0.75917 2.4549 0.01080 9.5103X10"
PNO9 0.75922 2.4549 0.01184 8.4801X10"
PNI10 0.75738 2.4549 0.01127 9.0939X10™
PNI1I 0.75225 2.6553 0.01193 7.0449X10°
PNI12 0.75077 2.7555 0.01298 5.3529X10°

Két qua tinh toan trinh bay trén bang 5 cho thiy cac gia tri x déu 16n hon 0, nhung rat bé tir
5.3529x10°dén 9.5103x 10” me/l. Piéu d6, mot 1an nita khang dinh hoat dong Karst khu vuc Phong
Nha - Ké Bang vao mua kho van dang hoat dong vGi cuong do tir yéu dén rat yéu.

Tirkét qua tinh toan theo 2 ¢6 thé dua ra cdc nhén xét du6i day:

- Tich s0 hoat tinh (a,2+...a.,2 ) vao mua mua va mua kho c6 gia tri twong doi nho (mua mua tir
0.145x107-8.943x 10" me/l, miia kho tir 5.03195x 10™- 6.71308x 10" me/l) va cdc tri s6 nay déunho
hon tich s6 hoa tan clia dé voi 1a K, = 9,9x10”.

- Luong thi€u hut bdo hda cédc ion [Ca™]; [CO,"] déu 16n hon 0, nhung c6 gid rat bé (mlla mua tir
0.955x10” dén 61.25x10" me/l, mba kho tir 5.3529x 107 - 9.5103x10” me/1).

- Két qua ddnh gia hoat tinh qu4 trinh Karst theo 2 phuong phép trén déu khang dinh qua trinh
Karst khu vuc Phong Nha - Ké Bang van dang hoat dong, nhung cuong do tit yéu dén rat yéu. Vao
mua mua hoat dong Karst xay ra manh hon so véi mua kho.

4. Dubao mic do boc mon Karst thong qua bé day hoa tan da véi sau 1000 nam

Trén co sd tinh todn, du bdo dong luc cua qud trinh Karst bang 2 phuong phép thuy dia hda da dé
cap & trén déu cho thdy qud trinh Karst ctia khoi dd voi Phong Nha - Ké Bang van dang dién ra véi
cuong do tir yéu dén rat yéu. Do vay, tic gia tién hanh tinh toan cuong dé béc mon Karst thong qua
bé day hoa tan d4 voi trong 1.000 nam dé so sdnh véi toc do béc mon Karst & cdc khu vue khéc trén
thé gidi. D€ tinh todn cudng dd béc mon Karst, cin phai tinh todn lugng dd voi bi hda tan mang di
trén mot km’. Nhung do thiéu s6 liéu quan trac dong chay & cdc song sudi tiéu thodt nude tir khoi da
voi Phong Nha - Ké Bang, nén ching toi 1ay ty phan dong ngdm tang trit, van dong trong khoi da voi
gay ra qud trinh Karst ¢ day bing 75% 16p dong chay nam (lay theo kinh nghiém nudc ngoai,
PEBoscarev, 1963).

Dua vao cdc tai liéu khi tuong khu vue (luong mua, lugng boc hoi) tién hanh tinh todan 16p dong
chay (luu Iuwong dong chay mat va dong ngam) nam cua khu vue. Trong dé, qui udc luu lugng dong
chay bang lugng mua trung binh nam trir di lugng béc hoi trung binh nam. Khu vue nghién ciiu ndm
trong viing c6 lugng mua 16n, binh quan tur 2.000 dén 2.500 mm/nam. ¢ viing nii gidp bién gidi Viét
- Lao, lvgng mua con Ién t¢i 3.000 mm/nam (Minh Hod). Do d6 tap thé tac gia 14y lugng mua trung
binh clia nam lam co sd dé tinh todn, lugng mua roi xuéng trung binh hing nam cua khu vuc la
2.250mm/nam. Khu vuc Phong Nha - Ké Bang c¢6 lugng boc hoi kha cao, bién dong tir 1.000 dén
1.300 mm/nam, lugng bdc hoi 1én nhat vao cac thang 5, 6, 7, 8 do anh huong cua gié Lao kho néng.
Trong do6, luong bdc hoi trung binh nam ctua khu vue dao dong tir 1.000 dén 1.300 mm/ndm nén
trong qua trinh tinh todn chiing t6i chon luong béc hoi trung binh nam ctia khu 1a 1.150mm/nam.
Nhuvay:
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- Luu lugng dong chay mat va dong chay ngam trong 1 nam =2.250 1.150=1.100mm/nam

- Luong dong chay ngdm = 75%x1.100=825 mm/nam=0.825 m/nam

- Dong chay ngdm tang trit, van dong trong da voi trén dién tich 1km’ cia khu vyc trong mot nim
la: 10°x0.825=8.25x 10" m’/nam.

Tir két qua phan tich cdc mau nude, c6 thé xdc dinh duoc ham lugng trung binh cla céc ion ¢c6
trong nudc nhu trén bang 6.

Bang 6: Ham luong trung binh ctua cdc ion co trong nuoc

prantch | P | vungo | phansieh | P | ung buah
pH - - - - -
HCO, mg/l 170.238 Ca” mg/l 53.009
CO” mg/l 0.000 Mg™ mg/l 5.776
SO,” mg/I 5.467 Na' mg/Il 2.630
Cl mg/l 13.258 K mg/l 0.437
No, mg/l 2.666 Fe* mg/l 0.152

Do két qua phan tich mét s6 mau nude khong ¢é ham luong ion [CO,”] nén nhém tac gia tién
hanh tinh todn ham luong ion [CO,”] theo ham lugng ctia ion [HCO, ]. Ham luong ion [HCO, ] trong
mau nudc phan tich bao gobm caion [HCO, ] trong dé4 voi va ion [HCO, ] do khi CO, trong khong khi
tac dung véi nudc tao nén, ma khoi luong phan tirctia ion [HCO, 11261 vachaion [CO, 12 60, nén:

- Ham luong ion [CO,”] trong nudc tinh theo ham luong ion [HCO, ] 1a: [CO,"]= [HCO,]/2.03=
83.861 mg/l.

-Téng lugng ion c6 trong 1 lit nuée la: 167.256 mg/l=0. 167256 mg/m’

- Téng luong ion trong nude Karst trén 1 km” = 167256 x8.25x10” = 13.79862x10" mg/km’=
137.9862 T/km’.

- Luong thé tich d4 voi bi hoa tan mang di trén 1 km® [x: 137.9862 /2.5 = 55.19 m'/km’=
55.19x10'mm’/10"mm’=55.19 x 10" mm.

- Luong d4 v6i bi hoa tan trong 1 nam 1255.19 x10 °mm.

- Luong dd voi bi hoa tan mang di khoi khu vuc trén 1 km’ trong 1000 nam la: 55.19 x10° x1000
=55.19mm.

Tdc do boc mon Karst cua khoi da voi Phong Nha - Ké Bang la rat bé. Cuong do boc mon Karst
thong qua bé bay tang dd voi bi hoa tan sau 1000 nam 12 55.19 mm, so v6i cdc nude trén thé gidi xEp
vao loai trung binh. Téc do boéc mon Karst ¢ mot s6 nude trén thé gidi nhu: Pong Sibia (Nga) la
22mm/1000 nam; ¢ Pennsylvania (M) 1a 34mm/1000 nam, Indonesia 8 5mm/1000 nam, Hungary
20mm/1000 nam va Papua Neguinea la 270- 760 mm/1000 nam (Nguyén Quang My, Vii Van Phai,
1997).

5.Kétluan

Tir cdc két qua nghién citu néu trén c6 thé di dén két luan sau:

- Tich s0 hoat tinh (a.2+...a.,2 ) vao mia mua va mua kho c6 gia tri twong doi nho (miia mua tir
6.844x107- 8.943x10”, muia kho tir 5.03195x107- 6.71308x10™) va cdc tri s6 nay déu nho hon tich
s6 hod tan clia dd voila K, =9,9x10” me/l. )

' (Xem tiép trang 55)
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- Luong thiéu hut bio hoa cdc ion [Ca™]; [CO,”] déu I6n hon 0, nhung c6 gid rat bé (mlia mua tix
0.955.10” dén 5.363x 10", muakho tir 5.3529x 107 - 9.5103x107).

- K&t qua danh gi4 hoat tinh qu trinh Karst theo 2 phuong phap trén déu khang dinh qua trinh
Karst khu vyc Phong Nha - Ké Bang van dang hoat dong, nhung cuong do tir yéu dén rat yéu. Vao
mua mua hoat dong Karst xay ra manh hon so véi mua kho.

T6c do boc mon Karst clia khoi dd voi Phong Nha - Ké Bang 1a rat bé. Cuong do béc mon Karst
thong qua bé bay tang dd voi bi hoa tan sau 1.000 nam 1a 55.19 mm, so véi cidc nudc trén thé giGi
thuoc loai trung binh. Tuy véy, cling cin ¢6 cdc bién phap phong chéng su phat trién clia qua trinh
Karst dé bao tén Di san Thién nhién nay va tao tién dé huéng tGi mot di san Thién nhién da dang sinh
hoc, gép phan vao su phat trién nganh du lich clia tinhnha m
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