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Tém tat: Nghién ciru phuc hoi dic diém c¢6 moi trudng va cd khi hdu nham 1am sang to cac dic
trung moi truong va khi hau trong qua khir. Cac nghién ctru ¢6 méi truong va cd khi hau cung cap
cac thong tin quan trong cho cac nghién ctru md phong xu thé bién d6i méi truong va khi hau
trong tuong lai. Muyc tiéu ciia nghién ciru nay 1 phuc hdi diéu kién c6 méi truong ciia khu vue hd
Ao Tién, Vuon qudc gia Ba Bé bang cac chi thi ddc diém thanh phan d6 hat trim tich, ham luong
vat chit hitu co (OM), gié tri ddng vi bén carbon (§°C) va nito (5'°N) va ty s C/N trong cot miu
tram tich. Sy bién ddi dong thoi vé ddc diém tram tich va thanh phan ddng vi bén chi ra ring dic
diém méi truong trong khoang 700 nam trudc dén nay tai khu vic nghién ciru duge chia thanh ba
giai doan chinh: Giai doan tir nam 1300 dén nam 1424 1a giai doan khi hau c6 mua nhiéu, murc
nuée trong hd twong ddi cao va thanh phan vat chat hiru co ¢6 ngudn gbc chi yéu tir thuc vat C3
xung quanh hd; Giai doan tir nim 1424 dén nam 1864 1a giai doan myc nudc hd giam lién tuc va
dat thap nhit do sy giam luu lwong nudc xung quanh chay vé hd. Thanh phan vat chat hitu co
trong giai doan nay c6 ngudn géc hon hop cua thuc vat quang hop C3, thuc vét phu du va ¢é xu
hudng phat trién ctia tao lam va tao ndu. Giai doan tir nim 1864 dén nay la thoi ky muc nude hd
tang, nguon gdc vat chat hitu co trong tram tich 1a hdn hop cua thyc vat sbng quanh hd va thuc vat
phul du. Cudi giai doan ndy, tir 1957 dén nay do luong mua ¢ khu vuc giam nén myuc nudc hd
tuong dbi thap, thanh phan vat chat hitu co trong tram tich chu yéu c6 ngudn gdc tir tao nau va tao
lam vé6i sy chiém wu thé cua tio nau trong diéu kién nghéo dinh dudng.

Tir khéa: C6 moi trudng, ¢d khi hau, ddng vi bén, ty s C/N, trim tich hd.

1. Mé dau hau va moéi truong trong qua khir [1]. Nghién

ctru phuc hoi dic diém bién d6i c6 moi trudng,

¢b khi hau trong Holocen dong vai tro rit quan

trong, cung cip thong tin chi tiét dir liéu khi hau

cho viéc du bao va mé phong bién d6i khi hau
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Khéi phuc c6 méi truong va c6 khi hau
nham déanh gid va lam sang t6 cac dac diem khi
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nhiéu chi thi khi hau khac nhau duoc st dung
dé phuc hoi dic diém bién doi c6 méi truong va
¢6 khi hau trong Holocen. Nghién ctru dua vao
su phan tan va mat do phan bd bao tir phan hoa
trong cOt mau tram tich x4c dinh duoc diéu kién
khi hau [3] hodc phan tich ddc diém phan b6 va
do hat cac tﬁng trAm tich dugc st dung dé
nghién ctru dao dong muc nude bién [4]. Clng
vdi cac phuong phép phan tich dic diém dja
héa, phuong phap dong vi bén dugc sir dung
rong rai trén the giéi dé phuc h01 diéu kién co
mdi truong va cd khi hiu trong trim tich ho [5].
Trong 46, gia tri SlSC va ty 1&¢ C/N dugc su
dung dé xac dinh ngudn gbc va qua trinh ling
dong vat chét hitu co trong tram tich, qua do
phuc hodi thanh coéng dic diém cd moi truong
doi bo [4].

Tai Viét Nam, dd c6 mot sd cong trinh
nghién ciru thuc hién phuc hdi didu kién cb khi
hau v c¢d méi truong bang cac chi thi thanh
phan d6 hat tram tich, bao tir phéan, chi s6 han
hén (PDSI) Su dung phuong phap phan tich
thanh phan d6 hat tir cac cot miu tram tich da
chi ra bién dd6i muc nuéc bién & dong bang
song Hong theo céc giai doan khac nhau trong
Holocen [6]. Két qua st dung bao tir phin da
phat hién bién d6i khi hau va tac dong ciia con
nguoi 1én moi truong ¢ déng bang séng Hong
trong Holocen [7]. Chi s6 PDSI va qua trinh
hoat dong ctia ENSO trong vong 300 nam trd
lai day duoc xac dinh dua vao két qua phan tich
gia tri ddng vi bén oxi (8'°0) trong cac van gb
cta cdy Po Mu tai Mu Cang Chai, Yén Béi [8].
Két qua phén tich gié tri §°C va ty 1& C/N trong
cot tram tich ring ngap mdn & vung cura song
Ba Lat da chi ra rang méi truong khu vyc trong
100 ndm qua tién hoa theo cac kiéu moi truong
gdm ving dudi triéu, gian tridu va trén triéu [9].
Tuy nhién, phuong phap ap dung gia tri 8°C va
ty 16 C/N chwa dugc tng dung dé phuc hdi cb
moi truong cac hd trén ndi & Viét Nam. Do vay,
muc ti€u cua bai bdo nay la 4p dung phuong
phap phan tich dong vi bén §°C, ti s6 C/N,
thanh phﬁn vat chit hitu co va thanh ph%m do
hat trong cot mau trAm tich dé phuc hdi diéu

kién c¢6 moi truong va cd khi hau & khu vuc hd
Ao Tién, Vuon Quoc gia Ba Bé.

2. Khu vuc va phwong phap nghién ciru
2.1. Khu viee nghién ciru

HO6 Ao Tién nam ¢ phia bic ho Ba Bé, 1a
mot ky quan dia chat va dia diém du lich noi
tiéng thudc Vuon qudc gia Ba Bé. HO Ao Tién
1a mot hd tw nhién trén ndi d4 voi, duge hinh
thanh do hoat dong kién tao ving Kkarst. Day la
mot ho kin c6 dién tich 1,5 ha, c6 do sau trung
binh 10 — 11 m, v&i d6 siu 16n nhat trong thoi
diém khao sat thang 5/2017 do dugc la 16,0 m.
H6 ¢6 sy trao d6i nude mua va nude ngdm véi
hd Ba Bé va cac vang xung quanh. Bao quanh
hé 1a nhitng ddy nui da voi cao tir 570 — 893 m
voi ring nhiét doi thuong xanh nguyén sinh
(Hinh 1). Khu vuc dic trung cho diéu kién khi
hau gié mua, véi sy phan hoa vé nhiét do,
lrgng mua theo mua hé va mua dong [10]. Gia
tri nhiét do c6 su chénh léch 16n gitta mua he va
mua dong, véi gia tri nhiét 4o théip nhét va cao
nhat 1an luot xdy ra trong thang 1 va thang 7.
Lugng mua tap trung chi yéu trong cac thang
mua hé tir thang 5 dén thang 9, thang 1 c6
lwgng mura thap nhét.

Két qua phan tich dong vi phong xa *C va
B3Cs trong cot mau trAm tich ho Ba bé di chi ra
tdc do lang dong tram tich & phan c6t mau tram
tich ¢6 d6 sau 150 — 165 cm 1a 0,1 cm/nam; do
sau 130,5 — 139,5 cm 1a 0,2 cm/ndm va dd sau
61 — 26 cm 1a 0,23 cm/nam [11, 12] (Hinh 2).

Ho Ao Tién két ndi véi hd Ba Bé boi hé
théng karst ngdm dé trao d6i nudc. Bén canh
d6, hé sinh thai rimg nguyén sinh van con duoc
bao ton, duy tri tot va phat trién trén nai da voi
nén téc do ling dong tram tich hau nhu khong
chiu tic dong ctia con ngudi. Do do, két qua tdc
d6 ling dong trim tich trung binh 0,15 cm/nim
& phan dudi 130 cm cot tram tich ¢ ho Ba Bé
cua Weide [12] 1a phu hop cho toan bo h6 Ao
Tién va cot mau trim tich trong nghién cltu nay
s& phan 4nh dugc thoi gian bién doi méi truong
va khi hau la khoang 700 nam.
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Hinh 1. S0 d6 vi tri khu vue nghién ciru (A), vi tri hd Ao Tién ¢ Vuon qudc gia Ba Bé (B), vi tri cot mau AT-01
va quang canh ho Ao Tién (C).
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Hinh 2. Két qua tc d6 ling dong tram tich trong cot mau trdm tich hd Ba Bé [11, 12].

2.2. Phurong phdp ldy mdu va bdo qudn mau

Dé thu thap cot mau tram tich, nghién ciru
nay da ché tao thiét bi iy mau dua trén thiét ké
cua Davis va Steinman [13], Somsiri va nnk
[14]. Thiét bi 1y co6t mau tram tich gdm mot
mili khoan bang dng PVC c6 chiéu dai 2 m,
duong kinh 90 mm, mét dau dugce cét nhon, dau
con lai duge ndi véi can khoan, gom bon dng

PVC cung kich thuéc c¢6 chiéu dai 4 m duoc
ghép ndi voi nhau bang khop ndi. Chiéu dai
tong s6 cua thiét bi 1dy mau 1a 14 m, trong do6
hai 6ng PVC tiép giap voi miii khoan dugc
khoan hai hang 16 (duong kinh 1 cm) voi
khoang cach giira 2 16 gan nhau nhit 1a 30 cm.
Céc 16 nay c6 vai tro thoat nudc va giam ap luc
ctia cOt nude 1én phan miu di liy duoc trong
miii khoan.
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Cot mau duoc liy bang cach dong tir tir mili
khoan xudng day hd dén khi thiét bi 1dy mau
khong thé di chuyén, sau d6 kéo 1én tir tir dé
tranh bi tut mau. Cot mau tram tich dugc ky
hi¢u la AT-01 va co toa do dia li: Kinh d¢:
105°37'2,64"; Vi d¢: 22°26'51,35"; Do sau: 13
m; Chiéu dai ¢ot mau: 110 cm. Ngay sau khi
lay, cot mau tram tich duoc giit trong ong PVC,
bit kin hai dau bang nap nhya va bang dinh dé
han ché tac dong cua mdi trudng khi quyen
Mau sau khi thu thdp dugc van chuyén vé
phong thi nghiém, bado quan trong ti lanh ¢
nhiét d6 —20 °C dén khi xir li cac budc tiép
theo. Pé tién hanh phén tich ti trong, do hat
tram tich, gia tri OM, gia tri 8"*C va "N, ti s6
CIN, cot tram tich duoc loai bo khoang 1 cm &
phén trén cung va dudi ciing dé tranh nhidm ban,
sau d6 cit mau véi khoang cach d¢ sau la 2 cm,
téng s6 mau trim tich da thu duoc 1a 54 méu.

2.3. Phwong phdp xit Iy va phan tich mau

Phurong phdp phan tich dg hat tram tich

Khoang 1 g mau tram tich wdt dwoc can va
chuyén vao cac éng Falcon 50 mL, sau d6 nho
dung dich H,0, 10% dé loai bo thanh phan
vét chat hiru co. Trong qua trinh thi nghiém,
cac manh vun hitu co, ré cidy nhé duogc léy ra
bang kep inox. Sau qué trinh phan mg, dung
dich acid HC1 IN dugc nhé vao miu dé loai bo
carbonate [15]. Sau khi toan by cac phan ung
xay ra, mau duoc li tim dé tach lwong H,0,
va HCI con du, tiép d6 khoang 10 mL nudc
cit dugc nho vao mau dé dam bao mau khong
bi kho.

Thanh phan d6 hat tram tich dwoc phén tich
bang hé thdng phan tich d6 hat laser Horiba
LA950V2. Pay la hé théng co thé xac dinh
thanh phan cac cép hat c6 kich thugc tir 0,01
dén 3.000 pm. Mdi miu tram tich dugc phan
tich 1ap lai 3 1an véi gia tri sai s6 twong dbi
<1%. Két qua phan b thanh phan d6 hat tram
tich tir hé théng LA950V2 s& dugc dua vao
phin mém GRADISTAT cua Blott va Pye [16]
dé tinh cac tham sb vé kich thudc do hat trung
binh (Md) va d6 chon loc (So).

Phitong phdp phdn tich thanh phan vit chat
hitu co

Khoang 10 g mau trAm tich wét dwoc dat
vao chén st va sy ¢ 60 °C trong 48 gio dén
khéi lugng khong doi. Mau sau khi sy kho
dugc nghién min bang cdi va chay ma nio,
trong qua trinh nghién, cac loai canh cay, ré
cay, vat chat hitu co thd va vun, vo sinh vat
duoc loai bo br:ing cac kep inox.

Thanh phan vat chét hitu co (OM) dugc xac
dinh thong qua luwong chit mat khi nung.
Khoang 2 g mau tram tich dugc cho vao chén
sir va d6t o nhiét 6 550 °C trong 3 gio. Gia tri
OM (%) dugce xac dinh bang ty sb gitra hidu sd
cta khoi lugng mAu trdm tich trude va sau khi
d6t trén khoi lugng ban dau trude khi @t [17].

Phutong phdp phén tich dong vi bén va ti s6
CIN

Khoéang 0,2 g miu tram tich da nghién min
dugc phan ung véi 3 mL acid HCI 1N trong 24
gio trong Ong nghiém Eppendorf dé loai bo
thanh phan carbonate. Sau d6, dung dich trong
ong nghiém duoc hut sach bang pi-pét. Khoang
4 mL nuée Mili-Q duge nho thém vao va rung
lic bang may de dam bao mau duogc tron déu.
Ong nghiém tiép tuc dugc dua vao may li tam
quay voi toc do 6200 vong/phit dé tach riéng
phan méu va dung dich c6 chira acid trong miu.
Qua trinh rira mau nay duogc lap lai 4 lan dé
dam bao toan bg acid duoc loai bo, sau d6 dem
say kho & 60 °C trong 48 gio.

Sau khi sdy kho, khoang 10 — 30 mg mau
trdm tich min duoc dinh lwong bang can dién tir
¢6 d6 chinh xac 0,001 mg va gbi trong cac coc
thiéc siéu sach kich thuéc 6x8 mm. Gia tri 5°C,
3N va ti s C/N dugc phén tich bang hé thong
phén tich nguyén to (Elemental Analyzer) va hé
thong khéi pho ti sé dong vi bén (Sercon Ltd.).
Trong qua trinh phan tich, chit chuan qudc té
L-Histidine (CRM — Certified Reference
Material; 8°C = —11,4%o, 8N = —7,6%0) duoc
su dung dé thuc hién quan li va dam bao chét
lwong két qua phan tich.

Gia tri 8°C va 8N cua mau duoc tinh theo
phuong trinh:



44  P.M. Quanvannk. / Tap chi Khoa hoc PHOGHN: Cac Khoa hoc Trdi dat va M6i truong, Tdp 34, S6 2 (2018) 40-50

ax(%o)z(R”“‘P‘“ljx]ooo
standard

Trong d6, 8X 1a 8°C hoac 8"N, R 1a ti sb
cua déng vi nang voi déng vi nhe (13C/12C hoac
15N/14N), Rsampm 1a ti s6 cua miu phan tich va
Rsandarg 12 chat chuan dong vi bén cia da voi
Pee Dee Belemninte (PDB).

3. Két qua
3.1. Ddc diém thanh phan tram tich

Cot trAm tich c¢6 thanh phan cha yéu 13 bot
va cat. Thanh phan cat dao dong trong khoang
tr 6,04 — 27,67%, voi gia tri trung binh la
15,93+4,55%. Thanh phén bot dao dong trong
khoang tur 72,33 — 93,96%, véi gia tri trung
binh 1a 84,07+4,55%. Thanh phan sét chiém ti

Tilé (%)

1¢ khong dang ké (Hinh 3a). Gia tri Md dao
dong trong khoang kha hep tir 17,58 dén 33,63
pum, véi gid tri trung binh 1a 24,0+4,11 pum.
Nhin chung, gia tri Md kh4 6n dinh trong toan
b0 ¢t mau, mac du co su giam tir ddy cot mau
dén d6 sau khoang 21 cm, sau do tang nhe dén
khoang d6 sau 9 cm. Tu vi tri do sau nay, gia tri
Md ¢6 xu thé giam déan ti 16p tram tich bé mat
(Hinh 3b).

Gié tri So dao dong trong khoang 1,73 —
3,53, voi gia tri trung binh 2,6+0,49. Dya vao
thang phan chia tram tich cta Blott va Pye [16],
tram tich trong h6 duogc chia thanh hai loai 1a do
chon loc trung binh va d6 chon loc kém. Cac
mAu c6 d6 chon loc trung binh phan bd & cac do
sau tir 46 — 52 cm va tir 64 — 66 cm (Hinh 3c).
Toan bd cac miu trAm tich con lai thude kiéu
trAm tich c6 d6 chon loc kém.
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Hinh 3. Bién déi thanh phﬁn céc loai trim tich, kich thudc d¢ hat trdm tich trung binh, d6 chon loc theo d6 sau
cOt mau tram tich.
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3.2. Ddc diém thanh phan vit chat hitu co

Sy bién doi cia OM thoéng qua luong chit
mét khi nung dugc trinh bay trong Hinh 4a. Gia
tri OM dao ddng trong khoang rong tir 5,19 —
20,69%, voi gia tri trung binh 12,69+4,88%.
Bién dong vé thanh phan vat chat hiru co trong
cOt mau tram tich c6 thé chia thanh cac phan
nhu sau: Gid tri OM la cao nhat va it bién doi &
do sau tir day cot mau dén d6 su 91 cm. Tur do
sdu nay, gia tri OM c6 xu thé giam lién tyc dén
d6 sau 53 cm. Gia tri OM dat gia tri thip nhét ¢
trong khoang d6 sau tur 53 cm dén 27 cm, mic
du trong khoang d¢ sau nay gia tri OM hinh
thanh hai dinh gia tri cao hon. Ttr d§ sau 27 cm,
gia tri OM tang lién tuc va dat gia tri cao tai do
sau 13 — 15 cm. Sau do, gia tri OM c6 xu thé
giam lién tuc dén tram tich bé mit.

Ti s6 C/N dao dong trong khoang tir 10,68 -
17,01, v6i gia tri trung binh 13,23+1,33. Ti s6
C/N ¢6 xu thé ting nhe tir ddy cot mau dén do
sau 91 cm, sau do, giam nhe lién tuc dén @6 sau
23 cm. Tiép do, ti s6 C/N ting khong dang ké
dén do sdu 9 cm va giam vé 16p tram tich bé

OM (%) Tisé C/N

5'%C (%)
5 10 15 20 258 10 12 14 16 18-38 -36 -34 -32 -30 -28 4 5 6

45

mit (Hinh 4b). C6 thé noi xu thé bién d6i cua ti
s C/N va gia tri OM 1a kha twong dong.

Gia tri 8"°C dao dong trong khoang tir —
28,57 dén —36,8%o, Vi gia tri trung binh 1a —
32,23+2,67%0. Xu thé bién d6i gia tri "°C co
thé dugc chia thanh 3 phan: phan tir day cot
mau dén d6 sdu 69 cm co gia tri 8°C it bién
ddi; sau do giam nhanh dén d6 sau 53 cm; tir do
sdu nay dén @6 sau 23 cm, gia tri §13C dao dong
1én xudng nhung véi bién do khong 16n; sau do
tang voi bién d6 lon hon dén do sau 11 cm; tir
day gia tri 8"°C giam lién tuc dén 16p tram tich
bé mat (Hinh 4c).

Gia tri 8'°N dao dong trong khoang nho tir
533 dén 7,67% v6i gid tri trung binh
6,2+0,6%0. Xu thé bién doi cua gia tri 5°N
trong cot mau tram tich co thé duoc chia thanh
hai phan: phan tir day cot miu dén d6 sau 47
cm, gia tri 8N ¢6 xu thé giam nhe lién tuc;
phan tir 47 cm dén 16p tram tich bé mit gia trj
8N hau nhu khong ddi, ngoai trir mot s6 mau
& trén bé mat c6 xu thé giam réat it (Hinh 4d).
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Hinh 4. Bién ddi gia tri OM, ti s6 C/N, gi4 tri 5°C va "N theo cac giai doan khac nhau trong qua khi.

Ghi chu: Trong hinh (e), duong nét lién 13 gia tri PDSI [18]; dudng nét dirt 1a gia tri §'%0 [19].
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4. Théao luan

4.1. Bién doi thanh phan @b hat tram tich trong
moi truong ho

Thanh phan d¢ hat trAm tich thuong duoc
sir dung dé phan anh dic diém thiy van trong
hd, nghién ciru va phuc hoi diéu kién méi
truong trong ho. Pac diém thay doi gia tri Md
theo thoi gian phan anh sy thay d6i vé muc
nude hd [15]. Didu nay gian tiép phan anh céc
thoi ky am va khoé o khu vyc xung quanh ho
[20]. Trong c6t mau tram tich hd Ao Tién, gia
tri Md c6 xu thé giam nhe tir ddy cot mau tram
tich (vao khoang nim 1300 A.D) dén d6 sau 65
cm (vao khoang nam 1580) (Hinh 3b). Trong
giai doan nay, thanh phan cat ciing c6 xu thé
giam dan va thanh phan bot c6 xu thé ting dan
(Hinh 3a). Piéu nay ching t6 ché do thuy vin
ctia hd thuan lgi cho léng dong trAm tich hat
min, hay muc nude hd co xu thé ting 1én [21].
Gia tri Md va thanh phan cat ¢6 xu thé ting nhe
tré lai trong giai doan tir nim 1580 dén nim
1680. Pic diém nay chimg to ché do thiy dong
luc cta hd tang 1én, xao tron day ho nhiéu hon,
chi thi cho muc nuéc hd thdp hon giai doan
trude [15, 20]. Tir nam 1680 dén nam 1880, gia
tri Md nho va thanh phan cat c6 xu thé bién dbi
rat it, ngoai tror hinh thanh mot dinh tai ndm
1797. Do vy, trong thoi ky nay dic diém thay
van cta ho kha yén tinh va muc nudc kha cao.
Trong thoi ki tir 1880 dén 1957, kich thudc do
hat trdm tich ting nhanh dot ngdt cung véi
thanh phin cat, ching t6 cac thay dbi sau da
xay ra: 1) muc nude hod chuyén tir cao sang thap
va 2) van chuyén cia cac loai vat chét tir cac
nai xung quanh hd trong qua trinh chay cua
nude mua. T ndm 1960 dén nay, kich thudc do
hat giam dan, chimg to hd c¢6 muc nude kha
cao, thuan loi cho ling dong tram tich hat min.

4.2. Phuc hoi dic diém cé moi truong va khi

hdu tir cot mau tram tich

Duya vao dic diém bién ddi gia tri OM, gia
tri 8°C va 8®N, ti s6 C/N diéu kién c6 moi
truong hd Ao Tién duoc chia ra 1am 3 giai doan
khac nhau theo sy ting 1én vé thoi gian gom:

Giai doan 3: tir nam 1300 dén nam 1424; giai
doan 2 tir nﬁm’1424 dén nam 1864; giai doan 1
tir nam 1864 dén nay (Hinh 4).

Tir nam 1300 dén nam 1424 (Giai doan 3),
gia tri OM, ti s& C/N, va gia tri 8"°C kha 6n
dinh & mirc cao nhat trong toan bd cdt mau. Dic
diém nay phan anh muc nudc ho khé cao, ¢6
thé do mua nhiéu va van chuyén khdi luong vat
chat hiru co tir cic ving nai xung quanh xudng
hd [22]. Gia tri OM va ti s6 C/N cao nhit lan
luot 1a 19,3% va 14,8 phan anh mot lugng 16n
vt chat hitu co duge van chuyén xudng day hd.
Bén canh d6, gia tri 6°C 6n dinh véi gia tri
trung binh dat —28,9%0 chiing té thuc vat bac
cao chiém wu thé trong thanh phan vat chat hitu
co. Cac dir liéu vé trdm tich thanh phdn cat
chiém ti 1& 20,35%, gia tri Md cao nhét trong
toan bo cot mau 1a 28,85 um, gia tri So trung
binh dat 3,15 dai dién cho trAm tich c6 d6 chon
loc kém (Hinh 3) da minh chtng ring tram tich
duoc léng dong trong diéu kién duoc van
chuyén tir cac viing xung quanh vao ho [20] va
nguén vét chit hitu co tir thuc vat bac cao xung
quanh hd dugc van chuyén nhiéu xudng day hd.
Két qua phén tich v& gia tri %0 cua thach nhii
hang dong & phia nam Trung Qudc ching t6
rang day 1a thoi ky hoat dong manh cia gio
mua Tay A, lam cho lugng mua ting 1én va
giam gia tri ™0 [19] (Hinh 4e). Mic du két
qua PDSI duya trén vong van gd chi ra Viét Nam
c6 cac dot han han vao thoi gian nay, nhung co
thé ving nti cao & khu vuc Vuon qudc gia Ba
Bé khong chiu tic dong cua hién twong giam
hoat dong cua gid6 mua do c6 sy dan xen gitra
cac nam kho han véi cdc ndm c6 mua nhiéu
trén lanh thd Viét Nam [18].

Tir ndm 1424 dén nam 1637 (Giai doan 2c),
gia tri OM, ti s6 C/N, gia tri 6°C va §"°N déu
thé hién xu thé giam lién tuc so voi giai doan
trude va 1an lugt dat cac gia tri 1a 13,6%, 13,8,
-30,3%o, 6,4%0. Pdng thoi cac dic diém trim
tich nhu gia tri Md, So ciing c6 xu thé giam
nhung khong rd rang (Hinh 3, Hinh 4). Thanh
phan cat giam dot ngdt xudng gia trj 15,5%, gia
tri Md giam dén 23,7 um, gia tri So dat 2,6 dai
dién cho mtc d¢ chon loc kém. Nhu vay, thanh
phan vat chit hitu co trong trdm tich hd c6 xu
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thé dich chuyén tir giau thanh phan thuc vét bac
cao sang thanh phan thuc vat phu du co trong
h6 [23]. Bit dau cua giai doan muc nudce ho
tuong 601 cao va phé bién ngudn vat chét hiru
co ¢6 nguodn goc thuc vat bac cao van chuyén tir
nai xung quanh xuong ho, nhung sau d6 muyc
nuée hd giam dan do giam ngudn nudc xung
quanh d6 vao hd. Ti sé C/N va gia trj 8"°C
giam, chimg t6 ngudn vat chat hitu co tir thuc
vat phu du chiém uu thé. Sy giam gia tri §"°N
lién tuc trong giai doan nay co thé giai thich la
do tang 1én vé thanh phan loai thuc vét phu du
thudc nhom tao lam (Cyanobacteria), vén co
kha nang tong hop khi nito tir khi quyén dé sinh
truong, nén gy giam gia tr1 3N trong tram
tich [24]. Cac nghién ctru vé gia tri 80 cua
thach nhii hang dong va két qua PDSI phuc hoi
tir vong van go déu chi ra giai doan nay c6 su
giam hoat dong twong ddi cua gié mua, giam
lwong mua va ¢ chi s6 han kha thap [18, 19]
(Hinh 4e). Do vay, day la thoi ky hoat dong cua
gi6é mua giam & khu vuc mién nai hd Ba Bé kéo
theo sy suy giam lwong mua dan t6i muc nuéc
hd Ao Tién giam.

Tir ndm 1637 dén nam 1717 (Giai doan 2b),
gia tri OM, ti s6 C/N, gia tri 8°C va 8N da
giam dén gia tri thip nhat tinh tir ddy cot miu
dén thoi diém nay. Trong giai doan nay, thanh
phan trung binh cta cat giam chi con 10%, gia
tri Md dat nho nhat 21,1 pm (Hinh 3a). Tuong
tu, gia tri OM ciing dat gid tri thdp nhat 13
6,3%; ti s6 C/N trung binh 1a 12,1; gia tri 8*°C
trung binh kha thap 1a —35,0%o. Cac két qua nay
ching to ¢ sy ting 1én vé sinh khéi cua thuc
vat phu du trong nudc hd trong giai doan muc
nuée hd ha thip. Sy giam gia tri §°C va °N
clia vat chat hiru co trong tram tich da cho thay
su chiém uu thé cua céc loai tdo nau va tao lam
trong thanh phﬁn thuc vat phu du. Tuong tu cac
két qua cua Buckley va nnk [18] va Dykoski va
nnk [19], giai doan nay c6 sy giam lugng mua
vao thoi ky dau va sau d6 luong mua ting dén,
dan dén giam gia tri 5'®0 cta thach nhii hang
dong (Hinh 4e).

Tir nam 1717 d&én nam 1864 (Giai doan 2a),
cac gia tri vé thanh phan cat, Md va So déu co
xu hudng ting nhe véi cac gia tri lan luogt la:

8,4%, 21,2 um, 2,2 so vdi giai doan trudc do
(Hinh 3). Gia tri OM, 8"C, "N, va ti sé C/N
déu c6 xu thé ting hon so v6i giai doan trude va
dat gia tri lan luot 13 8,4%, —30,3%o, 6,2%o, Vi
13,8 (Hinh 4). Cac két qua nay ching to tram
tich ho da tiép nhan mot khéi luong tram tich,
vat chit hitu co van chuyén tir ving nii xung
quanh xuéng ho va ¢ su tang 1én dong thoi cua
vat chat hiru co cd ngudn goc tir thyc vat phu
du va thuc vat séng xung quanh hd. Nhu viy,
muc nude ho giai doan nay 1a twong ddi cao do
tiép nhan ngudn nudc mua chay tir cac nii xung
quanh vao hd, hay néi cach khac hoat dong cua
gi6é mua da ting 1én. Piu nay phu hop véi két
quéa phén tich gia tri "%0 cua thach nhii hang
dong ¢ phia nam Trung Qudc [19]. Su tang dan
gia tri OM, giam ti s6 C/N, va gia tri §C & thoi
gian cudi cua giai doan, va duy tri gia tri 8°N
theo thoi gian (Hinh 4) chimg té sinh khdi cua
thuc vat phu du phat trién trong diéu kién muc
nudc ho 16n, sinh khdi ting dan theo thoi gian.
Mot sb thoi diém tang 1én gia tri 8"°C c6 thé 1a
do tiang thanh phan **C trong carbon v6 co hoa
tan ctia nudce ho [25].

Tir nim 1864 dén nam 1957 (Giai doan 1b),
thanh phﬁn cat, gia tri Md, So c6 su tang lén
manh mé so voi giai doan 2a va dat gid tri lan
lugt 12 20,9%, 26,2 pm, va 3,0 (Hinh 3). Tuong
ty nhu cac tham sé trim tich, gia tri OM ting
nhe so voi giai doan trudoc dat gia tri 15,3%,
trong khi d6 ti s6 C/N va gia tri 5"°C trung binh
giam nhe voi cac gia tri 1an luot 1a 13,5 va —
33,1%o. (Hinh 4). Cac két qua nay cho thay co
su ting 1én vé thanh phan vat chét hitu co co
ngudn gbe tir thie vét bic cao sdng xung quanh
hd lién quan dén su gia ting lwong nudc tir
xung quanh d6 vao hd va 1am cho muc nuéc hd
tang 1én. Pdi sanh voi cac két qua phén tich gia
tri 8'°0 cua thach nhii hang dong ¢ phia nam
Trung Québc [19] va chi s6 han han PDSI phyc
hoi tir vong van gb & Viét Nam [18] cho thay
lwong mua co su ting 1én vao thoi ky dau cua giai
doan va giam nhe vao cudi giai doan [18, 19].

Tir nam 1957 dén nay (Giai dogn 1a), thanh
phan cat, gia tri Md, So déu c6 xu thé giam
nhanh (Hinh 3), gia tri OM, ti s6 C/N, gia tri
3C va 8N déu c6 xu thé giam dén bé mat
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tram tich (Hinh 4). Thanh phéan cat trung binh
co gia tri 14,0%, gia tri Md 1a 21,5 pm, gié tri
OM giam dot ngot con 8,8%, ti s6 C/N giam
con 11, gia tri 8C giam manh so véi giai doan
trude 1a 3,4%o, trong khi gia tri §'°N giam rat it.
Céc két qud nay chung t6 giai doan nay da co
sy giam ve luu Iuong nuée d6 vao ho. Ti sb
C/N va gia tri 8C thap nhét trong toan bg cot
mau, ching t6 thanh phan vat chét hitu co trong
ho ¢6 ngudn goc chi yeu tr thuc vat phu du
song trong cot nudc hd [26]. Su giam gia tri
3"C (~3%o) ctia vat chit hiru co trong tram tich
c6 thé giai thich 14 do sy thay d6i vé thanh phan
tdo, v4i su chiém wu thé cua céc loai tdo nau
(chrysophyceae) co gia tri 8*°C dao dong trong
khoang tr —34,4 dén —31,3%o [24]. Thuc té,
hién nay nudc hd ludn c6 mau nau vang do mau
cua tdo gy ra. Do viy, trong cac nghién cuu
tuong lai cAn xac dinh rd thanh phan cia cac
loai tao trong nudc hd. Mot 1y do khac cho su
giam gia tri BC dot ngodt cua vat chit hitu co
trong tram tich 1a khi muc nuéc hd ha thap co
thé xay ra qua trinh x4o trén nudc tang day, do
vay ham lugng 6xi hoa tan trong nudc hd ting
va gay 6xi hoa cac loai vét chat hitu co va khi
metan & 16p trdm tich trén cung. Qua trinh 6xi
hoa nay tao san pham 1a khi CO, co thanh phan
ddng vi 2C thap phat thai vao nudc hd. Cac loai
thuc vat phu du st dung lugng khi CO, hoa tan
nay dé quang hop sé& tao ra vat chat hitu co co
gia tri 8C thép. Sau khi chét cac loai thuc vat
phu du s& ling dong xubng day hd va tao ra
tram tich hiru co co gia tri 3"°C thap hon [27].
Qua trinh 6xi héa nay xay ra manh khi cé cac
loai sinh vt nhu c4 duoc nudi trong hd. Theo
nghién ctru va phong vin nguoi déan, nhiing
nim gan ddy mot sb loai ca da duoc ngudi dan
tha vao hd, nén co thé giy xdo tron day hod va
lam gia ting qua trinh 0xi hoa vat chat hitu co.

5. Két luan
Cot mau trAm tich c6 chiéu dai 110 cm da

duoc l:fly tai hd Ao Tién, Vuon quéc gia Ba Bé
deé phan tich thanh phan d6 hat tram tich, gia tri

OM, ti s6 C/N, gia tri 8"3C va 8"°N. Két qua cho
thiy cot mau cé thé phan anh dugc diéu kién
bién d6i moi truong va khi hau cia khu vuc
trong khodng thoi gian 700 nam (tr nam 1300
dén 2017). Sy bién d6i dong thoi ciia thanh
phan do hat tram tich, gia tri OM, ti s C/N, gia
tri 6°C va 8N di phan anh diéu kién méi
truong lang dong tram tich va khi hau ciia khu
vuc dugc chia thanh 3 giai doan: tor nam 1300
dén nam 1424 (giai doan 3) 14 giai doan khi hau
c6 mua nhidu, myc nudc hd tuong 601 cao va
phd bién vat chit hiru co c6 ngudn gde tir thuc
vat C3 xung quanh hd. Tir ndm 1424 dén 1637
(giai dogn 2c), myc nude hd giam lién tuc va
giam ca luu luong nuée xung quanh chay vé
hd. Thanh phan vat chat hitu co trong tram tich
¢6 ngudn gdc hdn hop cia thuc vt quang hop
C3 va thyc vat phu du. Ngoai ra, hoat dong gio6
mua trong thoi ky nay ciing ¢6 xu hudng giam.
T nam 1637 d&én 1717 (giai doan 2b), muc
nude hd giam thap nhat do lugng nude mua d6
vao hd giam, hd nghéo dinh dudng va céc loai
tao lam va tao nau chiém wu thé phat trién. Tur
nim 1717 dén nim 1864 (giai doan 2(:) co su
tang dan cta myc nude hé do ting dan vé luong
mua d6 vé ho, thuc vat phu du phat trién trong
diéu kién muc nudce hod cao, sinh khi tang dan
theo thoi gian. Tir nim 1864 dén 1957 (giai
doan 1b), muc nuéc hd ting, ngudn gbc vat
chat hitu co trong tram tich 1a hdn hop cua thyuc
vat séng quanh hd va thuc vat phu du. Hoat
dong cua gié6 mua manh dan tir dau dén cudi
giai doan. Tir ndm 1957 &én nay (giai doan 1a)
dugc déc trung boi sy giam lugng mua va hoat
déng gi6é mua ¢ khu vue, myc nuée hé tuong
dbi thap Nguon vat chat hiru co trong trim tich
chu yéu c6 ngudn goc tr tdo nau va tao lam.
Trong d6, tao nau chiém wu thé trong diéu kién
ngheo dinh dudng.

Loi cam on
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Reconstruction of Paleoenvironmental Changes in Ao Tien
Lake, Ba Be National Park Using Stable Isotope Analysis

Dang Minh Quan?, Nguyen Tai Tue>?, Pham Thao Nguyen?,
Luu Viet Dung?, Tran Dang Quy*?
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VNU Key Laboratory of Geoenvironment and Climate change Response

Abstract: Reconstruction of paleoenvironment and paleoclimate aims to clarify the characteristics
the environments and climate in the past. The information of paleoenvironment and paleoclimate
contributes important data for simulating the environmental and climate change in the future. The
purpose of this study aims to reconstruct the paleoenvironmental characteristics in Ao Tien Lake, Ba
Be National Park using the geochemical indicators of sediment grain size compositions, organic matter
(OM), stable isotopes (5**C and 8"°N) and C/N ratios in one sediment core. The simultaneous variation
of the geochemical indicators showed that paleoenvironmental characteristics of the study area since
700 years BP could be divided into the three following periods: The period from 1300 to 1424 AD was
characterized by heavy precipitation, relatively high in lake water level and dominance of organic
matter originated from C3 plants surrounding lake watershed; The period from 1424 to 1864 AD was
characterized by a continuous decrease in the lake water level and reached to the lower water level due
to the decrease in the precipitation water entering the lake. The sedimentary organic matter was
originated from both C3 plants and lake microalgae with the dominance of chrysophyceae and
cyanobacteria; The period from 1864 to the present was reconstructed by a slight increase in lake
water level due to the intensifying of moonson activities. The predominance sources of sedimentary
organic matter consisted of C3 plants and lake microalgae. The period from the year 1957 to the
present was characterized by a decrease in precipitation and a relatively low lake water level. The
sedimentary organic matter sources were mainly from cyanobacteria and chrysophyceae microalgae.
In which, the chrysophyceae microalgae was predominant in the oligotrophic state.

Keywords: Paleoenvironment, Paleoclimate, Stable isotopes, C/N ratios, Lake sediments.



