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Tém tadt: Nghién cizu 4p dung ky thudt chudn héa theo ty 1¢ logarit
trung tam (clr) va ty 1¢ logarit ting cap nguyén té (pwlr) trén bg dir
liéu thanh phan héa hoc phdn tich bang cdc phwong phdp XRF (XRF
quét 18i - XRF-CS va XRF cam tay - pXRF) tir ¢gt tram tich nguyén
dang tai cira Ba Lat. Két qua cho thay sau khi dwoc chudn héa clr,
cac nguyén to hoa hoc trong hai bg dir liéu phan tich tir cac phirong
phdp XRF déu thé hién cing xu hwéng véi nhau, mégc di bé dir liéu
thd c6 nhimg diém khac bigt. Cac nguyén t6 hoa hoc trong cét tram
tich & cira Ba Lat thé hién rd viéc logi bé duroc cac dnh hwong cua
ddc diém tram tich, ham lwong nwéc, vdt chat hiru co va thong so ki
thugt cua tung thiét bj phan tich, tao dwoc bé dir lidu (sau chudn
hod) c6 thé su dung hiéu qua trong phan tich thong ké da bién thé
hién ¢ cac méi twong quan dia hod ddng tin cdy. Cung VoI ky thudt
clr, ty I¢ logarit tiing cap nguyen to (pwlr) ciing c6 kha nang logi bo
duwoC CAC Yéu to gdy ‘nhiéu’ va khac phuc duoc tinh bdt doi ximg tir
diz liéu phan tich cia c&c cap nguyén té nhay cam Véi méi trueong.
Cac kj thudr clr va pwir da dwoc &p dung thanh céng doi véi hai bé
dir liéu phdn tich XRF dgc 1gp cho cling cét tram tich ¢ cira Ba Lat,
va da nhan dién dieoc sw Kién bdo li lich sir nam 1971 trén 16p tram
tich di thwong ¢ dé sau 65-68 cm. C6 thé thdy xir ly cac di liéu
thanh phan héa hoc diroc phan tich bang cac thiét bi XRF bang kj
thudt clr va pwir la buéc can thiét va quan trong trong nghién citu
tram tich.

1. Mé dau

cuc doan xuat hién (Sabatier va nnk, 2022;

Cot trAm tich nguyén dang tai cac thuy
vuc la mot trong nhimg ddi twong 1y twong dé
nghién ciru bién ddi méi truong nho kha ning
lwu gitt trdm tich lién tuc theo thoi gian
(Davies va nnk, 2015). Nhiéu thong tin c6 gia
tri c6 thé thu nhan duoc trén co sé nghién
ctru dic diém céc 16p tram tich nhu: nguon
gbe, co ché van chuyén, téc do ling dong cua
vat chat dugc dua dén, qué trinh phong hoa
(Davies va nnk, 2015) va cac su kién thoi tiét

90

Wilhelm va nnk, 2022). Trong do, thanh phan
hoa hoc cua céc 16p tram tich 1a dir liéu duoc
4p dung phd bién nhit (Bertrand va nnk,
2024). Mbi nguyén t6 hoa hoc thé hién hanh
vi hoa hoc riéng biét trong nhiing diéu kién
mdi trudng nhat dinh (Calvert va nnk, 2007),
do d6 ching gitp cac nha khoa hoc c6 thé
khoi phuc nhiing thay d6i cua méi truong
trong qua khu, tir d6 hiéu rd hon cac quy luat
bién ddi hién tai va du bao kich ban dién bién
trong tuong lai.
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Thanh phan héa hoc cua cac thanh tao dia
chit thudng dugc xac dinh bang cac phuong
phép phan tich truyén théng nhu quang pho
phat xa plasma (ICP-OES), khéi phé plasma
cam ung (ICP-MS), huynh quang tia X phéan
tan bugc song (WD-XRF), huynh quang tia
X phan tan nang luong (ED-XRF)... Céc
phuong phap nay cung cap két qua phan tich
dinh luwong véi ham lugng céc nguyén td
duogc biéu thi bang phan trim (%) hodc phan
triéu (ppm) theo khdi luong, véi do chinh xac
cao va sai s thap (Bertrand va nnk, 2024).
Tuy nhién, cac phuong phap phan tich nay
deu c6 chi phi thuc hién twong dbi cao, yéu
cau quy trinh chuan bi, phan tich mau phirc
tap va can nhiéu thoi gian. Hon nita, C4c
phuong phap phan tich chi ¢ thé 4p dung
trén mau riéng biét va déu pha huy & cac muc
d6 khac nhau. Py chinh 1a rao can Ién ddi
v6i nghién ciu thanh phan hoé hoc cua cot
tram tich nguyén dang & d6 phan giai chi tiét.

Phuong phap phén tich thanh phan hoa
hoc truc tiép trén bé mat mau tram tich duoc
&p dung tir cudi thé ky 20 voi su ra doi cua
may phén tich huynh quang tia X quét 1Bi
(XRF core scanner - XRF-CS) (Jansen va
nnk, 1998). Tir dau thé ky 21, h¢ théng XRF-
CS da phat trién véi nhidu loai thiét bi va
duoc cac nha khoa hoc sir dung dé thu thap
dir lieu thanh phan hoéa hoc vd co trong
nghién ctru dia chat, dic biét p dung trén cot
tram tich nguyén dang (Croudace va nnk,
2006; Sakamoto va nnk, 2006; Richter va
nnk, 2006; Murdmaa va nnk, 2021; Bertrand
va nnk, 2024). Phuong phap XRF-CS duoc
&4p dung phé bién do c6 nhiing vu diém 16n
nhu: (i) ghi nhan thanh phan héa hoc truc tiép
va lién tuc ma khdng can pha hay mau; (ii)
thoi gian, quy trinh chuan bi va phan tich
mau nhanh gon, don gian; va (iii) chi phi hop
ly (Gregory va nnk, 2019). Nho do, thanh
phan cac nguyén t6 c6 thé duoc “ghi nhén
nhanh chéng, & 6 phan giai chi tiét vai quy
trinh chuan bi mau va phan tich don gian.

Hé théng XRF-CS hoat dong trén nguyén
Iy st dung mot chum tia X ¢6 nang lugng cao
(chum tia X so cap) chiéu truc tiép 1én bé mat
mau, lam kich hoat electron tai cac 16p bén
trong nguyén tr hoad hoc (thuong la 16p K
hodc L) bat ra khoi quy dao. Piéu nay lam

cho nguyén tur tré nén mat can bang, va do
do, electron tir 16p vo ngoai ¢6 xu hudng di
vao lap chd tréng ¢ 1op vo trong. Khi quéa
trinh nay xay ra, nang lugng chénh léch gitra
hai muc ning lwong cua electron di chuyén tir
I6p vo ngoai vao I6p vo trong sé duoc gial
phong ra dudi dang bac xa dién tu thi cap
(tia X huynh quang). Cac chum tia X huynh
quang phat ra ¢6 nang lugng dic trung cho
ting nguyén té va duoc thiét bi ghi lai thong
qua bo cam bién (detector) dudi dang cuong
do cua ting muc ning lugng. Thanh phan
cac nguyén té hoa hoc dugc xac dinh dua
vao s lugng tia X cia méi mirc ning lwong
ghi nhan dugc trong mot don vi thoi gian, va
thuong dugc biéu didn bing don vi cps
(count per second) (Richter va nnk, 2006).
Phuong phap XRF-CS dugc thuc hién truc
tiép trén bé mat mau, do do dir liéu ghi nhan
thuong bi anh huéng boi dic tinh cia mau
nguyén dang (ham lugng nudc, vat chat hiru
co (VCHC), kich thuéc hat tram tich, mat do
mau, stc cang bé mat nude 16 réng va do
phang bé mat caa I8i tram tich) (Jansen va
nnk, 1998; Croudace va nnk, 2006;
Tjallingii va nnk, 2007). Vi vay, két qua
phan tich thanh phan ho& hoc bing phuong
phap XRF-CS can phai duwoc hiéu
chuan/chuan hoa truéc khi sir dung trong bat
ky nghién ctru nao.

Dé c6 thé str dung hiéu qua dir liéu tir méay
quét XRF-CS, c6 hai cach tiép can chinh 1a
hiéu chuan (calibration) va chuan hoa
(normalization) dit liéu cudng d6 nguyén tb
(Gregory va nnk, 2019; Bertrand va nnk,
2024). Hiéu chuan (calibration) 1a qua trinh
dinh lugng hda, quy d6i ham lugng khoi
lwong cac nguyén to (theo ty 1& % hoic ppm)
tir cuong d6 nguyén té trong phép do (cps)
bang cach so sanh vai cac mau da dugc phan
tich bang phuong phap dinh luong truyén
théng (vi du: ICP-OES, WD-XRF hoic ICP-
MS). Ky thuat nay cho phép céc nha khoa
hoc c6 thé str dung két qua phan tich XRF-CS
tuong duong vai cac phan tich dinh lugng, ¢
thé so sanh va tong hop dit liéu giira cac thiét
bi phén tich khac nhau (Dunlea va nnk,
2020). Tuy nhién, ky thuat ndy yéu cau quy
trinh phac tap hon nhiéu khi phai thuc hién
phép do song song vai phan tich dinh lugng ¢
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mot s6 lwong mau nhit dinh dé lam co so
hiéu chuan (Weltje va nnk, 2008; Gregory va
nnk, 2019).

Chuan hoa (normalization) la ky thuat xir
ly dir liéu chd trong vao viéc loai bo cac yéu
t6 anh huong va sai s6 cua ki thuat do bang
cac thuat toan, biéu dién dugc sy thay doi
turong ddi cac nguyén té hoé hoc cua cot tram
tich nguyén dang (Weltje va nnk, 2008).
Trong nghién ciu diéu kién moi truong trong
cot tram tich nguyén dang, su thay doi thanh
phan cac nguyén té hoa hoc la cac chi thi
quan trong, phan anh dugc chinh xac nhiing
bién doi vé dic diém vat chat va diéu kién
mdi trudng dién ra qua trinh ling dong. Cac
thong tin nay rat c6 ¥ nghia dé luan giai lich
sir tién hoa moi truong, mot van d& nghién
ctu dang dugc chu y quan tam hién nay.

Nghién cau nay ap dung ky thuat chuan
hoa (normalization) két qua phan tich thanh
phan hoé hoc tir cac thiét bi phan tich huynh
quang tia X, gdm huynh quang tia X quét I8i
(XRF-CS) va huynh quang tia X cam tay
(portable XRF - pXRF), ap dung trén cot
tram tich nguy@n dang & phia bac cira Ba Lat.
Dit liéu sau khi chuan hoa va déi sanh véi
nhau s& duoc ap dung luan giai mot sé diéu
Kién moi treong tai cira sdng Ba Lat.

2. Chuén héa va xt ly div liéu phan
tich thanh phan héa hoc bang XRF

Chuan hoa dir liéu XRF-CS la mét budc
xtr ly thiét yéu, duoc ap dung rong réi trong
c4c nghién ctu trén cot tram tich nguyén
dang. Muc dich chinh cua ky thuat nay la
nham loai bo anh huong tir cac dic diém vat
ly cia mau (nhu su thay d6i vé ham luong
nuéc, VCHC, kich thuéc hat, d6 rong va do
g6 ghé cua bé mat 18i mau) va khéc biét trong
thong sé ky thuat cua cac thiét bi do, nhu
mirc ning lugng ngudn tia X, dién &p va thoi
gian mdi phép do. Két qua phan tich dugc
biéu dién bang don vi cps dugc xem nhu dit
liéu thd trong nghién ciru ndy. Nguyén tic co
ban cuia ky thuat chuan hoa la coi tat ca cac
nguyén té trong phan tich tai mdi diém déu bi
anh huong nhu nhau boi céc dac diém tram
tich (Weltje va nnk, 2008). D& liéu phan tich
cua tirg nguyén t6 (dir liéu thd) co thé dugc
chuan hoa dua vao mét sb cach nhu sau:
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(i) Ty Ié v6i cuong do nguyén té duoc lua
chon tham chiéu, vi du: Al, Fe (Jansen va
nnk, 1998; Weltje va nnk, 2008; Léwemark,
2011). Ky thuat chuan hoa nay c6 thé giam
thiéu duoc hiéu ung tong dong (Closure
Effect). Day 1a mot sai s6 hé théng mang tinh
thong ké, phét sinh truc tiép tir rang budc
tong khong doi (Constant-Sum  Constraint)
cua dir liéu thanh phan, vén gay ra cac moi
tuong quan gia tao giira cac bién. Tuy nhién,
han ché cua ky thuat nay Ia tinh bat ddi xung
dir liéu ty 1¢, nghia 1a phan tich thong ké trén
ty 1é nguyén td A:B khac voi B:A. Nhu vy,
két qua luan giai c6 thé phu thudc vao quyét
dinh chta quan nguoi phan tich. Hon niia, viéc
lya chon nguyén t tham chiéu phy thugc vao
nhiéu yéu td, nhu tinh 6n dinh cua tung
nguyén té trong cac méi truong la khac nhau
(Swarnalatha va nnk 2013) hoac thiét bi phan
tich c6 d6 nhay kém véi nguyén t6 tham
chiéu. Chang han, Al la nguyén té thuong
duoc lya chon trong céc ky thuat chuan hoé
dir liéu dia hoa, nhung lai co tin hiéu khéng
6n dinh (cudng d6 ning lwong thip va/hoic
dao dong 16n) trong phan tich XRF-CS
(Bertrand va nnk, 2024).

(i) Ty lé véi cuong do tan xa két hop
(Coherent/Rayleigh Scattering) (Hunt va nnk,
2015) va/hoic cudng do tan xa khong két hop
(Incoherent/Compton Scattering) (Hahn va
nnk, 2014) va/hoic tong cuong do tan xa két
hop va khong két hop (Croudace va nnk,
2006; Kylander va nnk, 2011). Cuong do tan
xa két hop va khong két hop déu duoc thé
hién bang don vi cps trong phan tich XRF-
CS. Uu diém Ién nhat cua k¥ thuat chuan hoa
nay la co thé loai bo su khong dong nhat cua
cac dic tinh hoa ly trong cot tram tich. Tuy
nhién, & mot sb thiét bi, phd tan xa két hop c6
thé chong chéo vai phd cua mot s nguyén té
chinh, nhu Ca va Fe, va do d6 kho c6 thé xac
dinh duoc chinh x4c cudng do tan xa dé thuc
hién chuan hoa (Hahn va nnk, 2014).

(iii) Ty lé véi téng téc d6 dém cua bo
nhan tinh hiéu (Ohlendorf va nnk, 2015). Ky
thuat chuan hoa nay st dung tong cudng do
ning lugng (kcps) thiét bi c6 thé ghi nhan,
gom tia X huynh quang tir cac nguyén to, tia
X tadn xa (coherent va incoherent), va cac
nhidu nén khac, dé lam bién s6 chuan hoa.
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Téng mac niang lugng co thé bi tac dong
manh m& tir cac yéu t6 ky thuat, nhu cuong
do dong dién (mA), tinh trang ngu0n tia X
(khi ngudn cii di, keps s& giam xudng du van
do cung mét loai vat liéu).

(iv) Ty & véi tong cuong d6 cua tat ca cac
nguyén té do dugc va biéu dién dudi dang ty
I& phan tram (Jansen va nnk, 1998). Ky thuat
chuan hoa nay str dung tong cuong d6 ning
luong cua cac nguyén té ma thiét bi ghi nhan
duoc va hoan toan boé qua céc thanh phan
guan trong khac nhu ham lugng nudc, vat
chat hiru co va cac nguyén td nhe khong phat
hién duoc. Do vay, tong cudng do6 ning
lugng khong phéan 4nh dugc tong thanh phan
hoa hoc thuc ciia mau va do do6 khong phan
anh dugc day du théng tin céc nguyeén té.

Céac ky thuat chuan hoéa trén déu c6 mot
han ché 1a khong dap tng day du duoc hiéu
tng ma tran phi tuyén tinh caa bo dit liéu.
Hiéu wng nay mé ta mdi quan hé phi tuyén
tinh gitta ham luong thyc trong mau va
cuong d0 niang luong do duoc cua tung
nguyén té. Cac k¥ thuat chuan hoé trén dua
theo nguyén ly tuyén tinh, nén vé co ban
khong thé chuan hoa dwoc chinh xac mdi
quan hé cé ban chét phi tuyén tinh. (Jansen
va nnk, 1998; Croudace va nnk, 2006;
Richter va nnk, 2006; Weltje va nnk, 2008;
Léwemark, 2011; Kylander va nnk, 2011;
Ohlendorf va nnk, 2015).

Dé khic phuc cac nhuoc diém trén, Weltje
va Tjallingii (2008) da dé xuat ky thuat chuan
hoa theo ty 1¢ logarit, trong d6 thanh phan
tig nguyén té héa hoc dugc biéu dién dudi
dang ty 1& logarit véi cuong d6 nguyén tb
duoc lya chon tham chiéu (Weltje va nnk,
2008). Ky thuat chuan hod nay tong hop duoc
nhitg uu diém cua cac k¥ thuat chuan hoa
dugc trinh bay ¢ trén ddng thoi tinh dén hiéu
tng ma tran phi tuyén tinh. Nam 2015,
Weltje da phat trién ky thuat chuan hoé theo
ty I¢ logarit thanh ty I¢ logarit trung tam
(Center logarit ratio-clr), trong d6 thanh phan
tirng nguyén té duoc xac dinh bang cach bién
d6i theo ty 18 logarit da bién (gom céc nguyén
t6 dugc lya chon tinh toan), dugc goi la ty 1&
lograrit trung tdm — clr. Nguyén t5 A tai vi tri
z (CLRA(2)) dugc xac dinh theo cong thuc:
(Weltje va nnk, 2015):

counts
CLR, () = In| ———clementAz)
) { 9(2) }
Trong do:

_9(2) la trung binh hinh hoc cua cuong do
tat ca cac nguyén to6 dwoc lua chon dé tinh
toan tai vi tri z;

7)= g/counts

*COUNtS ) ¥ .counts

elementA(z) elementB(z elementn(z)

COUNtSeiementa) 18 cuong do cua nguyén to
A tai mau z.

Cac nguyén t6 duoc lya chon dé tinh toan
gia tri CLR can c6 két qua do t6t, khong
nhiéu va c6 gia tri 16n hon kha ning phat hién
cua dau do. Ky thuat chuan hoa theo ty lé
logarit trung tdm c6 thé thyc hién bang céc
codng cu hd tro tinh toan phd bién, nhu Excel
va Rstudio.

Cung véi ky thuat chuan hoa clr, ty &
logarit ting cip nguyén té (Pairwise logarit
ratios - pwlr) cling dugc xem la mot ky thuét
hiéu qua trong nghién cau bién do6i moi
treong, cho phép cac nha khoa hoc xay dung
cac chi thi dia hda nham khéi phuc cac diéu
Kién moi trueong trong qud khu (Weltje va
nnk, 2008). Ky thuat nay dugc xay dung trén
nén tang ly thuyét phan tich dir liéu thanh
phan do Aitchison (1982) khai xudng, nham
giai quyét cac van dé théng ké do hiéu tng
tong khong d6i (Aitchison, 1982). Phuong
phap nay dac biét phd hop khi can theo ddi
mot qué trinh cu thé dwoc phan anh thdng
qua mdi quan hé twong dbi gitra hai nguyén
t6 (Leung, 2006). Dya vao hanh vi dia hoé
ddc trung cua cac nguyén té nhay cam voi
diéu kién méi truong, mot sé ty 18 logarit
nguyén té thuong duoc sir dung gdm: Zr/Rb
— chi thi cho su thay ddi kich thuéc hat va
ning luong ling dong; Si/Zr — chi thi cho
ning sudt sinh hoc va ngudn gdc vat liéu;
Fe/Mn — phan anh diéu kién oxy héa—khtr;
Ca/Fe — biéu hién sy thay d6i twong ddi giira
ngudn vat liéu bién va ngudn vat liéu luc dia
(Davies va nnk, 2015).

3. 'ng dung trong co6t tram tich
phia Bac ctra Ba Lat

Pé danh gia hiéu qua cua phuong phap
chuan hoa dir liéu dia héa trong cac nghién
ctru bién d6i méi truong, nghién ciru nay da
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&4p dung trén cot tram tich nguyén dang, dai
80 cm, duoc thu thap tai khu vuc phia Bic
ctra Ba Lat, séng Hong. Mbi truong cira sdng
nay dong vai trd 1a ving chuyén tiép dong luc
gitta hé sinh théi trén can va bién, noi dién ra
sy pha tron phuc tap gitra nueéc ngot tir séng
va nudc man tir bién. Su tuong tac nay tao ra
cac gradient thanh phan héa hoc doc dao va
c4c thong tin ndy déu duoc ghi ddu trong cac
I6p tram tich.

3.1. Hé phwong phap nghién ciru

a. Thu thgp mau

Cot tram tich BL-1A dai 80 cm dugc thu
thap tai vi tri c6 toa do: 20°19'31.98"N -
106°36'0.47"E, tai ranh gigi gitra rung ngap
man cua khu Bao ton Thién nhién Tién Hai
va dam phé nudc ndng (lagoon) (Hinh 1). Cot

tram tich duoc thu thap bang thiét bj lay mau
trong luc theo nguyén ly piston, duoc phat
trién boi nhém nghién ciu EOS-VNU dam
bao cot tram tich khéng bi x&o tron (Nguyén-
Van Hudng va nnk, 2020). Quy trinh Iay mau
dugc thuc hién theo Tiéu chuan Qu0c gia
TCVN 6663-19:2015 (Huéng dan lay mau
tram tich bién) (TCVN 6663-19:2015). Cot
tram tich dwoc thu thap va bao quan trong
ong nhya PVC duong kinh 70 mm, duoc dwa
vé phong thi nghiém va tién hanh chia d6i
theo chiéu doc dng thanh hai phan bing nhau.
M3i nua cot tram tich duoc 1dm sach va md
ta ddc diém tram tich (mau séc, tinh phan 16p,
cip hat trdm tich) trudc khi do do tir cam va
phén tich huynh quang tia X.

102°0'0"E

100°0'0"E 104°0'0"E

Trung Quoc

24°0'0"N

22°0'0"N

Chi Giai
~ Song suoi

_/ Bién gidi quoc gia

20°0'0"N

~— Luu vuc song Hong

106°00"E

+

& Clra Ba Lat

Hinh 1. Khu vuc nghién cieu va vi tri cot tram tich BL-1A.

b. Phan tich thanh phan héa hoc cét tram
tich

Thanh phan cac nguyén t6 hoa hoc duoc
xac dinh truc tiép trén bé mat cot tram tich
bang phwong phap huynh quang tia X quét I5i
(XRF-CS) va huynh quang tia X cam tay
(PXRF).

Phuong phap huynh quang tia X quét 13i
(XRF-CS) duoc tién hanh trén thiét bi
Avaatech (Avaatech XRF Core Scanner) tai
Pai hoc Heidelbeg, CHLB Duc. Phéan tich
dugc thyc hién ¢ d6 phén giai 1 cm véi cac
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muc ning luong lan lugt 10 kV (thoi gian
phoi sang 15 gidy & cuong do dong 25 YA,
xac dinh céc nguyén té: Al, Si, Cl, K, Ca, Ti,
V, Cr, Mn, Fe, Co, Ni, Cu va Zn) va 30 kV
(thoi gian phoi sang 25 gidy ¢ cuong do dong
750 pA, xac dinh cac nguyén té: Rb, Sr, Y,
Zr, Mo va Pb) (Richter va nnk, 2006).

Phan tich huynh quang tia X cim tay
(Portable X-ray Fluorescence - pXRF) duoc
thyc hién trén thiét bi Olympus DELTA
Professional, tai khoa Pia chét, trudng Dai
hoc Khoa hoc Tu nhién, Pai hoc Québc gia Ha
Noi. Cac phan tich pXRF dugc thuc hién &
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ché d6 Soil Mode, st dung dén phat tia X c6
cuc duong Ta/Au 4W lam ngudn kich thich.
Phan tich dugc thyc hién ¢ d6 phan giai 1 cm
Vv6i cac mirc nang lwong lan lugt 50 kv (Xac
dinh cac nguyén té: Ba, Ta, Pb), 40 kv (xac
dinh cac nguyén t5: V, Mn, Fe, Ni, Zn, As,
Rb, Sr, Y, Zr, Nb) va 15 kv (xac dinh cac
nguyén té: S, Cl, Ca), trong khoang thoi gian
60 gidy cho mdi muc ning luong (Tjallingii
va nnk, 2007; Goff va nnk, 2020). Két qua
phan tich pXRF duoc hién thi dugi dang ham
luong cac nguyén té hoac oxid, véi don vi do
la nong d6 ppm. Dir liéu biéu dién tir phwong
phap dugc chuan hoé ty dong theo tong cac
hop phan thiét bi c6 thé ghi nhan duoc. Pay
chinh 1a han ché cua két qua phan tich pXRF,
vi md hinh hiéu chuan noi bo cua thiét bi
khong tinh dén céc thanh phan quan trong
khac khong thé do dugc, nhu ham luong
nuéc va VCHC tham chi ca cic nguyén t6
khong phat hién dugc (Goff va nnk, 2020).
Ham luong cac nguyén té du duoc hién thi
theo cac don vi dinh lugng, nhung ciling chi
phan anh duoc ty 1& twong d6i hop phan céc
nguyén té hod hoc do duoc, va do vay, dit
lidu phan tich ciing can phai duoc chuin
hoa trudc khi s dung cho cadc muc dich
nghién cuu.

Nghién ctru ndy lya chon cac nguyén té co
d6 nhay cao véi bién ddi diéu kién moi
truong, bao gém: Ca, Mn, Fe, Zn, Rb, Sr, Zr,
va Pb dé thuc hién k¥ thuat chuan héa theo ty
1¢ logarit trung tam (clr) v&i muc tiéu 1am noi
bat cac mdi quan hé dia hoa nhat dinh dé
danh gia kha nang ap dung dir liu clr cho cac
phan tich théng ké ma khong bi "nhidu" boi
su bién dong cua cac thanh phan khac.

c. Xac dinh do twr cam

Do tir cam cua céc 16p tram tich duoc xac
dinh bang thiét bi MS2 Magnetic
Susceptibility System cua hang Bartington,
Anh Quéc, voi cam bién MS2E — High
Resolution Surface Scanning Sensor, tai khoa
Pia chat, Truong Pai hoc Khoa hoc Tu
nhién. Thiét bi c6 do nhay cao (2x10° SI &
dai do 0.1 — do 3 1an va lay gia tri trung binh)
va c6 thé ghi nhan tir tinh cua cac vat chét
mang tir & cdc mirc d6 khac nhau (Lecoanet
va nnk, 1999; Lee va nnk, 2013). Phan tich
duoc thuc hién tryc tiép trén bé mat cot tram

tich, khéng can pha huy mau va duoc do lién
tuc véi budc di chuyén 1 cm.

d. Xac dinh ham lwong nuwée va vt chat
hitu co

Ham lugng nudc va vat chét hitu co trong
cac miu trim tich dwoc xac dinh bing
phuong phap mat khi | nung (Loss on ignition,
LOI). Khoang 2 g mau tram tich & mdi 1 cm
cot tram tich duoc say/nung 0 cac ngudng
nhiét d6 khac nhau, khéi lugng mau giam di
duge ding dé xac dinh ham lugng nuéc tai
105°C trong 4 gid, ham luong vat chét hitu
co (VCHC) tai 550°C trong 2 gio (Herio va
nnk, 1996).

4. Két qua va thao luan

4.1. Pdc diém cét trdm tich va cac tham
so héa ly

Cot tram tich BL-1A, véi tong chiéu dai
80 cm, dugc phan chia thanh ba don vi tram
tich (ky hiéu tir trén xudng la U1, U2 va U3)
dua trén cac dic diém vé thach hoc, cu tric
tram tich va thanh phén vat chat (Hinh 2):
don vi U1 (0-65 cm): goém tram tich bot cat
mau nau dén nau sdm, dic trung boi cu tao
phan 16p ngang song song, chira nhidu manh
vun sinh vat va vat chét hitu co (VCHC tap
trung tai khoang do sau 20-35 cm), mot s
I6p/thau kinh cat xuat hién tai cAc do sau 18—
20 cm, 25-33 c¢cm va 45-50 cm; don vi U2
(65-68 cm): la mot 1ép cat hat min, ¢c6 mau
xam dén xam nau, khong phan Iop, thanh
phan tuong d6i ddng nhat; va dom vi U3 (68—
80 cm): gom tram tich bot sét c6 mau nau dén
nau vang c6 cau tao phan Iép khong 6 rang,
thanh phan twong ddi dong nhat.

Thanh phan céc tham s6 hoa 1y dugc biéu
din theo chiéu sau cot tram tich (Hinh 2) voi
ham luong nudc thay doi tr 17,5% dén
36,3%, ham lugng VCHC dao dong trong
khoang 1,8 - 5,6% va do tr cam dao dong
trong khoang 26,5x107° SI dén 157,6x107 SI.
Sy thay d6i caa ham luwong nudc va VCHC
cho thay cac xu hudng bién ddi twong dong.
Cu thé, ham lugng nuéc va VCHC ¢ mirc cao
va on dinh véi gia tri trung binh lan luot la
33,4% va 5,1% trong don vi tram tich U3
(69-80 cm), giam dot ngdt & don vi U2 (65—
68 cm) va tang tro lai & don vi Ul (0-64 cm)
v6i ham luong trung binh thap hon U3 (gia
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tri trung binh 1a 25,32%, 3,76% tuong ng
lan lwot v6i ham lwong nude va VCHC). Do
tir cam tai don vi trdm tich U2 (65-68 cm)
cling ¢6 xu hudng tang dot ngot, dat gia tri
cuc dai 157,6x10° Sl tai 67 cm, trong khi
twong ddi 6n dinh trong phan Ion cot tram
tich véi gi4 tri trung binh 61,4x10° SI.

Dic diém ndi bat nhat trong cot tram tich
1a su hién dién cua don vi tram tich U2 (tr 65
dén 68 cm). Tai don vi ndy, cac thdng sb hoa
ly cho thiy su bién déi dot ngot va dong thoi:
ham lugng nudc va VCHC giam manh, trong
khi d¢ tir cam tang dot ngot, tao thanh mat

Unit 1 (0 - 65cm)

- Bt cat mau nau, nau sdm

- Phén I6p ngang

- Nhiéu manh vun SV (39 - 42 cm)
- Nhiéu 16p VCHC mau nau den

Unit 2 (65 - 68cm) |5
- Cat Ian bot mau xam, xam nau X
- Khéng phén I6p = :
- Thanh phén twong déi ddng nhét

|

Unit 3 (68 - 80cm)

- Tram tich bot sét

- Mau nau vang

- Phan |6p khong 16 rang )

- Thanh phan twong d6i ddng nhat |

Ham luong nwéc (%)
10 15 20 25 30 35 40
L

!

dinh di thuong rd rét (Hinh 2). Két hop cac
dic diém (U2): 16p cat thach anh dong nhét,
nghéo VCHC, kep gitra cac 1op bot sét giau
vat chat hitu co va manh vun sinh vat, cung
véi su tap trung cao cua cac khoang vat chura
tir tinh - 12 nhitng bang ching thuyét phuc
cho thay don vi U2 dugc hinh thanh bai mot
su kién ling dong ning lugng cao, xay ra
trong thoi gian ngan va da lam gian doan ché
do Iang dong ning luong thip, tuong d6i yén
tinh v6n dic trung cho méi truong tram tich
cua khu vuc (Sabatier va nnk, 2022; Wilhelm
va nnk, 2022).

D6 tir cam (S, 10°)
0 50 100 150 200

! 1 1 1 ]

I 1 I I
2 4 6 8

Ham luwgng VCHC (%)

L
0

Hinh 2. Bdac diém thach hoc va cdc tham sé hod Iy (ham luong nuoc, VCHC va dé tir cam) theo do sdau
cot tram tich BL-1A.

4.2. So sénh, chudn héa va x ly di ligu
dia héa tir XRF-CS va pXRF

4.2.1. Két qua phan tich thanh phdn hoé
hoc

Thanh phan héa hoc cua
dugc xac dinh bang hai hé théng huynh
quang tia X (XRF) khac nhau. May quét I6i
Avaatech (XRF-CS) duoc van hanh trong
diéu kién phong thi nghiém, thiét bi nay dam
bao tinh nhét quan cua dit ligu nho vao hinh
hoc do khong doi (khodng cach va goc gitra
dau do va bé mat mau duoc giit cb dinh).
May phan tich cim tay Olympus DELTA
Professional (pXRF) cho phép thu thap d
liéu mot céach linh hoat tai hién trueong. Tuy
nhién, do viéc dat may dugc thuc hién tha

cot trdm tich
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cdng bai nguoi van hanh, cac sai s6 hinh hoc
c6 thé phat sinh va anh hudéng dén do chinh
xéc cua két qua.

Két qua phan tich tir hai phuong phap
XRF-CS va pXRF cho thiy su khéc biét rd
rét vé don vi do va thang gia tri, lam viéc so
sanh truc tiép cac dit liéu tré nén khong kha
thi (hinh 3). Cu thé, két qua phan tich XRF-
CS duoc biéu didn dusi dang cudng do
nguyén t6 (cps), trong khi két qua pXRF thé
hién duéi dang ham lugng (ppm). Su khéc
biét vé ban chat ndy din dén chénh léch 16n
vé gia tri tuyét ddi; vi du, cuong d6 Fe do
bang XRF-CS c6 thé dat téi 250.000 cps,
trong khi gid tri twong ung tr pXRF chi
khoang 30.000 ppm. Do do, viéc st dung dit
liéu tho dé ddi chiéu truc tiép hodc dién giai
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xu hudng bién d6i s& gap nhiéu han ché va
thiéu do tin cay. Bén canh d6, mic du cac
dinh va d4y chinh cta ham luong nguyén té
thuong xuat hién ¢ cung do sau trén ca hai
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phuong phap, xu hudng bién thién tong thﬂé
gitra ghl]ng van ton 'gai su khac biét dang ke,
rd nhat 14 ¢ nguyén t6 Rb (hinh 3).
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Hinh 3. Két qua phan tich truc tiép tir XRF- -CS (cps) va pXRF (ppm) theo do sau cgt tram tich cua cdac
nguyén to Fe, Sr, Rb va Zr.

4.2.2. Két qua chudn héa thanh phan héa
hoc theo ty I¢ logarit trung tam (clr)

Két qua sau khi 4p dung ky thuat chuan
hoa ty 1€ logarit trung tdm (clr) cho dir li¢u
thanh phan hoéa hoc thd tir hai phuong phap
XRF-CS va pXRF dugc trinh bay trong hinh
4. Két qua sau khi chuan hoa cho thdy xu
huéng bién thién caa cac nguyén t Fe, Rb,
Sr va Zr c¢6 su twong dong gitra hai bo di
liu. Pang chu ¥, ngay ca nguyén td Rb, von

thé hién su khéc biét dang ké trong dir liéu
thd (Hinh 3), ciing cho thdy xu hudng nhat
quan rd rét sau khi chuan hoa (Hinh 4). Biéu
nay cho thdy phuong phap clr da loai bo
thanh cong cac "nhiéu” tir dic tinh vat ly cua
mau ciing nhu sy khéc biét k§ thuat giira hai
thiét bi, Iam noi bat Ién tin higu dia hoa thuc
su va khang dinh ca hai thiét bi déu ghi nhan
cling su thay doi thanh phan hoa hoc trong
cOt tram tich.

97



Tuy nhién, thang gia tri tuyét doi cua cac
bo dit lieu sau khi chuin hoa van cé su khéc
biét giira cac hé thiét bi. Su khéc biét nay cha
yéu tir cac théng sb ki thuat, gdm mitc ning
lwong cua ngudn tia X (30 kV va 10 kV déi
véi XRF-CS; va 50 kV, 40 kV va 15 kV ddi
véi pXRF) (Tjallingii va nnk, 2007; Goff va
nnk, 2020); dai phé huynh quang ghi nhan
duogc cua cac nguyén tb, do nhay cua tirng hé
thiét bi. Thém vao do6, diéu kién do cua cac
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hé thiét bi ciing anh huong dang ké dén két
qua phan tich, phuong phap XRF-CS dugc
thuc hién trong phong thi nghiém, mau dugc
gan 1én gia d& cb dinh; trong khi pXRF Ia
thiét bi cam tay, mau va thiét bi c6 thé khdng
¢b dinh khi thyc hién do. Mic du vay, khac
biét vé thang gia tri tuyét ddi ciing khong lam
anh huong dén viéc phan tich xu hudng
twong d6i hay cac danh gia thong ké da bién
trong nghién ctru bién doi méi truong.
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Hinh 4. Két qua chudn hod clr ciia cdc nguyén té Fe, Sr, Rb va Zr tir phdn tich XRF-CS va pXRF theo dé

sdu cot tram tich.
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4.2.3. Phdn tich xu hwéng bién doi cua
cac bg dir liéu

Dit lieu thd va chuan hoa caa mot sd
nguyén té dugc biéu dién trén Hinh 5 cho
thidy kha ning cua ky thuat clr trong viéc
khac phuc cac bién doi biéu kién va thé hién
xu hudng thuc cua cac nguyén té. O khoang
d6 sau 20-30 cm, cac nguyén té Si, Ca, Y va
Zr thé hién xu hudng giam & dir liéu tho (cps)
va tang & dir lieu chuan hoa (Hinh 5). Xu
hudng giam cua dir liéu thé la do 'hiéu (ng
pha lodng' xuat hién tir ham luong nudc va
VCHC tang trong cac 16p tram tich d¢6 (Hinh
2). Lép tram tich 65-68 cm, thé hién dic
diém tram tich khac biét trong ca cot tram
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tich, gdm thanh phan chua yéu Ia cat hat min
(Hinh 2), d4u hiéu cua diéu kién méi truong
ling dong véi nhiéu vat lidu tir noi khac dén
¢6 muc nang lugng cao (Sabatier va nnk,
2022; Wilhelm va nnk, 2022). L6p tram tich
nay thuong giau cac khoang vat bén (thach
anh) va khoadng vat nang, va do d6 co xu
hudng ting cao thanh phan cac nguyén t dai
dién, vi du Si, Y. Tuy nhién, dit liéu thd (két
qua phan tich) lai khéng thé hién dugc xu
huéng bién d6i nay (Hinh 5), nguyén nhan c6
thé do kich thudc hat tram tich khong dong
nhét trong 16p tram tich. Nguoc lai, dit liéu
chuan hoé lai thé hién bién d6i dong nhat véi
dic diém tram tich (Hinh 7).
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Hinh 5. Doi sanh xu hirdng bién doi theo dg sdu ciia cde nguyén t6 giiva bg dir liéu thé va chudn hod ciia

cdc nguyén 6 Si, Y, CavaZr.

99


https://doi.org/10.3390/quat5030034
https://doi.org/10.3390/quat5030034
https://doi.org/10.3390/quat5030034

4.2.4. Phan tich thong ké

Pé danh gia mirc d6 phan &nh chinh xac
mdi quan hé va hanh vi dia héa cua céc
nguyén t5, phan tich thong ké da bién dugc
&p dung dong thoi trén hai bo dir lidu: cuong
d6 nguyén té phan tich (cps) va dir lidu da
chuin hoa theo k§ thuat clr tir phuong phap
phan tich XRF-CS. Két qua tir cAc ma tran
hiép phuong sai va hé s6 tuong quan cho thay
su khéc biét rd rét gitra hai cach tiép can,
duoc trinh bay trong Bang 1-4.

Ddi véi bo dir lidu thd (cps), ma tran hiép
phuong sai cho thay cAc gia tri phuong sai
dao dong twong dbi lon (tr 1x10* dén
108455x10%) (Bang 1). Céc gia tri nay thiéu y

nghia thuc tién do thang gié tri tuyét d6i chiu
anh huong dang ké boi hiéu ung tong dong
(closure effect) va tinh khong dong nhat veé
ddc diém hod ly cia mau. Két qua la dé hinh
thanh cac twong quan gia (spurious
correlations) va phan anh khong dung ban
chat dja hoa giita cac nguyén té hoa hoc
(Bang 1 va 3). Trong bang 3, cac tuong quan
thuan gitra Ca va nhom nguyén té6 Mn, Fe,
Zn, Rb, Pb; gitta Mn véi Zn va Pb; hodc méi
tuong quan nghich gita Rb va Zr phan anh
chua ding nguén gdc va hanh vi dia hoa thuc
s cua cac nguyén té déi vai cot tram tich
ctra séng ¢ khu vuc nghién cau.

Bing 1. Ma trin hiép phicong sai bé dit liéu XRF-CS (cps) (Pon vi 1x10")

X?C';;)CS Ca Mn Fe Zn Rb Sr Zr Pb
Ca 1318
Mn 46 220
Fe 2759 1222 108455
Zn 9.43 2.84 352 1.38
Rb 17.75 -5.65 1273 4.57 20.80
Sr 163 61.98 -1040 -3.00 -27.86 162
Zr -150 -272 -2650 -11 -29.04 -120 1074
Pb 9.06 0.11 325 1.19 4.50 -4.42 -1.77 1.38
Bing 2. Ma trin hiép phiong sai bé dit liéu XRF-CS dd chuan héa (CLR)
XF(Q(I::”;?S Ca Mn Fe Zn Rb Sr Zr Pb
Ca 0.024
Mn -0.008 0.061
Fe -0.008 -0.0003 0.018
Zn -0.007 -0.004 0.012 0.014
Rb -0.006 -0.010 0.005 0.006 0.009
Sr 0.012 0.019  -0.026 -0.019 -0.016 0.068
Zr -0.001 -0.047  -0.013 -0.013 0.004 -0.016 0.091
Pb -0.006 -0.011 0.011 0.011 0.007 -0.022 -0.007 0.017

Céc nguyén to Ca va Sr thuong lién quan
dén qua trinh thanh tao vat liéu carbonat tai
chd hoic phan anh ngudn vat liéu cd xu
huéng bién (Dypvik va nnk, 2001; Davies va
nnk, 2015; Bertrand va nnk, 2024). Nguoc
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lai, c4c nguyén t6 Mn, Fe, Zn, Pb va Rb dai
dién cho nhém khoang vat sulfide va silicat,
dic trung cho vt liéu ¢6 ngudn gdc luc dia
(Morse va nnk, 1990; Dzombak va nnk,
1991). Bdi véi khu vuc nghién cau, la moi
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truong cra sdng ven bién, noi dién ra su
chuyén tiép va tron Ian giira vat liéu bién va
luc dia, Ca va nhdm Mn, Fe, Zn, Pb va Rb
can co6 twong quan nghich. Cac nghién cau
trugc day déu khing dinh trdm tich séng
Hong ¢6 su pha tron vat lidu tir nhidu ving da
gbc trong toan bo luu vuc (Liu va nnk, 2007;
Wan va nnk, 2015; Phung Thai Duong,
2024). Do d6, Zr va Rb 1a cac nguyén té luc
dia dién hinh, can c6 tuong quan thuan trong
cac moi truong tram tich tai khu vuc
(Bertrand va nnk, 2024). O khu vyc nghién
ctru, Mn va cac nguyén té Fe, Zn, Pb duoc
xéc dinh 1a c6 nguon gbc khac nhau, voi Mn
¢6 chu yéu tir qua trinh phong hoa vat lidu tu
nhién trong khi Fe, Pb, Zn dugc xac dinh cé
nguén goc tir cac hoat dong nhan sinh
(Nguyen Tai Tue va nnk, 2012; Nguyen va
nnk, 2018; Nguyen va nnk, 2020; Nguyen
Ngoc Anh, 2020). Va do vay, Mn ¢ tuong
guan nghich véi cac nguyén té nay.

D6i véi bo dir lieu chuan hod bang k¥

thuat clr, cac hé sb trén ma tran hiép phuong
sai va ma tran hé sb tuong quan déu thé hién
s dao chiéu rd rét giira cac nguyén t6 so Vi
dix liéu thd (Bang 2 va 4). Ca va nhom Mn,
Fe, Zn, Rb, Pb; Mn va Zn, Pb chuyén tur
tuong quan thuan sang twong quan nghich
sau khi chuan hoa. Sy dao chiéu nay la hoan
toan phl hop véi bbi canh dia chat dic trung
cua khu vuc nghién ctru. Bang chu y, du liéu
clr da 1am noi bat twong quan nghich gitra Sr
va nhom Fe, Zn, Pb (p= —0,6 dén —0,7) (Bang
4), trong khi dit liéu thd (cps) thé hién twong
quan thuan khéng r6 rang (p~0,2) (Bang 2).
MGi twong quan nghich nay cang khang dinh
su doi 1ap gitra cac vat liéu chita Ca—Sr voi
cac vat liéu luc nguyén giau Fe, Rb, Pb & méi
truong cira sdng ven bién nhu ctra Ba Lat
(Bang 3 va 4). Zr va Rb la cac nguyén tb dac
trung cho vat lidu luc nguyén ciing thé hién
tir tvong quan nghich ¢ bo dir liéu thd (Bang
1 va 3) sang tuong quan thuan & bo dir lidu
chuan hoé (Bang 2 va 4).

Bdng 3. Ma trdn hé 56 twong quan bé dit liéu XRF-CS (cps)

XRECS ca Mn Fe Zn Rb Sr zr Pb

(cps)

Ca 1.000

Mn 0.085 1.000
Fe 0.231 0.250 1.000

Zn 0.221 0.163 0.909 1.000

Rb 0.107 -0.084 0.848 0.853 1.000
Sr 0.352 0.328 -0.248  -0.201 -0.480 1.000

Zr -0.126 -0.559 -0.246 -0.286  -0.194 -0.288 1.000

Pb 0.212 0.006 0.840 0.864 0.839 -0.296 -0.202 1.000

Bdng 4. Ma tran hé 56 tuwong quan bo dir lieu XRF-CS da chudn héa (CLR)
XF(fI;)CS Ca Mn Fe Zn Rb Sr Zr Pb

Ca 1.000

Mn -0.214 1.000
Fe -0.376 -0.009 1.000

Zn -0.363 -0.142 0.746 1.000

Rb -0.387 -0.408 0.401 0.490 1.000
Sr 0.284 0.290 -0.726 -0.603  -0.640 1.000

Zr -0.025 -0.627 -0.308  -0.354 0.151 -0.199 1.000

Pb 0294  -0.331 0.626 0.688 0.570 -0.661 -0.169 1.000
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Hinh 6. Ty 1¢ Rb-Zr va ty I¢ In(Rb-Zr) tir di liéu XRF-CS va pXRF.

4.2.5. Sir dung ty 1é logarit nguyén té
trong nghién civu bién déi moi truong

Ty 1& cudong do cac nguyén tb, tir dir liu
tho, dugc xac dinh 1a c6 thé c6 hiéu qua khi
xem xét tuong quan giira Cac mau (vi du giira
cac 16p tram tich), do cac gia tri ty 1& khong
bi anh hudng bai cac thanh phan khac hoic
‘hiéu tng pha loang” (Croudace va nnk,
2006; Richter va nnk, 2006; Calvert va nnk,
2007). Tuy nhién, ty 1€ truc tiép nay co6 mot
han ché nghiém trong vé mat toan hoc Ia tinh
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bat d6i xtng, vi du ty 1& Rb/Sr khong ddi
xung véi ty 1& Sr/Rb vé mat toan hoc (Hinh
6), dan dén su khac biét rd rang vé hinh thai
va xu huong thé hién. Hé qua 13, viéc lva
chon nguyén té 1am tir s hay mau sé c6 thé
dan dén nhitng cach hiéu khac nhau, gay anh
hudng dén qua trinh phan tich va luan giai.
Su tly y trong lva chon ty 1& nhu vay c6 thé
dan dén nhan dinh sai léch hoic nham Ian
trong viéc xac dinh cac qua trinh bién d6i moi
truong, dac biét khi khong duoc kiém ching
chéo bing cac phuong phap chuin héa khac


https://doi.org/10.1144/GSL.SP.2006.267.01.04
https://doi.org/10.1144/GSL.SP.2006.267.01.04
https://doi.org/10.1144/GSL.SP.2006.267.01.03
https://doi.org/10.1016/S1572-5480(07)01019-6
https://doi.org/10.1016/S1572-5480(07)01019-6

hoac bang céc chi thi doc lap (Jansen va nnk,
1998; Weltje va nnk, 2008; Loéwemark,
2011).

Ky thuat ty ¢ logarit ting cap nguyén t6
(pwlr) khic phuc duoc han ché vé tinh bat ddi
Xung cua cac ty 1& nguyén té, xac lap duoc
méi quan hé d6i ximng hoan chinh giira cac
nguyén té dugc lya chon nghién ctu. Vi duy,
ty s6 In(Rb/Zr) = —In(Zr/Rb) trén ca 2 bo dit
ligu phén tich XRF-CS va pXRF (6). Nho
tinh chat d6i xung, ky thuat pwlr loai bo sai
sb chu quan trong qué trinh lya chon nguyén
t6 1am tir s6 hodc mau s, ddng thoi cho phép
mo ta dir liéu bang mot bo théng ké duy nhat,
6n dinh va nhit quan. C6 thé thdy, ty lé
logarit dugc xem nhu moét chi thi dia hoa cd

Ham lvgng nuwéc (%)
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L ! L ! L ! ) L

50 100
I I
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do tin cdy cao, phan anh chinh xac hon su
bién d6i twong ddi trong thanh phan héa hoc
va gop phan giam thiéu nguy co dua ra cac
két luan sai léch tir bo dir liéu dia héa khong
chuan héa. Tuy nhién, ky thuat pwlr chi xét
dén quan hé cua tung cap nguyén té tuong
dbi doc lap, nén ddi khi khong sir dung dugc
thong tin cua cac nguyén tb khac trong mau.
Vi vay, lya chon cac cap nguyén té dé ap
dung ky thuat pwlr trong nghién cau can
duoc danh gia can trong theo vain dé nghién
ctru va bdi canh dia chét cu thé. Két hop pwlir
V6i cac phuong phap chuin hda toan dién
hon nhu clr hodc phan tich da bién s& mang
lai bac tranh toan dién va chinh xac hon vé
qua trinh bién d6i méi truong.
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Hinh 7. Déu én cia s kién bao lii nam 1971 trong sy thay doi dac diém vat ly va héa hoc cot tram tich
BL-1A.

4.3. Cdc dic diém bién doi dai dién cho
sw ki¢n bdo lii 1971 tai khu vuu nghién ciru

Khu vuc nghién ciru dugc che chan boi hé
thong roi cat va rimg ngap man, nén it chiu anh
huong tryuc tiép tir cac tac dong ngoai bién, nhu
song gié, nhung lai ¢6 thé luu giir tot cac vat
lieu lang dong tir cac sy kién bat thuong, nhu
bao va lii lut (Hinh 7). Céc su kién bio i c6 thé
dé lai dau an dac trung trong cot tram tich va c6
thé duoc nhan dién mot cach hiéu qua thong
qua viéc phan tich tong hop da chi thi (multi-
proxy approach), bao gom dic diém thach hoc,
céc tham sb vat 1y (nhur d6 tir cam, ham lugng
nudc, vt chat hiru co), va dac biét 1a cac dir
liéu thanh phan héa hoc.

O khoang do siu 65 — 68 cm twong @Nng
v6i don vi tram tich U2 ghi nhan dugc nhiing
bién dong dot ngot va dong thoi cua hau hét
cac dic diém hoa ly cua cot tram tich: do tir
cam tang, ham lugng nudc va vat chat hitu co
giam manh va di thuong cua thanh phan cac
nguyén té hoa hoc (Hinh 7). Ty 1& In(Zr/Rb)
va céc nguyén td Si, Y ting cao dot ngot cho
thidy bang chung vé sy Kién bio i tai 16p
tram tich nay. Si va Y la cac nguyén té dai
dién cho vat liéu luc nguyén bén viing va ty
1€ Zr/Rb 1a mét chi thi dia héa dugc st dung
dé luan giai vé kich thuéc hat tram tich va
ning luong cua mdi truong ling dong trong
qua kht (Dypvik va nnk, 2001; Calvert va
nnk, 2007). Nguyén té Zr, chu yéu ton tai
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trong cdc khoadng vat nang nhu zircon, tap
trung & trdm tich hat thd va biéu thi moi
truong nang lugng cao. Nguoc lai, Rb thuong
¢6 hanh vi gidng K, lién quan véi cac khoang
vat sét, c¢6 kich thudc hat nhod min, dai dién
cho diéu kién ling dong yén tinh, ning lugng
thiap (Dypvik va nnk, 2001; Calvert va nnk,
2007). Do do, ty I€ Zr/Rb cao thudng dai dién
cho tram tich hat tho va nguoc lai.

Mot sé nghién ciu trude day da xac dinh
téc do tram tich tai cira Ba Lat trong khoang
1 thé ky tro lai day dao dong trong khoang
0,81-1,46 cm/nam (trung binh 1,2 cm/nam tai
khu vuc phia Bic ctra Ba Lat) (Van Santen va
nnk, 2007; Nguyen Tai Tue va nnk, 2012;
Bui Pic Diing va nnk, 2021). Ap dung téc do
ling dong trung binh 1,2 cm/nam ddi véi cot
tram tich BL-1A, ¢ thé thy I6p tram tich U2
dugc hinh thanh khoang nam 1971, tuong
ng vaéi tran 1a lich st ¢ khu vuc nghién ctru
da dwoc nhiéu tai lieu ghi nhan (Van de
Bergh, 2007; Van Maren va nnk, 2007; Bui
Pic Diing va nnk, 2021)

Khu vuc nghién ciru cira Ba Lat dugce dac
trung bai sy chi phéi cia nhiéu qua trinh dia
chat va nguon gdc tram tich da dang (Liu va
nnk, 2007; Nguyen Tai Tue va nnk, 2012;
Wan va nnk, 2015; Nguyen va nnk, 2018;
Phung Thai Duong, 2024), do d6 tinh khéng
dong nhat cua cot tram tich gay ra mot tro
ngai I6n cho viéc chuan héa dir liéu thanh
phan hoa hoc. Viéc ap dung thanh cong cac
bo dit liéu tir ki thuat clr, pwlr va cac tham s6
hoa 1y dé nhan dang I6p trim tich dai dién
cho tran bdo i lich st ndm 1971 cho thay
tinh wng dung cao cua quy trinh chuan hoa
nay. Cac ky thuat chuan hoéa khéng chi giai
quyét duoc céc thach thic cua dic diém khu
vuc nghién ctru ma con cho thay tiém ning
ung dung rong réi ¢ nhitng khu vuc tuong tu
va cac méi truong thuy vuc khac nhau.

5. Két luan

Nghién ciru cho thiy su can thiét cua ky
thuat chuan hoa, ty Ié logarit trung tam (clr)
va ty lé logarit ting cap nguyén t& (pwlr),
trén cac dit lieu phén tich huynh quang tia
XRF, XRF-CS va pXRF. Két qua cho thay su
khac biét rd rét vé xu huéng bién doi va
thang gié tri do (cps cia XRF-CS va % hoac
ppm cua pXRF) lam viéc so sénh tryc tiép
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cac dir liéu phan tich tré nén khong kha thi.
Sau khi dugc chuén héa clr, sy bién thién cua
céc nguyén té hda hoc trong hai bo dir lidu
nay déu thé hién cac xu hudng twong dong,
do da khic phuc dwoc c4c anh huong tir tinh
khong dong nhat dic diém hoa ly cia maiu
tram tich (ham lwong nudc, VCHC, kich
thude hat tram tich, mat d6 mau, stc cang bé
mat nudce 16 rong va o6 phang bé mat cua 16i
tram tich) va khéc biét trong thong sé ky
thuat caa cac thiét bi phan tich.

Bo dir liéu sau chuan hda bang cac ky
thuat clr va pwlr tré nén pht hop hon cho cac
phan tich théng ké da bién, xac dinh dugc
mot cach logic cac mbi tuong quan nguon
gbc va hanh vi dja hoa turong ung Voi diéu
kién moi trudng va dia chat tai khu vuc cua
Ba Lat, song Hong. Viéc nhan dién 16p tram
tich di thuong tai do su 65-68 cm gan vai sy
kién bdo 1ii nam 1971 bang su két hop céac bo
dir liéu tir k§ thuat clr, pwlr va cac tham sb
hoa ly cua cot tram tich cho thy tinh tng
dung cao cua hai phuong phap chuan héa dix
liéu thanh phan hoéa hoc trong méi truong
ling dong phuc tap. Do d6, k¥ thuat clr va
pwlr dugc dé& xuit nhu mot quy trinh chuan
cho viéc xir ly dix liéu thanh phan hoa tir tram
tich, khdng chi cho céc hé thong cira sdng ma
con cho nhiéu méi truong thuy vuc khac.

L& cam on: Nghién ciru nay dugc tai
tro boi dé tai ma sb TN.24.10, cta Truong
Pai hoc Khoa hoc Ty nhién, Pai hoc Quéc
gia Ha Noi.

L&i cam doan: Tap thé tac gia cam
doan bai bao nay la coéng trinh nghién ciu
cua tap thé tac gia, chua dugc cong bd & dau,
khong sao chép tir nhitng nghién cuu trude
day; khong c6 su tranh chap loi ich trong
nhém tac gia.
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Summary

Normalization of geochemical data in sediments by XRF for environmental change
research: A case study of a sediment core from the Ba Lat estuary.

Nguyen-Hong Quan*, Nguyen-Thuy Duong, Dinh Xuan Thanh, Tran Thi Dung, Nguyen-Dinh Thali,
Nguyen Quoc Tuan, Nguyen-Van Huong

VNU University of Science, 334 Nguyen Trai, Thanh Xuan, Hanoi, Vietham
* Corresponding author: nguyenhongquan160198@gmail.com

This study examines the application of centered log-ratios (clr) normalization and pairwise log-ratios
(pwlr) techniques to chemical composition derived from XRF core-scanning (XRF-CS) and portable XRF
(pXRF) analyses of an undisturbed sediment core from the Ba Lat estuary. Results show that, once clr
normalization is applied, both datasets exhibit consistent geochemical trends, despite discrepancies in the
detected data. This process effectively minimizes the influence of sediment characteristics, water content,
organic matter, and instrument-specific variability, thereby producing a dataset suitable for robust
multivariate statistical analysis, as confirmed by reliable geochemical correlations. Similarly, the pwlr
transformation reduces noise and corrects asymmetries in environmentally sensitive element pairs, further
enhancing data reliability. By applying clr and pwlir techniques to two independent XRF datasets obtained
using different instruments from the same core, this study successfully identifed the historical 1971
typhoon-flood event, recorded as an anomalous sediment layer at 65-68 c¢cm depth. These findings
highlight the importance of clr and pwIr transformations as crucial preprocessing steps in handling XRF-
derived chemical data for sedimentological and paleo-environmental researches.

Keywords: Normalization technique, Centered log-ratios (clr), Pairwise log-ratios (pwlr),
Environmental change, Ba Lat estuary.
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