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Eundoo Park, Sookyun Wang, Sunok Kim and Minhee Lee, 2014, The effects of the carbon dioxide stored
in geological formations on the mineralogical and geochemical alterations of phyllosilicate minerals.
Journal of the Geological Society of Korea. v. 50, no. 2, p. 231-240

ABSTRACT: This study aims to identify the geochemical and mineralogical effects of carbon dioxide stored in
geological formations on the subsurface environments. A series of autoclave experiments were conducted to
simulate the interactions in the CO»-groundwater-phyllosilicate reaction systems using a high pressure and
temperature cell at 50°C and 100 bar. Kaolinite and montmorillonite were used as geological materials reactive
in CO,-rich acidic environments, and groundwater samples from a 800 m-depth well were applied as aqueous
solutions. The characteristics of dissolution of phyllosilicate minerals and their geochemical and mineralogical
alterations after 30-days of reaction were quantitatively examined with XRD, XRF, ICP-OES and SEM/EDX.
Throughout the experiments, the dissolution of CO; resulted in lowering the pH, increasing cation concentrations
in the aqueous phase, and, thereby, the changes in composition and interlayer spacing in the mineral phase. The
experimental results clearly showed the enhanced dissolution of kaolinite and montmorillonite with the presence
of CO,. They also suggested that geochemical processes such as dissolution/precipitation and cation exchange
played major roles in physical and chemical changes in pore structure and groundwater in relevant formations and
aquifers.

Key words: Carbon dioxide, phyllosilicate minerals, kaolinite, montmorillonite, dissolution
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1. ME

AEEY olF F5T AR ARS d
& E itz ojibsiEad 7] & WEs
AR on, o|= QI tf7] F ot F
7k AT 2433t Fa% dJloE AFEHY
UTH(IPCC, 2005). A7+ 2dsket AlA A 21 715 3
3= op|He S H AYE A7) A5k
ot 7led Wekse] AlAEA e, ©] F ol
et AFARLS di-t 2 siE o= R E 3y
A= da AT 2HH olitetetaE A3} 4
km zlo] 9] Qg2 Q1 A 2 Qhof] FQ3teq R
THL 2 AYA7]= 7Igolth ATAG2 X577t
A AAE olitetga A2 7)e 71 7P A
Zola AAHAQ] tiete = 1Awo} vl EU, &
T & 5 7Iedldse SR Rt A4t
Y= QIth(Bachu, 2000; Akimoto ef al., 2004;
Emberley et al., 2004). AFFUE ojitsjetr=
Aydlege) Te ng BAGIN Fe Umeh v
& HES M 2QAN O AolT F 20 B
o] Aa(EE B4)E HASEA Threr £
712 Bk oHg - 0 &2 24 A 2" th(Bachu et
al., 1994; Hitchon, 1996; IPCC, 2005). th3-4 A%
A S W2 90T ol Atsiekat AR o) 4
Y SO QIR HHH Y AAFE oA
Aol Ago] Agtelel, AREe] 3L e
ABSAL B3 Apolol WRFFAA AlZko] ATt
o wa A 43| o] FIo] SafHict. 0|45}
Sao] gol2 24H A BAL ARE B P
N TAREY oI SAste] AFe] B2
Zof GFFL v)2 5 Qr} g W ER LoE B
Aol e ARASE FATHE A0} ZUUES
Q1 B4 AsHEOl} A BT hgele]
shElEA A% W) SR EE A% 54 wal
A7 4 9lrk. webs olxtshek X2 AR 2]
22l SPRAS BAEH] PAME AFFAH o)4k
sferazt o et B34 5 A% o A%
AW §rEsho] Yol Thoret FESHA 9
A|gfeta vhgof tigt geet ofsf7k RiEA] Ba
stth(Kwak et al., 2011). o]& 3t A 2009
2t ol AFAY BN dofd = e
oot FEshy B ASkeH Rheof #et a7

Lo e b

7h FHATHA o]FoAA L=dl, 53] A5A o
TR AR AT =9 4 24 slolA =
Al COx(scCO,)-AISh- A /BEA Q] &3 & I
AWkt o) = QIS F=E E= FH=o Hdlof
3k Aol B2 #hilo] FFH o] rhe.g, Montes-
Hernandez and Pironon, 2009; Garcia et al., 2010;
Kihm et al., 2012; Yoo et al., 2013).

o] Aol A= ojitalgta AFAF o] LHE=
AR RS W 239k 2EE B oet Al A
= Bot YA olbEtEa-Asl-HERE
AoA HAYsH= 422 AFH R FYstaL
2L sttt o fIsto] o]Akateta o] f¢ut 83
2 2AE A o] AR EY 7RG
o|E¢} ZRE 20| Eof n]X|= k] et AW
AR Y5k, v T A5l HEFEA
WS |3k 9 FE5HE] HIlE AwEstr] ¢
3 2AS AASHT 2 A9 A= olikaet
& AsAZo] £ EE i AF B FH AE
TFxoA AFEE F= W PIAA Y HIE ofsfst
= =0l E = s Aoz Aot

e o

> o

2. Al

i

M=

o] Aol e 47 1% A2 215 2
FEZ ool FATALTE FHgeIYolE
of ERdRo|=g 4F U4 HETER Husl
At vhs Ao A= vl= HEFES}HS]|(The Clay
Minerals Society) 258 £ A2 1Y F&E
Aazye YA 2o} v Ewo] vny gUet
ABE AEsh] fJ5te] 100HA)(RE 150 um)=
A7HEste] Ee RS ST X4 B
E X (XRF; XRF-1700, Shimadzu)& o]83s}o] 2+ A
ERE AR 74 4R B A vy,
Ao AHgE FHeeolE ARE HA| A F
Si0,%} Al,O5 H]-&0] 212+ 46.05% 2} 35.74% 2 o 5
B Ax5t 9lom, 489 CaO, Fe0; KO,
Na;O, MgO, TiO, 50| g+ Ao 2 Vet E
3l ZRZUo|E AFRE Si0,2] HE9] 63.99%
2 7P =%tey, oo 2= AlLOs, FeOs, MgO,
Na,O, CaO, K:0 59] =2 & eyttt Adof A
8% AEDE Ame) Bold AL 55t 2L

E 19] Urehd viet 2.
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Table 1. Physicochemical properties of the clay mineral samples.

Kaolinite sample

Montmorillonite sample

Layer structure type

1:1 2:1

Surface area (mz/g) 10.05£0.02 31.82+0.22

Cation exchange capacity (meq/100 g) 2.0 76.4

Chemical compositions; Oxides (wt.%)
SiO, 46.05 63.79
ALO; 3547 14.97
CaO 1.66 1.39
Fe 03 0.85 3.36
K>,O 0.67 0.50
Na,O 0.52 2.16
MgO 0.32 2.73
TiO, 0.28 0.12
P05 0.04 0.02
MnO 0.01 0.01
LOI 13.40 10.85
Total 99.59 99.90

Ame] TAFEH AR T2E B3] 5te]
= X-A FHEH(XRD; X Pert-MPD System,
Philips; X-4(CuKa, A= 1.5406 A), Z8(40 kV, 30
mA), S5 ~ 80°(26)), FARE("/min) Y
Aol 2w, 71 olE AlRe] S 1222,
20.98°, 24.81°0)| 4] et om, 27471 7.23 A
¢l [010] 27NN 7HE =2 A= Yehsith
S 51 ofE 9] 21.95°, 27.60°, 27.89° X ol A AF
ZA o] w771 FelE| 9] o, 20.86°, 26.64°, 50.15°
A - oA YERt A g o] u]39}8.72°, 33.63°, 26.36°
Aol A vehd 229 m=7F ERIE It weh
A, o] ZREE Ul E Al 7RSO | BT} Y&
= AABEAL Yo, A7Fe] A gut AP, n]Eke]
&7 EA ] Q= AL 2 UEHth 2RE 2
O|E A5 9] 3|82 6.82° 20.82°, 23.94°0)| A LJE}
won, 271717 12.95 A ¢1[001] AN 713
2 AEE YRSl 3 31 7o 20.78°,
26.57°, 36.49° A|H oA A Fo| m]=7} FRl= Ut
wetA o] ZRYolE AR it Brdzyol
Eo} aeke] Aojo] BAjel: e vehytsd),
o]= XRF E40A SiO7} &2 kS el
HRIRI Ao = wE| Gt

Aol AN A8l FAREHA] 9 B
of] 24f5h= 2731785 F5to] |5} 800 m Z o] 2] of

Table 2. Chemical properties and composition of the
groundwater sample (mg/L).

Cations Anions

Na 797.81 Cl 1,682.07
Ca 481.12 SO4 222.32
Si 17.60 NO; 149.68
K 11.98 Br 9.08
Mg 9.56 NO; 3.65
Al 0.03 POy 2.43
Fe 0.00 F 0.92

FSozHE YFsHh Aske Al®] 7] pH
+6.930]%1 21, 7 29f UERS ICP-OES (7000DV,
PerkinElmer) ¢} IC (ICS-1000, Dionex) ¥4 A3}
of wh2w, Aol AME Aol ARE A 2
2 o] 5 Nag} (19| 7} A0 2 28 ol
71919] 3k Mgk ik, NOs Sol vl
A 58 FER ehs 4L of A5 Al 4
3ok 13 el Aeler} EeEol 98 AR
= UEhfaz gttt

oAtStErA A|F Ao FUH olAHEE AT} 2
AROR AT 4 9 A HE 800m of 5
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(5749 A9) Y ARollA o] FolS destod, Wt
S AR 29} e olilstEad] YARE
(31.1°C) 2} AL (7.38 MPa) oA} 50C 2} 100
bar (10.0 MPa)2 22} AAsteh A5 A5 Well
Aol 2= gl ¢t 23S AN AFsH] 9
sto] AHQlF Ao 2 AZHE 100 ml &2 i
PAE o] 83IATHIHE 1). HIZEoR I9d 1
A Yol HEFE AR 6 g} A5 60 mlS
23 Aet &, 31HZ(SFT-10, Supercritical Fluid
Technologies)2} ¥ ¢ 24 7](BPR-6000, Hiflux)
£ olgstel A oltEEtAS Felshn TeH
W otelS 100 bar2 $A|5HeiTh E3H 2 A7
(heating jacket, Iwoo Scientific Corp.) 2.2 1194

H 255 A AAE 50 CoflA] g3 7] HA]
FUE ottt 2YAGO R St - e
= A 23S fABIG o)F 1eds 19t
zzHE EEoln YREE7E50C2 14gE o8
of QkxIskaL Fof 30Ut WS FrAISHAT. 2=
29 279 9IS Hlwsh| st A2y
27004 HhS 3T 2 2ol A o]4tst
g T A5k AEFE RS Y Y
Boto] Hystglon, ojatsleta o] gk vlast
7] 1% 2t of4tslekao] FRIQl0] AFES o]
&3to] 1M ol FUT dExdS AR+
e 2= 23004 A 2B Bt

AR AIZFEE S HEgo] Eit Sol= Al BES

NPARRE Slpsial, ol E YHEE7IE 0185t

Aok A B2}t FE A RE Bt Agkr AR
= pH =347](pH/Ion 5220, Mettler Toledo)E ©|
&oto] vk A5 g4 9| pHE S45}aL, ICP-OES
£ o]g3lo] 2 o] 2(K, Na, Ca, Mg, Al, Si 5)
o] FE=E A3ttt YR o EEE
AEFEL AAAZ T XRF, XRD2} SEM-EDS
(S-2400, Hitachi) & 0]-8-3}0] uh-g-0] A E = St
ot FEA WIS T3

4. A1} 9l E9|

4.1 X|5t9| X|atsty His

1209k 2N ojikshao] g2 <l
A BA A AEFEQ] &7t 1 A5k v
A Aot Wsks 24517] $ste] WAz

£ A8l9] pH W3S S5kt 229 ¢
o] CO, &3zl mA|= FFFel thek Duan and
Sun (2003) ] A+ A3tof] &J5tH 1 M2 NaCl &
oA 2] CO, §8i=+= 1 bare} 100 bar (20C)oflA
7¥z+ 0.033} 0.93 M2, T2 As A Kot mhe
&2 CO7F Aol &3 E 4= Ut vhg- A A2
ARtz AA pH 6.932] R|3l4: AR 1.2 719}
220014 5cCOz = Hedl 37| 24417 A3
pH7} 72} 3.983} 6.930.2 ZAE|gon, o] gt
S A9 27| pHE A3t} 1097} scCO, T
£ HeE FYste] fA1E 12 agz2oqA 7
2uo| E A2} oA ¥EE3t A8¢] pHE 242

(b)
Fig. 1. (a) Experimental setup and (b) a high pressure cell with teflon coating inside.
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4429} 5952 ZAHJon, ZRIZUo|ELL ¢
A Bh&3 AJsk9] pHe 242} 6.633} 7.76 0.2 =
=Sl o] % ¥k 713t F4F 7 Ak Al 2] pH
< H A AHGSHA FAI = JTHTH 2).

e, $4 2 G714 AN AAAEEE B
N FohE dovlE BEL 242 H', H,0, OH
o]th(Huertas et al., 1999). CO,7} £ & A|ok-H
EFE i Aol e FUE CO7F Al sho] wh
27 gall=HA vk 27] pH 4 12]9] 4Hg 2
o] 2Htt. o]F AlZto] ZIptol wet A shao]
£E3H H7F 2251, SAFAGEED & 3
AR U RRE T2 Q1% 887t o
oju} g714 olLEo] 210 2N A} (acid
neutralisation)o]] ¢Jgt pH 717} yehdt}. o
2 o] A 9] pH 204 CO 9| 23} of Fof T
7heE e B9t 2RYURU|E outdAls A
2Jgt Aot

AlSibO5(OH)y (kaolinite) + 5 H,O
— 2 Al(OH)s + 2 HySiO4(aq) 1)

AlSipO5(OH)y (kaolinite) + CO2 + 6 H.O
— 2 Al(OH); + 2 HiSiO4(aq) + H" + HCO5 (2)

2 Nayz3Mgp3Al ¢5i010(OH), + 1.98 H' +9.67 H,O
(Na-montmorillonite) — 1.67 AlSixOs(OH), + 0.66
Na" +0.66 Mg”" + 4.66 HiSiOy(aq) (kaolinite) (3)

0 5 10 15 20 25 30
time, days

Fig. 2. pH change in the groundwater reacted with min-
eral samples (kaolinite: circle ; montmorillonite:
square) in systems with scCO; (solid symbols) and with
He (without scCO») (open symbols).

S5 2 X|SSA W0l D[xI= g o7 235

2 Nao.33Mgoa3Al167514010(OH)2 + 1.98 CO, +
11.65 H>O (Na-montmorillonite)

— 1.67 AlLSi,O5(OH)s + 0.66 Na+ + 0.66 Mg”*
+4.66 HsSiO4(aq) (kaolinite) + 1.98 HCOs (4)

% 20 yehd vk} Zo] ¥kg- 717 5t yE
U= AREAQ] pHY| 7= 7R U E A2
dlelo] EmYzifol= AlRo|A o BASA Leh
U=, ol F AR &3fiRks 712k Atolef 7]
QIgket. 4] (1)3} ()l Lrehet vk} Zho] pH 4~89)
e 2HNA 7REE | EL Eal= A H Al
g o|o2 EAsy| Hoke EYA &8
(incongruent dissolution)& §3}] AMIE &

£ gejo] d2uleiited BER A WA, ol
23t I A Ho] Aot A= WhAYsHA] ¢F
on|, by AN HHHOR YA FAHE
Ay/ggitt. oo v|ste] ERYR o] EQ] 7h4=Ea
(2] 3) )= &2 Al 7IEEU0|E 5 &F
0)=fAtY FEE AIAEHEA 2 o] 2
2t Ao Na&t Mg 5 A714d ol W&Edt
t}. o]& E3to] FREE Ul E A7} vh3R A5}
o H|gte] ZRYRLO|E A2} §Eg3 X|5l
ol A pH7 81 w27 2713 A2 vehel.

239 A scCO- RSt~ EFE §E
ol AW F A3 ) §E Foleo] ¥
wisks B4 8 AR 0w FHs) $i5tel Fa
o] gt ICP-OES £4& =33}, ¥hg- 7]
7ol b2 4 A3k 1 39} 40 Lrepygich 2
42 B9 24T A5 §2 ol B= o]
m29, 7R Ul E A& gt §ES AH e
2, He = s5cCO,&} W23t 2|3l A& B0 A
Z7] A|3=9] G o] 5=l Hlste] Na, Mg, Si
o =L 2713 v, Cao} ALS §oj] 8 Aol S
YERHA] GEQeH(ZL® 3). ol 23t A5t W ol
0] ARHAQ) S7} ARE e ctol =} AR
9] gaflof o3t Aoz, 53], 7h&E|Uo]Eo H
stol o] Flre APl Garel 7 A8
Aoz gebEr). ujabd 18 a0 e ujel 2
o] 5cCOs} ¥hG T S04 Na 529 5717+ 7
A 3157 Ueh e 2 scC0,0] §3)2 4%
A&k Wi AHd g ol Al A4 o] B-afiRt-g-o] A Th
Moz fg 2= Roe PuEg. gl
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—n
tlo
4>

1=
rlo

pH 4 o]/F9] 204 9] 7h&Eto] E gafut-g-o]
A AlZ} Siz} v]8}eeF2 4 (non-stoichiometric) 5
=22 ekl Siol Hlste] AL o vk %
E2 A4EsE A2 A (DT Q) vehd vieh 22
Al9] A Ho] olo 2 B I E I ¢lth(Rozalen et
al., 2008; Khawmee et al., 2013).

R ZUO|E Agof gt ICP-OES 4 Zx}
of Th2w A3l o] ol e e heza ul el
o] Na, Mg, Si9] &+ Z7511, Cadl 5+ 44
Sh 2102 UeRgTH(d 4). E3t Hes} ¥R 4
sl<eo] ]5to] scCOL BHE T A|B1seoll M 2] G2
ol 5=} Mo B e, of ol
AH3 37 YollA E£X1d BERYEU|E &3] -
o Yoz B4 4 9tk 53, 8= ol Hsk 3
Na®] F71e} Cad] Havt wapd oz Yehts &
A 21 FAEEER] BEREEO|E Y ol 2 wEt
Wbl ofstel A S7to] £AI5H= Navh 3l
W 8= Caof| 9Jaf] X $H=| 317 WiE o 2 AetETh

AJ3kse] pH Hsfeh AR 2 ol & 5w

w
o
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Fig. 3. The concentrations of the dissolved components
in the groundwater samples as a function of time during
the reaction with the kaolinite sample (a) Na and Ca (b)
Mg, Si, and Al (with scCO:s : solid symbols; with He
: open symbols).

WS G4 HES 271 109714 ] sttt
Bhta, 109 o) F3et Wbt UehA) o 2
2 o] ATelA] S W Aol Ay Azt =
2o 2ol glo] 104 ol el 22| BFehe] =
$eg oJulgict

42 HEYEC B sl

31839} 2 scCOr RS- EREA U]
o e Lehh BBt Ul A5fetA
8} 735}7] 915tel XRE 8 XRD £4& 4345}
Ak AEFE AR T AE BHL 9% XRE
£ 309 9 A o|F A=e] thake] A5
31, B4 Aok 1 3of ekl ute} 2.

XRF 4 23} 1.8 39 204 ¥h8 A e
AN gl AR T4 B Be
AR} ]IS T ol Akstekao) e of 3ol P
glo] fofm1gt 2ol S hehh] ket olo] Hstel
Ergzito|s 2o A9t whg dut vlwshd
CaOx= He7} 3284 W20l A4 115.1%, scCO7} 3

(@ w

@
=]

N
o

concentration, mM
ey
o

(b)

concentration, mM

time, days

Fig. 4. The concentrations of the dissolved components
in the groundwater samples as a function of time during
the reaction with montmorillonite sample (a) Na and Ca
(b) Mg, Si, and Al (with scCO; : solid symbols; with
He : open symbols).
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Table 3. Chemical compositions of the mineral samples after 30-day reaction at 50°C and 100 bar (wt.%).

Groundwater-kaolinite sample

Groundwater-montmorillonite sample

He scCO» He scCO,
SiO; 46.09 45.50 62.83 62.47
ALO; 36.31 36.47 14.64 15.15
CaO 1.71 1.63 2.99 3.09
Fe O3 0.85 0.84 3.44 3.52
K>O 0.66 0.68 0.59 0.48
Na,O 0.53 0.67 1.52 1.43
MgO 0.27 0.41 2.25 2.15
TiO, 0.27 0.27 0.13 0.13
P,0s 0.03 0.04 0.02 0.02
MnO 0.02 0.02 0.01 0.01
LOI 12.79 13.33 11.12 10.79
Total 99.53 99.84 99.54 99.24
oo, T R = R0 ghAlE SRl EE AV 71
\—%—j\\ o)l n o= &5, Hhs £ IFE o] tigt XRD 49
o - : A A28 ol 5] w7 s ke st o
oo E Ago] walof tehdr] ojetg =) uigel
Bl w 3 el AR PR Ro 2 S2E
nital o . ] ole] wisto] TR BTt Y2 Wk
N e A 1Y £ 5% 5 Y& 71E XRD 529 2= dshe o
. - . - . " 2:9] 1o u|gt HIlE HoF}inh 7R&E| U0 E A
26 Cuko 29 4k A5 XRD )29 Fwg o] wshe (13
5), Wkg ol F AMH R heeitol B 7}

Fig. 5. X-ray diffraction profiles of the kaolinite sample
before and after the reaction experiment at 50C and 100
bar (K: kaolinite, P: plagioclase, Q: quartz, Mi: mica).

H whgollA 122.3% F7kskaL, Na,O2F MgO+= He
7} Z3hE wrSollA] 22t 29.6% 9} 33.8%, scCO,7}
S ukgol Azt 17.6% 9 21.2% ZHAd Ao
AT ol AFY] S Wdke 2RE
EUo|ES] F3ho| EAst= Nazt A|stof §&
St Caot A== ol nhe] ofste] A= W
Na7} 74313 Cazl Z71507] W&o 2 wehEch
22 ¢k 2A00A 30 B A5k E scCO%}
33t TR El o] B9t B Rito|E A 2o tis)
Y€ XRD 2419 235 242 29 59 6, & 40]
UERR AT 249 Aol Ae vk A AR FE
T3t vlwsto] kol ofsf AlEA BH oA E
of 213t F31%5t w) F= WAL R ghghet 22uHICP-
OES A} £ A Uehd #|sle= Y] §& Si/Al &

E= STk, AMHA Y] e daste AeR
UERTh o]2|3t Mahe 7HE 2| o] E9F AFEA 9
BHA Fdule] IS ujshs o=, AR
EHE AP o] ZhrEafiE o] 7R Ul ET} &
718 0.2 FAEUAY, B AMd B4 9 3
of AdiA o=z QHgA <l FEQl 7R Ul Eo H]
sto] Aol AdiA oz S HjeE SoHER
W 2 Y BEY T FolA 7RV BV AR
sl 74ul7} 95l Z7ielel e 4= ik 1
1} XRD €S o] 8 B Bao] 2= B
£ Tei% o) Bt g 39E 242 $le
£ 37ke] Bjo] Wad Ao wehEch ARA
o 7k 23l = QI3 7R Eue| E 9] 4> Hangx
and Spiers (2009)¢]] &J3] - T Ao A =Y
H 5cCOrHO-APEA] HH-SAF o] Ak} AR 5=
Ao, thFd CO,9 3 of Fof mhE Na-ARg-4]
¥} Ca-APEA o] gafdh-3-4)2 g2 gt Aot

=
.
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2 NaAlSi;Os (Na-plagioclase) + 2 H + 9 H,O
— ALSi;Os(OH), (kaolinite) +4 HiSiO; + 2 Na" (5)

2 NaAlSizOs (Na-plagioclase) + 2 H,COs + 9
H,O — AleizO5(OH)4 (kaolinite) +4 HSiO4 +
2Na' +2HCO” (6)

CaAlLSi,Os (Ca-plagioclase) + 2 H + H,O
— ALSi;05(OH); (kaolinite) + Ca** @)

CaAl>Si,0s (Ca-plagioclase) + 2 HoCOs + H,O
—> AlSi;O5(OH); (kaolinite) + Ca™ + 2 HCO; (8)
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Fig. 6. X-ray diffraction profiles of the montmorillonite
sample before and after the reaction experiments at 5
0C and 100 bar (M: montmorillonite, Q: quartz).
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Table 4. X-ray diffractional characteristics of the mineral samples used in the experiments at 50°C and 100 bar.

Sample Minerals Position (20) Miller index  d-spacing (A)
kaolinite 12.22°,20.98°, 24.81° [010] 7.23
initial quartz 20.86°, 26.64°, 50.15° [011] 3.34
placioclase 21.95°, 27.60°, 27.89° [200] 3.19
mica 8.72°,26.36°, 33.63° [001] 10.14
kaolinite 12.25°,21.06°, 24.83° [010] 7.23
. quartz 22.00°,26.65°, 28.03° [011] 3.34
Kaolinite He placioclase 22.01°,27.68°, 27.91° [200] 3.19
mica 8.84°,26.51°, 33.78° [001] 9.99
kaolinite 12.28°, 21.04°, 24.86° [010] 7.20
5cCO, quartz 22.00°, 26.68°, 28.05° [011] 3.34
placioclase 22.02°, 27.60°, 27.98° [200] 3.19
mica 8.91°,26.54°, 33.80° [001] 9.92
nitial montmorillonite 6.82°,20.82°,23.94° [001] 12.95
quartz 20.78°, 26.57°, 36.49° [011] 3.35
Montmorillonite  He montmorillonite 6.71°,20.74°, 23.49° [001] 13.21
quartz 20.80°, 26.58°, 36.51° [011] 3.34
5cCO, montmorillonite 6.68°,20.75°,23.39° [001] 13.24
quartz 20.79°, 26.58°, 36.50° [011] 3.35
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