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The study of biogeochemical alteration of clay
mineral in marine and terrigenous sediments
distributed in exposure area of glacier, West

Antarctica
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SUMMARY

I. Title

The study of biogeochemical alteration of clay mineral in marine and
terrigenous sediments distributed in exposure area of glacier, West

Antarctica (3 year)

IT. Objectives and justification of this research development

This proposal is focused on the microbe-mineral interaction in extreme
environment, for example the bio—alteration of smectite clay minerals in
soils of the West Antarctica. Through the field and batch experiments the
alteration of smectite clay minerals in the soils that was exposed during the
retraction of ice sheet, and secondary mineral formation associated with
microbial interaction will be investigated. The objective of this proposal is,
therefore, to understand the effects of microbial alteration (that accompanies
with physical and chemical weathering) on the soil minerals that influence
the origin and distribution of clay minerals. This result will indicate that
the feasibility of the microbial Fe-respiration utilizing minerals and possible

mechanism of Fe-liberation to the Antarctic ocean.

. Contents and scope of this research development

1) Analysis of marine sediment from Larsen Ice Shelf region:

® TEM analysis of structural difference of mineral in nano-scale depends on

_7_



Glacial and Interglacial climate change

® Observation of nano-scale evidence of climate change using SAED pattern

® Measurement of Illite crystallinity (IC) and Crystal size distributions (CSDs)
depends on Glacial and Interglacial climate change

® Investigation of Numerical interpretation and Crystal growth mechanism by
statistical process of Crystal size distributions (CSDs)

® Measurement of redox-state of Fe in mineral structure using TEM-EELS

2) Batch experiment :

® Analysis of proportional change of Fe-reducing bacteria depends on each time
point

® TEM/XRD analysis of the consequences of microbe-soil interaction and
control (Kim et al., 2004)

® Mineralogical analysis of microbially induced secondary mineral formation (TEM,
XRD)

3) Role of microbes in bio-alteration and the selection of extended study

area:

® Interpretation of the role of microbes in bio—alteration with the reference
study of physical/chemical weathering

® Seclection of the extended study area based on the results from the
current proposed study for future work

4) Long-term Batch experiment:

® Interpretation of mineralogical analysis, extent of Fe(IIl) reduction, cation
exchange capacity (CEC) until 3-year study

® Pyrosequencing analysis of Fe-reducing bacteria for the each time point of

long—term batch experiment

IV. Results of this research deveolpment

1) Analysis of marine sediment from Larsen Ice Shelf region

® Mineralogical analysis of bulk and 2 um marine sediment sample to

determine the mineral assemblage



® Measurement of Illite crystallinity (IC) and Crystal size distributions (CSDs)
depends on Glacial and Interglacial climate change

® TEM/SAED pattern analysis of the consequences of Glacial and
Interglacial climate change

® Measurement of redox-state of Fe in mineral structure using TEM-EELS

2) Batch experiment using psychrophilic bacteria:

® Analysis of proportional change of Psychrophilic Fe-reducing bacteria depends on
each time point

® Pyrosequencing analysis of Fe-reducing bacteria depend on each time point

3) Analysis of composition of surface soil sample and Biomarker

® Measurement and Interpretation of structure of altered minerals, extent
of Fe(Ill) reduction, and cation exchange capacity (CEC) measurement

® Discussion about Bioalteration of clay mineral

V. Application plans from this research

This is the first research proposal of studying the role of microbial activity
in soil alteration. At the end of one-year research, a new direction of
research in weathering in Antarctic area will be provided by focusing on
the role of various microbial interaction with clay minerals. Such that the
data set from this proposal will be new clue to the origin and distribution
of clay minerals that was previously investigated by chemical/physical
weathering process. Therefore, structural/chemical modification of Fe-bearing
clay minerals could be a nano-scale indicator that reflects the depositional

environment in Glacial and Interglacial period.
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Observed Caleulated distribution o Degree of Significance

Figure
no. distribution values freedom level (%)
Hlite (Gembst) Log normal 6.50 16 >20
(o= 1.935, p?=0.281)
{llite (61cmbsf) Log normal 131 12 =20
(o= 1.861, p*=0.261)
flite (121cmbsf) Log normal 045 8 >20
{o= 1599, p*=0.181)
{llite (218cmbsth) Log normal 1,08 8 =20
(o= 1.182, p*=0.205)
¥ 1) Summary of x? tests of CSDs of samples from the core

EAP13-GC16B
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19 5) TEM-EELS #4158 %3] EAPI3-GC16B #o] % 0 cm®} 121 cm9 ¥
gfo]Eo] W3 Fe redox-state® =74. van Aken et al, 1998 ¢ WS oz}
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Fe-bearing mineral?] nontronite®]~] biological alteration®] & o]u+=4]

Skt (17 5).
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alterationS ®.7] 98] AP 3} Zo] settingS 3F T Microbe®t Nontronite
(NAu-D9] ¥hg-2 HpEREE A e] ot 7|23 A2 WstE agsto] 4%
A5k R ARk, Zhzhe]l oAl wrElE et ars TEEA7V] 9lE)
olo] F ¥}

m-1 medium< #7189 enrichment S-S w51, W& ulg) g
=2 A&7 g8 FEoldsto] =2 273 controlMES w0 A 47)

A7HA] WSA A Hgh (29 5).

19 6) Monitoring of Enrichment culture and control of NAu-1 sample

(Kim 2014, unpublished). (%2} ¥3}7} iron reduction)

0.140
0.120 - g
e 0.100 - g =
g 0.080 -
3
=
£ o.060 - .
;‘5 £21881 W21844 421996
0.040 -
0.020 - 021939 X Control
0.000 ? T T T T T >|<
0 20 40 60 30 100 120 140
Time (Days)
4T 15T
Control 21881 21996 21939 21844
T1 0.0661
(@ vieels) 0.0021 0.0878 0.0938 0.0998 {lweeks)
@ mToi ths) 0.1107 0.1010 0.1059 0.0945
= 0.0048 0.1125 0.1099 0.1180 0.1102
(4 months)

a9 7) Fe(Il)/Total Fe analysis of bio—reduced NAu-1 by psychrophilic

bacteria at 4 and 15 C



o 13 69 efxel XE HE/H:.SO.E ©l&3te] clays =<9 ¥, 110-
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o} 22 E HAWA, 4% enrichment, 15% enrichmento] A <F 10% 7 &= 9]
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Atomic%: Compd% Formula
2,08 1291 MgO
142 2.86 Al203
5.64 13.43 Si02 |
297 2524 P205
15489 45.55 Fel
5920
ad 8 Vivianite formation in 4 months reduction sample by

S.frigidimarina 21844 at 15C



9] Fe-bearing mineral®l 4] biological alteration®] ¥doJ=x+] &<138]H k).
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18 /W74 whSAlA HTh (L9 8)
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19 9) Monitoring of Enrichment culture and control of Barton peninsula

sample (Kim 2014, unpublished). (222} ¥ 3}7} iron reduction)
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19 10) Fe(I)/Total Fe analysis and Cation exchange capacity (CEC)
measurement of bio-reduced 0105-1 by psychrophilic bacteria at 4 C and
15 C
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meq/kg7tA 77} S 7FeFAH
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6 months
Clostidium_estertheticumn (1.6%)
Tissteralia {29%
Clostidium_tagluense (2, 4%!

R

Pseudomaonas (20.6%
Fe-redu

Psychrosinus_farmentans (2.8%

Desulfosporosinus (54.2%)

12 months 18 months
.ﬂ.rmmbacﬂf {1.2%]
Clostridivm ag:.:mm:n{rgl gg?j iy _pmam} i
Clostrigium_tagiuense (4.6%) Tiggigrela (4.6%

Clostridiales (0.5%)
Pseudomonas(3.9%)

sinus(40,3%) Clostidium_tagivense(3.8%)

Psychrosinus_fermentans (42 9%)

9 11) HFENEE 0105-1 E9F M=o 4% oA batch 23] 3+ time point

¥ dhg gl o} o] pyrosequencing 2 7}
0 month 6 months

Tissigrelia_EU369155_s(1.2%
Desulfosporasinus_undassified
{12.2%)

Bmmntuhs

12 months 18 months

Tissisrella_unclassified{1.6%) Ramiibacter_D84645_s (2.5%,
Ramiibacter_ D84645_s (4 4%) — \, /- Pseudomanas(0.3%) Tissierslia_EU363155_s(7.1%)

Tissierella_EUZES155 5 (7. 1%, . p-* Desulfosparosinus_unciagsified (0.5%
FPropionibacieriacess (24.4%)

Desulfosporesinus Propianibacteriaceas (30.3%)
_ unclassifisd (3.5%) unclassified unelassified
. Desuifosporosinus_unclassified
Desulfosparosin (10.0%
_unclassified (2.3%) Nitrate reducer Tesisrelia_FN$36130_s (9.1%)
| i

ducer
Tissierella_FNG36T30_s

(115 FJ43T892_g (32.4%)

Bartaroidales FJ4378592_g(29.4%)

Baclterpidales

a3 12) vFEHIE 0105-1 E%F AZ 9 1559 A] batch A&o] w3l time

point ¥ ®Fe| g o}e] pyrosequencing 2 3}



Hk-g- 717kl whe} whe glole] - WEE dolr 7] f8] 16S rRNA =&}

olME  o]&3  polymerase chain reaction (PCR)#IAES  AH

&g wre ol P EC] YEYE AS #F & . AR #7] A
A MEFEA7] ol & Aok FEo] A Aol A batch A@ol %
gHol e} L Eo] deskA ek (LE 11, 12).

o AF 27] EGolA AR 2w sulfate reducing bacteria®t Fe
reducing bacteria’} AlZke] Aol wel $H3FA T sulfate reducing
bacetriaE & Fe reducing bacteria Xt} WA HeHAA #&S Ea
organic matterg w3lste] FHo U2+ Fe reducerge] ol&3t7] & &
B2 w59 Fof. 2 23 Fe reducer£? Wl &o] F7lshe A2 YeY
A Btk E3 sulfate”} sulfide2 A S AT A4EstE = Aol A coupled
o] Fe reduction®] ¥ojuA}, directly Fe reductione] ¥dojd 4= 3l
(2% 1D).

1528 A 4xrRu= B WSty yeided g8 F
competitiond}l®] Fe reduction®] 4=H Tt & dojy= Aoz s & 4
ATt Fe reductione] &w3s] dojv+= 6709, 1278 € 7b7A Fe-reducers ©]
ol B¥E3JFA W nitrate-reducers©] nitrate”} nitrite® reduction*] 7]+ I
Aol Fe(ll)S Fe(IDZE AF3FA]7]= HE3-o] 7Ho] coupled® o] Uofib=
Aol 93] Fe reduction®] @ dojus o= d4s] & & vt (17

12).
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