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Exploring the hydrogen isotopic composition of deep-sea corals
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Despite the widespread use of hydrogen isotopic analyses in environmental investigations, no
previously-published work has attempted to measure or utilize the hydrogen isotopic composition (& D) of
deep-sea corals. Geographically widespread, forming annual growth rings, and having lifespans on the
scale of hundreds of years, § D measurements of deep-sea coral skeletons have the potential to elucidate
oceanographic parameters at well-resolved spatial and temporal resolutions.

We present a method for the determination of annually-resolved & D in gorgonin, a complex
proteinaceous material making up the horny skeletal component of gorgonian corals. We address the
issue of exchangeable hydrogen in gorgonin by controlling the isotopic composition of the exchangeable
fraction of the total hydrogen pool using a heated batch equilibration technique. Coupled with seawater
6 D profiles, the & D of particulate organic matter (POM) filtered from seawater, and the & D of plankton
trawl samples, we attempt to identify the relationships between trophic exchange, physical oceanographic
parameters, and the & D of gorgonin from 3 species of live-collected coral.

Results include a 43-year record from a Primnoa pacifica colony collected from the Gulf of Alaska, three
10-year records from Primnoa resedaeformis colonies collected from the Labrador Sea, and a 40-year
record from a Keratoisis grayii colony collected from southern Baffin Bay. Preliminary data show an
unprecedented range of & D values in all three species, ranging from -40%o to -110%. Final results will
determine the suitability of gorgonin & D as a potential marine environmental proxy by testing the
reproducibility of § D values between adjacent colonies.
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Evaluation of heterogeneity of reaction-transport phenomenon in rock
by sequential pore water extraction
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Heterogeneity of dissolution/precipitation and solute transport in rock pores has been drawing attention
in recent years. This phenomenon has been often studied using numerical calculation, but direct analysis
of pore water is important to know what is actually occurring in pores. However, most previous studies
have analysed the composition of bulk pore solution and it is difficult to discuss the detail of
reactive-transport behaviour in pores using the bulk composition. In the present study, an experimental
technique to sequentially extract pore water by applying various gas pressures to wet sample was used.
With this technique, pore water can be extracted for each pore radius, which provides information on the
heterogeneity of reaction and transport in pores. In the experiment, pure water was first passed through a
sandstone core to induce dissolution in pores (flow-through reaction), then pore water was extracted for
each pore size and solute concentrations were measured. The result of the experiment showed that the
concentrations of Na, Ca, Mg, and Si increased with decreasing pore radius and that the concentration
increases of Ca, Mg, and Na were greater than that of Si. Qualitatively, this result can be explained by a
numerical model of the advection and dissolution in a single tube for different pore radii. However, the
observed concentration increases were significantly greater than the model calculation, and it seems
possible to evaluate the extent of the mixing of solutions in narrow pore and large pore by comparing the
model calculation and experimental result.
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Subseafloor weathering of cretaceous basaltic basement revealed by
nanomineralogical and conventional clay characterizations
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FEEMRE FERICEEMN AL REERE R ERENEL, BRALBKORIGICK Y MIKRETOTHRBRICE
5LTwa. LHL, EKREI0O00FETERNZIREMICL Y TIEINE/8H, 10 MallEOXZREEEH T
BKEDRIGHET L TWEHREBETH S, KRR TIE, T/ AT —ILTOHMENT & DT MR EE
EHAEDET, BHATEREEBKORARTERT 2/ TUMOEREEREZESMCTEIE%H
MET 3.

BATFBRREOHKENSS-120 MaDZREEB I, BEERENZEL TVWEEIHN70 mOKBEYICE
HhTW3., BEEREEREYFESEI2RMEME CIE I NEALERRBOEEEDIT7D>E, &
B3 RN B ARIBEBINDEE102-121 mD3FEE (U1365E7R-2IEREE IV S 9 LEEYD,
U1365E8R-4i&E 5 R+ 4 b, U1365E12R-2ILELI1LERSEY) A XFRE LT-.

2RO THYME A TREONERNSKOTEIR L, XEREF (XRD) /X9 —> OBFETo>HER, &
DEBNSBHdyy, = 1.5 nmOEFE—IHB/SN, TFL VI ) A—VRETL7 nmICBARL 7=, #LTiY
D(060)ADEITE— 2 DEIEHN S, UT365E7R-2ICIEINEERRAAX 2494 &, U1365E12R-2IC1E/ >~ hOF
1 b, UI365ESR-4IEHEDREDHB I &b o7, KOEEICH L TTRILF—DEEBEIXRO NEE

(EDS) #HOEERETHEMEE (SEM) ICL 2 EZMERDOFEEENH T oMER, XRDAEICLYRES
nic/ o hOF4 MESNEERAX IS4 NDYRFTA POEBRMNEONZ. BRHATDIAX 7914 MOER
HEALMCT B0, BRESULRREDERZER L, SEM-EDSIC& WEETLZ. ZDiE
R, U1365E7R-2TIXREEANIL Y U LD R T4 b EEER < 8REFTIELTEY, U1365E8R-4&
U1365E12R-2DE K DY LI DFe AN KVEM & W EBREICEET 2 &b h o k.

E£RA A E—L (FIB) MIICE YUI365E12R-2DER FDFe N BEICFET S/ Y hOF A FNOEELD
BEREERL. 5OMREEBEFEME (HR-TEM) TEELAKR, /v hOFr A besF—H A+
WFNIHEETZ2DEERTE. ERDSEM-EDSODERHI S, $THMOSKBESEBELT, 88X
FTDRAAIY M4 NDEREFARLFER, UI365ESR-4TIFES R+ 4 MEXREEBOEREA /v hOS
A RNEYRFAMDRELTVWBDICH L, U1365E12R-2TIE ZREEMIC & 2RO TERDEVNERAIC
JyhOFA MDEELE. FellBU /Y hAFA MEEKEZLEL I &N D, BKBICEFNBZKERYA
HARDSHELTWSE Z ENREI N,

EfE FOHENFORBMKOKRENMEEABRISEL T2 Z e LLREERICKIRETHRINE
h, HMOHBEMEN L TEBKOSHRIRINIBERTHRT 2MEMIEBRFICERTZ N5, 10 MablfF
DLEREEBIIEELBKERIGL T, HMEBETOTROEHICHE S RIFL TV S ABEEARHIICELY
m~aIni.
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Microstructure and geochemistry of organic matters associated with
iron minerals in 3.2 Ga banded iron formations, Moodies Group,
Barberton Green stone Belt, South Africa
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TR SRS B 1L 8K I S HERRIBSIM D EB N L R 2L EHEE TH D, KEL1 XY MARIORBIKERILE DO
M7OEZRICDOVWTIKEKREZRESMIAR>TWARWL, TNERETZ7HIC. UTOZODREISMIREIATW
5, —DIFBCY T /N TFIVTHNERLTEUNERTRE LI ERBRICK Y BIBEIhZET S
. H—DIIMERMEMEICK PRI - ETEHTH S, EHELDRMEMEMEFHIES LTS
Y, BAFICERIN-GEMOERISZOTOLR A ETEZ2TEEIH S, LHALALNSEKILESFDE
MYSEEIE—KRIIELS, FRAID DRV, KFFRTIE. W3 2F/BFFICERINEZETZ 7Y H - =1
VERBETL—T 1 —XBHOXEBEERRKILBARRE LT, YBOBEREBICS T 2MEMTENICHNAE
BEZz3Z¢%BEME L, SRREIRIEY o N\EIMLIERTITVL., TEHIYOEREHBEFTENOMTYIA S

(BESkSLICFU A, 13—-50 wt% Fe,0,) . SD¥ A 7 (BSkSLICZ L W)L NERE. 10-30 wt% Fe,O,

) D294 FICDEE LTz, MTY A TIEBFROMIKILPARICECE L RERPEREAR EOEBIBIMICET
BOEEANSM S, SDY A TIEEICEHKILCHREIRGREDRBIBIANEHL TH Y., MBROKE WKER
B -ARICBUBLEEBAVCEERICEVCEDEEMN LA SSD-1. FIRDNIVWAR, FEA. EE/AHMILR
Y, EEBEHNREAEEARSD-2IC0$ETE B,

REANOEMKFREEEIL0.03-0.29Wt% TH o 7=, RERMARBROHER R OBLLEH HEF %= AU
T. EEREFHEMBICL 2RREYEDOERATo7z, BRINAKRFEVEITKREIHIPER20u mBED
BFAVLULEARIGEVWEFROBF 2R L. REBDIEHEFHFOBRKEEI SR EFFHILILLIFERRS
hiz, INOHABOBERRFREBMIKLLIE—-26~-28%DEERLIIENDS, REEDE IIMEYERT
HBHAEMENEZ 5N S, Javaux et al. (2010)IFAAREEFMMEVEEFICHILARBEEZRKREL TS
Y, ERAETREICEDOH 5BEITAMROBARERE —HT 50 MEDH (31-298um)idXKEER
%, T, BUEHEINAREZEYEDN/CEEIZ0.002THY ., EREDEWVMEOXTERERTRO O
CIVDEEBENTH - ZOMHEBROBEMS T VORI TRRISEHINZREEMENRRL
ZRGEBEIZHN500CE, BEINZLIVEPLPPEERETHY., BORIERICHE I REINRKRENEDREIEIC
HEERIFLEAEENH D, 512, 2RIV TEBROERRRESEENENT ZICONTHEEE
IEED T BIERL’AONTZ, —H. KBEXRRSEEELHEEFEIFEDHEREEZ R LKL, SD-1HBOKREL
3. REBBRFZSEELHREEEOUDIERILPDRKFR/SKLEL Y EFWMEZ TR L, FLMTE LUSD-158#
DRBIBRFBRDLERAM AL IFH——-4% T, EBESEILDSMERABRRDKRBIERFDE S EEHNT
Holee TOIZEMNLSD-TRARBHIRAILERIC K 2 EERIUA DRBBIGHMDEHM L TWEZ &b o7,

BIRERELB DA ISR & DRIGTHEHEB I N, WEILCEHRI A LM T AN D B =D (Perry et
al., 1973, Kohler et al., 2013). E£¥IHFERFEHD L DREBIELEIDERDIFTRIND, LHLADNSRERIED
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RBEREBAMAELD S, MTEBORBIENMIEHRAERKEEZ OIS, FLEMTARFOERRFZESEEE

0.03-0.26Wt% & thEBME WMEZ R L=, SD-2RR CIRARRRICEUNSKICZ L. REBERREN VAWV
OBMYDEMRILANDEBE IE T A >72EEZIONE, DI EHD, £YHREEEI IR - ZRIER
FISHESINZER DR AERICRON2BHRFRELHEFE L DEDHERBIZMEDER TH 2 TJREME
AE W, Kohler et al. (2013)IZimREKELEB ICRAS I 2MEMEHNICOWVWT, HBILHEREIIEENEGE—ED
LTS 2DICHAR, ST7 /N7 ) T7IZEEME LY S CEBRIERE WD REEIRIB L, ZDRER
EAMEERICERTSE., RERICEAHKICZLWVWSD-2RBREIV T/ NIFY T, RERICZULLEKICEAL
MTEREHE BB LB DT 2 R L TWBEEEELIH Z, ULEDZ DD, A—F 1 —XBEHIER I N3
2REFNODEMOBERBTIEIVT /NI TYTHERL., HEHERICEBIEIN/BICHEREEIHIS T
B LADICH LT, EEETIHBERK, SR INAZZMkE S THEEMEI N EE L. BEMICT LEkE
BEIGEERIE 2 2 & TRIREILBITRINZEEZI SN S,

F—T7— R BREKLE. N—N\NUREES Y
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Depositional environment of graphite-bearing metasedimentary rocks
and banded iron formations in >3.7 Ga Isua Supracrustal Belt, West
Greenland
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Biogenic graphite in > 3.7 Ga metasedimenrary rocks, Isua Supracrustal Belt (ISB), West Greenland, has
been reported as the oldest remnants of life (Rosing, 1999; Ohtomo et al., 2014). However, ecosystem
spreaded in the >3.7Ga ocean is still poorly understood. Depositional environments of metasedimentary
rocks containing biogenic graphite and surrounding banded iron formations (BIFs) could give an insight
into microbial activities in the >3.7Ga ocean. Graphite-rich schist reported by Ohtomo et al. (2014)
contains rare earth element (REE) minerals such as monazite, zircon and xenotime. These REE minerals
could have been deriven by one or some of the following processes: detrital transport, precipitation from
a seafloor hydrothermal fluid, generation during diagenesis and precipitation from a metamorphic fluid.
Occurrence, geochemical composition and chronological information of the REE minerals might constrain
their origin and provide information of depositional and/or alteration process of the graphite-rich schist.
Here, we performed a geological survey in the west side of the ISB and investigated the petrographic and
geochemical characteristics of sedimentary rocks to reconstract the depositional environment. Chemical
Th-U-total Pb Isochron Method (CHIME) was conducted on monazite to determine the age.

Samples collected in the whole west side of the ISB consist of alternate layers of
magnetite-amphibote-chlorite-rich and quartz-rich layers. The samples were roughly divided into
magnetite-rich type, which distributed at northeast to south, and silicate-rich type, mostly distributed at
northwest, based on the dominant minerals. Bulk chemical compositions of the examined samples
showed that magnetite-rich type are abundant in Fe, whereas silicate-type are rich in Mg. Magnetite-rich
type primarly composed of Fe-rich amphibole, grunerite, whereas silicate-rich type contains more Mg or
Ca-rich amphibole. Similarly, chemical compositions of chlorite in magnetite-rich type are Fe-rich,
whereas that of silicate-rich type are Mg-rich. Amphibole and chlorite compositions in graphite-rich
metasedimentary rocks are Mg-rich, which is similar to silicate-type BIF samples. The results suggest that
Mg-rich characteristics of BIFs and graphite-rich metasedimentary rocks at north west, and Fe-rich
characteristics of BIFs at north east to south are a primary signature. Ti and Al concentrations in BIFs and
graphite-rich sedimentary rocks showed a positive correlation, indicating contribution of detrital
components to them. Graphite-rich schist sample consisted of graphite-chlorite- and
quartz-cummingtonite-dominated microlayers, containing high amounts of REE compared to samples
showing low graphite content. The graphite-rich sample contained euhedral monazite, zircon and minor
xenotime 2-10 wm in diameter, which were accumulated in graphite-chlorite microlayers and concordant
with orientation of lamination, whereas most of the monazite in samples showing low graphite content
were anhedral. CHIME age of the monazite in graphite-rich schist samples indicated 3630+91Ma, which
ranges in the ages of prograde metamorphism and detrital zircon in previous report (Nutman et al., 2009).
Considering monazite occurrence concordant with lamination of the graphite-rich schist, it is most likely
that monazite was syngenetic with host rocks, probably derived from detritus and the age was modified
during metamorphism, or crystalized during diagenesis to early metamorphism. Our results suggest that
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BIFs and graphite-rich schist at north west of west side of the ISB deposited where clastic components
such as Mg, Al, Ti and REE were supplemented at a relatively high rate, evoking that photosynthetic
microorganisms might have been flourished in >3.7Ga shallow ocean.

[1] Rosing, M. T. (1999) Science 283, 674-676.

[2] Ohtomo et al. (2014) Nature Geoscience, 7, 25-28.

[3] Nutman et al. (2009) Precambrian research, 172, 212-233.
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Detailed studies of Mars in recent years have provided many progress on understanding the possible view
of environment on early Mars. With the fact that liquid water was present on early Mars, and the discovery
of organic molecules as well as nitrogen-bearing compounds on Mars, there is possibility that life could
have emerged on early Mars. Thus, it is important to understand the abiotic organic synthesis and
nitrogen fixation process to evaluate the possible origin of life on Mars or other terrestrial planet. Previous
studies suggested that organic matters can be produced by photochemistry. Total pressure of Martian
atmosphere is lower than Earth. Thus, UV may penetrated down to the surface and can directly photolyze
liquid water. This suggests that UV-induced photochemistry may have been more important. However,
little is known about abiotic nitrogen fixation by UV light. This experimental study examines the nitrogen
photochemistry at the surface of water. In the experiment, initial gas contains N,O or N, with or without
CO under the presence of liquid water. The starting condition may have existed on early Mars. The results
showed that NH,, methylamine, glycine and other amino acids was produced from N,O + CO + H,0,
whereas only trace amount of NH, was formed from N, + CO + H,0. When gas phase do not contain CO,
nitrate and nitrite were produced instead of NH,. A numerical model including 296 photochemical
reactions was constructed, and can qualitatively explain the formation of NH, from N,O. However, the
concentration of NH, in the model is order of magnitude lower than the observed amount in the
experiment, suggesting that current photochemical model still lack some possible reactions to generate
NH,. The results provide important insights on chemical evolution theory that lead to the origin of life and
the atmospheric evolution on Mars when the reaction pathway of NH, starting from N,O and N, by UV
light is confirmed.
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