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Abstract: Data on total sulfur and total carbon contents of 66 mudrock samples from the ‘

Senonian Himenoura Group of the Koshiki Islands are presented and discussed in terms
of depositional environments. The Himenoura Group, over 4,000 m thick, is composed of
alternating sandstone- and mudrock-dominated sequences. This group represents neritic
shelf to deep basin deposition, but its upper part, about 500 m thick, is for the most part
probably of nonmarine origin,

Total sulfur content ranges from 0.10 to 1.90%, averaging 0.64% for 52 marine
mudrocks, whereas for 14 probable nonmarine mudrocks this ranges from 0.001 to 0.07%,
with the average value of 0.03%. Thus, it is clear that total sulfur is more abundant in
the marine mudrocks than in the probable nonmarine ones. Therefore, total sulfur content
will serve as a good indicator to distinguish nonmarine mudrocks from marine ones in the
Himenoura Group.

Total carbon is more concentrated than total sulfur in most of the mudrocks from
the Himenoura Group. The total carbon content of the marine mudrocks ranges from 0.72
to 2.189%,, averaging 1.359,, whereas that of the probable nonmarine ones ranges from
0.09 to 1.259%, with an average of 0.619%,. Difference between the marine and the probable
nonmarine mudrocks in total carbon content, however, is less significant than that in total
sulfur content.

Total sulfur in the marine mudrocks of basin slope and deep basin facies extends
broadly to lower content, when compared with those of shelf facies. In the case of total
carbon, the concentration range of the basin slope and deep basin facies shifts slightly to
higher content from the ranges of the shelf facies.

Both total sulfur and total carbon contents of the marine mudrocks tend to increase
with decreasing grain size of the rocks. The marine sequences have a tendency for total
sulfur content to increase as they were deposited under reducing conditions. This tendency,
however, is not well displayed in the total carbon content. Furthermore, it should be
noticed that in the marine columns a positive correlation of total sulfur content with total
carbon content, roughly speaking, becomes more significant as mudrocks accumulated
under more uniform and stable depositional conditions. Such a correlation is also found in
the probable nonmarine sequence.
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Total sulfur and total carbon contents of mudrocks from the Upper Cretaceous
Himenoura Group, Koshiki-jima

B ?\IH;I_) le Eg;ma- Grain size gﬁgﬂr 'CI;?rtliin S?{IIE’IG fi‘g;ma- ~ Grain size :‘3; fi‘ ,cI:‘g%cl)n
(%) (%) (%) (%)
1 G Clay-silt 0.10 0.97 35 D, Fine-sandy silt 0.38 0.76
2 G Clay 0.15 1.28 36 D, Clay-silt 1.54 1.16
3 G Clay-silt 0.11 1.02 37 D, Clay-silt 0.71 1.46
4 F, Clay-silt 0.01 0.24 38 D, Silt 0.29 1.16
5 F, Clay 0.07 1.25 39 D, Clay 0.68 1.70
6 F, Clay 0.05 1.22 40 D, Clay 1.90 1.45
7 F, Clay 0.02 0.85 41 D, Clay-silt 0.80 1.78
8 F, Clay-silt 0.003  0.09 42 D, Clay-silt 1.01 0.84
9 T Clay-silt 0.03  0.66 43 D, Clay 125  1.59
10 F, Clay-silt 0.01 0.34 44 C Clay-silt 0.56 1.47
11 F, Clay-silt 0.07 1.10 45 C Clay 0.96 1.42
12 F, Clay 0.03 0.59 46 C Clay-silt 0.50 1.51
13 F, Clay-silt 0.01 0.60 47 Cc Clay-silt 0.56 0.89
14 F, Silt 0.07 0.60 48 C Clay 0.85 1.20
15 F, Clay 0.03 0.68 49 C Fine-sandy silt 0.27 0.79
16 F, Clay-silt 0.001  0.19 50 C Clay-silt 1.07 1.63
17 F, Clay 0.001  0.17 51 C Clay-silt 0.51 1.02
18 E, Clay-silt 0.49 1.42 52 C Clay-silt 1.03 1.40
19 E, Clay—silt 1.03 1.46 53 C Clay 1.00 1.40
20 E, Clay-silt 0.50 2.05 54 C Clay-silt 0.98 1.33
21 E, Clay-silt 0.26 1.80 55 Cc Clay 0.78 1.47
22 E, Clay-silt 0.10 2.18 56 C Clay-silt 0.76 1.19
23 E, Clay-silt 0.18 1.62 57 C Clay 1.01 1.03
24 E, Clay-silt 0.65 1.71 58 C Clay-silt 0.46 1.50
25 E, Clay-silt 0.65 1.49 59 C Clay 0.55 1.08
26 E, Clay-silt 0.36 1.66 60 C Clay 0.55 1.37
27 E, Clay 0.28 1.42 61 C Silt 0.76 1.15
28 E, Clay 0.42 1.60 62 C Fine-sandy silt 0.29 0.82
29 E, Clay-silt 0.56 1.50 63 C Fine-sandy silt 0.30 0.72
30 E, Clay-silt 0.37 2.01 64 C Silt 0.68 0.91
31 E, Clay 0.49 1.88 65 C Silt 0.64 1.05
32 E, Clay-silt 0.34 1.59 66 C Silt 0.79 1.03
33 E, Clay-silt 0.47 1.28
34 D, Clay 108 1.20 Average 051 1.20

Sample horizons are from the top downward.
“Clay-silt” includes silty clay and clayey silt.
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Analytical results of sulfate-S, carbonate-C, Fe,O,, and FeO in mudrocks from the Himenoura Group

Sample No. Formation SUI(f;:;C'S Carb?;?te-c Fe(zo/gz lz;())
1 G 0.00 0.22 0.83 2.72

2 G 0.00 0.35 1.1t 2.43
3 G 0.00 0.30 0.89 2.98
5 F, 0.00 0.27 1.21 4.20
6 F, 0.00 0.09 1.29 3.37
9 F, 0.00 0.16 1.21 3.91
11 F. 0.00 0.08 0.93 3.84
13 F, 0.00 0.01 0.99 4.48
16 Fy 0.00 0.00 1.33 3.62
19 E, 0.00 0.38 2.13 3.51
20 E, 0.00 0.65 1.45 3.48
22 E, 0.00 0.52 1.02 3.51
30 E, 0.00 0.45 1.96 3.44
33 E, 0.00 0.39 1.70 2.83
36 D, 0.00 0.22 3.14 3.08
40 D, 0.00 0.04 3.21 2.69
45 C 0.00 0.22 2.17 1.83
47 C 0.00 0.36 1.48 1.61
50 C 0.00 0.63 2.42 1.94
53 C 0.00 0.32 2.29 2.58
56 C 0.00 0.36 2.13 2.44
58 C 0.00 0.99 1.51 2.80
60 C 0.00 0.55 1.88 3.09
Average 0.00 0.33 1.66 3.06
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Log total sulfur (%)
Log total carbon (%)
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Range and average in total sulfur and total carbon contents of mudrocks in individual
stratigraphic units of the Himenoura Group. C,D,E,F,, and G: stratigraphic unit.
B3R EHBEHOEREEEOHENCALEME  -2RFAR
Total sulfur and total carbon contents with respect to grain sizes
of marine mudrocks from the Himenoura Group
Grain si Number of Total sulfur (%) Total carbon (%)
rain size mples
samp Average Range Average Range
Clay 14 0.89 0.28-1.90 1.42 1.03-1.88
Clay-silt* 26 0.63 0.10-1.54 1.50 0.84-2.15
Silt 5 0.63 0.29-0.79 1. 06 0.91-1. 16
Fine-sandy silt 4 0.31 0.27-0.38 0.77 0.72-0. 82
* Refer to explanation in Table 1.
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LR TVBHEIZRBNT, EHEIPELEL, 1 %%
W LENE EE B EWEEREERORE ORI
BWLTEVELEDLR3 B, —F, 0.3%Nst
DENWESEY CEPEHO 1 ke, sbRBERTHO
2RBHZOWVWTEREENTWS (BS5X). 2hbd o R
BB LB TN ENBEE L ETO®MS LD b
TREE OREEI .

LRFEED CBORETES « TH « ¥ « LificB+
BEHEEEREN0.91%, 1.26%, 1.25%, 1.32%T
b5, FOBFHENIZIERECHEAESECHER TR
s ERFRCEOPRMICB N THOES LY &L A
B DFERD b, '
RIEERFSENPEL LD LEMESELEBL B L
WHERO B 5 Z LRl ZOMAE, F CHEE
THB IR TRERCHRE R REICHE L CRB
BOTHEETH S, EIREHELLILKTSE, &
DEMPLETNIBERVBETAONDE. TDX I RER
DOFREEHL»IT DD, CEOBRIICLHE -
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Uppei‘ part

part

section

Middle

Ukimizu - ura

Lower part

Lowest| Lower
part | part

Maruyama
section

()

Tuff

30m Sandstone interbeds
2 Silty mudstone
Siltstone

10 Fine-sandy siltstone

Interbedded sandstone and
0 L=-=] mudstone (or siltstone }

——— Fault relation

<—44 Sampling number
] Total sulfur content

° Total carbon content

5 EHERCEBL B 2 2ME - 2 REFTEOEHELL

Variation in total sulfur and total carbon contents in division C,

Himenoura Group.

SREWMEBOBREE KGR L TAH. ZOR»E
Phr3Io, CEBPRLBRRABECHREL P
PBNWTLHE - £RFSEOECHBEENE V. Wk
TP L VR TH 2 BREREET IRBORETHICS
WTh, FHOBE LY bIENPEERIMEEERLT
W3, fiif5, CEOTH - LI CEFMicHTLY
HBIOREE»HRY, LIALIAHTHEEER IS
BT ORI L ) REERREICHERE L LHE
ah, 2FHE -  SRFESECHBEZRDEI LB TE
By BB, L VH—-TRELLBERENL LT

HRE L IO S B TR L aRE - £RESE
DHBEREL Ro T3,

DJE
FREEIVEER DERESELEROREEER D
BXEE»LRY, BACEMREENI{FEELTY
% (F2X). HBEBRET B b T EEEM (nearshore
shelf), —¥BRWERENIC, #ICER L3O Dy TIRELH
IZ¥RERIBH (coastal lagoon) 2> 5 g (tidal flat) <iE
MEBR (salt marsh) T & 2. DRBOHEREHED ERENE
RIFCEBOZRI D b REL, ThY L CREFELE
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181

o X

I I
o S
T T

Total carbon (%)

oy
=]
T

0.8 °

0.6 -

OL 1 1

x Upper part
Middle part

o}

Lower part

A Lowest part

| 1 L §

0.2 0.4

Total sulfur

0.6 0.8 1.0 12
(%)

O EHEMCECRBIZAMESRLERFSEOMR

Total sulfur versus total carbon content in division C, Himenoura Group.

giR EHEHREESABORE
Grain size of mudrock samples from the
Himenoura Group

Forma- T Clay Cay sie f;ggy Total
samples silt
G 3 33.3  66.7 100.0
F; 14 35.7 50.0 7.1 7.1 99.9
E 16 18.8 81.3 100. 1
D 10 40.0 40.0 10.0 10.0 100.0
C 23 30.4 39.1 17.3 13.0 99.8

Values are in percentages.
* Refer to explanation in Table 1.

LIZE ATV,
DEOLHMEEEII CEOBA I TEERAE
W (E4E) . o, DEBEIASEIE D kTR
ZCBRB LB LRVWOT (F4R), LR XH#D
BoBRESGOSHMECEEL WS LB RS, &
7z, DBV TLEE - £REHFBOMEMES T -
EPLARY FESH) b, ILBHTHAENS T
55, DERHOLHBESEICERBOZR L) b4
e LTEL, FEEEL»ZIE (F4H).

SRpk34 & 3EI85IX Z G L e HUR TREX L 7228, BiR
EHEBIBEOFT THYD R, RESIEgE 7

HWEETHB., Zhict LT, REBIHRE T M E
T, —HICES | mm gIBOREERE RS, WM
BRBEICHELESA TV (GEchb0oEWE
ERE-CIBYIE W T L), Rpso, ks
LS T, WKDEIZN L DIEFRRBICREBORE CHE
L, brvidFEKicksmibed T & Exbn
5. ZDXOREHPREBOEEREE DL LELOD
BRETHAH.
DEO2RFERIHE - FHEOVWFRIZOVWTD
CROBELIPTWE B4E).

EE
AEIETALY By, By, Esiz 3453805, AEOEE
#Y E-Ey 3B LICRBEPLRY, F—CFA B
BEEAEREL, EnLELER T v 7 BROBEAR
BREEAES C LPREHTHS (B2, A& TEHD
E; B LTV MNEREP DRV, HREREITE O
TEC ¥R, 380 C MR IR R
ThD. FBLEO E, 3R LIEERBLDEREE
HWHE » b2 D, EHEEREILE O T CHELPMT
EDBEEI D bk LTHEL ko) TH5B. E
RER- B2 B b, BAEREREELATRERD S5
T8, AU BHMBRLY DAMTACEELTLBD
T, WREBEETHICERTRILLThSH. Bt
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iC, KBTS & By Eic B L CREEARBIED L LT
HWRE LW, &bic, BEHO E ks, B
EBORBT I b L THERET BB LI L
BENE, ST LERBNT By, E, 2 BB L.

EEn4&F#HSEIRC, DEBOZR LY bRV
W (4 ). BIIERIBES CITMELO b0 £ 26
HEENELRBEADH B L7, ERRE
1XC, DERBOREL Y bRERSEL LTHNENS
iy (B4E). AT, BEBREBIZBY T
RV, HELEBGRTHY, HEE»OHEESIS
& 5 AR OHREGTT T OYE KO B & NI ERITIER 72
TeDREHNC, DHBOHBEE LICETH TR P
Zrith S LHERENDS, THICEREL T, HER
OEAL « BIURBOBEL LTHEE ST W % Fe,04/
FeO v (Jf, 1974; Jaigds, 1974; (FEgs, 1977) %
BHLUTh ZOhOBEROEHEIX CE0.90, D
Bl 11 (FegEC, EMEX Y Pin), EE0.50T,
EBThib{Eins. coR3LiofniIElsy
VW, 22T, EBTIE, #TR<_3%%51C, DEBI
HELTRBOZ W LR 1 >0REL 2T, HHE
Fe,05 2% FeO KBTS N AR E L Dh 5.

E; DATESE 0. 28-0.56% (F190.41%), E,0%
70%0. 10-1.03% (E#50.48%) T, SEHMEIE Bl T W 3
2, BALBEFIZEOF TR VW, L, BB L
E, 5 L CIIRE CAREREZER Y. B, 0L
BROPCEIEL, BCRLEL I E P ELYD
BRRLBREOL L THR L bW IR LA T 5.

EBo&RFEEEIRC, DARBOEALY LRULTE
<, FHELHEYE, BE4E). Z0oHEHEE, C, DR
B L Big»> T EBREHCIZ IV FECHME LV
MEO L S HBIOREENR R (F4K) Lnwiz
ZBHE T 5 b ez . RRFEERI B 0FAL 28-
2.01% (E#1.62%), E, DEA1.42-2.18% (Fi1.72
%) T, i - PHELIEETRIER LTS .

SRFBEBMERTHIC LN s TLHEESRELESL
25 ENSERAE, CB (Fiezodhi) OfhsLE-
TERTEED AT (F3N), HERECHEER
" BABERIZ L B L B LS THREATHRE
Ths. Znk57%2C, EMETOHREINEEOHRER
ESHEBROZERCRELNETHASD.

¥ —E XA VEORET 5 HEAMRE - PR S
BLIERE, EWcHEL-C, DEEICHTHE
PETTHL, REVPHFLEL RoTWBEEPERE
na (3, 4). 2%V, 2% - 2REAEH O
BIIF TR © b HERE - #EREO L AWIRL

THRIERE - TW3., LIA5T, ER\EEEICONT
TH BN, LAEOEIRLEN « #ERED b & T4
PLERCRIVILEBOFIZENWLEELONT, F
RO X 512 C, EMEDRBERKZSEOTLHEIX
BEEALPRILTH D, Lo T, LEDOLSRERE
EBOEN - ERE ML LERERO 152 LT, &
B Eh ok bHEEOREYHMT BEMET THES
n5) OEH - HEE REIL oK IRENE I 0ER LE
BTR&ETH5.

FE

ABEITFALY Fi, F,iz2458h5. F, daRE
HEEB» RS (FE2X). Fi 3HEREOHEICE
FR B EEH LRV, OB - g - HER
R, EHIELEMR EVRPLTELREEEREE
BIZHBAELTWBZ LB ERL LT, FL OB TFEHImE)I
BREC, TEEA)I2EL L—EESERCHOES X
DRBEICHB LI LR S h 3. FL EFOSHEEE
b, HEPTREABTICRY sl bEMR OB - e s
BREPOHW T3 LR EBTWETHS Y. R,
Fi CIISHERBRERZRLTWA LARERS. Fld
BARRCHREERE D b &2 T, Ol 2 b—EiinE-BE
ROXD Tb. SHICHEL 7eslbhE Fu 050 bR
Liz. ZhbORBEERBHIM)N (5 ThEfTR)Il) Hafg
DOJEHEFEE (overbank flood deposit) D D T H A
2.
SRMFEEE FL 0T GHES 8-17) B 35
BE4-7) LLIEEDLDTEL, 0.07% &2 2w,
F, #Hizh g cieli_T& 7% C, D, E £k
HERL CRIEREICHEWEVWSI Z b v D T (F4
%), FEOX I RESEIZC, D, E£B (WiFhilE
) DBEALERLBERBZ Liciks.

F, 04 RESEIZC, D, E£BoThIY L2
LTk din (F3, 4K). F, R0 s b,
ERFEROBWE (1.10-1.25%) %=1 3 8k 13 k&
LR E DR P b TEDRERAP DBER LD TH
%, IeR, BBz oW CKRIIC I ERREESF <
BRBEONTRHESE LB 2D LW HHRIED S
h3 (FH3H).

B, |, 0OLHMESEIEDLD TERWE (0.07%
BRIzl BERLTWS, LIAT, HRIBEHEEY
DEWMEEERVPIGRIBERERBY O L bEBICK
X WS EmIC DTk, Keirr and DeEcens (1959)
BEUOEL OWEFADD S FES5KR). 00X
MW 5 &, Fi OHEERE L HEMENOEL LT
R & AR LTeHEBIRZ Y Ch T bWz 5.
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BREREE O B3 A ERIERERREA OME - RESL (B - #5 - FF)
EOSR HEHR-FERRESORES L

Sulfur content of marine and nonmarine mudrocks

Reference Marine Nonmarine
Pennsylvanian, Appalachian 0.92 0.15
(Kerra and Degens, 1959)

Recent, Hawaii ca. 1.2—ca. 3.3 ca. 0.1-ca. 0.4
(Kerre and Decens, 1959)

Pliocene—Pleistocene, Osaka 0.25-2. 58 <0.02
(ItizARA and ITiHARA, 1971)

Miocene-Pleistocene, Niigata 0.13-1.61 0.03-0. 06, 1. 39*
(Koma, 1974)

Neogene, Hokkaido 0.266-1. 230 0. 055-0. 067
(Koma et al., 1974)

Tertiary, Hokkaido 0.031,0.361-1. 363 0.031
(Ito et al., 1977)

Paleogene, Hokkaido 0.33-0.52 0.06-0. 14
(Koma, 1978)

Paleozoic~Mesozoic, Southwest Japan >0. 105 0.015-0.029
(TERASHIMA ¢t al., 1980)

Cretaceous, Koshiki-jima 0.10-1.90 0.001-0.07

(This paper)

0. 45%*-0. 96%*

Values are in percentages.
Ttalic numerals indicate average values.

* Sample obtained from 1.5 m below a lignite seam.
** Excluding division G.

GE
 ABRREECRELDARRESEEICES MK
REBREEEEN, LELERTUIBERETS (B
2[). ABRERETHY, HHEREOCKTIIC, EM
BrRiY, DEIcLAEN

CEVAHBESEIRENCEDbDTZ L (4
). BRIEEE TR RS icohT £RESE
2L B LVOHEE (FE3R) B¥HB0T, EROKE
B GEREPE U RO C, D, E £FoREHCE
NRTBEEOKENIEL B 4R T L F BT
3. L7257, C,D,E4B0RBRIEVEEE 2T K
FWEFE» LR Eh, FETHE. —F, GRERRNX
WIRMIC LR VO X D IR 252, BRERE®D
BELOEMLELDTHS. CETOLMESEOR
BIEKEIRBOb 2 BEORAILL LS b0, H5
WIERABOHBERESMEFBESEZ ELETHESIE
TCREB Tl dofeZ Lizd 3L b bahin

EEIT, ARErDEET SIS X YT, GREOUHMERIC
1XC, EFMBOEAICH S THBEZMS R 2o
HEHEROBKEEE RITHA ) LRARKI, &k
L, HKDEIER L VIER CEBEOHIENEL, Z0k

DI HREEREE C, EMEOHREREIE Y ICETRBI
bRrdolctEZbN S, Z 0O k5 h#BOTEER
Fe,03/FeO LhOE S HREFL THI. GBTOZ DD
SEEIX0. 36T, = DEIKGICE LR UL #Eko C,
D, EZBOELY LPRVIENZ Rbhrolk. &0
BREROHREFEL, Lo TCZOREIRSWT
XESBOBRNPLETH B, HEBRERETSIZ
FREMEASRIR & LB,

LIAT, EBELDIAN, FEORAFER I X 3
L, HEHEYPORBRESECEL TL, BEROEHF
WE/INEHS O JE B 3 0. 04-0. 30%  (FE350. 19%, 4347
$%23), R U< ARk OB ¥ T b 0.06-0.22% (¥
0.15%, Z#Hrk20) LK<, Zhicxtl THAEER
B b5 B TR TIX0. 12-1.52% (P 0.63 %, 247
B73) LEWERELRTWS, ZORRITGEBOHER
RECETHROHEREXRT5THA .

GERBOLRFZSEIEBRBOTRI Y A R
{, C, DIEECRBOEFRITEL, —F FL @Bz
LIBT3 LIREEICE Y (4D

Et i, GEBIRBHRETH SN, howlgE (C,
D, EB) LIEAHESEORTHrRVERRY, &RkHE
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SECELTEEMLTWS. GBIE, WREL LT
LMBEECHRIVZLVR, 2% - 2REESETFS
oW TRbICHER LRSS LB LI —IRR A
TE5.

1. # B

PEDE i, BEO RMARRERERE (TLY
AB»LCEBETTRS) CEALT, RESTOLRE
c ERFEELHERESHRBROBA» D BR L
Jo. ML LT, BETROBALDTbNS. 22k,
5) R I AR ORREH & L TIFRLZH LVWRED
LOTHB Zh b OEISERFNEETIHRETDH
%.

1) am#EasEdERE (C, D, E, GE) TiX0.10

-1.90% (3F350.64%), R#EmH230. 5% ETHY, —
FHIEMER (BHITHRR) L¥ESh B Fy @ Tix 0.001-
0.07% (3F#40.03%) <, ¥EREOH TEAMICE.
Liedd =T, £RERSRIIMERE L IRERE & &35
2EHRLEBEVELITHSH.

2) 2RFERILHMEFEL D LRENICEN.
B (C,D,E,GE) TX0.72-2.18% (Eil.35%),
FEMERR L HEE & h B Fu JB T 13 0.09-1.25% (F50. 61
%) THRBOF TEHV, IEL, &RESEOWERE
cHEERIFERECTOZRIAHTESE Z L KHATR
vy,

3) MERBREEMME (C,D,GHE) »HHEAMN 4 E-
PEEHE (EE) LieSdeBe, SMESE E
(BE2CREERL) TXVEL, MFERESEIIS
HEieXVBEWERFT.

1) WRIBEEILOWTIE, O b 0 LRSS
BARBL R3EALD 5. £2RFOBAIVEETHS.

5) ¥ERRE (f C, EfE) Tk, #EMEILATE
VBT EHEESHABERY, 2HESENEL RS
HRERT. LaLl, ZOEARSRESECEASRH
BThs. )

6) WRBIZBNT, kDB —TEELLRESRED
DL CHBLCHBR ECIERGERY, &% -2
REFSEOEOHBERE R3@EARH2 ] C
fB). #EIERE (Fl FiE) OB&LHEROEM
B HETSH 5.

) BRIEEETOERFSEOHBREICL 2ER
B #3mE) BT, BEEWREORELTT
724, B EHEWIC RT3 BN OHEIBR IR T
DEBICOVWTLERTILEN D S.
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