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Organic Substances in Carbonate Rocks of the Kuzuu District,

Tochigi Prefecture, Central Japan
Minako TerasaMA, Tadashi Fujinukr and Toru AkiMoTo

Abstract
The distributions of organic carbon, organic nitrogen, soluble organic matter, amino

acids and low molecular weight hydrocarbons in the Permian marine carbonate rocks of the

Kuzuu district, Tochigi Prefecture, central Japan, have been clarified.

The results obtained are summarized as follows.

(1) The average organic carbon content is low compared with that of carbonate rocks

from other districts of the same geologic age.

(2) The high value of averaged G[N ratio shows a good preservative condition for

organic nitrogen during the long geologic time.

(3) The content of soluble organic matter is low, and this means that most organic

matters consist of kerogen, insoluble organic matter.

(4) The relation between the contents of organic carbon and organic nitrogen shows a

good logarithmic lineaship.

(5) The contents of acidic amino acids, hydroxyl amino acids and aromatic amino

acids are remarkably low compared with those of amino acids in recent carbonates.

(6) There is no correlation between the content of amino acids and that of low

molecular weight hydrocarbons.

(7) Stratigraphically, the lower limestones are most abundant in organic carbon,

organic nitrogen and amino acids, while the middle dolomites show the least abundance. It

seems that those organic matters have been decreased in relation to dolomitization.
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RBHEEM R 2 Fig. | ieRd (Table 1) EGERHI £
WaRE 6 3k, PEHO Fe<q b 33, THARKSE
4Bl BB TEBERERT 2 I Bl ThE
NBAE., RBHIBVITEEIL, —EEWE» 6 B{bE
CERCWIHER 0% 2 ~ 4keBRR L. BBHZOWT
DL Table 1 iR, BERLERBE EFb v & —
TREEN v M5, ofk, 2NERTEGOERRE
WL, +AKECLOBEBRL T —r Ty
—CHFET 5. RIGKEFARERNL, 2055 010g
BLoTHEALE. 73 /8, 20MosERB I,
WRELIZ D OB B — L Vit AR, 8 ~ 9 RS
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HEL, 70CTREREL CEREELRD 3,

EETLIF (F10~15ml) #FTALE £ 1x20
cm DHZAERETS. 207 v M, Hbiys
On-~F ¥ (30 ml), @€ (30 ml),
VY, T Y, PAa—ADETEN,LTEES Y

Table 1 Description of samples.

27-10 upper limestone, blackish brown, composed of light grey micrite with a dense web of black fibers.
Fractures filled with white calcite. Finenly disseminated dolomite clusters broken up by

black fibers.

27-09 —————-, medium brown, with black streaks (fractures?) micrite with floating clusters of
fusulinids.

25-05 ,dark grey, mainly micrite with 309, floating fusulinid and crinoid fragments. Calcite-
filled fractures.

26-10 - - ——, light brown, churned Mme mud, 309, sparry calcite fillings.

26-16 --———, blackish brown, with about 20%, dolomite crystals along limonitic fractures, as in fill

in fossil fragments. An earlier set of fractures filled with sparry calcite. Lime mud with few
fossil fragments birds eye texture due to sparry calcite.

25-20 -————-, light grey, skeltal (>90%), mostly crinoids also some fusulinids, 5%, finely disseminat-
ed dolomite.

27-07 dolomite, medium grey, finely crystalline. Uniform crystal size. Dark colour probably due to
finely dispersed black coating on some crystals.

26-12 —————, white and light grey, coarse crystalline, highly fractured. Source ghost structures of
fusulinids. Occasional white coarse rhombs in a set of more recent fractures.

26-13 — , as above, only slightly fractured. )

27-01 lower limestone, medium grey, 809, skeltal fragments, 20% finely disseminated dolomite crystals,
mainly in matrix.

26-14 ————, blackish brown, probably calcisiltite with about 30°), comminuted crinoid fragments.
About 15%, finely disseminated dolomite crystals.

25-15 —, light brown, with 10-20%, fossil fragments, 50% disseminated dolomite crystals.

23-02 ————, medium brown, composed of fractured micrite, Anglar boundaries separated by brack
organic infillings. Later calcite filled fractures and yellow limonite fractures. Fine calcite
fillings partially eaten away by limonite.
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4.5 [ESFR{EKEHX

RALKFE T 2 DOHE L ERIEIHED (1971) oFikic
Pole. Pa—rFyvVr—THEHLEI~8Ayvalt
LicEftl0ga &b, EBREMIBE LT ARRES
CHET 5, BRLURIKEN 2 & BEERE Y 27
v b7 7 BRI X - THIETS.

5. BR L EBE

5.1 FARRE BREXR

LHIX O REBEEA T © ARFEERIT 0.002~
0.37%DElIc s L, 2720 DEboE%RT (Table
2). EHEHEIX0.05% CHERHL (1967) oBEFic L
FRIRE DR U BRARET OFBIREEFEOFHME
0.08% Xk b v/, TEAIREIKE RV LIKESA,

¥ R e MR, EHARERERWLURES
FELTVWSR, ZALEADBRENVTEVWIRBWTE
BRESERCHEFALTNS, Thbb, FEARKESD
CERRESHENE L, Fr<A Mk, Fig. 3
WRLEL 512, .M. L EBREESHER HXEHIR
M7 w v M3 LERBERERT. BERRESEBRA
BB SCEELURESh b0 LBbh 3.

1000
X107
27:10
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3 23-03
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- 250-20
i 2613
&
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I.Mc ( ﬂ/n )

Tig. 3 Relation between I. M. and total organic

carbon.

Table 2 Contents of C,—C; hydrocarbons (ml/kg), organic C, organic N and insoluble matters.

CH, | GH, | GH, | G, | (5o Qb Goile) totol 1y, , (788 708 1) o |t
97-10| 184.79] 0.351  — o081 —| —| | 8519 47 373 209 185 1.53
27-09| 0.38  —| o001 — — — —| o039 23 9 1.3 6.9 0.30
25-05| 5423 o0.041l  — 000 — — —| 5634 1,208 5 0.9 586 0.06
2%-10| 8.16 o.ou| o004 — — — —| 82 130 5 0.9 5.6 0.08
96-16| 38.08 0.07  — 0.008 — — — 3816 453 17 L1 153 0.25
95-20| 521 0.007 0.060 — — — — 520 69 3 0.4 7.3 0.06
27-07 | 805.55 3.041 —| 0.158| 0.070 — —| 808. 82 247 88 4.5 19.6/ 0.28
96-12| 32.87 0.020 0.005 0.00 —| — 0.003 3290 1,133 o 1.0 9.0 0.18
2%6-13| 66.96 0.0671 —  — — — — 67.04 893 o 0.9 10.0 0.05
o7-01| 5137 o.078 o0.118  — — 0.03) — 3L60 134 26 3.6 7.2 1.80
96-14| 105.22 0.053 0.165 0.013 —| — 0.003 105.46 450 91l  10.6 8.6 3.02
95-15| 46.72 0.073  — 0.008 — — 0.003 46.8] 5011 29 4.8 6.0 0.68
93-02| 98.33 0.074 0.34  — — . — oo o9s79 212 38 30 127 Lo

1) 7 BEBSIR TRKERO T I BEERTHE, B
BT EPEES T eBEL TS, 20X BERORE
FAET BEHA OMRSIRS X OB OREHERC Ov T,
BRIZ TRETBTFETH 5.
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Fig. 5 Relation between organic carbon and

organic nitrogen.

BWTRIT B2 & 2R LED, 0%, BIEEPLR
HHFE B\ T 2 OERBERAELT 5 2 LB Y D
nTW3, AREFIZBWTS 2 0BBEAR 2z &
PEES (197]) kX > TERBRERRESHT 3
V2 FROARBICDONTREN N, MR OARKS
iz Th ZOESRBREED bl 2 L3R il
R H B,

C/Nix5.6~ 19D DR R L, FHfEIX10.2TH 5.
FIRETD C/ NI & R 2Bl dimic Vv, E5 5
BRDBERBEINNECSHRT 5 Y = 7 B RER
D C/NE 2 ~26DBI 57w L, EIEIZ12.5TH 5.
Hupson (1967) 12X 3 & ¥ = T R KET 30 ~ 1000
DEERL, REOBEHY OO C/N Hhid 3 ~36
ThD. —REBEBRIFRRFL VR RDR ST
W, BABELRBIiE->T C/NiE< s, Hill
KOEREF D C/NEOMEIEL , FHERRPRIE
{BEESRTWBZ ERFELTNA.

5.2 HmEEY

IBAEAE I X 2 AR RS Lked
729 12.3~44.0 mg ORI/ H LTER D IERF TP,
SRBER DN DO CHETERWE, K7 r< b
797 BBERCOVWTHERS. RF 74+,
N5 T7 400 EDBEEE Table 3 DX 5icl.6~14.6
%T, FEWICHBRY, —fRiT, BHEKILBNTEAZ 7
4 vy rws T v (RIRRIGKSE) <HFEBR
{tk# =O-N-S (LAMOBEREALN DN, BEERE
BE SR ST B EREZBV T, N5 74 +Y
7 w57 4 v =0-N-S (Ll >FERRILKSE R 2
BEAL LN, ¥, YHMRORPKEOHMAREY T
ik ve FEEIBZVWOIEYT, SHMHROK54%
SR ED TS, RILKED 5D 5EE13§20~28.6
%T, F3/4fbEEETHOERILEWTH S,

Table 3 Amounts of organic extracts and the

composition of the chromategraphic fractions.

sl | MR TTT ()
N R P ] By Py e
OB g D007 OV

(mg) |aj57 HEE| GBS

4 v fea

25-05 18.2 6. 6 22.0 3.8 67.6
26-10 14.3 3.5 24. 5 17.5 54.5
25-20 12.3 1.6 24.4 16.3 58.5
26-12 44.0 9.8 14.8 13. 6 61.8
25-15 27.3 7.3 12. 8 22.0 57.9
23-02 42.5 14. 6 6.4 21.2 54.8
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B EHAEFRAR

IDX D SR ORBERATICE £ 5 HEY -
3, BREETHESh 2EMOBET IR, Beh
ERBED S D, +7Rbb kerogen ThH B LEbh 3.

5.3 PIJEE, TI/NE

72 JBOMEAEX 1.115 pmol/kg ~ 40. 03umol /kg
DA LT3 Y, DEcENs(1967) W IT X B
NA=TROFARE 41.5 pmol/kg [ HA~_FEFENER

E25% 86 %)

(1969) & HRET I /B OWTOERNERICE S &,
HBHIAREZERT I /B ShTns, Hare (1969)
BB ORREEDOELRI L 3BAV—BELNOR L) v
THDHERRNTNS. SHEL bW RN R BAER T
Wi L, EBRAERERS ORGSR ONTT I B
DEWETR oD T, NANBERIEISEIVZELLNAR
W, BELL, TRALDOTIVBRIEFVAZBERLIENR

RLTW5 (Table 4). BHRR L 7 IV BREREME 751, b5\ kerogen PIZEELTWEOT 5
ERLTRY, 73 BN kerogen FZEFEL TWABTH] 5. Hifho skeletal carbonate 33 X (X non skeletal

BEERLTWS, Fu<ag VRORY IV BEEEDX
HEAERESTHARBICHERTHRL, Freag b
ERRICBEEL T /BREebcob» bihizn,
HrxD7IJBIZONVWTE, VAFUEAFEF=UE
BRNT, 1BEAEDOF A BEEBRTY I BBREB SR
. &BEBEUT, SVvy, ®VY, 7=V, S
FIVBOMEILEZ A BREESh T3, BIELr*v v
RrBOEY VERAVF= VB RIELE TR TH
Y, BPTH, ) VIV v roREEHBEHENT
Wa. 2607 2 ) ERi% AseLson (1963), VALLENTYNE

carbonate Pz ik 072 D DBEOERT I /B(VAF UL
AFA =) BEHERTW B2 (Table 5), YR OH
REBLIU Fr<f MERLERHESATHRY, EFE
B7 2 7BlconTix, Friii26—14, 2701, 27
—09, 27T—10CILEMRE, 72=—N7F=326—
14, 27—09CLEBMERE, 27—01, 27—10CIkRH S h
BROLWIRERREL e, FEET I /BRI
Wi, &L CBEWE 2 SOHEDT IS
{EENTWS., BT/ BEFRRY I /B3
VR BT b0 LEbh3s.

Table 4 Composition of amino acids and amino sugars in carbonate rocks from Kuzuu area.

sample

amino acid o 23—02}25-15 26-14|27-01 |26-13 | 26-12 | 27-07 | 25-20 | 26-16 | 26-10 | 25-05 | 27-09 | 27-10
Lysine jzmiam L%iL%!&M 0.87, 0.98/ 0.76 1.20/ 1.06/ 1.31 0 66 1.41
Histidine 1.67. 0.23 0.52 0.80 0.0 0.18 0.39 0.41 0.39 0.31 0.45 0.16 3.4
Arginine 2.68 0.67) 1.34 0.75 0.02 0.62 0.59 0.47) 1.01 0.79 0.14 0.49 0.89
Aspartic aicd | 0-14 1.57) 0.81 0.59 0.08 0.77 1.56 1.20 0.66 1.49 3.37 0.04 0.90
Glutamic acid | 0.42) 2.34| 1.61] 1.420 0.11] 1.39| 1.17 1.30 1.19 2.68 3.67 0.34 1.40
Threonine - 176/ 0.65 0.86 0.79 0.03 0.75 0.78] 0.49 1.01| 0.87 1.69 0.61 1.03
Serine 5.07 1.73 3.28 3.06 0.19] 2.73 2.15 1.57 2.80| 2.68 3.17} 1.71] 3.87
Proline 0.78 —| 2.64 0.87 0.02 0.31 —| 0.27] 1.09| 0.71 1.30 0.44 0.97
Glycine 8.57 2.96/ 4.57 3.55 0.20| 3.46| 1.95 2.12 4.01| 3.85 5.80 2.16 4.26
Alanine | 4.61] 0.89 LW!LB'&M 2.09 2.15 1.93 2.16 3.8l 3.39 0.92 1.85
Cystine ‘ — — — — — — — — — — — - -
Valine 2.05 0.95 0.7t 0.50; 0.06 0.63 1.17] 0.75 0.93 1.22 1.46| 0.39 0.68
Methionine | — —_ - -—i — — — — — — — — -
Iso Leucine 1.72 0.59| 0.66 0.60, 0.03 0.47 0.57 0.55 0.74 0.73 1.33 0.34 0.64
Leucine 2,47 1.13] 1.08 1.12 0.05 0.92 0.78 0.80 1.51 1.54 2.45 0.90] 1.44
Tyrosine 0.63 0.25 + -+ 0.02 0.4 0.39 0.18 0.06/ 0.33 0.52 + +
Phenylalanine 1.88 0.6l -+ —| 0.04 0.52 0.39 0.37 0.07 0.90 l.40 + —
B-Alanine | 850 0.17 4+ 4| 0.09 L2g 117 098 o.14 —| —| 4 -
total ' 40.03 15.50 21.98) 16.34| 1.15 17.40] 16.19| 14. 10| 18.97| 22.97 31.45 9.16| 22.78
amino sugar
Glucosamine ’ -~ 0.07 = + — —i - —| 0.27] 0.90, 1.40; 0.37 +
Galactosamine — — — 0.49 — —i - — 0.34 - — 0.30, 0.62
total =007~ o4y —| — -~ =l 061 090 1.40 0.67 0.62

DWrdett; b BT S VR, 0.8 X0 cmAy T b, T ARE; 40°C—60°C (50 min), Buffer (change time); pH 3.25. pH 4.25 (120 min)
pH 4.80 (40 min), M7 I /B, 0.89X15cm H T A, H 7 HEE; 60°C, FERE; 95°C, WEKRE; 440 mpu, 570 mp.
# mol/kg
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Table 5 Hydroxyl and aromatic amino acids composition of recent various carbonates.

(MITTERER, 1973)

Florida

Bermu-

Bahamas Persian Gulf Bay da Red Sea
Sediment type needles | needles i needles | oolites | needles| mud | oolites | mud mud | oolites
Amino acids ‘ 5
Total (M/g) 20.6 19.0 \ 21.8 3.8 22.9 26.5 4.5 6.9 2.6 4.3
Clystine 0. 04 0. 10 0. 04 0.01 0.09 0.08 0.02 0.04 0.02 0.01
Methionine 0.39 0. 51‘ 0. 44 0.09 0.53 0.53 0.06 0.19 0.07 0.06
Tyrosine 0.12 0.06) 0.15  0.03 0.14 0.21 0.04 0. 03] 0.03 0.01
Phenylalanine 0. 60| 0.44 0. 57’ 0. 14 0. 55, 0. 72 0.18 0.18 0.06 0.09

W e R - R T I JBHE, 7 X B B
BHELTWBZ D, 73 BRI 3HERED
AT, IRB ANV Y ZEOHEY LT L ) BOMERER
BT 5 LCEERSA TV S, YK KR AR P
CEENBTIBOO L, PHETIVBOED ZEE
N—BL {64~81.6%% HEdT W5 (Fig. 6). HHiE7
IO ED BESIX6.0~25. 2 BT I VO ED B
A1 1.4~25.27, L HIIFEERELDEERLTY
5. LA RETHAREDNB—020BET I / BREEE
PEIER B, Mirterer (1973) 12k Bk, ERMET S
- BRI R @ skeletal carbonate, non skeletal carbonate
PCIE, M7 I BOK3ISD 125D TS, 20k
IR T I VBREAEPEVERIZOWTHIE, Jac-

amino acid

basic) acidic |ineutrdl:
30

mol/kg
0

]

100
amino sugar

Fig. 6 Basic, acidic and neutral amino acids.

ksoN (1971), Svess & (1970) D FEBRHI%Z HIF T, [T
DT A A VEOBEPTIE, 7AAT X VBTV
ERBE2 INRFIUNEDALF ALY, Z o
7 BRRBIEORE ICEE SN 5 7 @ negative site &
BEzsmnl b, HELTWS., bLIDYX ) cEREY
I BORBSPRBEREOREICLVFEL TN
noil, BRERICE - T, OFEEREE LTS
BT/ BIYVVEL kbbb Z LitoicELbR
%. ¥z, kerogen ZyY BERICAT R o B ALER IC
IoT, REBINVY T LET ANTEVBROEATTS
h, KbhrgEkbEgxbh s,

T X BRI ERADCE L THAPCAO—Er bR &
nieds, Fuwo bhbiRishhro7e. BRHEH
Th, ZOBBIFFILRN, 7I 0B RBE
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Fig. 7 Relation between total volume hydrocarbon

C;~ C; and total amino acid.
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