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Paleoenvironmental determination using visual kerogen analysis
— A study of the Neogene sediments around the Tsugaru Peninsula, northern Honshu, Japan —

Yoshihiro Ujiié* and Hiroshi Jinga® *

Abstract Visual kerogen analysis is a useful method for determining palecenvironment, because
kerogen is present in almost all sedimentary rocks and is indicative of sedimentary conditions.

Kerogen is classified into three types by visual kerogen analysis. Coaly-woody kerogen consists of
charcoal and woody fragments derived from terrestrial plants. Herbaceous kerogen is composed of pol-
len, spores and terrestrial plant leaves. Amorphous kerogen without any clear outline, distinct shape
and identified structure, is considered to be derived from marine microorganisms (Tissot and Welte,
1984).

Therefore, terrigenous sediments contain much more coaly-woody and herbaceous kerogen than
amorphous kerogen. Terrigenous sediments contain less than 35% amorphous kerogen in our samples.
The content of amorphous kerogen in sedimentary rocks tends to be higher with an increase of deposi-
tional depth in the sea.

The paleoenvironmental history during the Neogene around the Tsugaru Peninsula was determined by
visual kerogen composition. The sea first invaded around the Kodomari Peninsula in the northwest part
of the Tsugaru Peninsula at the time of deposition of the [somatsu Formation (about 18Ma) . This
transgression continued until the end of deposition of the Kodomari Formation (about 8Ma). Then the
transgression was replaced by regression. But in the west to southwest area of the Tsugaru Peninsula
similar geological events took place a few million years later.

This history is consistent with all data on paleontology and sedimentology of the Neogene in the Tsu-

garu basin reported by other authors.
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HBHRFEOR W E S b Rkt Codidsr e
ON7ZERTY, BLAFREILAREIME CRE S
TWa, 0L BRE»5 1, ERES L LE
ATZE LTS, HEYFEER O REBR IR T 55
EAL BN ERRLTS, Thbb, fEEDXS %
TEMENERCE ST FES T CI), HEEO
BITICREN S 5.

WREESITE, AHOBBYWE LTS THh L HR
M, #¥a x> (kerogen) BNEINRTWD, # 0y
Y, BERZ2DFRONBEERILAY T, HEEBE
TAHI LR, Lad, #EETHINZ, Lokon
ERD, LX) 2BEORBEICH, rudril
BIICEEIN TS, LadFoT, 20rudcriF)
ML THEBEOMENSTRE L 2L, THILAEORERL
TWEBEBIIBWT

EJa7 O3 1 L9k

Va7V ruad s v 3#iik(visual kerogen analysis)
&, b &b EERSITE+SRR L, ARSI
ELTHRELADBDOTH S (Staplin, 1969).

HERE 2 SIRER - ALK KB L &2 F L mic 5
BE-REL-7ravr %, EYEMET B8RS
T 5. ZOFRESCHBED S, ARE—ARE 0¥« ¥ (coaly
and woody kerogen), EARE 7 1 x  (herbaceous kero-
gen), ANEHME 7 1Y =~ (amorphous kerogen) 2Kk %
(BT A, COGEEBCESE, B4V b hyy bE
v, —O0FERRBICET AT LA RoM
BERELT, ZOERFAMERZEN Y L0 5nEtr
PEHETHLOTH%.
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Index map.

Routes investigated in this paper are shown with underlines.
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—fRICIE, BT CABYORFIRE SR F
IZHRN, B OB TRIBESR, +42bbLEBIE
bEDLETHET D I LHEW,

IOXIE, EVaTNFrud e yoWER, A
AR 2 REWICHE T A AMRIE S L L LA
(RS R TWAS,

B ETv AL, WRERETOAEY IHERROEY
DEETH D, LzhoT, ARE-ARE Yy uY = i,
LM ORETE I CHRTAIEETH), ERE o
Vi, BESL L IZRKEDOHEY OREIE R
BE, BF - Eh - BIEz o LETHL. AERES
0¥ i3, AEZERSABEE L L 2 WA R
MBPZEDEESENS 2B, FOFEFIBTHERET
THERE L 7 RCE 8 Cd % (Tissot and Welte, 1984).

IROHDOFEEIHESITIE, BREV 2TV - rudy
MBS, 2 OHEEOHBEREIEETE L3 TH 5.
AAfseix, LX) 2EEE2HLICLT, ¥Va7
Verunlz ygirbERERYHEELLIE VI HD
ThbH. AR THVWAE 27V - ra v 5HE
i, WBIE (1986) O HIEICERL /2.

BL—MIBUIHEBFEELE 270400 1 LR

SEHMM L6 KDV — FOWHERFEL I 270 -
ruY YONOKRE, L bEAZL— P LR
B 5. F72, BRICHE LAERELV— + (HEF - KR,
1990) 12V Tdh, HED0IcHHICHRT 5.
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Fig. 2 Stratigraphic correlation around the Tsugaru Peninsula with average content of amorphous

kerogen in each formation.
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1. BKXR— ﬁmﬂw—
ﬁ%%éhﬁ%mm%%cu FAHRN— M,
&gﬁﬂﬂli(/w@(ﬁ 7]<X(R(\l/\(7))l/w &, BEREBICERE
E(ﬁmﬁ@w@w—F%Ab%f§@T%%(ﬁg
1), Bu— MHhEOFHE=R1Z, BEICI0~40° <
FEgHEEZRL TS, BTHRIEREaHLBRE» 5
B sh, 20 LICHERE, BKELRE, BKEL
BEEI NV MEREMNRICESRS (Fig. 3) iﬂ},@ﬁ%ti
EATIEA (1959) 1HDE, Tu;bdwa ﬁﬁ%
%Eg%ﬁmtt.ﬁw—hﬁﬁ%ﬁﬁbtmui#
(1970) &, JTEHOLREIE & &IKE I3t LATHEE,
o N oERE A LBEILE, ERE2 (1959) @
BRI LIE KRB oA - Tnh. Av—©

fH3ETILA DOFERIZERD H ko,

SAMPLING HORIZONS
FACIES

STRATIGRAPHY|

KEROGEN COMPQSITION (x)

Kanita Fm.

Shiokoshi Fm,

100M

Kodomari Fm.:;

LITHOLOGICAL FACIES
sandstone

KEROGEN
B2d codly-woody kerogen

= siltstone [Jherbaceous kerogen
diatomaceous siltstone .amorphous kerogen
E= hard shale

[#% conglomerate

acidic tuff

lapilli tuff or tuff breccia
&V lava or pyroclastics

25 tuffaceous sandstone

Fig. 3 Kerogen composition vs. stratigraphic hori-
zon in Shimizumatasawa-Shiritakasawa

route.

REE HRLI2IBETE 2TV Oy VO
1757 FORERE, WThoBETHOAERE S 1
Vv DEREENEL, ARBE-KRE ral L v EER
Brud ey iESbeT60.0% %A 5L REEE
ot (Fig.3). #BICBILEHEL DL, REF
Bruvz ORI, /MNABTI8.7%, EHBET
65.4%, HEHET59. o%a iz nw i ERERE 7
0¥ DEEENRATAERVERD LD (Flg 2).
2. |WEFRIL— b

x»—ri ALHEEEL IR RIS % S B MBI
ﬁ@ﬁﬁﬁ@wkﬂ%?%(ﬂgl) A)— Mg, b
ﬁﬁ@@%%boﬁmmﬁwﬂ% EAf, 1959) OFEHE,
WO FRICTFIT2EE S b, 3.5km BN THHICME
Fa/AARE GFE - LA, 1959) OERRBEICH-5H.
BRI, F~RPEIC10~40° v 2 FRMEE 2R L T
u%L%T%u@%-w%%g@kLt%@%#%&m
%@L@@R%ﬁ#%&é@%@,ﬁmﬁ@%%iw
T AEME, WEHREY»S R A/NMNABNECE RS
(Fig. 4 ). B IME - L& (1959) icED T w5,
B O BT A H#10m TALOB#EIALE § 5 RakE
5 it Ostrea sp. PALAHFERT A, Kv— PEAIC
ST BB 51X, S  OEREKEYLA D H
EshTBY, chHEMIREBYWEHCETLZLNLE S
ncws B - k&, 1959 ; Mizuno, 1964).

SAMPLING HORIZONS
FACIES

STRATIGRAPH

KEROGEN COMPOSITION (%)
GIO

Kodomari Fm.

Nagane Fm,

Fuyuhe an§§ﬁ
A

100M

Isomatsu Fin.; s

Fig. 4 Kerogen composition vs. stratigraphic hori-
zon in Itawarisawa route.

Symbols are the same as in Fig. 3.
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HRM D 6 BB —REELRHE =

REEOREZELZVWATB R E, 11OBETE Y2
T rudl s v e T RERE Y2200
ERE, BEREO 25 TIZ17.0KU829.7% &KV E

RS, B & /NARB O TI240.5, 51.5% D 2
o%V% WENH65.0% 2 B2 AEWERRT (Fig.
4). i, BRE-AKErud o8, BN

@T%J&UBQA%EL,vn6®ﬁﬁ$@ﬁﬁbt
EHRBFPCRLBNETHS. EBOARERE 0«
VO EREY L o Th, BIRET23.4%, RIEBET
67.0%, /NHARBT63.9% &%), FBINE L BARE - /NA
BLOBICKERBAIFETS (Fig. 2).

3. KINBRIL— b

RS E AT S 2 s B E ) O KRBV 0K
V— Mg, ARV — O 5 km (AL ET 5 (Fig.
1). AN — P OBEH500m 121, 1FITERV— FMTPATIC
ELEBWEIHELET H. A— Mg, JLEIC40~
60° MR L 2B R ENFET S (Fig. 5). EHEH I,
GEr L, ZOWMEREZEKIIR-AERV— Fo/h
HE ERoMERE T L.

BALDHEA TR WS BETE D 7V rud v
S ET o7, WThOREED, AERErud=r%

70.0% L&A, ARE-RErud v OEHER
0.5~2.5% &L {fEWEERT
4. B/RIL— b _
FoL— b i, Je R B AT RO A L, L+’éz
(ﬁﬂ'\{§E< Eﬁﬁ)llwimukfﬁofb\é (Fig.1). & &
%F*A®@%ﬁkéf© FreE =R Ede v~
10~50FEMEM L €, EEMIHEELTwA. RTEHIR
EBETA, TREBOBER LY EHKE T 5 BIE,

SAMPLING HORIZONS

Cl
STRATIORABLY KEROGEN COMPOSITION )
. (‘) 2'0 4]0 ﬁlO Q[(L 1?0
Kodomari Fm,
{100M
o]

Fig. 5 Kerogen composition vs. stratigraphic hori-
zon in Okawamesawa route.

Symbols are the same as in Fig. 3.

FDBAE— 211

Z 0 EICECEERIKER % Rk A, BERE»S
LH/NARE, BEEE IV NEIL R HEBRES, JHICE
%% (Fig. 6). #BZIIx+E - B&F (1959) 2o &
WwE L AV — MBS SEAOEHIZED Sk,
REEFLICUBETCE T 270 - rad - V5
2T o7, WTNOBETOLARERE YA 2 v OEH
BEEC, RETH50.5%9THs. FBICBITLEY%
EhE, AEREIruY vOEFREIR, EREBT
68.8%, /MHABT70.5%, HEBET63.6%& %Y, /NA
BTEwEew ) e RT (Fig. 2).

5. £XKIHL— b e

Ah— M, EEHESKRITOERZHN5EAR)
BB T 5 (Fig. 1) BIEE F—208EIcH 720,
FE=RIWH~HERAI0~25°HH L THF LT
5. RTHRIZREBECHAERKARSES» SHBR S h
HZERMB»O4D, Z0 LICHEIRE & EVER KX

SAMPLING HORIZONS
FACIES

STRATIGRAPHY| KEROGEN COMPOSITION (%)

o 20 40 60 80 100

Kodomari Fm,’

100M

Fig. 6 Kerogen composition vs. stratigraphic hori-
zon in Tanosawa route.

Symbols are the same as in Fig. 3.
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ENORAH/NAE, BURIKERE YRS, EEEY IV
%ﬁ\%&%ﬁ@@ﬁfhlﬁrit&% (Fig. 7). & — MJ;
%pﬁﬁumﬁ# (1981) %, /J\(EIEOMVIOVH 5
?Mﬂ% BBEDOH»Db I Téﬁﬁ%@ﬁh%%%ﬁkﬁb
TWwa, Kv— MHETEREARIZEREO O .
REEDFRET H/NAR LIERED23FHEIZB T
EVaT7N - ruadarygfixito/. AEREr 1
T rDERER, EBRBORTETL0.0% 2RT 4,
B VWTFNH50.0% %@z Tw5b (Fig. 7). AERE
rud v DRRBEBIILEREDFHELAD L, /I
HE T69.8%, EMIETE60.9% & 20 (Fig. 2), /NA
&,
6. jtqz;R}l/— l\ 3% 0 ravF
HANERRGO B 7 #1l X AN S E5R
DXFBONV—+ThH 5B (Fig. 1). B/l F—a
DOBEHBICE TN, HE=RFIE~EE~20~32° 1

SAMPLING HORIZONS
FACIES

STRATIGRAPHY|

KEROGEN COMPOSITION (%)

20 40 60 80 100
T T T T T 1

:

Shiokoshi Fm.:

Kodomari Fm.:7:

[ﬂDOM
o

* eweees o

Nagane Fm,

Fig. 7 Kerogen composition vs. stratigraphic hori-
zon in Kanagikawa route.

Symbols are the same as in Fig. 3.

RERE -

ME R

FLTWD, JUREERE L EREGERKEE» S L 5
EREO R, TRIECBEERIKER A, WE
ﬁﬁﬁﬁ&%%/%mg,vw%%~@§%%#6&é
BB, BETE V)V MNEDLS R HARENEREHIEIC
E% A (Fig. 8). BRI, KF - fi#H (1985) %
S Al — MEBE»S R, {LAEREDSRZ W,
RESDRETHIDOBEIIBNT, EJ2T7N &
U v EfTo7. &BEEEL T, AERE O
V2V DEREVPRVEL, HEKTH60.0%%7R7.
FARE-RKErad 08B IED THEL, 10.0%
R AHLORT. AEREFr vV VOEAEYE
BILICFEHTHE, BRIREC0.8%, K/ MUET
81.5%, H/\FRET79.3%, RENEBTE7.0%&%D),
B ML X ) BT~ 5 TR 2| T BEIA D
5% (Fig. 2).

SAMPLING HORIZONS
FACIES

STRATIGRAPHY KEROGEN COMPOSITION (%)

Fudonotaki Fm,

Genpachimori
Fm.

INNNRRRN]
P
Il 1 Illlllllll

lll
1l

]
ILI

Umanokami-
yama Fm.=

100M

Nagane Fm.[7:

Fig. 8 Kerogen composition vs. stratigraphic hori-
zon in Ohirasawa route.

Symbols are the same as in Fig. 3.
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7. EEEIL— b

A — bz, Eé?ﬁﬁ#RthéﬁﬁﬁBEH
t®PﬁﬁL%ﬁﬂ%¢ﬁm&UERM—mTéé
(Fig. 1). AV — MIEOMERE T h b HEY O
MW, g - Kl (1990) 2BHE iz,
BEYBRND &, AV — MIASHEEDOTERIZ N2 )
%%?%iﬁﬁ~$«m~ﬂfﬁﬁtf,ﬁﬁmuﬁﬁ
waé KT E E@A%%tﬁ5#6&5
kPWE,%wtktMEﬁﬁmﬁ%E#%&%Eﬁ
RE,@E%E#%&%k;?@ /WﬁEW%&%
ﬁ‘EE, HEEEIV bEﬁ\%&ék?XEﬁ‘ﬂELi&%
(Fig. 9). RKFHEE S LAY OERH DAL

SAMPLING HORIZONS
FACIES

STRATIGRAPHY KEROGEN COMPOSITION (%)

) 20 40 60 BIO 1?0

N R T S O TR R R B I
AlﬁMHHHMUMWNHM

4
WS G
oy

=~
<

Taiaki Fm.

4
S&Y

VS

T
S
AN

TR

{<
S
|

R SRS RTS

SEER N

P
|

Akaishi Fm.

A1000nnnnnE:

1
:

Odoji Fm.
Tanosawa Fm.[;%:

Ddose F“‘-%:

Fig. 9 Kerogen composition vs. stratigraphic hori-

zon in Nishitsugaru route.

Symbols are the same as in Fig. 3.
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A%, BERED S REUARSSETS. T/, HER
& B oL v ZIRREE 5 5 13 Ostrea 2 & DBRAKELY
fEERER E NS, RV — MEE % #%E L 72 Iwai (1960)
X, FILBHEEDS Vicarye BEE L HE L TV 5,
REEDREETHABETE Y 2TV - rudx 4
MET R 72 TRICHKET S KEHERE L HEFIRE it
AEFEr oY « v OERESBO TR, 20FYHE
EKF#ET28.8%, HEFIRE T8.0% & % 5 (Fig. 2).
—%, £O ENOXETRE - FARE - KKBTid, RE
HE/r a2 OEEEIEL, FHUEr b XETF
J8T65.0%, FRAET66.6%, KIKET53.0%& %%
HERB L RETRBLOBERLEIILT, V27N -
TaY s VHBICKEREZRNFETLHZ L She s

— FEIDHEEBFE DO

BERYBEBBICAF T AHE=ZRICOVTOHER
B RIBECHESRTHDY, £ e
72 DRBOTHRV. FRETORTMESEEOBIE
(&1, 1962), EHRIEBOELBARBATOXEBEER (b
1320, 1972), S SR ORIFRE D 720 OIEEHE (&
BHLEEHXE, 1989) KHELETHDATH S, FHEMLD
SRACAIHER O 30 Z S FBE R R % KK L 72 kAt (1986)
i, BREEERET S 2 ROEFHE O BB FWE
&, TNCETHIEEYFRIRVERENF -5 %2 LD
HIF TS,

AHFFEIC BT, dbkiEd (1972) oxtibx AR
L, &5I2dbh (1986) O F— 4 %5 L LT, &L —
MEOMEEFLLETEA L (Fig. 2).

et (1986) DFfFELHZ D, [E=REBEEEEROK
AWl (B, 1988) 2Ltk b, EELEMKOT
BZREFE -MEShTwE, Lal, 2OFEEE,
EELDOBFIIL (Fig.2) L RKESFBETAHLOTI
Ve,

ET27I« /O 1 D4R & HEEIBLE

RS ICE T NDEEY, TOREWE, HERE
ROUHBAER (BEE) ok, HAEWTEFEY
ZAH. rudz vy, ToLEEK, RAAL, G5,
AR, @Atz 5%, HBRBORBIERICI Y KEL
24k % (Tissot and Welte, 1984). L7-% 5T, T h
SOEMENS 1Y v ORIERYE 2 RIS ¢ ik
ThHILiE, H#ETH 5.

—H, €Y7V rud ook, R
REMIZHEL, ZOLEROMBrRTHELZOT, &
BBEOEE — —#KICE MY F 4 FOREE (Ro) T
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0.8% LT O — Tit, AR ICEEShD L
AR, KXo, BRIEASBEICETL TRV
A, MRBRBEEAHEETADILLED ATV Fuds
YONTERIFETHH EEZIOLNS.

1. EYa7)b-50OY 4K EREEDRERR

REEOMESE L, #RIE ruy v EEHE
MR~ - HO (198]) Gk hiE, yu¥=v o
EEEIZ, 47624 DIV b A A5 THRAMER & D,
FRUTOSETIE, MEL /O BEEOBICAED
MR END LW, $72, HREO oy« vid
BRREHICZLL, BLEERELDD, AR LIV
D7V MIB. —F, Mo raY 2 v idgER
BELEREICEA, WEREEEDS 7 I YBRIZES, &
ENTW5S,

AR OB R OHE - KK (1990) o L#E S
S>nWC, MKE, B, BEREEISUT, aihs
rade OB E A (Fig.10). ARE-AKERY
AERE OV 2 v OEEREAMEMICL 5 THDBE, &

DL RSETHE, WREOBEL ruv s VHERE D
R REIEMS IIEED Dk v,
2. EZa7N - rOY s LR EKR

g (1980) i3, FrBFEF BT, MNEFILEI/LA
e EDOHEE LEBE CRE I, 1980) L ¥V AT
WeruPde VECLAE#EYERKE OBRMBREIRE L
7z, ZORRICEINE, AEREruY v (K,
(BRE Py LXATHS) &, EKEEHE
REMBRE LD LWV RIS, FYIHEA T, #ONEE
e B EREWED, B b ARG - RERVCER
BrudzryPS hAHMERT, £,

EE LT RBERENTORMBHEEY Oy oY =
VAT YH, AROHERVBON. Thbh, Hti
%%K@ihé#ﬁylymﬁmfk%@$%%E7n
Vrzvogild BRBICECEHINOWMOMET
46.5%, MWFEMRPO EHICHNDLIZIEVEINLT, BR.
FTI1E70.9% 1T 5 (ME, 1990MS).

¥ 72, EHREANOBERIRR 2P OWEERY &

80%
L J
| 1 # sandstone
.I ® siltstone
5 Y hard shale
O
o
e
L) 50%
x
o
> T
(@]
o
S
>
-1 39
z[l ° é
(@) 0
(©]
°
0
0%
0%

Fig. 10 Coaly-woody vs. amorphous kerogen content per sample in relation to the kind of

rock.

I : Isomatsu Formation, O : Odose F., T

formations

. Tanosawa F. no letter ; other
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TRTWAETray OB ERANTALE, WTFRd
ERE-AKERUVEAE 1Y 2> OEEEIFEEMIC
B, AERErUY L v 0EERIL, 0% %A
EWR o7z (WE, 1990MS).

WHEBR OB IIBWTY, MRERLEOBEESS
HEWALE 2 5% C ERT A HIB 2> SRE L 2Rk T,
AEREruY 2 v OFFEEIZ—HFICEY. BET T
HEOSHPDH LD T, TXT3HBUNICE - T
Wh, IDL)RBEIS, REREruY 2 v OEER
B35 %LU TOREN, BEEEZEEELSDRWESE
R LIACHE L D LEESNS.

BEYEHE=ZROHREELEL

1. EZ270 - 5Oz HBRICEBHE

a7 rude rOoNiERE, BIETHNL
BISSEEICRS L, 72 o@BEBMEicofmT sH
EBZROHBREREILL Ta %,

AEROHE - KK (1990) 2BV CToMr L 7-250H
126D b, REREry Y2y DEFENB%LUT
OHBICEL DD, EHs5EBTHS (Fig.10). =
noi, WERV - OBBRERUEERLV - FOKF
g L HBREORETH 5.
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