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Abstract: Nanatsugama Sandstone of the Lower Oligocene Nishisonogi Group in western Kyushu
(Nagasaki Prefecture) is divided into fifteen lithological cycles. The lower part is characterized by
five cycles including conglomerate, densely bioturbated medium-grained sandstone and hummocky
cross-stratified (HCS) sandstone and trough cross-stratified (TCS) sandstone in ascending order.
The middle part is characterized by three cycles composed of densely bioturbated medium-grained
sandstone, HCS sandstone and debris flow deposit in ascending order. The uppermost part of
Nanatsugama Sandstone is composed of seven cycles of shoaling-upward sequences obtaining
structureless medium-grained sandstone, HCS sandstone and rhodolith-bearing sandstone in ascend-
ing order. All these sedimentary cycles in the study area indicate shoaling-upward shelf system
from inner shelf to upper shoreface through lower shoreface. Based on the magnetostratigraphic
data, the periodicity of each cycle is calculated as about 50 to 170 ky. These high-frequency
sedimentary cycles are most likely ascribed to have been formed under a major control of eustasy.
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Geological map of the northwestern part of the Nishisonogi Peninsula, modified after Inoue (1964).
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Fig. 2. Stratigraphy of the Tertiary in the Nishisonogi
Peninsula after Inoue (1964) and Hattori ef al. (1993).
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Fig. 3. Rhodolith samples from Nanatsugama Sand-
stone in Saikai Section. The morphology is spheroidal or
discoidal in study area. Their internal structure is laminar

and concentric. Some serpulid worms are observed on the
surface of the rhodolith.
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(A)

Lithofacies Colurnn_ Lithology Sedimentary structures Interpretation
1 '©.0 @@ Sparse RBS RBS/medium ss, matrix support|[upper shoreface
2 ; &L Abundant RBS RBS/medium ss, grain support |upper shoreface
3 T T LT TlAlgal debris LS erosion surface, matrix support |sediment gravity flow
4 AT 8 Shell bed Qtz and schist lithoclasts sediment gravity flow
5 sl Conglomerate grading, matrix support sediment gravity flow
6 = TCS SS low-angled TCS upper shoreface
7 2 HCS SS amalgamated HCS, deformed |lower shoreface
8 s Structureless SS crude bedding lower shoreface
9 - | Bioturbated SS grading, current ripples inner shelf
10 A : tuff/ss, graded bedding inner shelf

B
Nanatsugama Sandstone
not to scale
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Fig. 5.

(A) Summary of lithofacies descriptions including lithology, sedimentary structures and interpretations. (B)

Sedimentary model of coralline algal biostromes of the Nanatsugama Sandstone. Coralline algal biostromes were formed
in upper shoreface environment, affected by current and wave action which probably provides oxygen and nutrients.
Occassionally rhodoliths were winnowed and transported by sediment gravity flows to the deeper shelf.
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Fig. 6. (A) Rhodolith-bearing sandstone in Saikai Section. Alternation of Lithofacies 1 and 2 is observed. (B) Zoom up
of the rhodolith-bearing sandstone. (C) Sparse rhodolith-bearing sandstone (Lithofacies 1) alternating with medium
sandstone in Saikai Section. Large rhodoliths are floating in the bluish medium-to-coarse-grained sand matrix. Some
rhodoliths were bored by some benthic fauna. (D) Abundant rhodolith-bearing sandstone (Lithofacies 2) alternating with
medium sandstone in Saikai Section. Small rhodoliths contact with grain to grain and they are partly fragmented.
Intragrain of the sandstone is always cemented by sparite cement. (E) Thin-section photomicrograph of Lithofacies 1 in
Saikai Section. Grains mainly consist of coralline algae, bryozoan, quartz and-plagioclase. Blocky sparite cemented
intragrains of the sandstone. Micrite is almost absent. Nicols crossed. For scale, width of photo is 2 mm. (F) Thin-section
photomicrograph of rhodolith which shows laminar structure in Saikai Section. Pores in the layers were origined from algal
conceptacles and filled with blocky sparite and small amount of micrite. Nicols crossed. For scale, width of photo is 2 mm.
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Fig. 7. (A) Algal debris limestone (Lithofacies 3) in Saikai Section. Pebble to cobble size grains are floating in the
calcareous sand matrix. Grains are composed of lithoclasts of the crystalline schists and quartz. Matrix contains coarse
-grained bioclasts including dominantly algal debris and bryozoans. This limestone overlies the low-angled cross bedded
sandstone (Lithofacies 8) with an erosional surface. (B) Outcrop in Nakaura Section including bioturbated sandstone
(Lithofacies 9), channel lag rhodolith-bearing sandstone (Lithofacies 3), debris flow rhodolith-bearing sandstone (Lithofacies
3) and HCS sandstone (Lithofacies 7) in descending order. (C) Shell bed (Lithofacies 4) composed of Glycymeris in Saikai
Section: Most of the shells are not in growth position and partly fragmented. Matrix is coarse-grained sand with bioclasts.
(D) TCS sandstone (Lithofacies 6) in Saikai Section. Paleocurrent indicates approximately north-to-south trend. (E) HCS
sandstone (Lithofacies 7) in Saikai Section. HCS beds are amalgamated. (F) Bioturbated sandstone (Lithofacies 9) in
Nakaura Section. Burrows are about 1 cm in width and parallel to the bedding plane.
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Fig. 8. Weathered outcrops of rhodolith-bearing sand-

stone in Saikai Section. Each outcrop is about 3 to 6 m in
height.
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Fig. 9. Columnar section of Nanatsugama Sandstone, showing sedimentary cycles and paleodepth curves. Numbers along
columns indicate the lithofacies (see Fig. 5).
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EI0M BRRERHIEREER (PAFD) B & VEBRMSEGNEEER (PThD) ORRE %2R T Zijderveld M, EERS (A & B) &5
(C & D) OBRERALE XL UREETHHTE R o BREHE (E & F). EREAYHE, ALE N-S FAOEEARNORET
b5, AHNCHEMA U BEFREEY~VvTHD, Ao DKL TIZPAFD £/213 PThD 2 & b, ERTRENDILEEL 74
B LG BBE Sz, L L, E & F CREBERLOSTLE CERRD b V> FSREEE» 572,
Fig. 10. Zijderveld diagrams of progressive alterating field and progressive thermal demagnetization (PAFD/PThD)
results. Stable (A and B) and multi-component (C and D) remanent magnetization and unstable remanence (E and F). Solid
and open circles are horizontal and N-S vertical projections of vector and end-points, respectively. Numbers attached to
symbols show demagnetization levels. As for A to D, PAFD and PThD are able to recover stable primary components, which

are shown as a straight trend on the diagrams. Unstable remanence (E and F), however, prevents us from determining linear
trends on the diagrams.
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Fig. 11.  Stratigraphic section showing nanno fossil
zones (Okada, 1992), magnetic polarity (open and solid
circles show reversed and normal polarity, respectively)
and polarity chrons (Cande and Kent, 1995).
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£1F LEDEBTESIIYA N LOHHEEEST 4. Demag., WEiLV -~V ; Dec, Inc., {EEIMEEROVTHIRAL L OF
YHRA ; s, I5UIEREMHDLEE ; x, $EE/SF A —% (Fisher, 1953) ; P, Migg&tet: (N IZIEHEE, R IGEHEED ; Litho., %5

DEHRSES.
Table 1.

Site-mean paleomagnetic data for Nanatsugama Sandstone. Demag. is demagnetization method ; Dec. and Inc.

are medn declination and inclination in degrees after tilt correction, respectively ; a5 is radius of 95 % confidence circle in
degrees ; x is precision parameter of Fisher (1953) ; P is magnetic polarity (N and R indicate normal and reversed polarity,
respectively) ; Litho. is number of lithofacies defined in Fig. 3.

Site  Sample Demag. Level Dec. (" ) Inc.C ) «95 « P Litho.
SA1 A2 PThD 240 C -259 27.7 10.6 530 N |
SA2 Al PThD 440 C 135.1 -45.8 184 79 R 8
A2 PAFD 35 mT 149.9 229 170 534 R 8
SA3 Al PThD 240 C 413 487 78 977 N 7
Cl1 PAFD 35mT -46.1 53.2 20.0 86 N 7
C2 PThD 300 C 31.2 50.5 13.6 20.7 N 7
SAS B2+ PThD 240 C -12.6 50.8 6.6 136.1 N |
SA7 Bl PThD 240 C -24.6 348 168 21.7 N 3
Cl1 PAFD 80 mT -22.2 281 260 947 N 3
NAl1 BI1 PThD 240 C -16.0 6.2 151 681 N 7
B2 PAFD 110 mT -12.8 629 17.1 56 N 7
YAl B2 PAFD 40 mT 144 353 98 331N 7
B2+ PAFD 25mT 4.4 302 34 5109 N 7
C2 PAFD 35mT -3.5 599 184 182 N 7
YA2 Al PThD 280 C 23.3 726 81 696 N 6
A2 PAFD 20 mT 44.1 565 79 1353 N 6
B1 PAFD 20 mT 18.1 563 36 4509 N 6
Cl1 PThD 340 C 11.8 450 51 1027 N 6
C2 PAFD 25mT -6.6 567 88 772 N 6
YA3 Al PThD 360 C 12.6 16.7 2.1 68 N 6
A2 PAFD 100 mT -36.9 37.8 174 58 N 6
B1 PThD 380 C 1.9 263 109 184 N 6
Cl1 PAFD 25 mT -9.4 559 85 635 N 6
Mean 1.8 464 17.1 4.1

Site-All
N =23
Dm 1.8
Im 46.4
Y95 = 17.1
4.1

It

A

B2 {EEIFEEROEY 1 b OEHEERIL AL, SRR
ERCHEEREY A b, BENTESRERLAI TS, B
HIETHER, B kR,

Fig. 12. Equal area projection of the corrected direc-
tions of each site (circle) and mean directon (star). Solid
(open) symbols are on the lower (upper) hemisphere.

-MERY A I ViE, 2 X Vv—iIELbDEED
NTW3, E7-TEmEEEHIRTIEN (1982) k-
TEEF  EEMBEOEHNM s TwE, 20 Eh
5, CEWAEBETRED 5N L A0 BN G EAREL
Wz —R ¥ ¥ — L HUIBRA e iR & B S R T AT HEK
WEHTRHLDBYCHBPT L8 TELZEEZON
5, LEWEBI B LEHZER (1928) & 3@
BYRHREAD FERICHYE L, Zh o OHEREYIEER I
BLiceEzonS, o OHREY A 7 VIZETTEDR
STHEL —F —OUEKELE 2 KL TWwb D L
Hcx3,

8. #&

LEBDEBTREINE YV TE - N{F A bu—A
L, YA 7 VORI DWW TERE LR, XU
TOEOEZEDBIENTE D,

1. EEWEBREHIC I > TIORSE NS, HEYA
I VETFESTIE 5 |, FE8C3E, Bk 7 EOD% L

B

—392—



WIREEWEBTRESNZ YV ITE « N AR P u—2OHBERE L HEY 1 7 VOREE (IH)

Cande and Kent (1995)
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(ca 50 m in thickness)
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The ;éf‘;ﬁhfufated periodicity of the sedimentary cycles

about 50 to 170 kyrs

' 33.545 Ma
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Fig. 13. Sedimentation rate and periodicity of Nanatsugama Sandstone estimated based on the thickness and the
magnetostratigraphy. Combined with these data, it is concluded that a few tens of thousands years is the reasonable
periodicity for the rhodolith~bearing sandstone cycles. These high-frequency sedimentary cycles are most likely ascribed

to have formed under a major control of glacio-eustasy.
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