CHAPTER 4: PLANKTIC FORAMINIFERAL
BIOSTRATIGRAPHY

4.1 PREVIOUS INVESTIGATION

Liechti et al (1960) and Sarawak Shell Oil Company (cited by Ho, 1978,
p. 3), respectively have described the occurrences of planktic foraminifers in a
few places in the central Sarawak and also in the offshore provinces of the
northwest Sarawak. In onshore areas, the planktic foraminifers occurred only
very limited amount, in mainly the Sibuti and Suai Formations, and thereby no
planktic foraminiferal zonation and the age was established in this region. The
age of the sediments was then established based mainly from the analysis on
benthos and big foraminifera, ranging from Early Miocene to Mid Miocene.
However, in the extensive offshore provinces of the northwest Sarawak, there
were many drilled holes contained planktic foraminifers that enabled the
establishment of a complete planktic foraminiferal zonations based on Postuma
(1971) with age ranging from early Paleogene to Pleistocene (Fig. 7)

Banda (1994, 1995a) initiated the study of the planktic foraminifers
respectively in Miri-Tinjar Road and the Sibuti areas; attempted to establish
planktic foraminiferal zonation and age of the sediments in these areas based the
established planktic foraminiferal biostratigraphy of Blow's (1969). From the
study of Miri-Tinjar Road section by Banda in 1994 (Fig. 55), there are 28
species of planktic foraminifers were recovered, commonly are; Globigerina
praebulloides  praebulloides, Globigerinoides quadrilobatus quadrilebatus,
Globigerinoides quadrilobatus sacculifer, Globigerinoides trilobus trilobus,
Globigerinoides trilobus immaturus and Globoquadrina dehiscens dehiscens.
Based on the analysis of the first and the last appearance of the species, they
are 4 biostratigraphic zones  established namely: 1) Globigerina ciperoensis
ciperoensis, il) Globigerinoides trilobus sensu lato, iil) Globigerinoides
diminutus-Globigerinoides  bisphericus and  1v)  Globoroiwalia  foshi
peripheroacuta Zone. These zones are correlatable to Blow's (1969) Zones
P 20/N.1-N.11 with age ranging from Middle Oligocene to Middle Miocene.
The oldest zone is Globigerina ciperoensis ciperoensis Zone formed the core of
the Subis Anticlinorium, whereas the younger zones are located towards the
periphery of the anticlinorium.

Banda (1995a) also conducted a study on the planktic foraminifers in the
Sibuti area. Samples of mudstone were collected from six outcrops (Fig. 30)
and they were 40 species recovered, with the most common species are
Globigerina  praebulloides praebulloides, Globigerinoides  quadrilobatus
quadrilobatus,  Globigerinoides trilobus trilobus, Globigerinoides trilobus
immaturus, Globoquadrina dehiscens dehiscens and Praeorbulina transitoria.
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These species implied the age of the sediments is early Mid Miocene, deposited
in the open marine sedimentary environment.

1
154:’15'5 ]
LEGEND i :

S 7
Outgrop sactions: / e (;Smlezakrn — __/ / ‘
Lo . Y/
3 Peninjou /// / :
Vil .

4 Slbutl Barat
5 Ladong 4
8 Entulang

b/77] Lambir -~ ... Formational
FOI'I'I’\CIIHO[\ 4 _‘cm\mu
 sibutl =~ Road
Formation —7/

120°E

?E 1 1000
[ E——]
km

U
v
I
/@AYSE G{:f’
N @»Sludy Area
&4
T e

T
120°E

i
J $ Y
4905'N
i
4905
1

[14°18'E

A

SMICAD/11/9T —RM/CAG

Py

Figure 56, Sample locality for the planktic foraminiferal analysis in
the Sibuti area

4.2 OBJECTIVE OF THE PRESENT INVESTIGATION

As stated in Chapter 1, the main objective of the present investigation is to
study the geology and planktic foraminiferal biostratigraphy of the Northwest
Borneo Basin. The account on the geology and tectonic framework of the area
have been discussed in Chapter 2 and 3, and this Chapter 4, is discussing the
planktic foraminiferal biostratigraphy of the Northwest Borneo Basin, attempting
to establish the planktic foraminiferal zonation and age of the lithostratigraphic
unit of the Suai, Sibuti, Lambir and Miri Formations established during the
recent geological mapping. The mudstone collected during the geological
mrpping are processed in the laboratory for the extraction of the foraminifers
and then analysed for the biostratigraphic zonation. With the combination of the
data from geology, tectonics and biostratigraphy, a comprehensive stratigraphic
framework of the area can be established in order to enhance the development of
the economic potential of the whole region of the Northwest Borneo Basin.
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4.3 METHODOLOGY AND MATERIALS FOR THE PLANKTIC
FORAMINIFERAL ANALYSIS

In order to obtain planktic foraminifers for the analysis, mainly the mudstone
samples were collected in the field during the detailed geological mapping at the
scale of 1: 10,000. They are 214 samples of mudstone and shale were collected;
each sample weighs approximately 150g, collected at approximately of 1 km
distance interval (Fig. 57), however, in some localities, a very detailed sampling
at 2 m interval was also conducted such as in the Entulang outcrop section. The
total 214 samples are made up of 22 samples collected from the Suai Formation,
144 from the Sibuti Formation and 47 from the Lambir Formation and 1 from
the Miri Formation.

They are 22 samples from the Suai Formation; were collected along Suai
Road (Figs. 58, 59) and Bukit Lembong Road (Fig. 60). The samples collected
were mainly mudstone, shale and some siltstone (Table 1).

They are 144 samples were collected over the extensive area of the Sibuti
Formation; 32 samples of mainly mudstone and shale were collected from the
type section, Miri-Tinjar Road section (Figs. 60-62, Table 2) and the rest were
collected from the reference sections such as: along Niah Road (Figs. 63, 64,
Table 3), Ladang 3 Road ( Fig. 65, Table 3) and Lamaus and Kuala Sibuti
Roads ( Fig. 57, Table 3). The samples collected from these reference sections
are mainly mudstone. Samples of mainly mudstone were also collected from the
outcrop sections of Sibuti (Fig. 66, Table 4), Peninjau (Table 2), Ladang 4,
Entulang (Fig 67, Table 4), Sekaloh (Fig 68, Table 4), Subis (Fig 69, Table 4).

From the Lambir Formation a total of 47 samples of mainly siltstone were
collected; obtained from the type section, the Bintulu-Miri Road (Table 5, Figs.
70, 71) and the reference section, along Miri-Tinjar Road (Table 5, Figs. 72, 73).
The samples collected were mainly siltstone and mudstone.

From the Miri Formation, only one mudstone sample was collected along
Miri Hospital Road (Fig. 74, Table 5).

The samples when they are brought to the laboratory, were broken into a size
of 2-3 c¢m and then dried in the oven at the temperature of 60°C for 3 days. The
samples were then boiled in saturated anhydrous sodium sulphate solution to
dissolve the mudstone., Thie sample is sieved through 200 mesh sieve leaving
behind fragments of resistant rock and fossil tests, is later on dried so to pick the
foraminifers from the rest of the fragments.

However, if the mudstone is not easily dissolved by boiling with sodium
sulphate solution, is left to cool overnight so that when the solution crystallised
within the intergranular spaces, it will help to disintegrate the rock further,

Planktic foraminifers were observed and identified under binocular
microscope (Tables 1-6). The species with a good preservation and important for
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Table 1. Occurence of the planktic and benthic foraminifers in the
Suai Formation along Sual and Lembong Road

Age Formatior] Locality | Sample |Planktic | Benthic Presarvalionkbundanc! Other remark
| | Foram | Foram ! Vo
- QMT333] R R P "R | Mudstone
o QMT334 ! / { ! Mudstone
- QMT335 / { i ! Mudstone
- QmMT338| | / / / Slitsione
< |0 QMT337 |/ / / / Shale
=< ~|QMT338| |/ / ! / ) Shale
1O QlQmMT33e| / / / / " . _Shale
o o[ QMT340| / / / Shale
T 1 1QMT341 ! / ! / Siltstone
- Blomtaazl R P / Shale
|« ElomT343] 7/ / / / Shale
= QMT344 { / ! ) Shale
) QMT345| / / ! Shale
QMT348) !/ / / / Shale
QMT347] |/ ! / / Shale
QMT248] |/ ! / / Shale
QMT349] / ! / / Shale
0] J45 R R i R calcareous mudstone
-z J50 R R M R calcareous mudsione
< {0 O J51 R R M R |calcareous mudstone
I < B4 J52 R R M R | calcargous mudsione
w = O § JE2A R R M R | calcareous mudstone
w o .
-
=

e e g

NOTE:
Abundance: f = Barren, R = Rare ( less than 5), A = Abundant (more than 8)
Preservation: G = Good, M = Moderate, P = Poor
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Table 2. Occurence of the planktic and benthic foraminifers in the

Sibut! Formatlon along Miri-Tinjar Road

Age |Formation Locality Sample jPlanktic | Benthic |Preservalion| Abundance Olher remark
Foram | Foram
QMTO19 ! / ! / Mudstone
| QMT020 R R P R Mudstone
QmMT021 A A P A Mudstone
QMT022 / R M R Mudstone
QMT023 R A G A Mudsione
o QMT024 R A G A Mudstone
< QMTO25 R A G R Mudsione
°© QMTO26 | R R G | A [ Mudslone
® | =lQMT027 | A A G A Mudstone
~° [OMT028 | A A G A~ Mudstone
e i QloMTo28 | A A M T A " Mudstone
’ < o QMT030 | A A G 1 A Mudstone
S 2laMTost | R | R G | R Mudstone
=z pd ~ [QMT032 A A G A Mudstone
o - QMTO33 A A G A Mudstone
- | QMT034 / / / T Mudstone
- QMTO035 | 7 7 [T T Mudstone
< | - QMT036 | 7 / f_ Mudstone
Po=E o QMT037 | R R M R Mudstone
I om - QMTO38 R R M R ; Mudstone
o = QMT039 | R R M R 1 Mudstone
LW QMTO040 | A A P A Mudstone
! QMTO41 A A M A Mudstone
po— QMTO42 | A A G A Mudstone
. QMTo43 [ A A P A Mudstone
o QMT044 R R G R Mudstone
o QMT045 | A A G A Mudstone
_—— QMT048 | A A G A Mudstone
7] QMTO47 | A A M A . Mudstone
QMTO48 R R P R Mudstone
QMTO049 R | R P R Mudstone
QMTO50 | A I A M A Mudstone
! aMT202 | A | A G A Mudstone
‘ [ QmMT203 A A G A Mudstone
; i< QMT204 | A A G A Mudstone
1 - | & |AMT205 | A A G A Mudstone
5 rad '\ (QMT206 A A G A Mudstone
i — | ch|QMT207 | A A €] A Mudstone
| oz | B jQMT208 . A A G A Mudstone
: bow QMT208 | A A G A Mudstone .
; L QMT210 | / i /. _Mudstone
GMT211 A A i G A Mudstone

NOTE:

Abundance: / = Barren, R = Rare ( lsss than 5), A = Abundant (more than 5)

Preservation. G = Good, M = Moderate.l P= Poor
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Table 3. Occurence of the planklic and benthic foraminifers in the
Sibuti Formation along Suai, Niah, Ladang 3 and Kuala Sibuti Road

Age |Formalion Locality Sample | Planklic |Benthic Praservalion| Abundance | Other remark
: Foram Foram e
i QMT348] ] / / / Mudstone
! o |QMT347 / / / / Mudstone
| e :
| O loMTass| 1 / / ! Mudstone
| <! lamraas| J / / Mudstone
; o! B [oMTaad] 7/ 7 7 I MMudstone
: x| & [QMT343] ) / / /o Mudstone
! QMT342] ] |7 77T Mudstone
| P |QMT367| [ [ _ Mudstone
| - |QMT358| / R Mudstone
| o i
| \© \QMT359| R R | R Mudstone
& |aMmT3so| / { i / | Mudstone
‘; ¢ |OMT361] A A P | A Mudstone
@, QMT362] A A P A l Mudstone
? Z|x QMT363 A A G A | Mudstone
g O |« QMT364 ! / / / } Mudstone
! - |- QMT365 / / / / ‘ Mudstone
: -z QmMT3esl  / / / f -Weathered mudstone
< QmMT367 / / / ! Siltstone
i = QMT368 ! / / ! Siltstone
A @ |amT3se| A R M R Sillstone
i o
L 92 9 of lamTazs| ¢ / R B Mudstone
< <) g lomrsel / / r ] Mudstone
2 O iQmraad)  / { / ! i Mudsione
~ it x|~ |[QMT326 ! / { ! : Mudstone
; o amTaz7 / / / | ! Mudstone
‘ ) amT328| ¢/ / / E ! Siltstone
m ‘(D QMT32g / / / f ! Mudstone -
- Z g jamTa0l _/ / . Mudstone
0 < 2b QMT321 f / / ! Mudsione
0 E":/ QMT320 / / { : !/ Mudstone
< QMT319 / / / ! ~___Shale
= QMT318 R A P A Sitstone
QMT300 / / / | ! | Mudstone
QMT301 / f \ / ‘Weathered mudsione
. ~1 olaMT302 R A i P A Mudstone
| < F| Y |QMT303] R R | P R Mudstone
i o D ediQMT304 ! / ] ! Silistene
: < o B {QMT305] R R P R Siitstone
; o - 1QMT306] ¢ / / [ . . Sitstone
, v ¥ QMT307] A A M A _Mudstone
-: QMT308| R ] / R Mudstone
i QMT309 R / / R Mudstone
NOTE:

Abundance: I Barren, R = Rare ( less than 5), A = Abundant (mare than 5)

80

Praeservation; G = Gooad, M = Moderate, P = Poor




SCALE
Q 1 B Km
LEGEND
Bounded shale/mudstone

Shaly alternation

100 m interval between station

amraa  Smnple number
r——F Fault
0y~ Altitude of bedding plane of the

traversed route

SPAET/ I/ BE-AMSAR

0

Route station number with distance ®

Barren sample

Sample contalning poorly
preserved foraminifers

Sample containing well
preserved foraminifers

5%

..
oo’

113°80"
T

114%00'E

18".

| o0 0 20  30m 1
“J m "" -"
AREA DESCRIBED
(
S A L
5
B N\e
Ly
e *"
= i
113230'C 114200'E

Figure 63. Sample localities in the Sibuti Formation, along Niah Road

81




® 5
, - B I 15
P oo mE SR =o' g5 E:
m _U..so.:i &mnllﬁﬂ ||||| == s m m.m m.m
BEZio= ===q4 ., 8 [P==g = i3
Z=c4 EEEgE m BEZZofw : i £
[ e | 1o 4
=== e
=
§| == === g i
s [EEES = g :
WWWW mlwmmmll— .m

EE— ot 3 aateatieiid
et ot ez ———

[ T =—===

T e e e ]

Route station number with distance

100 m interval between station

Somple number
Attitude of beddin

cross saction

82

=Rt e

g -B-

?E@ EEE
|
|
T
|
|
|

|
|
|
|
Bounded shaie /mudstone
% Sholy alternation
QMT
32e
F—F Fault
4

Columnar section of the reference section, Sibuti Formation, Niah Road

Formation, along Niah Road

3PABA /190 AM/AB

Cross section of the reference of Sibuti Formation, Niah Road

Figure 64. Sample localities in the cross section and total column of the Sibuti




113°30E 114°00E
0 10 20Km
- —F
= === d-owtas X
(B ===t b o Beren »
= s 0'? o described 2 (::]
= 3
2
19 e F A 2
———— —— — Nioh s
S il %
_____ guui &
_____ 2
_____ . /i
[2:5}‘ ————— H2s 113°30°E r|4l°oo's
S= s A]
C—omT
Em - G-omt
= o e
(=]
S e e
- U | . e
8+ pe———"——F
e Legend
e | |mFE===
BT | s
w
Lo == === Q  Barren sample E
- -———
T e o
_____ i (1) Sample containing poorty
e e G—om1 preserved foraminifers
g4 e e 321
2 : = = - © Sample contalning well
_____ preserved foraminifers
[~ | (S S
L —
@ shaly allernation ‘“@
:Z/
E bounded shale/mudstone [ ot
: : \ 25 ”’.—
raute station number with Zz f
distance interval SOm between & s
egch station, ®
i <
QMT 320 sample number Car Lol
¥ ,,’.'/
F——F Foult ;/1 =
//:' F2k, o
2 oftitude of bedding plane 10} =58 ,,ngT ’
O—>319
>~ along fraversed route Zl6.
2 vo" 2
10, ohitude of bedding plane of
4 ihe cross section 2 : 2 ¥
?I D —D' tine of cross section
{SOm thick
‘—‘430__'.._._._ 460 L. e[ 500 m 1hick ————_1
" / e
QMmT
500 m
{0
500

Figure 65. Sample localities in the cross section and total column of the Sibuti Formation,
along Ladang 3 Road

83




Table 4. Occurence of the planktic and benthic foraminifers in the
Sibull Formation along Kuafa Sibutl, Bekenu, Mirl-Bintulu and Mirl-Tinjar Road

Age |Formation|  Logally Sampla |Planktic | Banthic | Preservalion | Abundance Othar remark
L Foram | Foram ——e
| |QMT310] R i P R Mudstone
! i Tig |UMT311] A | R M A Mudstone i
: < v [QMT312] R R P R Mudstone L
i - D o |QMT313] R R P A Mudstone
; < o)L [OMT314) A R P A Mudstone
: o —| QMT315] A R P A Mudstone
X o» QMT316] R R p A Mudsione
. OQMT37] R | R P R Mudstone
: ) QMTO01 / { ! { L Mudstone
o1& lamTo02  / / / / Mudstone
\ op |2MT003| R R M R Mudstone
| o | .2 [QMTO0A| 7 1A M A Mudstone
i | «|©oMTo0s| 7 TR .' G Mudstone
I — - '
@ z T
B VI B B R —
| = aMT073] A A G AT Mudstone
.o QMTO74] A A G A Mudstone
P QMT075] R R M A Mudslone
N J QMTO76] R R M R Mudstone
o< QMTO77! R R M TR " Mudstone
= =z QMi078] A A G | R Mudstone i
€ o Q \ aMmTofel AT A G | A ¢ Mudsione
°© & iglamross R ! R G . R_______ Mudsione
Cow b1 lawTost) A A G __._ A ... Mudstone
. B|&lamroszt A A [ G . A Musione
~ . OMT083] A A G ! A_____;V____ _Mudstone
F 8% lomrossl A | A G A Mudstone
> g3 aMToBS| A A 6| A | Mudstone
o |3 aMToBS, A | A 6 | A . Mudstone
- | Z| lawreer] A [ A [ G | A - Mudstone
@ =%l awtoss| A | A | G . A Mudslone
H ! 1 i I
@ @ |aMTose A . A |G . A Mudslone
, P » QMTao0] A A G i A ___Mudstone o
; : QMTO091] A A G | A Mudstone
| | « |% lamT127] A A G A Mudstone
| _ z{" [aMT128| A | A G A Mudstone
; - Q.2 [amMTi128] A A G A . — Mudstone
' L= 5 & _QMT130 A A G A !r Mudstone
1 o8] Jovrel A 1A G A Mudstone
NOTE:

Abundance: } = Barren, R = Rare (less than 5), A = Abundan! {more than &)

Preservatlon;
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G = Good, M = Moderate, P = Poor




Table 4 (continued)

Age iFormatiori Locality Sample |Planklic |Benthic | Preservation :Abundance | Other remark
q Foram | Foram ’
| aMT222 | R / P I R Mudstone
2 ! QMT223 A R M ! A Mudstone
. Z S |aMT224| R R p | R Mudstone
‘ a O “’b QmT225 | R R p LA Mudstone
Q.

9‘. - @ QMT226 A | R P A Mudstone
1 BT laMT227| A | R P onfor AL Mudstone
;‘ oo QMT228 | R R P A i _ Mudstone
i w QMT228 | R R P R : Mudstone
\ ) 1
t O > 93] L .
|- 5 :
Rl = i
- <] .
o ={q QMT193 | A A G A “Mudstone
o o |aMT184 | A A G A Mudstone
- Oip @ "‘b amMT195 | A A G A Mudstone
rm L | = < é QMT196 A A G A i Mudstone
| a O QAMT197 A A G A : Mudstone )
| o & OMT198 | A A G A | Mudstone
E < QMT199 | A A G A | Mudstone
; I 1 QMT200; A A G ! A Mudstone
; QMT201 | A A G A Mudstone
; ;5% QMT812| R R M . R Mudstone
| 2 QvMT313| R | R M | R Mudstone _
1 | = ;
| T 1§ |oMT3s2| R R M | R . _ Mudstone
r 9 | . lomMT353} R R M i R Mudstone
I
! L1}
i oo o S i ) .
“ QMT354a] R R M | R Siltstone
; Q. QMT354b] R R M . R Shale
i 8 = ‘
! 1O o] ~
. o oh :
i Ll e '
i w ol 7 ! -

& W ! ;

= i 4 I H

P @ N SNSRI S I S -

i ! ] i i :

NOTE:

Abundance: / = Barren, R = Rare ( less than 5), A = Abundant (more than 5)
Preservation: G = Good, M = Moderate, P = Poor
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Table 5. Occurence of the planktic and benthic foraminifers in the
Lambir Formation along Mirl-Bintulu and Miri-TInjar Read and

in the Miti Formation along the Hospital Road

Age |Formation Locality Sample {Planktic | Benthic { Preservation Abundance| Qther rernark
Foram Foram | B
QMT231 { i / ! Mudslone
QMT232] R R R R Siltstone
— QMT233] / / { ! Siltstone
S |amT234| 7 / / / Siltstone
o ~ [QMT235[ / ] / ! Siltstone
- | D [omT238] J 7 / / Siltstone
oo A QMT2371 [ / / ! Siitstone
|90 lqmT2a8| / ! ! Siltstons
z & [OMTZ39 7 ] ] 7 Silistene
- 0 QMT240] R R P R Sillstone
b m < QMT241| 7 ! [} / Silistone
O o] QmMT242| R R P R Siltstone
- - QMT243) f ! / ! Siltstone
— 14 QMT244 ! / ! { Sijtstona
o - QMT245 ! / ! ] Siltstone
= = QmT248( ! / ! ! Siltstone
[o'd QMT247 ! / / ! Siltstona
o QMT248 / ! { ! Siltstone
w QMT249| ¢ ! i / Siltstone
QMT250 / ! ! ! Silistone
o QMT281 / ! ! / Slltstone
- 14 QMT008( R R G R Mudstone
m < QMTO07[ R R P R Shale
= ] —_ QmT008( / / [ Shale
< = o [QMTO09|  / ! ! [ Shale
o ~ ot [GMT016|” R . R M ] R Shale
ol — JQMTO11] A A G | A 1 Shale
ol [oMToH3] R R M RT T " "Shale
- | ¥haMT014] / ! / / Mudstone
lI E:_/ OMTOA5] 7 / ! / Mudstone
- QMTO16] [/ ! ! / Mudstone
= QMTC17] R R ! R Mudstone
QMTO18 ! ! / / Shale
QMmTo589| / / ! Mudstone
QMTOB01 R R G R Mudstone
& jaMTos1| A A P A Mudstone
Y olamTos2| A A G A Mudstone
of) [QMTOB3] A A G A1 Wudstone
'@ QMT064] [ / ! /' Mudstone
QMT085 R R G A Mudstone
QMTOE8 ! A G A Mudstone
QMTO87| / / ! ! Mudstone
QMTOB8| / A P A Mudstone
QMT068| [/ { / / Mudstone
QMTO70]  / R P R Mudstone
QMTO71 / / / { Mugdstone
QMTO72|  / { / / Mudstons
z |~ J1 R R M R_____Mudstona |
; 0| < ‘
- e
| = = = Q' i e
L <o o oh S I
- =W O ; !
/= |0 & = e .
‘ ol x e e .
o —
|

NOTE:

Abundance; / = Barren, R = Rare (less than 5), A = Abundant (more than 5)
Preservation: G = Good, M = Moderate, P = Poor
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biostratigraphic analysis were photographed (Plates 1-3) using scanning electron
microscope (SEM).

The generic classification used in this study were mainly of Blow (1969) and
Stainforth et al (1975). For the identification and stratigraphic correlation of the
planktic foraminiferal species, a wide range of literatures was used, but
description of particular value were those of Blow (1969), Bolli (1957a, 1957b),
Postuma (1971), Stainforth (1975) and Kenneth et al (1983),

4.4 PLANKTIC FORAMINIFERAL BIOSTRATIGRAPHY

Out of 214 samples collected in the field only 120 samples yielded some
foraminifers. The rest of the samples are barren. A total of 42 species or
subspecies  belonging to 10 genera were identified and their stratigraphic
distribution are shown in Tables - 6, Figs. 75, 76, Plates 1-3).

The Suai Formation: produced very few and poorly preserved planktic
foraminifers. The top layer of the formation is calcareous, contained some
planktic foraminifers whereas the bottom layer is not calcareous, contained rare
foraminifers which indicates the environment was not favorable or other possible
reason for the rare occurrence the fossil could have been probably crushed as the
result of the tectonic movement such as the Suai Fault is located nearby.

The Sibuti Formation: produced quite abundant and well preserved
planktic foraminifers, however the South Suai Road section is barren. The Niah
Road section which is interpreted to occur in the middle of the total column of
the formation, contained some planktic foraminifers especially in the vicinity of
the Subis Limestone Member. The Ladang 3 section is also fossil barren,
however, the Miri-Tinjar Road section produced abundant planktic foraminifers.
The Lambir Formation: most part is barren, however at the base of the
formation such at the Entulang outcrop section (Fig. 69) contained abundant of
benthic foraminifers. This formation is mainly deltaic sediments and for that
reason it contains very rare planktic but abundant benthic foraminifers,

The Miri Formation: is barren of planktic foraminifers, This formation was
deposited in shallow to deltaic and fluvial environment,

One of the most common species obtained from the study area namely:
Globigerinoides, Globigerina, Globoquadrina and Globorotalia. |

The Sibuti Formation contained abundant planktic foraminifers and the most
common species 1s Globigeriniodes sicanus is mid Early Miocene in age. The
Suai Formation, eventhough they are few foraminifers in the formation,
contained short range age species such as Globigerina binaiensis which is early
Early Miocene in age. The Lambir Formation also contained few foraminifers,
limited to the bottom horizon. Planktic foraminifers species such as Orbuling
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suturalis is observed at the base of this formation: indicated the sediment is early
Middle Miocene in age. The datum of the first appearance of Orbulina suturalis

is world wide phenomena, is therefore good time indicator of early Mid
Miocene.

4.5 PLANKTIC FORAMINIFERAL ZONATION

Based on the analysis of the first and the last appearance of species and also
their range of occurrence in the lithostratigraphic unit, particularly the index
species such as Globigerina binaiensis, Globigerinoides sicanus, Orbulina
suturalis and  Globorotalia (Turborotalia) peripheronda;  they are three
biostratigraphic zones established in the Northwest Borneo Basin (Table 6, Figs.

77, 78) during the present investigation which are discussed accordingly in their
stratigraphic order.

4.5a  Globigerina binaiensis Zone (N. 5)

Synonymy
Catapsydrax dissimilis Zone (Bolli, 1957)
Globigerinita dissimilis Zone (Blow and Banner, 1962)
Globigerina trilobus Zone (Postuma, 1971)
Globigerina binaiensis Zone (Ho, 1978)
Globigerina binaiensis Zone (Hagemen,1985)

Definition:
This zone is defined by the presence Globigerina binaiensis.

Characteristic:

This zone is represented by sample J54, J52A located in the North Suai
Road, and sample J52 located at Bukit Lembong Road of the Suai Formation.
They are 12 planktic foraminifers species identified from this zone. Globigerina
binaiensis is the most distinctive species and only confined to this zone. The
preservation is not good. Two other species, Globorotalia (T.) opima opima and
Globigerinita dissimilis dissimilis are also confined to this zone, whereas 8 other
species are: Globigerina venezuelana, Globoquadrina dehiscens dehiscens,
Globoquadrina  allispira  allispira, Globigerinoides guadrilobatus
quadrilobatus, Globigerinoides quadrilobatus trilobus, Globigerinoides ruber,
Globigerinoides — quadrilobatus  immaturus, Globorotalia  (T))  mayeri,
 Globorotalia (T.) obesa range up to the next zone.

Other Remark:
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Table 6. Distribution of planktic foraminifers from Northwest Borneo Basin
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Figure 77. Index species range chart after Blow (1969) and Bolli (1957, 1966) and
Kenneth et al (1988)
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Figure 78, Correlation of planktic foraminiferal zonation of Northwest Borheo
Basin with those of Bolli (1957, 1966) and Blow (1969)



Globigerina binaiensis Zone 1is equivalent to the  Globogquadrina
praedehiscens  dehiscens-Globoquadrina dehiscens dehiscens Partial-range
Zone of Blow’s (1969) which is early Early Miocene in age. This zone is
reported in Balingan offshore province (Hageman, 1985) and in Luconia
province (Ho, 1987), both in the offshore areas of Northwest Borneo Basin.
Other nearby region where the equivalent zone have been described such as in
Bogor Jawa, Indonesia (Natori et al, 1978, Fig. 3.2, p. 83) where the
fossiliferous mudstone sample JW.19b contained an assemblage of planktic
foraminifers belongs to Globoquadrina praedehiscens dehiscens-
Globoquadrina dehiscens dehiscens Partial-range Zone of Blow’s (1969) which
is early Early Miocene in age. In the Philippines, the planktic foraminifers
recovered from the fossiliferous mudstone samples of the Upper Malulog
Formation, Cebu and Escalate Formation, Negros, were also correlatable to this
zone (Porth et al, 1989, p. 97),.

4.5b  Globigerinoides sicanus Zone (late N. 7-N. 8)

Synonymy: Globigerinatella insueta/Globigerinoides bisphericus
Subzone (Blow, 1959)
Globigerinatella insueta Zone (Bolli, 1957)
Globigerinatella insueta Zone ( Postuma, 1971).
Praeorbulinag glomerosa Zone (Bolli, 1966)
Praeorbulina glomerosa curva Zone (Jenkins, 1966)
Globigerinatella insueta/Globigerinoides bisphericus
Zone (Sarawak Shell Company, cited by Ho, 1978

Definition:;
This zone is represented by the presence Globigerinoides sicanus.

Characteristic: )

This zone is represented by a total of 93 samples both from the Sibuti
Formation (90 samples) and the lower part of the Lambir Formation (3 samples:
QOMT 060-062). They are abundant planktic foraminifers in this zone, and the
most numerous and distinctive species identified is Globigerinoides sicanus
which is confined to this zone only, The fossils are well preserved in the upper
layer compared to poorly preserved in the lower layer of the zone. A total of 10
other species; Globigerina cf  ciperoensis ciperoensis, Globigerina
praebulloides occlusa, Globigerinoides diminutus, Globigerinoides obliquus
obliqguus, Globorotalia (T.) cf. obesa, Globorotalia (T.) obesa, Globorotalia
(T) opima opima-opima nana transistion, Praeorbulina glomerosa glomerosa,
Praeorbulina transitoria, Globigerinita unicava unicava and Globigerinatelia
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insueta arc restricted to this zone, whereas other species, Globigerina
praebulloides leroyi, Globigerina aff, praebulloides praebulloides, Globigerina
praebulloide praebulloides, Globigerina venezuelana, Globogquadrina dehiscens
dehiscens, Globoguadrina altispira altispira, Globigerinoides quadrilobatus
quadrilobatus, Globigerinoides quadrilobatus sacculifer, Globigerinoides
ruber, Globigerinoides quadrilobatus trilobus, Globigerinoides quadrilobatus
immatwrus, Globorotalia (T.) peripheronda, Globorotalia (T.) mayeri, Orbulina
suturalis and Cassigerinella chipoloensis range into the next zone.

Other Remark:

The Globigerinoides sicanus Zone is equivalent to the Globigerinoides
sicanus-Globigerinatella insueta Partial-range Zone of Blow (1969), The latter
zone is having its holotype locality sample RM.19285, from Pozon Formation,
Venezuela (Blow, 1959, map 4); characterized by the plexus of Globigerinoides
sicanus and Globigerinatella insueta and placed immediately below the
appearance level of Orbulina suturalis. This zone is reported in Balingan
offshore province (I{ageman, 1985) and in Luconia province (Ho, 1987), both in
the offshore areas of Northwest Borneo Basin.

Other nearby region such as Madura, Indonesia, the assemblage of the
planktic foraminifers recovered from the fossiliferous mudstone samples at
Locality 320, Madura, is corelatable to Globigerinoides sicanus-
Globigerinatella insueta Partial-range Zone (Natori and Kadar, 1978, Fig. 3.12,
p. 117). Also the foraminifers assemblage from the Tlihan Shale and the Wahig

Limestone, Bohol, the Philippines ( Porth et al,, 1989, p. 101), is corelatable to
this zone,

4.5¢ Orbulina suturalis-Globorotalia (Turborotalia)
peripheronda Partial-range Zone (N.9).

Synonymy: Globorotalia foshi barisanensis Zone (Bolli, 1966)
Globorotalia peripheronda Zone (Postuma, 1971).

Definition:

This base of this zone is placed at the horizon marking the first evolutionary
appearance of Orbulina suturalis and the presence  Globorotalia (T.)
peripheronda,

Characteristic:

This zone is represented by the samples collected from the Lambir Formation:
QMT229, 071, 127. Globorotalia (T.) peripheronda is quite common in this
zone, and the fossils are quite well preserved. Sphaeroidellopsis seminuia
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seminula and Sphaeroidellopsis disjuncta are confined to this zone, whereas
Globigerina praebulloides leroyi, Globigerina aff. praebulloides praebulioides,
Globigerina  praebulloides  praebulloides,  Globigerina  venezuelana,
Globoquadrina  dehiscens  dehiscens, Globoquadrina  altispira  altispira,
Globigerinoides quadrilobatus quadrilobatus, Globigerinoides quadrilobatus
sacculifer, Globigerinoides ruber, Globigerina subgquadratus, Globigerinoides
quadrilobatus immaturus, Globigerinoides quadrilobatus trilobus, Globorotalia
(T.) cf. peripheronda, Globorotalia (T.) mayeri, Globorotalia (T.) cf. mayeri,
Cassigerinella chipoloensis are in this zone also.

Other Remark:

The Orbulina suturaiis-Globorotalia (Turborotalia) peripheronda Zone was
defined by Blow (1969) with its holotype locality sample BO.202 of Bolli
(1957); characterized by the first appearance of Orbuling suturalis. This zone is
reported in Balingan offshore province as Globorotalia peripheronda Zone
(Hageman, 1985) and Globorotalia barisanensis Zone in Luconia province (Ho,
1987), both in the offshore arecas of Northwest Borneo Basin. Other nearby
region such as in Northwest Masbate, the Philippines; the assemblage of the
planktic foraminifers recovered from the fossiliferous mudstone samples of the
Lanang Conglomerate and the Lower Buyang Formation are correlatable to zone
(Porth et al, 1989, p.106-108).
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4.6 AGE AND CORRELATION

4.6a SUAIFORMATION

A total of 32 samples were collected from the Suai Formation, only 6
samples produced some foraminifers with moderate preservation. Based on
analysis of the first and last appearance and also the range of occurrence of the
planktic foraminifers, this formation, is belong to Globigerina binaiensis Zone

which is early Early Miocene age and therefore the Suai Formation is early
Early Miocene age.

4.6b  SIBUTI FORMATION

A total of 144 samples were collected from the extensive area of the Sibuti
Formation, only 101 samples produced some foraminifers with quite good
preservation, Based on analysis of the first and last appearance and also the
range of occurrence of the planktic foraminifers, this formation is belong to
Globigerinoides sicanus Zone which is mid Early Miocene age, except for 5
metres top layer in the Entulang outrcop section (Fig. 67) which is belong to
Orbulina  suturalis-Globorotalia (Turborotalia) peripheronda Partial-range
Zone which is early Mid Miocene. Therefore the Sibuti Formation is assigned to
early Early Miocene to early Mid Miocene age,

4.6c LAMBIR FORMATION ,

They are 23 samples collected from the Lambir Formation, however only
19 samples contained some foraminifers of mainly benthic but little planktic
foraminifers;, with poor preservation. Based on analysis of the first and last
appearance and also the range of occurrence of the planktic foraminifers, this
formation is belong to Orbulina suturalis-Globorotalia (Turborotalia)
peripheronda Partial-range Zone is early Mid Miocene age. Therefore the
Lambir Formation is assigned to early Mid Miocene age.

4.6d MIRI FORMATION

No planktic foraminifers is retrieved from this unit and therefore no age
assignment based on planktic foraminifers is undertaken. However, Liechti et al,
(1960) assigned this formation Mid Miocene-Late Miocene in age based on
benthic foraminiferal content belongs to Nowion and Loxostoma Zones.
Therefore, the age of this unit is Mid Miocene-Late Miocene, is being retained in
this report.
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4.7 CORRELATION BETWEEN THE ESTABLISHED ZONE HEREIN
AND THOSE OF OTHERS

5

The planktic foraminiferal zones established in Northwest Borneo Basin
during the present investigation, is correlated with local zone established in
Luconia provinces by Ho (1978) and the Balingan offshore province by
Hageman (1985), both in the offshore regions of NW Sarawak (Fig. 79). The
correlation shows that the proposed planktic foraminiferal zones of the present
investigation shows a close resemblance with the local zones.

The Globigerina binaiensis Zone, is the assemblage of the planktic
foraminifers in the Suai Formation erected during the present investigation, was
also described in Balingan offshore province by Hageman (1985) and Luconia
province by Ho (1978). Imniediately above the Globigerina binaiensis Zone is
the Catapsydrax dissimilis Zone in the Balingan offshore province and
Catapsydrax dissimilis/stainforthi Zone in the Luconia province, These zones is
equivalent to N.5-6 of Blow’s (1969) zones, is however missing in the study
area, the Northwest Borneo Basin; was probably because there was a period non
deposition (Ho, 1978, Fig, 6) or possibly the environment of deposition was not
suitable for the planktic foraminifers or and lastly, the tectonic activity such as
faulting that had destroyed these fossils.

Globigerinoides sicanus Zone is the next overlying zone which is also
described- by Hageman (1985) in the Balingan province and described as
Guobigerinatella insueta/Globigerinoides bisphericus Zone in the Luconia
province (Ho, 1978), and therefore they are equivalent. The stratigraphic ranges
of Globigerinatella insueta is the first appeared at N.6 and the last appeared at
the base of N.9 (Blow, 1969, p. 269). Also, Globigerinoides sicanus is a prior
synonym of Globigerinoides bisphericus (Blow, 1969, p. 327).

The Orbulina swturalis-Globorotalia (Turborotalia) peripheronda Partial-
range Zone is the next younger zone, was described as Globorotalia
peripheronda Zone in the Balingan offshore province (Hageman, 1985) and
Globorotalia barisanensis Zone in the Luconia province (Ho, 1978), and
therefore they are equivalent. Giloborotalia (Turborotalia) peripheronda was
widely recorded under the name of Globorotalia barisanensis (quoted by Bolli,
1983, p. 213). '

The zone proposed of the present investigation is also correlated with other
type of zonation such as palynological, sedimentary cycles and sea level changes
zone as shown in Figure 78; Globigerina binaiensis Zone is early Early
Miocene, 20-22.5 millions years, Brownlawa A Zone, and Upper Sedimentary
Cycle I, Globigerionides sicanus Zone is late early Miocene, estimated 17
millions years, Sonneratia caseotaris Zone and Sedimentary Cycle III and
Orbulina  suturalis-Globorotalia (Turborotalia) peripheronda Partial-range
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Zone early Mid Miocene, estimated 15.5 millions years, Complostemon A Zone
and Sedimentary Cycle I'V.

Correlation of the proposed zone in the study area with those of Bolli (1957,
1966) and Blow (1969) is shown in Figure 78.
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