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ABSTRACT

Mid-Tertiary palynological assemblages from fourteen stratigraphic sequences in nine

basins in Thailand have been investigated. Special emphasis has been given to the spore-pollen

record and its stratigraphic distribution. The basis for defining zonations in this study depends

on first or last appearances of key species including Inaperturopollenítes dubius, Alnipollenites

verus and Echiperiporítes cf. E. estelae, and for the first time correlation with the marine

sequences is achieved. Two regional zones (SIAM-1 and SIAM-2) have been established.

SIAM-I Zone is characterized by assemblages comprising high frequencies of gymnosperm

pollen, and is provisionally correlated with the planktonic foraminiferal N3-N4 zones of the

Trang-1 Borehole, Andaman Sea indicating a Late Oligocene to early Early Miocene age.

SIAM-2 Zone is characterized by influxes of tropical taxa and decreasing proportions of the

temperate taxa and is correlated with planktonic foraminiferal N5-N8 zones of the Mergui-l

Borehole, Andaman Sea indicating a middle to late Early Miocene age. The results of the

palynostratigraphic study can be successfully applied to hydrocarbon resources exploration and

it is shown that the Nong Ya Plong coal seam (pre SIAM-I) is older than Li coal seams (SIAM-

1), Fang oil-bearing intervals (SIAM-2) and Mae Moh coal seams (post SIAM-2) respectively.

High influxes of species preferring temperate climates (including Alnipollenites verus,

Inaperturopollenites d.ybius, andTsugaepollenites ignicutus)' ppear in Thailand during SIAM-1

Zone. Species preferring tropical environments make their first appearances and become

abundant in the SIAM-2 Zone (including Dipterocarpas sp. 780, Florschuetzia levipoli,

Lanagiopollis nanggulanensis and Pandaniidites texus). These patterns suggest that the

palaeoclimate of Thailand was temperate in Late Oligocene times, and warmed to more ropical

conditions during the Early to Middle Miocene. Frequencies of Pediastrum (algae) and spores,

occurences of mangrove pollen and dinoflagellates are useful for determination of

palaeoenvironments in this study. High frequencies of Pediastrum oÍ spores suggest lacustrine

or swamp environments tespectively. The occurrences of mangrove pollen and clinoflagellates

suggest coastâl or marginal marine environments.

Eighty three species comprising the principal taxa in the patynofloras are listed, and

thirty two taxa of these are described using conventional light (LM) and scanning electron

microscopy (SEM). A novel method is proposed for routine examinations of palynomorphs by

both SEM and LM.
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This thesis contains no material which has been accepted for the award of any other
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CHAPTER 1

INTRODUCTION

At present, Thailand produces about 20,000 barrels of oil and 400 million cubic feet of

gas per day. The current Thai socio-economic plan places considerable importance on petroleum

exploration and its relationship to socio-economic development. The history of petroleum

exploration in Thailand began in I92l at Fang Basin, in the northern part of the country. Thus

far, most hydrocarbon resources discovered and exploited have been in the Tertiary basins. A1l

oil, natural gas, coal and oil shale are in isolated Tertiary non-marine and marginal marine

basins. The aþes of these sediments are not well known and thus Tertiary regional

biostratigraphy is in high demand by industry. Although palynology is likely to be the most

suitable tool for dating in these basins, palynological information is very scant. P¡evious major

Tertiary palynological studies in Thailand have centred on the Gulf of Thailand, due to

extensive and successful petroleum exploration, but much of what is known is confidential to

oil companies and the Government sector. Only a few taxa including Florschuetzia. spp.,

Dacrydium sp., and Podocarpus sp. are known but the components of the assemblages, their

systematic descriptions, frequencies, and photomicrography are lacking. The present study of

"Mid-Tertiary Palynology of Onshore and Offshore Thailand" will provide basic scientific

information and serve the needs of both industry and the country. It will be a key to open the

Tertiary palynology of Thailand to the world, and also provide a framework for future studies

both in detail and biogeographical relationship with other regions.

1 .1 Objectives of the StudY

The objectives are:

1. To determine and describe the principal palynofloras which occur in the

studied Tertiary basins.

2. To clevelop a palynostratigraphic zonation and to demonstrate correlation of

strat¿r in isolated Tcrtiary basins both onshore artd offshore.
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3. To determine Tertiary palaeoecology, palaeoenvironments, palaeoclimates and

palaeobiogeo$aphy of Thailand.

Because this is a pioneer systematic palynological study, a supplementary objective is

aimed ar establishing a palynological database for Tertiary Thailand including references and

Scanning Electron Micrographs (SEM). The latter are of great value in investigation of fine

sculpture and thus support identification and taxonomy, especially of small and complex pollen.

1.2 Scope and Limitations of the Study

As the main emphasis of this study is on the pollen and spores, no systematic treatrnent

of algae and dinoflagellates is attempted, but selected illustrations are given on Plate 16'

There were some limitations encountered during this study relating to sample material,

suitable references, access to pàlynological laboratory facilities, and availability of a high

resolution light microscope. Since this study deals with a real problem in a developing country,

nothing is expected to be perfect or systematic.

Systematic and reliable sample material particularly from core samples of marine

sequences are important for any palynological study but are far from being achieved in this

investigation. However, available cuttings samples are provisionally substituted and future

research with more precise data may confrrm or readjust the results.

Suitable palynological references and database to suppofi this study are lacking'

palynological laboratory and high resolution light microscopes were accessed through either

Western Mining Corporation (WMC), Adelaide; or the South Australia Department of Mines

and Energy (SADME), Adelaide. 
"

1.3 Materials and Methods

The basins studied (Figure 1-1, Table 1-1) are Fang, Li, Mae Moh, Mae Sot basins

(northern Thailand); Nong Ya Plong Basin (central Thailand); K¡abi, and Sin Pun basins, the

Anclaman Sea and the Gulf of Thailand (southern Thailand). Studied material has been derived

from drillcore, surface sections and ditch cuttings.
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1-1. Map showing localities of the studied basins, and boreholes

Andaman Sea and the Gulf of Thailand.
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Table 1-1 . Number of the studied samples.

Basln Total Processlng Productlve
' (samples) (samPles)

Fang 26 10

Li 19 16

Mae Moh 37 18

Mae Sot 31 I
Nong Ya Plong I 7

Krabi 25 10

Sin Pun 20 4

Andaman Sea 47 20

Gulf of Thailand 40 1 0

Total 254 104

Productive
(%)

3B.46

84.21

48.65

29.03

77.78

40.00

20.00

42.55

25.00

40. 94

Most samples from offshore Thailand (the Andaman Sea and the Gulf of Thailand)

were supplied by the Union Oil Company of Thailand but some were collected from the

Department of Mineral Resources, Bangkok. Krabi surface samples were collected from the

Klong Huai Wai Lek Mine, Krabi Basin (operated by the Electricity Generating Authority of

Thailand, EGAT). Sin Pun core samples were collected from the Sin Pun Lignite Exploration

Unit (EGAT) Krabi Province. Nong Ya Plong surface samples were collected from the Nong

Ya Plong Mine, Phetchaburi Province (operated by the Asia Lignite Co. Ltd). Mae Moh core

samples were collected from the Mae Moh Lignite Exploration Unit (EGAT) Lampang

Province. Mae Sot core samples \vere collected from the Department of Mineral Resources

(DMR), Phra Pradaeng warehouse, Samut Prakan Province. Li samples were collected from the

Ban Pu Sub-basin, Li Basin, Lamphun Province, under operation by the Ban Pu Mine Co. Ltd'

Fang core samples were collected from the Division of Raw Material Exploration and

Production, Defense Energy Department, Fang District, Chiangmai Province.

The aims of palynological preparation are to remove mineral and unwanted organic

matter, to concentrate palynomorphs, to avoid the loss and damage of palynomorplts, to avoid

contamination, and to achieve accurate results quiokly. The basic techniques used by

palynologists aro similar but variations are introduced to cope with differences in sam¡lle

Iithology, component of resiclues, and state of preservation of palynonrorphs. Solne useful
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guides for palynological extraction which are taken into account in this study, are Gray (1965)

and Phipps & Playford (1984).

Sample preparation was as follows:

-To prevent surface contamination with modem pollen, rock samples were cleaned or

washed with distilled water.

-About 15-20 gm. of sediment was crushed for preparation.

-To remove carbonates, about t87o HCL was slowly added and then walmed for 20

minutes, following by washing with warm distilled water (3-4 times).

-To digest silicates and some other remaining minerals, concentrated I{F was slowly

added and warmed on a hot plate for about 30 minutes, followed by washing with warm

distilled water (3-4 times).

-To remove fluorosilicates, concentrated HCI was slowly added and then warmed for

20 minutes, followed by washing with warm distilled watef (3-4 times).

From this stage, variable Eeatments as noted above were often applied.

-To remove a high proportion of remaining minerals, heavy liquid separation with zinc

bromide (S.G.2.1) was employed.

-To remove a high proportion of remaining coarse debris, sieving with a 80 or 125

pm. nylon screen was employed.

-To remove a high proportion of remaining large clumps of debris, an ultrasonic

vibrator was employed for breaking up, with subsequent short centrifuge cycles to separate fine

unwanted matter from palynomorphs.

-To remove a high proportion of remaining organic matter, oxidation with Schulze

solution (mixture of nitric acid and potassium chlorate) was used, and humic compounds were

dissolved and removed with 57o potassium hydroxide.

-To remove a high proportion of remaining fine debris, sieving with 5 or 10 pm. nylon

screen was employed.

All of these treatment stages were closely monitored to minimize loss and danlage to

palynomorphs. The final residues \ryere stained with Bismark Brown and mounted with Eukitt

(an embcdding medium of the Zeiss Company).
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Iniriat palynological preparations for this study were carried out at the palynological

laboratory, Monash University, Melbourne, where about half of the str¡died samples were

mineralogically digested. All subsequent palynological preparations were completed at the

palynological laboratory, WMC, Adelaide. Some modern pollen specimens were prepared at the

Department of Geology and Geophysics (DGG), Adelaide University (AU). Experimental

processing of Mae Moh algal rich samples was caried out at the palynological laboratory,

Biostratigraphy Section, SADME, Adelaide.

Oil shale samples from Mae Sot Basin yielded abundant amorphous organic matter

containing few palynomorphs and it was difficult to isolate them mechanically and chemically.

The lacustrine lithofacies (particularly from Mae Moh Basin) is also comparatively difficult to

prepare. Due to a high proportion of large clumps of debris and abundant algae Pediastrum

spp., chemical treatments resulted in residues containing rare pollen or being banen. Finally, a

more suitable treatment involving mechanical breakdown of the debris and algae with an

ultrasonic vibrator prior to chemical treatment was employed. The technique produces much

higher yield of pollen.

hr conclusion, there is no standard set of treatments to prepare palynological samples,

and a better understanding of the potential and limitations of different treatments and

components of the residues maximizes productivity of palynomorphs.

The Problem of Contamination. The possibility of contamination in cuttings is

greater than in cores, but it can be reduced so that reliable results can be achieved. With care and

appropriate procedures, relatively clean cuttings may be obtained (Martin, 1984). Most of the

offshore samples studied were cuttings. Drilting mud was washed from the sample until it

became clear and then finally washed with disúlled water. Coarse fragments of similar lithology

were selected for palynological preparation. If the cuttings yielded a mixture of many lithologies

ancl/or fine fractions, the sample was rejected. A good example of an uncontaminated cuttings

sample can be clearly seen from the Gulf of Thailand where the lower cuttings sample (8462)

yields a non-ma-rine assemblage even though mangrove assemblages occur in the tlpper

sequence.
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1.4 Microscopy and Photomicrography

palynofloras were examined and counted on the Zeiss Research microscope at the

DGG-AU. Image quality from the microscope was inadequate for small, highly similar and

poorly preserved pollen grains. The image obtained was also inadequate for coated sEM

specimens.

Most light photomicrography was undertaken on the Zeiss Photomicroscope III either

at'WMC, Adelaide, or at the Biostratigraphy Section, SADME, Adelaide'

pollen and spores from drillcore or surface samples were counted to a total of 200,

followed by a random scanning for rare species not observed in the count. The grains seen

during scanning are denoted as "R" (rare) in palynological taxa appearancs tables. Most cuttings

samples were moderately to poorly productive, and thus taxa appearances were lecolded as

either "common" (2 5 specimens found) or "ra.re" (< 5 specimens found)'

Notes on ldentification. An abundance of small and complex pollen grains in this

study led to the development of a simple technique for Scanning Electron Microscope (SEM)

plepilation by using microgrids and markers on strew specimens (Appendix A). A database of

about 1500 SEM micrographs allowed investigation of fine sculpture which supported

identification and taxonomy. Most of the SEM specimens were preserved for Light Microscope

(LM) re-examination.

Residues containing prolihc or interesting palynomorphs were regularly prepared for

SEM examination. A technique to prepafe specimens for sEM examination is described in

Appendix A. The examination was taken on either ETEC Autoscan or Philips SEM505 of the

Electron Optical Centre, AU.

A problem of mo¡phological comparison at SEM level with previously described taxa

has been mentioned by Kemp and Harris (1917). Gaps between conventional LM and SEM

have been reviewed in this study including, firstly, the technological gap between LM and

SEM. Some very small grains (about 10-15 ¡rm.) are readily distinguished under SEM at more

than 3000 times magnification but not so under LM, which has a maximum magnification of

about 2000 times. Secondly, it is clifficult to identify similar pollen types or poorly preserved

ancl collapsecl specimens uncler LM but most of thcse arc clearly differentiated under SEM.
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Finally, few SEM micrographs of closely comparable fossil pollen have been published.

However, publications on oxtant species which are to some extent useful for comparison with

fossil material, are extensive.

The principles, rules and recommendations which govern binomial nomenclature by

ICBN are adhered to in this study, and are discussed in Chapter 3.

All slides and residues of the studied samples will be redeposited at the Faculty of

Environment and Resource Studies, Mahidol University, Salaya Campus, Nakorn Patom

Province, Thailand from early 1989.



CHAPTER 2

TERTIARY GEOLOGY OF THAILAND

2.1 Regional Geological Setting

Thailand can be subdivided geologically into four regions (Figure 2-1)- In the north

and west of the country, Palaeozoic to Triassic marine carbonates and clastics are widespread.

Tertiary deposits are important in this region, including Fang, Li, Mae Moh, Mae Sot, Nong Ya

plong, Sin pun and Krabi basins. A second province covering central Thailand and extendilrg

into the Gulf of Thailand is the Chao Phraya Depression which consists of a thick Quaternary

sequence. The third province, Phetchabun Fold Belt is located between the Chao Phraya

Depression and Khorat plateau. This broad belt contains Palaeozoic-Mesozoic calc-alkaline

volcanics, ophiolites, various marine clastics, limestones and continental redbeds. The forth

province, the Khorat Plateau of eastern Thailand, consists mainly of gently folded Late Triassic

to Late Cretaceous continental redbeds. occasional marine limestone intercaiations and

evaporites are present in the youngest part of the section'

Late Cretaceous-Early Tertiary tectonic movements were widespread and regionally

variable. Such events led to folding and uplift of the Khorat Group and deformation of the

Triassic and Cretaceous Granites (from Tak to Phuket; Suensilpong et aI., 1978)' Major

intrusive episodes include Late Crelaceous-Early Tertiary granites ranging in age from 70 to 57

Ma in northern Thailand (Braun et aI.,Ig76). Granites from south-eastern Thailand have been

dated at 51 Ma (Workman,1975).

Radiometric investigations on granites from the Malay-Thai peninsula reveal

wiclespread Cretaceous to Tertiary activity, including some granite emplacement, which is

possibly related to epirogenic movements. Uplifting of thc Khorat Plateau at about the end of

the Mesozoic probably was associatecl with the formation of the broad structural depression of

the Chao phraya ancl the Gulf of Thailand. Most of Thailand including tht: Gulf possibly lay

above sea level during thc Early Tcrtiary. Ijiklc & Engel (1961) reported a zone ol Latc
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Cretaceous granites along the northeastern coast of the Gulf of Thailand. However, recorded

field evidence and isotopic data by Burton & Bignell (1969) show that these granites are mainly

Triassic or older.

Figure 2-1. Geology of Thailand can be divided into 4 provinces. 1 :

North-west and Thai peninsula where most onshore Tertiary basins are

located. 2: Chao Phraya Depression. 3: Phetchabun Fold Belt. 4: Khorat

Plateau (Source of the geological base map: Suensilpong et al., 1978).

1

3
2

4

LOGICAL MAP OF THAILAND

Laos
Bu rma e

GEO
Scala

o roo zookm-
t-.)

-, L.

It

Eengkok
@

- 
Alluvr¡l- ol rh¡lr ¡nd l¡øil. Oú¡t.mrry '

T H A I L A N D L-J'l.p6,rr{Knbrc,dpt flrrr.ry
ñ T.frtlt¡l nd bcdt CEt¡caú 't¡fï (Khonl Croupl Jur¡s<
¡- M¡næ *dimcnltry Gl! fiti¡¡rc
Èi¡:J I L¡mp¡n¡ Croop,

vrsrr l¡nðtonalh¡lc¡¡¡rd. Pcm¡¡n .
El rtonc ¡n(l 'olc¡nE lull U.C¡rhonilcpr¡: 

i R¡tbun Croupl
s¡ndrton.-ih¡l?.Íayvrclc U.P¡l¡eoroic

fu tnú p<bh\ nudilon.r Ke.n!
Á*x¡n ô Á¡ncn¡n¡ouñ lml ,

Sh¡lc. qndtton(. hmcllonc L. P¡l¡roroic
E ou¡il¡rc ¡nd ohvllitcl fhun!o Srmr tr. âT¡nit¡'o fm.)

r àî:ïä:llt :'.i,i'áàLllt''o 
Pnc¡m b¡i¡n !

IGNEOUS ROCKS

Cambodia

LEGEND
SEDI\IENfARY T METAMORPIIIC ROCKS

ffi uotr

Tarti¡ry.CEl¡
crour Á Tn¡rcc
C¡rboniftru ?

¡

o

tg

rul:Tì

,/' P^ñip.! frúltt

EIl urn ¡ ultnm¡flc

GULF
OF

Qrrr tr n rry
U. Tri¡si< ?And.!il. /t dlyolit.

CEnit.

Malays¡a

Atmpllerl by: S. SUENSILFONC
c. MAll^wAT

Drtrn òy: V BUPI'HASIRI
' A. lll^M cllu

C<oh4r'tl Sttnet Ù¡tttoq
Drva.rñ.nt ol llhnd Rttttu<ct' 197!l

ò,

Þ

o

3

z

Ø
m

t
v(¡

(

n

þ

Phukcl



Mid-Tertiary Patynology of Onshore and Offshore Thailand...Chapter 2...Geology...Page 11

2.2. Cenozoic Setting

The subduction of the Indian Ocean Plate beneath Sundaland has been developed since

the Early Cretaceous but the collision of India with Eurasia occurred at about 50 Ma during the

Eocene (Molnar & Tapponnier,lgT5; Patriat & Achache,1984; Polachan, 1988). The Tertiary

basins in the Sunda region (Figure 2-2) are transtensional basins, developed in a strike-slip

domain in response to the India-Eurasia collision. The main period of strike-slip tectonics began

in the Late Oligocene when similar basins developed throughout the Southeast Asian region.

Westward rotation and bending of Sundaland as a result of the impingement of India was the

main process in the development of Tertiary basins in the region (Polachan, 1988). A

significant thermal event during the Early Miocene is suggested by gfanites of northern

Thailand, which yield IlAr biotites ages of 18.6 and 19.6 Ma (Braun et al.,1976).

Tertiary basins are mainly N-S trending fault-bounded grabens or half grabens.

Tertiary strara lie unconformably on Mesozoic and older rocks and consist predominantly of

lacustrine, swamp and fluviatile semiconsolidated to consolidated mudstone, siltstone,

ca¡bonaceous shale, coal, oil shale, sandstone, conglomerate, fresh water limestone and marl.

Generally, non-marine Tertiary sequences @igure 2-3) contain strata deposited in fluviatile

environments (upper and lower parts of each sequence) and lacustrine, swamp and

fluviolacustrine envi¡onments (middle part). Only middle sequences are palynologically

productive. The results of this palynological study show that evolution of the studied basins

began during Late Oligocene to Early Miocene. Marine transgression of Tertiary age is limited

to the Andaman Sea sequences, and the upper sequence of the Gulf of Thailand' Marginal

marine influence is evident in Krabi Basin where rare pollen of mangroves ard found'

Unconformities at the Middle to Late Miocene boundary, as observed in both marine

and non-marine strata of various basins in the Andaman Sea, the Gulf of Thailancl and the

Phitsanulok Basin, likely represent a regional unconformity which possibly coincides with the

Middle ro Late Miocene eustatic sea level fall of Haq et al. (1981). A I(/fu radiometric age (10'3

! 0.2 Ma) of a basaltic lava encountcred in the Ket Kason-l Borehole, Phitsanulok Basin,

northern Thailand, provicles a dating for the basin-wide unconformity. The lava is observcd on

seismic to lie on the unconformity (Knox & Wakefield' 1983).
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The e¡rstatic sea level rise from 29 Ma to 13 Ma of Vail & Mitchum (1979) may be

represented by a widespread mid-Miocene transgression over Tertiary basins of Southeast Asia,

which had developed earlier on continental crust Sea level falls at 13, 9.8 and 6.6 Ma ago are

inferred from widespread regressions in Indosinian and Malaysian basins (Hutchison, 1986).

The Upper Cenozoic basaltic rocks which are extensively distributed in Thailand and

other parts of Southeast Asia range in age from about 12Ma to less than 0.5 Ma (Suensilpong

et aI., 1918; Barr & Macdonal,1979,1981a, 1981b; Jungyusuk & Sirinawin, 1983; Barr &

Dosral, 1986). The earliest of these Late Cenozoic eruptions are likely coincident with a change

in onshore basins from lacustrine and swamp to fluviatile environments unproductive of

palynomorphs.

Tertiary Plate Movements of Thailand. Southeast and East Asia have an

extremely complex tectonic history (Haile, 1981). Due to very sparse palaeomagnetic data

available, Tertiary plate movements affecting Thailand are under some dispute.

A 12" clockwise rotation of Thailand, opening of the Gulf of Thailand and subsidence

of the Gulf and intermontane valleys occurred in the Early to Middle Tertiary (Bunopas 1981).

Polachan (1938) pointed out that the'western portion of Thailand and the Thai-Malay Peninsula

have rotated westward nearly 25o clockwise with respect to the eastern Indochina block, which

was relatively stationary during the late Neogene. Cenozoic global plate motions relative to hot

spots were studied by Gordon & Jurdy (1986) and compared to plate motions with mean-

lithosphere reference frame. The motions indicate that Thailand (a part of the Eurasian plate)

moved south durin g the 48-25 Ma interval'

Although Stauffer (1914) postulated that the Southeast Asian blocks moved southward

or southeastward during the Oligocene to Miocene interval, but rotating slightly counter-

clockwise was suggested. Palaeomagnetic measurements by Haile et al. (1977) indicated that

west Borneo of Indonesia and the Malay Peninsula have behaved as a unit since the Middle

Cretaceous, have remained at about their present latitudes, but have rotated anti-clockwise about

50o since then.

In conclusion, the dispute on Tertiary plate movements of Thailand requires more

study which should be bascd on indcpendent dating. Nevertheloss, more studies suggest that

the Thai-Malay block moving southward from higher to lower latitude and rotating clockwisc in
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the Tertiary. Also, in this study show that the pattern of palaeoclimate of Thailand was

temperate in Late Oligocene times, and warmed to more tropical conditions during the Early to

Middle Miocene, and is situated in tropical region presently. The relationship between

palynological result and palaeoclimate is more likely to suggest that the western portion of

Thailand, the Gulf of Thailand and the Thai-Malay Peninsula (which the studied Tertiary basins

are located) moving southward and/or rotating clockwise during or post mid-Teniary.

2.3 Tertiary Stratigraphy of Thailand

Tertiary sequences in Thailand were mainly deposited in isolated non-marine basins'

These strata consist predominantly of lacustrine, swamp and fluviatile semiconsolidated to

consolidated mudstone, siltstone, carbonaceous shale, coal, oil shale, sandstone, conglomerate,

fresh water limestone and marl beds. Tertiary marine sequences are limited to the Andaman Sea

and the Gulf of Thailand.

Dating of the Tertiary sequences is inadequate owing to isolation of the basins from

one another and until now, the lack of palynological study. Moreover naming of Tertiary

sedimentary rock units has been irregular (Figure 2-4), and this has also contributed to

problems of correlation (Bunopas, 1976; DMR, 1979; Gibling & Ratanasthien, 1980;

Ratanasthien, 1981; Snansieng & Chaodumrong, 1981). For example, the Mae Sot and Krabi

Series (Brown et a1.,1951) were named for Tertiary rocks in northern and southern Thailand

respectively. The Krabi Group (Javanaphet,1969) was used for Tertiary sediments in Thailancl.

The Mae Moh Formation (Gardner, 1967) or Mae Moh Group (Piyasin, 1972) were both used

for the Mae Moh Basin and adjacent areas. But Salt, Li, Mae Moh and Mae Taeng formations

(Suensilpong et aI., 1978) were used in ascending order for general Tertiary sequences of

Thailand. The Mae Sot, Mae Fang and Mae Taeng formations were used in ascending order for

the Fang Basin and some northern basins by the Defense Energy Deputment (DED, I9l9a,

r979b).
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Figure 2-4. A comparative stratigraph¡c classification of

sequences in Thailand (compiled from Suensilpong et al.,

Chaodumrong et al., 1983).

Tertiary
1 978 and

2.4 Geology of the Studied Basins

2.4.1 Fang Basin

The Fang inrermontane basin of northern Thailand (Figure 1-1) bears shallow oil fields

and surface oil seepages which have been known for more than a century. Detailed exploration

began in 1921. Fang oil fields are operated the Defense Energy Department (DED) and its

production in 1984 was about one thousand barrels per day. It is a structural basin bounded on

the west by major faults trending northeasterly. The basin is elongate, rending 35o E and is

approximately 18 km. by 60 km. in size (about 575kmz;DED, 1919c). To the north and east,

the basin is surrounded dominantly by pre-Tertiary intrusive rocks. To the west, it is bounded

by Cambrian sandstone and Permian limestone. Other Palaeozoic and Mesozoic sedimentary

rocks occur sporadically around the basin (Figure 2-5). The Tertiary beds dip on average about

15o to the west. To the east, the Tertiary strâh overlap basement.
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Figure 2-5. Geological map of Fang Basin, northern

loðalities of boreholes in this study (modif ied main
Thailand showing
ly f rom Braun &

Hahn, 1976; with few additions (a) from Suensilpong et al., 1984)

On seismic profiles Cenozoic sediments are estimatsd to reach a maximurn thickncss of

2g00 m (piyasin, lg/g). Within the basin theTertiary sequence lies on complex basement

200 00'

990 1 5'

Fang
D lst rlct

lF-16

tF-4 tF-2

Quaternary gravel
and sand.

Neogene gravel, sand and

shale; Qualernary gravel,
sand, silt and lalerile (a).

Mesozoic sandslone,
siltstone, shale and
conglomerate.

Ordovician
limestone and shale.

Localities of boreholes

rffi-ffilVaalfl..r.I..l1ll.\.+¡+.4.7Va.F.¿.¿.¿r¿1lr¡il.i|r.t¡ltl|
l¡.@

ÞEaffi!

WHffi
ftlúIñrr¡,¿y¿ytl¡:@

tta/tt
aa///t
at/aa/

N

1 Palaeo-Mesozoic granite

]EII'TIñh---r-ll-r---lLrr---rl¡-----lb-rr-rlæ
o for this studY

10 km.

Carboniferous sandstone,
graywacke and shale.

Devonian-Carboniferous ;

Silurian-Devonian phYllite (a)

Silurian-Devonian PhYllite,
schist, tuff, quartzite, shale,

chert, graywacke and limestone

Cambrian sandstone.



Mid-Tertiary Palynology of onshore and offshore Thailand...chapter 2...Geology..'Page 18

composed of andesite, serpentinite, Permian limestone and Mesozoic shale. Pompilian & Vasile

(19g0, 19S1) described non-marine (lacustrine) deposits of Mio-Pliocene age lying

unconformably on basement. The sediments consist of da¡k clays, sandy clays with lignite,

shale and sands (Figure 6-5). This sequence is referred to as the Mae Sot Formation.

Oudomugsorn (19g6) reported small vertebrate bones and teeth, leaves, turtle's back plates and

gastropods from Tertiary sediments and suggested a lacustrine origin of fresh to brackish water

environment. Because precise stratigraphical relationship between megafossils and samples

from this study is not achieved, a correlation cannot be determined, however, palynological

results in this study (Section 6.5) indicate that the productive samples from Mae Sot Formation

a¡e correlated with the SIAM-2 Zone (middle to late Early Miocene)-

The upper Cenozoic sequence (Mae Fang Formation) is composed of arkosic sands

with fragments of carbonized wood, interbedded with sandy clays and assigned a Plio-

Pleistocene age (Burav as, 197 4).

There are six structural oil fields in the Fang Basin, including Mae Soon, Pong Nok,

chaiprakarn, Huay Born, Pa Ngiu and Pa Daeng. Sundharovat (1964) ruled out the possibility

of pre-Tertiary soutce rocks in the basin and concluded that Mae Fang oil was non-marine in

origin and accumulated during the Late Tertiary or later. However, Hashimoto et al' (1968)

pointed out the possibility that the Mae Fang crude may have originated from pre-Tertiary

graptolite shale beds. Oudomugsorn (1986) indicated that the crude is produced from Pliocene

sand reservoirs occurring at depths ranging from about 150-900 m. Most of the oil has a

paraffin base with API gravity about 28o-3lo '

2.4.2 L¡ Basin

Li Basin (Figure 1-1) is a fault-bounded intermontane basin which is bounded by

ordovician limestone of the Thung song Group to the north and northwest. To the east and

west of the basin ¿r¡e Silurian-Devonian low grade metamorphic rocks of the Don Chai Group,

which consist clominantly of slate and quartzite. The Don Chai Group conformably overlies the

Thung Song GrouP (Figure 2-6).
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Figure 2-6. Geological map of Ban Pu Coal Mines, Li Basin, northern

Thailand showing locality of samples (modified from DMR unpublished
geological map of Li Basin).
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Ban pu Mines (19S4) reported that fotd and fault structures have been observed in the

prospecting area. Coal beds to the north of central Ban Pu Sub-basin have been found in folds

gently plunging to the south. Along the southwest rim of Ban Pu Sub-basin, a major normal

fault trends NNW and dips to the east Despite folding, coal beds are gently dipping (5"-8o).

The Tertiary sequence of the Li Basin consists of three units (Figure 5-1). The lower

and upper are made up of clay and claystone interbedded with semiconsolidated sandstone and

conglomerate. The middle sequence comprises coal interbedded with clay, carbonaceous clay

and shale

The main coal seam of the Ban Pu Sub-basin averages 25-35 metres thick and the

maximum thickness of 55 metres has been recorded at BP 123 Borehole (Ban Pu Mine, 1984).

Coal is ranked by ASTM standard as sub-bituminous. DMR (Chaodumrong et al., 1982;

Slansieng, 1983) reported that the total coal reseryes of Ban Pu Sub-basin were 10 million

tonnes. Unconsolidated Quaternary deposits of gravel, sand, silt, and clay unconformably

overlie the Tertiary sequence.

The palaeobotany of the Li Basin has been examined by Endo (1'964, 1966)' The

species reported include: Alnus thaíensis Endo, Sequoia langsdorfü (Brongniart) Heer,

Taxodium thaiensis Endo, Sparganium thaiensis Endo, Carpinus (?) sp. Glyptostrobus

europaeus (Brongniart) Heer, Ficus eowithtian¿ Endo, Fagus feroniae Ung', Quercus

Ianceaefoljø Roxb., Quercus cf . protoglaucaEndo, and Salix ? sp. Endo (1964) suggested a

palaeogene (Late Eocene) age and warm temperate palaeoclimate, and also made comparisons

with the Early Oligocene Flushin flora of Northeast China. Ginsburg (1983) reported a

discovery of mammal remains including a proboscidean tooth (cf. Stegolophodon), a deer antler

(Stephanocemas rucha) andfishes from Li coal seams. Ginsburg refuted the possibility of a

palaeogene age and suggested that the Li coal seams appeff to be late Middle Miocene in age.

However, he agreed with Endo's palaeoclimatic reconstruction. On the other hand,

Ratanasthien (1984) reported Tricolpites andTricolporites pollen grains in two samples

collected from the Ban Pu Sub-basin and suggested a Senonian or Palaeogene age. I-Iowever,

palynological evidence from this study shows the Ban Pu main coal seams (Li Basin; Section

5.1) to be of Latc Oligocene age. Although a precise sÍatigraphic correlation of thesc fossils is

not known but they are likely to derive from main coal seams or adjaccnt strata of Li Basin'
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Fossil remains of plants, gastropods, arthropods, bivalves and fishes have been

reported from Ban Pa Kha Subbasin, Li Basin (Gibling & Ratanasthien' 1981)'

2.4,3 Mae Moh Basin

The Mae Moh Basin contains the largest proven coal reserves in Thailand and is

located in Lampang Province, northern Thailand (Latitude 18o 18' 21"N, Longitude 99o 44'

02'E; Figure 1-1). Coal reserves have been estimated at about 1317.4 million tonnes

(Supurtipanish ¿r aI.,l9ï3).Mae Moh coal ranges between lignite to sub-bituminous (ASTM)

and heating value is low, 6450-9995 Btu/lb (Ratanasthien, 1983).

Mae Moh Basin is a graben with N-S normal faults which was infîlled by Tertiary and

euaternary sediments. The basin is mainly bounded by marine Triassic rocks (Lampang Group)

which consist mostly of limestone, shale and sandstone. But to the south, the basin is bounded

by Quaternary basalt (Figure 2-7).

Tertiary deposits of Mae Moh Basin are mainly fine grained clastic sediments

interbedded with coal, sand and rare conglomerate (Figure 6-3). Generally, the Tertiary

stratigraphic sequence may be divided into three units (Jitapunkul, 1984 &' Jitapunkul et al.,

19g4). The Lower Unit consists of reddish semiconsolidated mudstone, siltstone, sandstone

and conglomerate. This unit is about 15-150 metres thick. The sedimentological structures of

this unit suggests fluviatile deposition.

The Middte Unit is about 250-400 metres thick and consists of semiconsolidated grey

claystone and occasionally siltstone, interbedded with coal seams. Five coal seams (namely S,

R, e, K and J in ascending stratigraphic order) may be found. Both K and Q seams are

economic and are exploited for power generation. Fossil remains include: gastropods

(Víviparus sp., Millanoides sp., Physa sp., etc.), ostracods, plants, fishes and reptiles. But age

determination of the fossil remains is not available. The lithology and sedimentary structures of

this unit suggest lacustrine environments with intercalation of swamp deposits in the middle part

of the basin but fluviolacustrine and swamp deposits at north and south ends of the basin.

The Uppcr Unit is 5-250 metros thick and consists of reddish semiconsolidated and

unconsolidatecl scdiments of claystone, siltstone and mudstone intercalated with sandstone arlrl
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conglomerate lenses. This unit is named the Huai Luang Zone. The lithology and sedimentaly

structures of this unit suggest fluviatile deposits'
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In conclusion, the Mae Moh Cenozoic sequence shows a change from initial fluvial

environments, to swamp, lacustrine and fluviolacustrine, and then a return to fluvial

environments.

Vertebrate fossil remains from the Mae Moh Basin (?main coal seams) including

Mustelid (Síamogale thailandica Ginsburg et al. 1983), rhinoceros (Rhinocerotíni indet. cf.

Gaindatherium) and proboscidea (,sregolophodon sp.) are assigned as late Middle Miocene in

age (Ginsburg, 19S3). Palynological study of Mae Moh samples were attempted by

Ratanasthien (1984) but poorly preserved palynomorphs were found. However, some

experiments were carried out in this study to develop a suitable treatnent for Mae Moh samples.

With the new frsatment, a number of Mae Moh samples yield highly diverse and well preserved

palynomorphs. Palynological evidence from this study shows the Mae Moh main coal seams

(Section 6.3) to be of Middle Miocene age.

2.4.4 Mae Sot Basin

The Cenozoic basin of Mae Sot is located in northwestern Thailand at about 16oN,

98oE (Figures 1-1, 2-8) , and extends across the Moei River into Burma. Mae Sot oil shales are

exceptional in their extent, at least 30 km along the basin axis, and in their laminated, carbonate-

rich nature. They were deposited in an extensive lake in a large intermontane basin. Oil shale of

Mae Sot Basin has been estimated to contain about 4,190 million tonnes in reserves (DMR,

lgTg). The rich organic oil shale consists mainly of lamalginite, and yields up to 341 litres of

oil per ronne with average 167 litres of oil per tonne (Gibling et a1.,1985a; Strokes, 1988).

The basin is fault-bounded at least locally, and the mountains rise to over 1500 m

above the basin floor. Bedrock on the eastern (Thai) margin consists mainly of Permian to

Jurassic carbonate and clastic rocks, whereas a Ereater variety of rock types occurs on the

western (Burmese) margin. Mae Sot Basin is a shallow syncline trending NE-SW, with dips

averaging 15o-25o, locally up to 57o. Faulting is uncommon. Thanomsap (1983) noted that a

Bouguer gravity map of the basin shows two synclinal and elongate subbasins with NW-SE

AXOS.
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The Tertiary sequence of Mae Sot Basin (see also Figure 6-4) is subdivided into four

units (1, 2,3 and.4 in ascending süatigraphic order). Unit 1, which is more than 600 metres

thick, lies unconformably on basement rocks and consists of sandstone, siltstone and

fossiliferous limestone. Unit 2 is more than 900 metres thick and contains marlstone,

mudstone, and interbedded shale and oil shale. Unit 3 is more than 500 meffes thick and

contains sandy shale, sandy marl, and interbedded shale. Unit 4 is about 300 metres thick and

contains shale interbedded with mudstone and oil shale. Quaternary gravel beds unconformably

overlie Unit 4 (Tantisukri t et a1.,198la, 1981b; Chaodumrong et a1.,1983)

Oil shale sequences represent deeper lake environments with deposition under

anaerobic conditions, as indicated by the good lamination and preservation of abundant organic

matter (fantisukrit et a1.,1981a). Oil shale is tikely to be deposited if clastic input is iow. The

main source of organic material in the oil shale is planktonic and benthonic algal material:

(Gibling et a1.,1985a, 19S5b). The organic petrological studies of oil shale from Mae Sot Basin

show that they contain abundant lamalginite. Trace amounts of telalginite, liptodetrinite,

bitumen/resinite and huminite/inertinite are also present in some of the rocks. Vitrinite

reflectance data from the oil shales and associated coals indicate a low level of maturity

(Sherwood et aL,1984).

Remains of fishes, plants and invertebrates are found in oii shale strata. Fishes are the

most abundant fossils. Plant material is mainly woody fragments, with rare leaf fragments and

seeds. Invertebrate fossils are rare. Fossils of gastropods and ostracods are also found in the

basin (Gibling et a\.,1985a). Remains of fishes and gastropods from the Mae Sot Basin have

been identified as freshwarer types (Brown et a1.,1951). Cyprinid fishes discovered from Mae

Sot Basin have been dated as Miocene age (Uyeno,1969). However, palynological evidence

from this study shows the Mae Sot oil shale strata (Section 6.4) to be of Middle Miocene age or

younger.

2.4.5 Nong Ya Plong Basin

Nong Ya Plong Basin (Figures l-I; 2-9) is a srnall coal-bearing ancl mainìy f'ault-

bounclc<ì half grabcn. To the west the basin is bounclecl by a mountainous r¿rnge corrposed clf

the Carboniferous Kucng Krachan Group (sanclstone, orthoquartzitc, tuffaceous shale an<i
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pebbly mudstone). The Kaeng Krachan Group also lies unconfonnably beneath the Tertiary

sequence in the basin.
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The Tertiary sequence (Figure 5-2) begins with mudstone interbedded with sandstone

and conglomerate. Above this, carbonaceous content gradually increases and the sequence

terminates with coal, mudstone and carbonaceous muclstone containing plant and fish remains.

The thickness of the Tertiary deposits varies from 80 metres to more than 180 meües'



Mid-Tertiary Palynology of Onshore and Offshore Thailand...Chapter 2...Geology'..Page 27

euaternary alluvial deposits of unconsotidated reddish brown to brown sandy clay, siltstone

and $avel overlie the Tertiary sequence.

Coal seam thickness ranges from 0.5 to 3 metres and the coal is ranked by ASTM

standard as volatile B-C bituminous. Supurtipanish & Pithchayakul (1983) and Pithchayakul er

al. (19g6) reported on the exploration of the 1.65 km2 prospecting area which is estimated to

contain about 2 million tonnes of coal reserves.

Supurtipanish & Pithchayakut (1983) also reported an age determination (by R'

Ingavat) of fish remains from Nong Ya Plong Basin indicating Miocene age. Because their

fossils are unlocated precise relationship with samples from this study, a correlation cannot be

determined. However, palynological evidence from this study shows the major coal seam of

Nong Ya Plong Basin (Section 5.2) to be of pre SIAM-I 7nne, Late Oligocene age'

2.4.6 Sin Pun Basin

The Sin Pun Basin (Figure 1-1) lies in a provincial frontier area of Krabi, Su¡at Thani

and Nakorn Si Thammarat in southern Thailand. It is mainly bounded by Mesozoir; sandstone,

siltstone and conglomerate, with some sporadic Permo-Carboniferous limestone €igure 2-10).

The Tertiary sequence lies unconformbly on Mesozoic sandstone. The Sin Pun Tertiary

sequence contains claystone, coal, sand and gravel (Figure 6-2); and is subdivided into five

units including A, B, C, D and E in ascending stratigraphic order. Unit A is composed of

semiconsolidated claystone and silty claysrone. Unit B which is about 30 metres thick, is

composed of semiconsolidated claystone, silry claystone, clayey sandstone and sandstone. Coal

Ienses are locally distributed in this unit. Unit C is composed mainly of coal seams interbedded

with fossiliferous mudstone, claystone and carbonaceous claystone. The main coal seam is

about 2-18 m. thick. Unit D, about 0-30 memes thick, is composed of claystone and shale with

fossil remains of gastropods. The gastropod bed is at the base of this unit. Unit E, which is

more than 150 metres thick, is composed of unconsoliclated to semiconsolidated clay, silt, sand

and gravel which occur alternately (Sriratpinyo, 1984). Although previous age determination of

fossil remains is not available but palynological evidence from this study shows the major coal

seam of Sin Pun Basin (Section 6.2) to be of upper SIAM-1 7Ãne, Early Miocene âge.
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Figu re 2-10. Geological map of sin Pun Basin, southern Thailand

shãwing the lSgS Borehole locality (EGAT unpublished geological map).

2.4.7 Krabi Basin

Krabi is a coal bearing basin in southern Thailand (Figure 1-1). Coal reserves have

been estimatecl at about 26 million tonnes (Supurtipanish ¿r al.,1983). Kfabi Basin is mainly
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bounded on the west by the Permo-Carboniferous Rat Buri Formation and the Triassic to

Jurassic Phu Kradung Formation (Figure 2-Il).

Figure 2-11. Geological map of Krabi Basin, southern Thailand
(Suensilpong et al., 1984), showing locality of Krabi coal mines whieh

were sampled for this studY.
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Surveys show some geological structures including synclines, anticlines and faults

which strike approximately N-S (Markirt et a1.,1984). Ratanasthien (1983) ascribed the origin

of the Krabi Basin to sinistral faulting and oroclinal bending which occuned during the Jurassic

and Cretaceous. The Tertiary sequence strikes approximately NNW to N and dips 45" to the

east.

The Krabi Tertiary sequence can be subdivided into three parts (Figure 6-1). The lower

sequence contains claystone and silty claystone intercalated with sandstone and siltstone. The

middle sequence is the main coal se¿tm, which consists of coal and carbonaceous claystone with

plant remains and shell fragments. The main coal seam of the Huai Wai Lek Mine is

approximately 15-25 m. thick. The upper sequence consists of silty claystone, gastropods ancl

pelecypods fossiliferous limestones, calcareous sandstone and conglomerate interbedded with

thin bedded coal and carbonaceous claystone. Quaternary or Recent sediments unconformbly

overlie the Tertiary sequence.

Sedimentary deposition in the basin is related to ûansgression and regression of the sea

throughout the Tertiary Period. The ingression of sea water appears to have entered th r basin

from the south. The evidence suggests the depositional environment at Huai Wai Lek Mine was

paralic tidal flat (Markirt et a1.,1984). The Huai V/ai læk subbasin contains a typical littoral

coal-bearing formation and ma¡ine transgression and regression are indicated by fossils and

depositional features, including fossiliferous limestone, sandstone and calcareous sandstone

deposited by coastal winds (Ratanasthien, 1983).

Marine gastropods of Late Tertiary or possibly Pleistocene age ile found in ma¡l and

limestone a few metres above the coal seam (Brown et a|.,1951). Because their fossils are

unlocated precise relationship with samples from this study, a correlation cannot be determined.

However, palynological evidence from this study shows the major coal seam of Krabi Basin

(Section 6.1) to be of the upper boundary of the SIAM-I Zone,Early Miocene age'

2.4.8 Andaman Sea

The Anclaman Sea (Figure 2-12) is a tectonic basin boundcd by Burma to the north, the

Thai-Malay peninsula to the east, Sumat¡a to the south and the Andaman-Nioobar islands to the

wcst. It cncompasses a large area of about 800,000 km2. The Andanlan Sea is dividcd into two
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parts by a pronounced north-south trending continental slope. The western pafl is mostly deeper

than 1000 m., and much of it beneath 3000 m.; rift structures are present. The shallow eastern

part of the Andaman Sea appears to be floored by an extension of the Palaeozoic-Mesozoic

complex exposed on the adjacent peninsula (Rodolfo, 1969; CCOP/IOP' 1974).

Figure 2-12. General physiography of the Andaman Sea (Rodolfo, 1969),

showing localities of boreholes Trang-1 , Mergui-1 and WgA1 .
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The refraction data of Curray et al. (1979) suggested that the Mergui-North Sumaua

Basin is underlain by thin continental crust. This basin may be an Oligocene or Early Miocene

extensional basin or a proto-Andaman Sea which aborted before drifting and formation of

oceanic crust stafted. It was succeeded by the Middle Miocene oblique extension in a northwest-

southeast direction on the west side of Mergui Ridge of the Andaman Sea.

Achalabhuti (1981b) reported that the basement configuration of the Andaman Sea is a

series of north-south and northeast-southwest horsts and grabens. The Mergui ridge and

Ranong ridge represent horsts while the Mergui Basin and Ranong Basin represent grabens in

deep and shallow water respectively. Pre-Tertiary basement is composed of granite, Iimestone,

low-grade metamorphic rocks of slaty shale and phyllite, and medium-grade metamorphic rock

(chlorite schist). Infrlling sediments more than 4 km. thick have been recorded in some places.

The Tertiary sedimentary sequence ranges from Oligocene to Recent in age and consists of

clastic sediments with local carbonate reefs. For example, Troelstra et al. (1976) reported that

the Mergui-l well penetrated a sequence of claystone, sandstones, siltstones, and shales

ranging in age from Middle Miocene to ?Lower Miocene-?Oligocene (based on planktonic

foraminiferal and nannofossil zonations).

Paul & Lian (1975) postulated that deposition in the southeast Andaman Sea began

during the Oligocene with non-marine sandstone. Miocene marine sedimentation followed and

at approximately the close of the Middle Miocene, minor uplift and erosion occurred. Upper

Miocene and Pliocene sedimentation is believed to represent a regressive marine phase. Lateral

changes in seismic reflection character indicate that the main provenance for sediments was to

the northeast. Unconformities at the end of N 14 planktonic foraminiferal zone have been

indicated in composite logs both Mergui-1 and Trang-1 wells (Atkinson ¿r aI., L976; Ayling et

al.,l9l6).

Six lithostratigraphic units have been established for the Andaman Sea (Andaman,

Saclao, Kantang, Frang, Pavans and Takua Pa in ascending order). The lithostratigraphy of the

Andaman Sea, Straits of Malacca and North Sumatra have been correlated by Nakanart &

Mantajit (1983).

Microfossils which arc possible to be found from the Tertiary sequences of the

Ancl¿irnan Sca includc foraminifcra, nannofbssils, dinoflagellarcs, and palynofloras. Planktonic
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foraminiferal zonation scheme (Blow, 1969) and calcareous nannoplankton zonation scheme

(Bukry, lg73) are mainly applied for biostratigraphy. But to use dinoflagellates for

biostratigraphy is nor yet been found. Application of palynofloras for biostratigraphy in the

Andaman Sea is uncornmon and also there is no obvious palynological zonation scheme.

2.4.9 Gulf of Thailand

The tectonic evolution of the Gulf of Thailand is complex but it appears the Gulf is an

intracratonic basin situated in the Eurasian Plate and which began to subside during the Late

Creraceous to Early Tertiary (Paut & Lian, 1975; 'Woollands & Haw, I976; Achalabhuti,

19S1b). It is flanked on the east by the Indo-China craton and on the west by the Thai-Malay

peninsula. woollands & Haw (1976) divided the Gulf into two structural provinces separated

by the north-south trending Ko Kra Ridge. To the west of this ridge many nalrow, elongate and

partially isolated basins and grabens are separated by equally narrow north-south basement

horsts. East of the Ko Kra Ridge in the central area of the Gulf of Thailand is one large basinal

area in which three main basins can be recognized; namely, the Pattani trough and the Malay

Basin (Figure 2-2).Tertiary basins in the Gulf, similar to the distant Fang Basin, are formed by

N-S trending normal faults giving rise to grabens and half grabens with high geothermal

gradients.

The Tertiary sequence, which comprises sandstone, shale, mudstone, coal, siltstone,

conglomerate, and limestone; varies from less than 300 m. thick on the horsts to over 8 km.

thick in the Malay Basin. Paul & Lian (1975) mentioned that basement in the central ftough is

buried as deep as 10 km. and generally cannot be detected on seismic records. Basement is

composed of Mesozoic and Palaeozoic sedimentâry and plutonic rocks.

Woollands & Haw (7916), postulated a schematic sedimentary model of the Gulf

which highlighted three major sedimentary cycles, including two regressive sequences (I & If 
'

and one transgressive sequence (III) in ascending order. The model was based on three wells

(16-C-1, 4-B-1, 16-B-1) which were barren of both marine and terrestrial microfossils in cycle

I and lowcr part of cYcle II.
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A regional unconformity is recognized within the upper Middle Miocene sequence but

there is no pronounced lithological change at the unconformity (Paul & Lian, 797 5;

Achalabhuti, 1981a; ASCOPE, 1981; Hellinget et aI.,l98l).

ASCOPE (1981) summarized information from well cuttings, cores, flora a¡rd electric

logs and suggested that the Gulf of Thailand has been the site of fluvial, deltaic to shallow

marine sedimentation from Oligocene to present. The depositional systems which formed the

Tertiary clastic sequences were probably analogous to present depositional systems in the Gulf

of Thailand. Hydrocarbon producing horizons are within deltaic sands of Lower and Middle

Miocene age. Achalabhuti (1981b) pointed out that oil shows were also encountered in some

wells and suggested a wide variation of organic sources ranging from continental woody

material as primary sources to minor contributions of marine algae.

The high geothermal gradient of the Gulf has been documented by Paul & Lian (1975);

the temperature gradient below 2600 m. is greater and on the order of 7.3oC per 100 m. The

critical temperature of 176oC. is reached at about 3200 m., and gas is likely to be the only

hydrocarbon found at greater depth. Woollands & Haw (1976) noted that drilling has been

limited to less than about 3500 m. due to the high geothermal gradient. Hellinger, et aI. (1987)

indicated that the Pattani trough and the Malay Basin are both sites of higher than normal

temperature gradients and heat flow values. Trevena & Clark (1986) concluded that Miocene

sandstones from the Pattani Basin provide an example of rapid decline in porosity and

permeability with increasing burial depth. This decline results from rapid burial diagenesis that

is related to the very high geothermal gradients in the basin. The best porosities and

permeabilities in Pattani Basin reservoirs are generally associated with large intergranular pores

in sandstones at depths between 915 and 1980 m.

Microfossils which are possible to be found from the Tertiary sequences of the Gulf of

Thailand include palynofloras and foraminifera. Palynomorphs and foraminifera have not been

found in lower Tertiary sequences of the Gulf, possibly because of unsuitable sandy or

oxidized lithology, a high geothermal gradient, or non-marine depositional environments.

Palynofloras are dominated both middle and upper sequences but foraminifera occur mainly in
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the upper sequences. Palynological zonation scheme of Morley (1978) is widely applied for

biostratigraphy in the Gulf of Thailand.



CHAPTER 3

TERTIARY PALYNOLOGY OF THAILAND

Previous M¡d-Tertiary Palynostratigraphic
Studies

!

3.1

3.1.1 Southeast Asia

Tertiary palynological studies are uncornmon in Southeast Asia except for the Borneo

region. Palynological zonations of the region which do exist are largely based on coastal

mangrove floras of the Sonneratia (Florschuetzia) pollen types (Germeraad et a/., 1968)' The

Florschuetzia zonations in Southeast Asia are similar to each other, with minor range

modifications (Germeraad et a1.,1968: Woollands & Haw, 1976; Morley,1978; Achalabhuti,

19g1a, 1931b). The main discrepancy is in the agerange of FlorsclmetzialevipoliZone which

later studies tend to expand both upper and lower limits (Figure 3-1). Because zonation

schemes (Germeraad,1968;Morley, 1978; Achalabhuti, 1981a) are based on taxa of mangrove.

palynofloras, viz. Florschuetzia levípoli Germeraad et aI. 1968 andFlorschuetzia meridionalis

Germeraad et al. 1968, which occur only in coastal or marginal marine depositional

environments. They are of little value for palynofloral zonations in terrestrial sediments. Such

schemes are therefore limited to coastal or marginal marine facies.

Germeraad palynologicai zonation (1968) is the pioneer work for the Southeast Asian

region. Appearanc es of Florschuetzia trilobataGenneraad et al. 1968, Florschuetzia sernilobota

Germeraad et al. 1968, Florschuetzia levipoli Germeraad et aL, and Florscltuetzía meridionalis

Germeraad et al. 1968, are used as key species for zonation. The advantage of the Germeraad

zonarion (1968) lies in detailecl statistical study of occurrences of Flor'çchuetzia spp', itr a

cornplete taxonomy ancl in provision of a range chart. Since then suclt a detailed nrid-'fertialy

palynological study for Southeast Asia has not been ptrblislied.
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Figure g-1. The palynological zonations and stratigraphic ranges of

some selected taxa in Thailand and neighbouring Southeast Asia

(Sources: 1: Haq et a\.,1987;2: Germeraad et a\.,1968; 3: Achalabhuti,
1974, 1976, 1981a, 1981b; 4: Morley, 1978; 5: Muller, 1972).

The palynological zonation scheme of Morley (1978), for example, is possibly based

on extensive proprietary data from biostratigraphical works in Southeast Asia including

offshore Thailand but lacks of details in zonation scheme, photomicrography, systematic and

quantitative palynology.The Florschuetzia palynological zonation scheme for Southeast Asia of

Morley (1978) is similar to that of Genneraad et al. (1968). The new zonal markers, Dacrydiurn

and PotJocarpus have been introduced by Morley (1978) for Pliocene and Quaternary

respectively for the section of tlie northern Sunda Shelf, and in the offshore of Thailand

(Achalabhuti, 1976, 1981a, 1981b; ASCOPE, 1981). The concept thât the Podocarpus

migrated from souther¡l lancls (Australia) related to the Asi¿r-Austl'alia contirlental plate collision

during the late Cenozoic, is ruled out in this study. Because the gertus Podocarpu.r is widely
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represented in the Tertiary of East Asia @uji, 1969a,1969b; Takahashi & Kim, 1979; Sun ¿¡

aL,lg81; Takahashi & Shimono, 1982; Huang & Huang, 1984) and in the Late Oligocene to

Middle Miocene throughout Thailand (this study). Dacrydiu¡'n occurs in the Early Miocene in

Thaitand. These evidences suggest the occurrences of Dacrydium andPodocarpus iî Southeast

Asia prior to the Asia-Australia continental plate collision during the late Cenozoic. See further

discussion on D acry dium and P o do c arpus in S ection 3 .2.3.

Pollen records of montane floras including Pinus, Pícea,Tsuga, Alnus, Pterocarya and

Ephedra, have been reported from Oligo-Miocene sediments of Borneo; and none of these

species exist presently in the region (Muller, 1912). Germeraad et aL (1968) mentioned that

Alnus pollen in Borneo was abundant in the Otigocene and Early Miocene and there was a

gradual decrease in frequency during the course of the later Miocene and Pliocene. There is also

a discrepancy in the range of dispersed Alnus pollen type (Figure 3-1). The approach on

occurrences of temperate palynofloras during mid-Tertiary in Southeast Asia was focused on

palaeoenvironment and palaeoecology. For example, these palynofloras derived from temperate

regions were named as "montane palynofloras". But in this sturly indicates that most

palynofloras derived from temperate regions are not limited only to molltane regions but are

widely distributed throughout Thailand during mid-Tertiary @igure 1-2).T\e occunences of

temperate palynofloras are also applied in the study for biostratigraphy and palaeoclimatic

reconstruction.

3.1.2 Thailand

Even though Tertizry biosratigraphy of Thailand is in high demand by industry, otrly a

few sporadio attempts on age correlation have been made, and these include schemes using

macrofaunal remains (Ginsburg, 1983), palaeobotany (Endo, 1964; 1966) and palynology

(Baum et a1.,1970; Buravas, 197-5; Ratanasthien, 1984; Wolfart, 1987)'

palynological information concerning Thailand is very scant and much of what is

known is largely kept as proprietary illformation in peffoleum exploration company files.

Onshore palynological stuclies include Baum et al. (1970), Buravas (1975),

Ratanasthien (1984) and Wolfart (1987). Palynological investigations by Müller on Fattg Basin

lignites srf ggcsr a Miocenc/Pliocenc agc (llaum ct a|.,1970). Palynology of Mae Soorl core at
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572 m. depth which \ryas examined by Bunyananon, comprises Microhenrici, Henrici,

Corupheus, Salix, Pollenites fallax and Pinus haploryIon, and suggests Oligocene to Recent

ages (Buravas, 1975). A palynological study of samples from Fang, Mae Moh, Li, Mae Teep

and Mae Tun basins, was carried out by Ratanasthien (1984). Taxa which have been found,

include Tricolpites sp.,Tricolporites sp., Appendicisporites tricornitatus, Rugubivesiculites

sp., Spinozonocolpites cf. S echinatus, Cicatricososporites drumhellerensis, Plicatella sp.

Verrumonoletes sp., Laevigatosporites sp., Lophotiletes sp., Alnipollenítes verus and

Pínuspollenites sp. Marine incursions into the Fang Basin on the basis of occurrences of

Spinizonocolpites cf. S echinatus and Rugubivesiculites sp. were suggested' A Senonian or

palaeogene age for most of the studied samples was also proposed. Lignite from Sop Prap area,

Lampang Province, contains sporomorphs of Polypodiaceae, Alnip ollenites ,

psilahexacolpopollenites indicating a Neogene age (Wolfart, 1987). Because srratigraphic

relationships between samples used in this study and those of earlier workers cannot be

determined. Moreover, because most previous studies use different systematics and lack of

figures, thus the information cannot be used confidently. However, only a few genera including

Alnípollenites, pinuspollenites, Spinizonocolpites andLaevigatosporites from these studies are

commoll to this study.

Although offshore Thailand has been activeiy explored for two decades, little has been

published on palynology (Paul & Lian, 1,915;'Woollands & Haw, 7976 Achalabhuti,

Ig76,Ig8la, 1981b; ASCOPE, 1981). A few taxa are used as zonal markers, including

Florschuetzia spp., Dacrydium sp., and Podocarpu.s sp. The components of the assemblages,

systematic descriptions, frequencies, and photomicrography are poorly known. The

palynological zonation scheme of Morley (i978) is widely applied in the Gulf of Thailand and

Andaman Sea,

Virtually nothing is known from the Andaman Sea except for a few studies fronr

Anclaman Islancls ancl the Deep Sea Drilling Project in which very few t¿lxa can be related to the

stucliecl taxa of Thailancl. A palynological study of the Port Blair Fornration, Andanran islands

which was assignecl a Pal¿ieogeneage (Banerjee, 1966), bears little relationship to this study.

Dee¡t sea palynological studies of the DSDP sites 21 4 and 254, Ninetyeast Ridge, Indiarl
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Ocean, also, bear little relationship to this study but suggest a closer affinity with Australian

elements (Harris, 1974; Kemp & Harris, 1977).

Even though the Gulf of Thailand has been actively explored and successfully

exploited for petroleum resources for two decades and previous major Tertiary palynological

studies in Thailand have centred on the Gulf of Thailand, only one palynoiogical zonation

scheme (Achalabhuri,lg]4,1976,l98la, 1981b; Figure 3-1) is known. It is generally similar

to the Morley (1978) zonation scheme, with the inclusion of Alnipollenites verus Subzone

added to Florschuetzia levipoli Zone and the absence of Fbrschuetzia rneridionalis-

Florschuetzia trilobafa Subzone. Again, however the compolìelìts of the assemblages, their

systematic descriptions, frequencies, and photomicrography are lacking, which diminishes its

usefulness to this study.

3.2 Mid-Tertiary Palynological Tonation Scheme
f or Thailand: This Study

In Thailand, there is no palynological zonation for isolated onshore basins. Offshore

palynological zonations are well established and are generally based on the distribution of a

number of Florschuetzia species (V/oollands & Haw, 1976; Achalabhuti, 7916,798Ia, 198lb).

Most onshore palynological sequences of Thailand show no evidence of the coastal

palynomorphs except for some influence in the Krabi sequence, southern Thailand. However,

the appearance of Inaperturopollenites dubius Potonié &Yenitz ex Thomson & Pflug 1953,

Alnipollenites verus Potonié !931, Echiperiporites cf. E. estelae Germeraad et al. 1968,

Florschuetzia spp., and tropical microfloral assemblages including Lagerstoemta sp' 325,

Ammania sp. 381 and, Pandaniidites f¿x¿s Elsik 1968, provide a key for zonation and

correlation between offshore and onshore sequences. The correlation between onshore basins

relies on assemblages derived from drillcore and exposures in mines but most offshore material

is based on cuttings.

Both Alnipollenites y¿ras Potonîé I93I and Echiperiporites cL. E. estela¿ Gerrleraad ¿l

al. 1968 occur in terrestrial environments and rarely in coastal and marine envirollments'

Alnipollenites verus potonié 1931 is wiclespread in both onshorc and offshore b¿tsins and is

recorclecl in rhe Gulf of Thailancl, inclucling the Iower Middle Miocene of 8-2381tX Weìl
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(Heseldonckx et a1.,1975) andT-103/1X Wetl (Cater et al.,1973), agreeing with the range

shown by Germeraad. et al. (1968).In terrestrial sediments the frequency of. Alnipollenites

yerus Potonié 1931 varies from rare to very common in the Late Oiigocene including in Li

Basin (northern Thailand) and Nong Ya Plong Basin (central Thailand). The species is common

in the Early Miocene but is rare in Middle Miocene terrestrial sediments and Oligo-Miocene

marine sequences.

Although Echiperiporites cf. E. estelae Germeraad et a\.7968 is widely dist¡ibuted in

most basins it is generally rare after the Early Miocene. Its first appearance is at about the same

time as influxes of tropical elements during early Early Miocene.

It should. be noted that mangrove palynofloras, viz. Florschuetzia levipoli Germeraad

et al. 1968, Florschuetzia trilobata Germeraad et a\.7968, Florschuetzia semilobar¿ Germeraad

et aI. 1968, Zonocr¡stites ramonae Germeraad et al. 1968 and Avicennia sp. 1492 occur only in

coastal or marginal marine depositional environments in Krabi Basin, Andanan Sea and the

Gulf of Thailand. These taxa are of no value for paþnofloral zonations in terrestrial sediments.

Zonation Scheme. Conventional zonal names are often based on the name of o'ie

taxon, but this may be misleading when applying the zones. For example, the Southeast Asia

zonation in Figure 3-1 shows two Florschuetzia trilobata zones which lack meaning and are

confusing in application. Thus, in this study, the prefix "STAM" is adopted to identify the

regional palynological zonation scheme and two zones, SIAM-1 and SIAM-2 are established

obvious from Figure 3-2.

The basis for dehning zonations in this study depends on first and last appearances of

a number of taxa. Although it may be possible to divide these zones into subzones by using

relative frequencies of some taxa, this is not attempted in this study.

As stated earlier (Section 1.2), most samples from the marine seqlìences are cuttings,

and thus correlations and age cleterminations based on these assemblages in the Andanlatl Sea,

the Gulf of 'Ihailand and onshore basins are provisional. Future research using core samples

may provide more precise ages and confirm or readjust the zonations and couelations.

Although there may be variations in the latitudinal distribution of some key species, it

is u¡certain whether this rcsults from diachroneity of the zonal bottndaries. Firstly, the key

species are composecl of wideìy dispersed ancl climatically limited distribLrtions. llhe
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Echiperiporites cf. E. estelae Germeraad et aI. 1968 has an affinity with pollen of extant

Malvaceae which is distributed world-wide, btx Alnipollenites verus Potonié 193i and

Inaperturopollenites d.ubius Poronié &Yenitz ex Thomson & Pflug 1953 resemble modern

pollen produced. by Alnus (Betulaceae) and Taxodiaceae-Cupressaceae respectively in temperate

regions. Secondly, species with latitudinally restricted distributions may be significant only in

the medium and short term but the intervals occupied by the studied samples are likely to

represent longer time-segments. Thirdly, most species preferring temperate conditions are

widely distributed in Thailand during the mid-Tertiary. Some temperate species also occur in

Borneo during the mid-Tertiary. In conclusion, changes in the distribution of some species is

unlikely to be proven without more precise and detailed time control from independent sources'

This study assumes that the zonation is not affected by such variations.

EPOCH THAI
Regional
Zo natio n

TU

ñI

Middle

S IA M.2
Early

SIAM-1
I

ll--"
OIGOCENE

very rare

rar e

common

Figure 3-2. Mid-Tertiary stratigraphic ranges

of selected pollen from Thailand.
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3.2.1 SIAM-1 Tone

The lower limit of this zone is defined by the first appearúrce 0L Inaperturopollenites

dubius potonié & venitz ex Thomson & Pflug 1953. Species making their first appearances at

approximately the same time are Cupuliferoipollenites pusillus Potonié ex Potonié 1960 and

M omipites coryloides Wodehous e t933 (Figure 3-2)'

The upper limit of this zone is defined by the fust appearance of Echiperiporites cf. E.

estelae Germeraad et aI.1968.

The reference section for this zone is in BP 120 Borehole be¡veen 32.2to 2.6 m., Ban

Pu Mine, Li Basin, northern Thailand.

SIAM-I Zone is characterized by assemblages comprising high frequencies of

pinuspollenites sp.1436, piceaepollenítes alatus Potonié 1931, Tsugaepollenites igtticuhts

potonié ex potonié 1958, Inaperturopollenites dubius Potonié & Venitz ex Thomson & Pflug

1953, euercoidites sp. 777 , Alnipollenites y¿rus Potonié 1931, Cupuliferoipollenites pusillus

potonié ex potonié 1960 and Momipites coryloides Wodehouse 1933. Otlier commonly

occurring species include: Faguspollenites sp.845, Florschuetzia trilobata Germeraad et al-

1968, Ilexpollenites íIiacus Potonié 1960, Rhoipítes cf . R. retiformis Pocknall & Mildenhall

lg14, Rhoipites sp. 847, Polypodiisporites alienus Potonié emend. Khan & À4artin 1971 and

Laevigatosporites ovatus Wilson & 'Webster 1946. Some rare species include:

Monoporopollenites gramineoides Meyer Tg56,Tetracolporopollenites sapotoides Pflug &

Thomson in Thomson & pflug 1953, Caryapollenites simplex Potonié 7960, Aceripollis sp.

g53, polyatriopollenites stellatus Potonié & Venitz ex Pflug 1953, and Podocarpidites elliptictts

Cookson ex CouPer 1953.

Late Oligocene and Early Miocene of the SIAM-I Zone may be provisionally

subdividecl by using pollen frequency. Gymnosperm pollen frequencies are generally high

during Late Oligocene but low during Early Miocene age. These criteria ¿ue tentatively used in

this study.

The micropalaeontology and nannofossil analyses oll the Union Oil Cornpany of

Thailancl Trang No. 1 Well (Ticley et al.,1916) was carricd out from two conventiorlal core

samples, 55 siclewall core sarnples and 328 ditcli cutting sarnples. 'fhe rcport shows that
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samples between 3942.4-2225.6 m. depth are assigned with planktonic foraminiferal zones N3-

N4 (Blow,1969) comprising zonal index of Globorotalia siakensis, Globigerinoídes

subquadratus, Globigerinita unicava unicava, Globirgerina ouachitaensis ciperoensis forma

atypica and. Globorotalia perípheroronda; and are also assigned mainly with nannofossil

Triquetrorhnbdulus c arinatus Zone (Bukry, I97 3) -

The palynological assemblages of the SIAM-I Zone are correlated with the

palynological assemblages of Trang-1 Borehole between 394I.2-2231.7 m. depth, and also

correlared with planktonic foraminiferal zones N3-N4 (3942.4-2225.6n. depth). On this basis

the SIAM-1 Zone is dated as Late Oligocene to Early Miocene age.

3.2.2 SIAM-2 Zone

The lower limit of this zone is defined by the fust appearance of Echiperiporites cf. E.

estelae Germeraad et a\.1968. Some tropical taxa which make their first appearance near the

base of or within this zone include: Florschuetzía levípoli Germeraad et al. 1968, Zonocostltes

ramonae Germeraad et a1.1968, Avicennia sp.1492, Dipterocarp¿¿s sp. 780, Lagerstroemia sp.

325, Pandaniidites texus Elsik 1968, Excoecaría sp. 1404, Margocolporites vanwíjhei

Germeraad et aI. 1,968, Lønagiopollis nanggulanensis Morley 1982 and Amtnania sp. 382

(Figure 3-2).

The upper limit of this zone is defined by the last appearance of Alnipollenites verus

Potonié 1931. This is approximately coincidental with the last appearance of Piceaepollenites

alatus Potonié Ig3I, Momipites coryloides Wodehouse 1933, Florschuetzia trilobata

Germeraad et al. 1.968 and. Florschuetzia semilobata Germeraad et aI. L968. A species first

appearing at about the upper limit is Florschuetzia meridionalis Germeraad et al. 1968.

The reference section is at the Klong Huai Wai Lek Mine, Krabi Basin, southcrn

Thailand.

SIAM-2 Tnne is characterizecl by influxes of tropical taxa and decreasing proportions

of temperate taxa. Commonly occurring species include: Quercoidites s¡t.777, Faguspollenites

sp. 845 Florschuetzia trilobata Germeraztd et al. 1968, FlorschLtetzia lcvipoli Get'rnerttttcl et al.

1968, Spinizonocolpites prominatus (Mclntyrc) Stover & Evans l9T3,TiliaepoLl.e nites cf '7..

inrluhitabili.ç Potonié 1931,7'ctracolporo¡;ollenites sapotoides Pflug &'Illomson irl'l-honrson &
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pflug Ig53, Tricolporites cf. T. valvdtu.s Harris 1972, Florschuetzia semilobata Germeraad er

al. 1968, Avicennia sp. 1492, Pinuspollenites sp. 1436, Polypodiisporites alienus Potonié

emend. Khan & Martin t971, Polypodiisporites usmensis Hammen emend. Khan & Martin

1971 and Cyathidites minor Couper 1953.

Rare specie s arc; Alnipollenites y¿rur Potonié 1931, Momipítes coryIotdes 
'Wodehouse

1933, Caryapollenites simpl¿r Potonié lg60,Ilexpollenites iliacus Potonié 1960,Zonocostites

ramonae Germeraad et at. 7968, Excoecarfa sp. 7404, Aceripollis spp., Margocolporites

vanwíjhei Germeraad et at. 1968, Pandaniidites texus Elsik 1968, Myricípites dubius

Wodehouse 1933, Amtnania sp. 382, Lagerstroemia sp.325, Rhoipites cf. R. retiformis

pocknall & Mildenhall 1984, Cupuliferoipollenites pusillus Potonié ex Potonié 1960,

podocarpidites eltipticas Cookson ex Couper 1953, Dacrydiumites florinii Cookson & Pike ex

Harris 1965, piceaepollenites alatus Potonió 1931 and Tsugaepollenites igniculus Potonié ex

Potonié 1958.

The micropalaeontology, calcareous nannoplankton and stratigraphy of the Union Oil

Company of Thailand. Mergui-l Well, Andaman Sea (Troelstra ¿t a1.,7916) was ca.rried out

from 52 sidewall core samples and 324 dirchcutting samples. The repoit shows that samples

berween depth 2564.0-1609.8 m. are assigned with planktonic foraminiferal zones N5-N8

(Blow, 1969) comprising zonai index of Globorotalia siakensis, Globigerinoides subquadratus,

Globigerinita dissimilis dissimilis, Globigerinoides sicanus, Globorotalio birnageae,

Globorotalia peripheroronda and Globorotalía peripheroacuta; and are also assigned with

nannofossil Sphenotithus belemnos-Discoaster druggi Subzone to Helicopontosphaera

ampliaperta Zone (Btrkry, l9l 3).

The palynological assemblages of the SIAM-Z Zone are correlated with the

palynological assemblages of Mergui-1 Borehole between 2164.6 to 2000'0 m. depth, and also

correlateci with planktonic foraminiferal zones N5-N8 (2564.0-1609.8 m. depth). On this basis

the SIAM-2 Zone \s dated as middle to late Early Miocene age'

3.2.3 Remarks on Post SIAM-2

posr SIAM-2 is character\zed by the clisappearance of Alnipollenites vcrL$ Potonié

1931 but the upper bounclaly of this succeeding interval is uncle¿u. Therefore, tlris study does
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not define a post SIAM-2 zone. However, the upper boundary may be related to the regional

unconforrnity during the late Middle Miocene. The unconformity has been recorded in the

Phitsanulok Basin, the Gulf of Thailand and Andaman Sea (Paul & Lian, 1915; Ayling et al.,

I976; Atkinson et aI., 1916; Knox &'Wakefield, 1983). This unconformity is likely to be

coincidental with the late Middle Miocene global sea level low (Haq et aI., 1987). The

relationship between palynostratigraphy and other geological events viz., the late Middle

Miocene regional unconformity and plate tectonics requires more Study.

The recognition of the Pliocene assemblages, during which Dacrydiutn is abundant,

and of the Late Pliocene and Quaternary with increasing Podocarpu.l, probably originated from

work in Robertson Research Co. (Morley, 1978). The proposed zonation was uncertain dtle to

the lack of independent dating. Muller (1966) and Morley (1978) pointed out the difficulty in

explaining the very late migration of the Australian species, Podocarpus [mbricarus, into

western Southeast Asia and which is presently widespread throughout montane Indochina.

However, the occurrences of Dacrydiumites florinii Cookson & Pike ex Harris 1965 and

Podocarpidites eltipticus Cookson ex Couper 1953 in Thai mid-Tertiary sequences may provide

a better explanation for the source and present widespread distribution of the taxa in Indochina.

Both first appearance and frequency of these species are difficult to use for defining

zonal boundaries. The first appearances of Dacrydium and Podocarpus as Pliocene and

Quaternary markers is incorrect because they first appear in the mid-Te¡tiary. Also, the

application of the frequency of Dacrydium andPodacarpus as Pliocene and Quaternary markers

requires more study. Even though the significance of these Pliocene and Quaternary markers

was uncertain, they have been applied extensively in palynological studies of the Gulf of

Thailand (Cater et aI., 7973; Heseldonckx et a1.,1975; V/oollands & Haw, 797 6; Achalabhuti,

1981a,1981b).

3.3 Approach to Systematic Palynology

Systematic palynology in this study is essential for comparison between the forms

stucliecl fiere and fossil taxa alreacly clcscribed. The results are uscd for age deterrnination and

analysis of clepositional environment and palaeoclilnate. Because study time was lirlited, thc

Systemaric Descriptions (Appenciix C) are fbcused on common and significant titxit (to this
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study) which are useful for biostratigraphy. Many rare grains examined under SEM and LM

which are of no apparent biostratigraphicat or botanical significance, are excluded from this

study. Eighty three species are listed and thirty two of these are described in Appendix C,

including a treatment of d.etailed palyno-morphology achieved through the use of SEM. In

accordance with Article 29.1 of the ICBN (Voss et al., 1983, p. 29), this study will be

concluded in the form of an unpublished thesis, and thus no attempt to formalize new species is

made here.

Taxonomy. The principles, rules and recommendations which govem binomial

nomenclature by ICBN are adhered to in this study. Names of species of uncertain or

unmatched affinity to existing published taxa, are followed by a number. Foul taxonomic

categories are used ffigure 3-3). Firstly, in the case of a clear identification with a valid taxon,

the published binomial nomenclature is followed, eg., Alnipollenites verusPotonié 1931. These

taxa are not described in the section on Systematic Descriptions (Appendix C) except for minor

variations and additional observed details, which are noted in the "remarks".

Figure 1-2. Nomenclature diagram for this study'

Seconclly, if minor variation is observed bctwcen a valid taxon and a studied specimen,

"cf." is inclucleci in the name, eg., Echiperiporites cf . E. estela¿ Getmeraad et a\.19(18. Thirdly,

specimens which appear to belong to a fossil genus but which cannot be assigned to a published

species, are tentatively namecl after the fossil genus followed by "sp"' and the SEM record

MINOR VARIATION

IGBN + ct.

Echlperiporites
c1. E. estelae

MATCH WITH
EXTANT

MATCH WITH
FOSSIL GENUS

CLEAR AFFINITY
WITH FOSS¡L NAME

ICBN Extant genus +

type + number
Fossil genus +

sp.+ number

TricolpiÌes sp. 854Alnipollenites
verus

Avicennia type 1492

FUTUHE RESEARCH & PUBLICATION
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number of the specimen, eg. "Tricolpires sp. 854". Lastl], where a studied specimen is well

matched with an extant genus (especially with SEM micrographs), the wo d "sp." with the

SEM record number is qsed following the extant genus, eg. "Avícenniø sp. 1492" - Specimens

which fall into categories rwo ro four are described in the Systematic Descriptions (Appendix

c).

The technical terms used in taxonomic descriptions have been kept to a minimum and

follow the glossary in Kremp (1965).

Classihcation. The form classifîcation refened to as suprageneric is widely used for

pre-Tertiary palynology (Potonié, 1956,1958, 1960b; Dettmann, 1963; Filatoff, 1975;Foster,

1975). It is a complicated system and does not convey much meaning as to phylogenetic

relationships, and it may not be suitable for Tertiary palynology where there can be close

relationships with extant species.

Truswell et aI. (1985) arranged the botanical taxa of the Oligo-Miocene in the western

Murray Basin of South Australia in alphabetical order within the broad phyletic suprageneric

classification. As this study is concerned with mid-Tertiary taxa possibly related to extant

species, the simple groupings including pteridophytes, gymnospenns and angiosperms are used

in a similar way to those used by Truswell et al. (1985).



CHAPTER 4

APPLICATION OF NEW ZONES:

OLIGO-MIOCENE OFFSHORE

Thai offshore basins have been targeted for petroleum exploration for about two

decades, in particular, two offshore regions, the Andaman Sea and the Gulf of Thailand.

Extensive petroleum exploration has been centred on the Gutf of Thailand, where the well

success rate has been high, but only non-commercial oil and gas shows have been found in the

Andaman Sea. Five offshore sequences are studied here includirg Trang-1 Borehole, Mergui-1

Borehole, W9A1 Borehole (Andaman Sea); Platong-l1 Borehole, and Erawan 12-28 Borehole

(Gulf of Thailand).

4.1 Andaman Sea

4.1 .1 Trang-1 Borehole (Union O¡l)

The Trang-1 Borehole (Figures 7-I,2-12,4-1; Table 4-1) was operated under the

Union Oil Company of Thailand concession. Selected samples were palynologically analysed

by Robertson Research (Singapore) but poor results were obtained (Tidey et aI., I97 6). in this

study, ten out of eighteen samples from the Trang-1 Borehole are productive. Available samples

in this study are mostly cuttings samples except at depth 3941.4 and 3942.1 m' where

conventionai core samples are obtained. The core sample at 3941.4 m' is barren of

palynomorphs and tlie sample at3942.1m. yielded only rare palynomorphs. Only sonre pollen

grains could be identifiecl including Piceaepollenites alatus Potonié l93l,Tsltgaepollenites

igniculus Potonió ex Potonié 1958, Pinuspollenites sp. 1436 artcl ¿r poor preservecì

clinoflagellate. The palynomorph assemblage at 3942.1m. is clominatcd by gyllnosperrll pollerl

ancl is com¡rarable to assemblages from Nong Ya Plong and Li basins.
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Table 4-1. Taxa

71 00 6770 6560

2164.6 2064.0 2000.0

TAXA
ANGIOSPERMS
spinizonocolpiles prominatus raf€ rare common rare common lare common common fare

Florschuetzia trilobala common common rare common common rals rare rare

Momipites coryloid€s lare rare common oommon common rale

Caryapolleniles simplex rare rare rale

Cujuliteroipolten¡lês Pus¡llus rare rare rare

nnãipites cf. R. reliformis ralê rare tare

Rhoipiles sp. 1267 rarê rar€ common rate

Florschuetzia semilobata rars rare

Alnipollenites verus tate tate ta(e rare

Ouercoidites sP. 777 rare rare

Aceripollis sp. 853 rar€ rare tare

Tiliaepollenites cf. T. indubilabilis tate rare common rare Íate

Monoporopollenites gramineoides rarê rare rare

Trivestibulopollenites beluloides rale rare

Faguspollenites sP. 845 rafe tate

Avicennia sp. 1492 rare rate rare rare

Zonocostiles ramonâe rare rar€ rare

Radermachera sp. 154ô rare 
rare rare tate tare

Florschuetzia leviPoli

TricolPate sP. 854 tate

Tetracolporopollenites sapotoides rar€

Ammania sP. 382 rare tate

Echiperiporites cf. E. estelae Íate

Margocolporites vanwijhei rare

Lagãrstroemia sP. 325 tate

MYriciPites dubius rare rare

GYMNOSPEBMS
PinuspollenilesSp'1436raleralefalelalerareralelareÍalela(e
Tsugapolleniles igniculus lare rate common rare tate rare

Piceaepollenites alalus rare rare taÍe rare

Dacrydiumites llorinii rare rare

Podocarpidites elliplicus rare tate

PTEBIDOPHYTES
cyathidites minof common lafe ta(e rale common common common rare fafe

Pålypodiisporites alienus rare râre rare lare rare rare rare tate

Polypodiaceoisporites spp. tare Íate tare rate rare rale taÍe

Polypodiisporiles usmensis common rare tate rare tatø fare Íate

Magnastriatiles grandiosus raro tate rare rale rare common

Laevigatosporites ovalus common fale lalø common lare common common

Polypodiisporites pohangensis rârê

OTHERS
dinoflagellales lale common common rare lale late common common fale common

Pediastrum sP. lare rale

Remarks: Common ) 5 specimens,tatø < 5 specimens'

range appeafance- from lhe Tfang-l Borehole, Andaman Sea, soulh€ln Thailand'
'-""- 

tå'n äioN|...... <<<<<<

,",ï'llif"îìll3::i ::::. ::::, :Ï: , :::;. i:i; , i:?i,l
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The Trang-1 productive sequence (3941.2 to 2000.0 m.) can be divided into SIAM-1

Zone (3941.2 to 2237.7 m.) and SIAM-2 Zone (2164.6 to 2000.0 m.)-

SIAM-I Zone comprises common occwrences of Florschuetzia trilobata Germeraad ¿r

aI. 1968, Spinizonocolpites prominatus (Mclntyre) Stover & Evans 1913, Momípites

coryloides Wodehous e 1933, Titiaepollenites cf . T . indubitabilis Potoni ê 1931, Pinuspollenites

sp. 1436, Polypodiisporites usmensis Hammen emend. Khan & Martin i971 and Cyathidites

minor Couper 1953. Rare species are: Caryapollenites simplex Potonié 1960,

Cupuliferoipollenites pwillus Potonié ex Potonié 1960, Florschuctzia semilobata Germeraad e¡

al. 1968, Alnipollenites verus Potonié 193I, Quercoidítes sp.777, Zonocostites ramonae

Germeraad et aI. 1968, Avicennia sp. T4g2,Trivestibulopollenites betuloides Pflug in Thomson

& Pflug 1953, Florschuetzia levipoti Germeraad et al. lg6s,Tsugaepollenites igniculus Potonié

ex Potonié 1958, Dacrydiumites florinii Cookson & Pike ex Harris 1965 and Podoco.rpidites

ellipticus Cookson ex Couper 1953. Dinoflagellates ale common in this zone.

An unpublished report on the micropalaeontology and nannofossil analyses of the

Union Oil Company of Thailand Trang No. 1 Well (Tidey et a!., 1916) shows that samples

between depth 3942.4-2225.6 m. are assigned with planktonic foraminiferal zones N3-N4

(Blow, 1969). Some significant foraminiferal ranges occurring within these zones are

Globirgerina gortanÌi gortanii, Globirgerina cf . G. gortanii gortanü, Globorotalia ktLgleri and

G lobi g er inita unt c av a uni c av a.

Thus the palynological assemblages (3941.2 to 2231.7 m.; SIAM-I Zone) are

correlated with planktonic foraminiferal zones N3-N4 of Late Oligocene to early Early Miocene

age (Tidey et al., 1916).

SIAM-2 Zone of the upper sequence comprises common species of Florscltuetzia

trilobata Germeraad et at. 1968, Spinizonocolpites prominatus (Mclntyre) Stover & Evans

l9'73, Momipites coryloicles Wodehouse 7933, Florschuetzia levipoli Germeraad et nl. 1968,

Laevigatosporites ovütu,t \ù/ilson & Webster 1946. Rare species are: Cupuliferoipollenites

pusillus Potonié ex Potonié 1960, Rhoipites cf. R. retiformis Pocknall & Milclenhall 1984,

Alnipollenites verus Potonié 193I, Quercoidites sp. 777 , Zonocostites ramonae Gernleraad ct

a,l. L968, Avicennia sp, 1492, Ammania sp. 382, Echiperiporitcs cf . E. estelae Genneraad e¡ al.

1968, Margocolporites vanwijhei Genneraad et al. 1968, Lagerstroemia s¡t.325, Myricipites
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dubius'Wodehouse \933, and Podocarpidites ellipticus Cookson ex Couper 1953.

Dinoflagellates are also common in this zone'

The report on the micropalaeontology and nannofossil analyses of Trang No. i Well

(Tidey et aI., 1976) shows that samples between depth 2225.6-1610.7 m. are assigned with

planktonic foraminiferal zones N5-N6 (Blow, 1969). Some significant foraminiferal ranges

occurring within these zones are: Globorotalia siakensis, Globigerinoides subquadratus,

Globigerinita unicava unicave, Globirgerina ouachitaensis ciperoensis forma arypica and

Globorotalta p erip her oro nda.

Thus, the palynological assemblages (2164.6 to 2000.0 m.; SIAM-Z Zone) are

correlated with planktonic foraminiferal zones N5-N6 of of middle Early Miocene age (Tidey er

a1.,I976).

The whole productive sequence of the Trang-l (394L.2 to 2000.0 m.) suggests an age

ranging from Late Oligocene to middle Early Miocene.

4.1.2 Mergui-1 Borehole (Union O¡l)

The Mergui-l Borehole (Figures 1-1,2-12,4-2;Table 4-2) was also operated under

the Union Oil Company of Thailand concession. Nineteen processed samples in this study were

ditch cuttings samples of which nine were productive. The assemblages can be clivided into

SIAM-I Zone (3201.2 to 2966.5 m.) and SIAM-2 Zone (2414.6 to 1646.3 m.).

SIAM-1 Zone of the lower sequence comprises common species of Fbrscltuetzia

trilobata Germeraad et at.1968, Spinizonocolpites prominatus (Mclntyre) Stover & Evans

1973, Alnipollenites yerus Potonié 1931, Momipites coryloides Woclehouse 1933,

Pinuspollenites sp.1436, Piceaepollenites alatus Potonió 193i and Laevigatosporites ovatus

Wilson & Webster 1946. Rare species are: Tiliaepollenites cf . T. indttbitabil¡s Potonié 1931,

Ilexpollenites iliacus Potonié 1960, Quercoidites sp.TTT,Trivestibulopttllenires betuloicles

Pflug in Thomson & Pflug 1953, Caryapollenites slmplex Potonié 1960,Tetracolporopollenite.ç

sapotoírles Pflug & Thomson in Thomson & Pflug 1953, Florschuetzia semilobuta Gernreraad

et al. 1968, Zonocostites ramonae Germeratd et al. L968, Avicennia sp. 7492, Florschuetzia

levipoli Germeraacl et al. 1968, Podocarpidites cllipticus Cookson ex Cor.tper 1953,
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Dacrydiumites florínii Cookson & Pike ex Haris 1965 and Tsugaepollenites igniculus Potonié

ex Potonié 1958. Dinoflagellates occur commonly in the lower sequence.
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Table 4-2. Taxa range appearance.from the Mergui-1 Borehole, Andaman Sea, southern Thailand'
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2790
850.6

TAXA
ANGIOSPERMS
Quercoidites sP. 777 rare
Florschuetzia trilobata rare
Tiliaepollenites cf. T' indubilabilis rare

rare
rare common common common rar€ rare

rar€ common rare rare rare

rare rars rare rare rare

common rare common rare
rare rare

rar e

common

rare

Spinizonocolpites Prominatus
Alnipollenites verus
llexpollenites iliacus

Trivestibulopolleniles betuloides

Tetracolporopollenites sapotoides

Momipites corYloides
Tricolporites cf. T. valvatus

Caryapollenites simPlex

Tricolporate sP. 1263

Avicennia sp. 1492

Zonocoslites ramonae

Florschuetzia leviPoli

Florschuetzia semilobata

Excoecaria sp. 1404

MyricipÌtes dubius

Rhoipites sp. 847

Aceripollis spp.

MargocolPorites vanwijhei

Ammania sP. 382

Triorites sP. i373
Pandaniidites texus

Lagerstroemia sP. 325

Rhoipites cf. R. retiformis

Cupuliferoipollenites Pusillus
Florschuetzia meridionalis

Faguspollenites sP. 845

GYMNOSPERMS
Podocarpidites elliPticus

Pinuspollenites sP. 1436

Dacrydiumites florinii
Piceaepolleniles alatus

Tsugapollenites igniculus

PTERIDOPHYTES
Laevigatosporites ovatus

Cyathidites minor

Polypodiisporites alieneus

Polypodiisporites usmensis

Magnastrialites grandiosus

PolypodiaceoisPorites sPP.

OTHERS
dinof lagellates
Pediastrum

rare
rar s
rare
rafe rare

rare rare
common

rare
rare
rar e

rare
rare
lalø
rar e

rare
common

rate
common

rare
rare
rare

rare
rare
rar€
common

tare
rare
rare
tar e

rare

rare
rar e
tale
rarg

rare rare
common common

rare lale
rars rare

rar e

rare rarerarê
ral e
rare
common

rare

rare

rare
rare
rare
lale
rare
rare

rare
rate

common rare
@mmon common

rare rale
rare

common rare
common common

rale
rar e

rare

common rare
rar€ rare

rare rare

rare rare

rare

common common

common common

rafe rare
rare rare
rar e
tal ø rare

rale
rare

rare
lalø rare

rare
rare
rare
rare
raf eraro

common common rare
tate rare rarg
ratø rare rare
rale

rare rare

common common rare
rare Íalø rare
rare rare
rare rar€ Íale

rare
rare
rare
tarø

common common common common common rare common common rare

Remarks: Common 2 5 speclmens' rar€ < 5 speclmens

rar€
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The unpublished report on micropalaeontology, calcaleous nannoplankton and

srrarigïaphy of the union oil company of Thailand Mergui-l well (Troelstra et al'' 1916)

shows that samples between depth 332t.6-2564'0 m' ile assigned with planktonic

foraminiferal zone N4 (Blow, 1969). some significant foraminiferal ranges occurring within

these zones are Globorotalia siakensis and Globigerinoides subqu'adratus'

Thus rhe palynological assemblages (3201 .2-2966.5 m.; SIAM- I Zone) are correlated

with planktonic foraminiferal zone N4 of early Early Miocene age (Troelstra et al',I916)'

SIAM-2 Zone ofthe upper sequence comprises common species of Florschuetzia

ñIobataGermeraad et aI. lg68,Tiliaepollenites cf.T. indubitabilis Potonié 7931, Motttipites

coryloides Wodehous e 1933, Florschuetzia semilobata Germetaad et aL 7968, Zonocostites

ramonaeGermeraad et al. 1968, Avicennia sp. 1492, Pínuspollenites sp. 1436, Podocarpidites

ellipticus cookson ex couper 1953, Laevigatosporítes ovatus 'wilson &'webster 1946 and

Cyathidites minorCouper 1953. Rare species include: Spinizorncolpites prominatw (Mclntyre)

Stover & Evans LgT3,Ilexpollenites iliacus Potonié 1960, Alnipollenites verus Potonié 1931,

Tetro.colporopollenites sapotoides Pflug & Thomson in Thornson & Pflug 1953'

caryapollenites simplexPolonié,1960, Florschuetzia levipoli Germeraad et al' 1968, Ammania

sp. 382, Excoecariasp. 1404, Lagersffoemia sp.325, Cupuliferoipollenites pusilh'ts Potonié ex

potonié 1960, Florschuetzia meridionalis Getmeraad et al.lg6S,Pandaniidites texusElsik

196g, Faguspollenites sp.S45,Piceaepollenites alatusPotonié 1931 and Dacrydiumitesflorinü'

cookson & pike ex Harris 1965. Dinoflagellates also occur commonly in the upper sequence'

The report of the union oil company of Thailand Mergui-1 well (Troelstra et al''

1976) shows rhat samples between depth 2564.0-t609.8 m. are assigned with planktonic

foraminiferal zones N5-Ng (Blow, 1969). some significant foraminiferal ranges occurring

within these zone s are: Globorotalia siakensis, Globigerinoides subquadratus, Globigerinita

rlissimilis clissimilis, Globigerinoides sican,s, Glohorotalia birnageae, Globorotalia

periphero rorxtn and G loborotalia p er ipheroacuta'

' Thus the palynological assemblage s (2414.6-1646,3 m.; SIAM-2 Zone) ¿tre corrclated

with planktonic foraminiferal zones N5-N8 of Early Miocene age (Troelsrraet a\" 1976)'

The assemblage at 850.6 m. is composecl of Quercoidit¿s sp. '177, Zonocostites

rümon(Ie Germert¿rcl et al. 1968, Aviccnnia sp. 1492, Ammanía sp' 381' ltagu'spolle nites sp'
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g45, Florschuetzia meridionaljs Germeraad, et a\.1968, Podocarpidites ellipticus Cookson ex

Couper 1953, Dacrydiumites florinii Cookson & Pike ex Haris 1965 and Tsugaepollenites

igniculuspotonié ex potonié 1958. This sample is located above Middle Miocene unconformiry

(Ayling etaI.,lg76)andtheappearance of Florschuetziameridionalis Germeraad etal.1968,

may suggest a Late Miocene to Pliocene age for this assemblage.

4.1.3 WgAl Borehole (Esso)

The Esso Exploration & Production Thailand Inc. explored in the Andaman Sea on

block V/9 during IgT6.There were some conventional cores available at the Department of

Mineral Resources (DMR) two years after the concession had been relinquished. Ten samples

from four weils (wgAl, 'WgBl, Wgcl and w9E1) were collected but unfortunately, only one

sample (W9A1 ar 1389.6 m.) is producrive. The rest of the samples (W981 at 2516.8,2518-3

m.; V/9C1 at 3061 .6, 3064.0, 3069.5 m.; W9E1 at 3886.6, 3888.7, 3890'2 m') did not

respond to oxidation during preparation. Three kerogen slides (W941 at 1389.6 m.; W9C1 at

3061.6 m.; W9E1 at 3888.7 m.) were made for fluorescence microscopy. The productive

sample (W9A1 ar 1389.6 m.) shows bright yellowish fluorescence, and both unproductive

samples (Wgcl ar 3061.6 m.; WgEl at 3888.7 m.) have nearly dull to dull (non fluorescing).

It is suggested that the unproductive organic samples are over mature with respect to

hydrocarbon generation, and this may explain the absence of recognizable palynomorphs

Although only one sample is productive, it yields an important palynological

assemblage which belongs to SIAM-2. Four Florschuetzia pollen types have been identified.

The assemblage of wgAl ar 13g9.6 m. (Figures l-I,2-1.2;Table 4-3) is composed conrmonly

of Zonocostites ramonae Germeraad et al. 1968, Avicennía sp. 1492, Florschu.etzia trilobata

Gernreraad et at. 1968, Florschrrctzia levipoli Germeraad et al. 1968,Tiliae'polLenites cf .7.

indubitabiljs potonié 1931, Spinizonocolpites prominatu.r (Mcintyre) Stover & Ev¿rns 1973,

Florschuetzia meridionalis Germeraad et al. 1968, Polypodiisporites wsmensis I-lanlnlen ernend.

Khan & Martin l97l and Laevigatosporites ovatus Wilson & Webster 194(;.

Rare species inclucle: Ammania sp. 382, Florsclruetzia semilobata Gertnertt;tcl e t al.

196g, Cephalomappa sp. 590, [-agustoemia sp.325, Cupuliferoi¡tollcnitt:s pLtsiLlus Potonié ex

potonió 1960, Faguspollenites sp. 845, Panrlaniiditcs texus Elsik 1968, Altti¡tollcnite'\ verus

i
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Potonié Lg37, Echiperiporites cf. E. estelae Germeraad et al. 1968 andTsugaepollenites

igniculus potonié ex Potonié 1958. Dinoflagellates also occur commonly in the assemblage'

The assemblage can be correlated with the uppelmost SIAM-2 oI post SIAM-2 (late Early to

early Middle Miocene) and corresponds reasonably well with the Esso biostratigraphic zonation

as late Early Miocene.

Table 4-3. Taxa percentage and range appearance from the Esso W9A1 Borehole,

at 1389.6 m. depth, Andaman Sea, southern Thailand'

ZONATION SIAM-2
TAXA
ANGIOSPERMS
Zonocostites ramonae

Avicennia sP. 1492

Florschuetzia lrilobata
Florschuetzia leviPoli

Tiliaepollenites cf. T. indubitabilis

Spinizonocolpites echi natus

Florschuetzia meridionalis

Tricolpites sP. 854

Ammania sP. 382

Florschuetzia semilobata

Aceripollis spP.

Tricolporopollenites sP. 810

Tetracolporopollenites sapotoides

CephalomaPPa sP. 590

Lagerstroemia sP. 325

Cupuliferoipollenites Pusillus
Faguspollenites sP. 845

Pandaniidites texus

Alnipollenites verus

Echiperiporites cf. E' estelae

Margocolporites vanwijhei
GYMNOSPERMS
Tsugapolleniles igniculus

PTERIDOPHYTES
Polypodiisporites usmensis

LaevigatosPorites ovatus

Cyathidites minor
Polypodiisporites alienus

PolypodiaceoisPorites sPP.

Polypodiisporites Pohangensis

ANGIOSPERN¡S 83.0

GYMNOSPERI\¡S 0.5

PTERIDOPHYTES 16.5

TOTAL 100.0

dinof lagellates 
¡ t

Romarks: R = [âfo, ** = Coffllflon. Soe more details about counting in Chaptor 1.

'a

32.s
8.0
7.5
5.5
4.0
3.s
3.5
3.0
2.O

1.5
1.5
1.5
1.s
1.s
1.5
1.0
1.0
1.0
1.0
0.5

R

0.5

6.0
6.0
2.5
1.0
0.5
0.5
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4.2 The Gulf of Thailand

The Gulf of Thailand has been actively explored and exploited for peroleum resources

for two decades. Natural gas is the main reserve which has been discovered in the Gulf and

there are estimated total reserves of 7 Tcf. (Achalabhuti, 1981a). In the Gulf recently, oil

reserves of 16 million barrels have been discovered from the 1 Nang Nuan Borehole,

Chumporn basin (Oit and Gas J., 1981, V. 85, No. 52, p. 2l).There are four actively

producing fields including Baanpot, Erawan, Platong and Satun in the Pattani Basin (the Gulf

of Thailand).

4.2.1 Platong-1 1 Borehole (Union Oil)

AII available samples of Platong-l1 Borehole (Figure 1-1) from the Union Oil

Company Of Thailand were cuttings. The section below the24.45 cm. casing at 1640* m. was

drilled with oil based mud. Unfortunately, all of the samples below the casing are not

productive because of either unsuitable sandy or oxidized (mottling) lithology or an increasing

degree of carbonization. Barren samples were not sensitive to oxidation and aikali reaction and

seem to have been subject to high temperature. Only six out of twenty samples from the

Platong- 1 1 Borehole are productive (Figure s I-1, 2-2, 4-3, T able 4- 4).

The assemblages of the productive sequence of Platong-11 between 1518.3 ancl

1280.5 m. are cor¡elated with SIAM-Z Zone. Common species are: Florschuetzia levipoli

Germeraad et at. 1968, Zonocostítes ramonae Germeraad et al. 1968, Excoecaria sp. 1404,

Echiperiporites cf . E. estelae Germeraad et al. 7968, Laevigatosporites ovatus Wilson &

Webster 1946, Potypodiisporites alienus Potonié emend. Khan & Martin I97l and Cyaùidites

minor Couper 1953. Rare species include: Monoporopollenites gramineoide.r Meyer 1956,

QuercoidiÍe,ç sp. 777, Avicennia sp. L492 and Tetacolporopollenites sapotoídcs Pflug &

Thomson in Thomson & Pflug 1953.

The assemblages of post SIAM-2 Zone commonly contain Florschuetzia levipoli

Germeraacl et al. 1968, Excoecaria sp. L404, Zonocostites ramonae Germeraacl e t al. 1968,

Xylocarpu,r sp. 1526, Cephalomappa sp, 590, Laevigatosporites ovatus Wilson & Webster

* 
Dcpths mcntioncrf in Scction 4.2 arc mcasurcd dcpths unless otherwisc indicatcd
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1946, Cyathidites minor couper 1953 and Polypodüsporites usmensis Hammen emend' Khan

& Martin 1971.

The Platong-ll sequence is correlated with upper SIAM-2 Zone lo post SIAM-2Zone

of lateEarly Miocene to Middle Miocene age'
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, Pattani Basin, the Gulf of Thailand
Table 4-4. Taxa range appeara

ZONA
Measured dePth

Measured dePth (m

tate
rare
rare

tale

rare

rare
rare
r are
rare
rare

2520
0 768.3

rare
rare

rare

r are

tale
rare

rare
raf e
tale

2220
676.8

rare
common

rare
tare

rare
rare
rare

common

rare

rare

1 590
4 84.8

rare
tate
common

rare
rare

tare

TAXA
ANGIOSPERMS
Florschuetzia levipoli common common

Excoecaria sP. 1404 tate rare

Zonocoslites ramonae rarê rare

Echiperiporites cf. E. eslelae rare rare

Monoporopollenites gramineoides rare

Quercoidites sP. 777 rare

llexpolleniles iliacus rare

Avicennia sP. 1492 rarê

Tetracolporopolleniles sapotoides rare

Bursera sP. 1427 rare

Xylocarpus sP. 1526

CephalomaPPa sP. 590

Florschuetzia meridionalis

Aceripollis sPP.

Florschuetzia semilobata

SpinizonocolPites Prominatus
Ammania sP. 382

Triorites sP. 788

PTERIDOPHYTES
Laevigatosporites ovatus common common

Cyathidiles minor common rare

PolypodiisPorites usmensis rare

Polypodiisporites alieneus common tare

Magnastriatiles grandiosus rare

OTHERS
Pediastrum sP. rare

Remarks: Common > 5 specimens, rare < 5 specimens'

tare
lale
tate

tale
rare
ra re

rare

rare

common

lare
fare
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4.2.2 Erawan 12-28 Borehole (Union Oil)

Palynological processing of samples from Erawan 12-28 Borehole (Figures !-I,2-2,

4-4;Table 4-5) yields similar results as Platong-11 Borehole and is productive only in the upper

sequence. Only four out of twenty samples are productive. The lower sequence is unproductive

possibly because it is either a sandy, oxidized lithology, or a high degree of carbonization as in

Platong-11. The Erawan 12-28 productive sequence (1408.5 lo 823.2 m.) can be divided into

two zones including SIAM-1 Zone (1408.5 m.) and SIAM-27nne (1280.5-823.2m.).

The lowermost sample in SIAM-I Zone yields an assemblage dominated by species

preferring temperate environments. Common species include: MomipÌtes coryloides

Wodehouse 1933, Caryapollenítes simplex Potonié 1960, Alnipollenites verLts Potonié 1931,

Trivestibulopollenítes betuloídes Pflug in Thomson & Pflug 1953, Quercoidites sp.777,

Quercoidit¿s sp. 777, Polyatriopollenites stellarus Potonié & Venitz ex Pflug 1953,

Pinuspollenites sp.1436 andPiceaepollenites alatus Potonié 193i. The assemblage is similar to

Sin Pun assemblages which can be classed as upper SIAM-1 Zone of early Early Miocene.

Although palynofloral assemblages from this Borehole a¡e cuttings the sample (1408.5 m.)

yields a good example of a uncontaminated assemblage containing only non-marine

palynofloras even though mangrove palynofloras occur in the upper sequence (1280.5-823.2

m.).

SIAM-2 Zone of the upper sequence is dominated by species prefening tropical

environments and minor proportion of species preferring temperate environments. Common

species in the assemblages are: Excoecarid sp. 1404, Xylocarpus sp. 1526,

Tetracolporopollenites sapotoides Pflug & Thomson in Thomson & Pflttg 1953,Zonocostites

ramonae Germeraad et al. 1968, Myrtaceidites mesonesus Cookson & Pike 1954,

Cephalomappa sp. 590, Laevigatosporites oyatus Wilson & Webster 1946, CyatÌidites rninor

Couper 1953 and Potypodiisporites usmensis Hammen emend. Khan & Martin 1971. lìare

species include: Ammnnia sp. 382, Florschuetzia levipoli Germeraad et al.196S,Dipterocarpus

sp. 780, Florschuetzia trilobata Germeraad et al.1968, Avicennia sp. 1492, Dicolpopollis

kalewensis Potonió ex Potonié 1966, Echíperiporites cf. E. estclae Gerneut¡d et ¿/, 1968 tnd

Inaperturopollenites dubiuy Potonié & Venitz ex Thomson & Pflug 1953.
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It can be concluded that the productive sequence of the Erawan 12-28 Borehole raxges

in age from middlo to late Early Miocene.
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the Erawan 12-28 Borehole, Pattani Basin.

TAXA
ANGIOSPERMS
Momipites coryloides
Caryapollenites simplex
Alnipollenites verus
Trivestibulopollenites betuloides

Quercoidites sp. 777

Cupuliferoipolleniles pusillus

Polyatriopollenites stellatus
Excoecaria sp. 1404

Tetracolporopollenites sapotoides

Myrtaceidites mesonesus

Zonocostites ramonae
llexpollenites iliacus
Xylocarpus sp. 1526

Ammania sp. 382

Monoporopollenites gramineoides

Aceripollis spp.
Florschuetzia levipoli
Dipterocarpus sp. 780

Florschuetzia lrilobata
Avicennia sp. 1492

Cephalomappa sp. 590

Dicolpopollis kalewensis
Tiliaepollenites cf. T. indubitabilis
Echiperiporites cf. E. estelae
GYMNOSPERMS
Pinuspollenites sP. 1436

Piceaepollenites alatus
lnaperturopollenites dubius
PTERIDOPHYTES
Laevigatosporiles ovatus
Polypodiisporites usmensis
Cyathidites minor
Rugulatisporites quintus

Baculatisporites primarius

OTHERS
Pediastrum sp.

I
SIAM-1 1........< SIAM-2

4620 14200 381 0

1 408.5 lr zao.u 1 1 61 .6

common
common
rare
ra re

ra re
I Ate
I Ale

common
ra re

common

ra re
rare
rale
lare

common

ra re
rare
rare
ra re
ra re
rare
rare
rare
ra re
rare
rate
rare

ra re

common
ralø
rare

common
rare
tare
tare
rare
rare

2700
823.2

rare
common

rare
common

ra re
common

rare
ra re

common

rare

rare

rare
rare
ra re

lare

rare

common
common
rarø

rare
tare
Íare

Remarks: Common ) 5 specimens, rare < 5 specimens

rar€
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4.g Palynostratigraphic Correlation: Offshore Basins

palynological correlation between offshore productive sequences figure 4-5) indicates

an age range from Late oligocene to Middle Miocene. The Florschuetzia levipoli Germeraad ¿r

aI. lgilSoccurs commonly both in the Andaman sea and in the Gulf of Thailand, and is useful

for correlation. Most of the assemblages fall within SIAM-2 Zone. The oldest productive

assembrage is from the Trang-l Borehore and the youngest is from the platong-11 Borehole. As

mentioned above, sampres from the Gulf of rhailand are usuarly productive in the upper

sequences thus a detailed correlation of penoleum (gas) bearing intervals (lower sequences) is

far to achieve. Howevel, most of gas bearing intervals are likely to occul below lower SIAM-2

Zone.
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CHAPTER 5

APPLICATION OF NEW ZONES:

OLIGOCENE ONSHORE

Two onshore basins yield Oligocene palynological assemblages including Li (northern

Thailand) and Nong Ya Plong (central Thailand) basins.

5.1 Li Basin

Li is a small basin in northern Thaitand Gigure 1-1) located at approximately Latitude

I7o 48' and Longitude 99o 01'. Coal reserves of the Basin are being actively explored and

exploited. The Li Basin may be divided into 5 sub-basins: Ban Pa Kha, Ban Pu, Huai Pong

Khong, Ban Mae Long and Ban Na Sai. The Ban Pu sub-basin (operated by the Ban Pu Mines

Co. Ltd.) was sampled for this palynological study.

Sixteen samples have been studied palynologically. Twelve sampies are fron

exploration borehole BP 120. Since samples at depths beween 6.5 and 27.0 meters (coal seam)

were unavailable, four samples of coal seam from the mining pits have been substituted.

Samples from the middle sequence of coal, carbonaceous clay and shale are generally prolific

producers of pollen and spores, but samples from the upper and lower sequence are much less

productive, probably because of the increasing coafseness of the deposits.

The assemblages of Li sequence (Table 5-1, Figure 5-1) are dominated by Quercoidites

sp.777 ancl gymnosperm pollen. Commonly occurring species include: Quercoid[tes sp.777,

Cupuliferoipollenites pusillus Potonié ex Potonié 1960, Faguspollenites sp. 845,

Monoporopollenites gramineoides Meyer 1956, Alnipollenites verLts Potonié 1931,

Ilexpollenites iliacus Potonié 1960, Momipites coryl,olrles'Wodehouse 1933, Pintts¡;ollenites

sp. 1436, Tsugaepollenites igniculus Potonié ex Potonié 1958, Piceaepollenites alatus Potonié

7931, Inaperturopollenites dubius Potonié &. Yenítz ex Thonrson & Pflug 1953'
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Polypodäsporites alíenus Potonié emend. Khan & Martin 1971 and Laevigatosporites ovatus

'Wilson &'Webster 1946.

Deplh Sample
number(m

0

IuilililrrllIlllllll¡lllllIllllllllllll
LP1 O1

LP1 02

Sandy clay
LP1 03

1P115
Clay, carbonaceous
clay and shale

10

Coal

1P113
Sand & gravel

SIAM-1 Slate

1P116

LP117

LP1 04

LP1 05

LP1 06

LP1 07
LP1 08
LP11O
LP1 09

1P111
ililililililil1111lllllllllllllllllllllll¡ll

Sample from
this study

Boundary of
palynological zones

- LP1 17

ililililN20

30

Figure 5-1 . Stratigraphic column and zonation

of the 8P120 Borehole, Ban Pu sub-basin, Li

Basin, northern Thailand. The lithostratigraphic
column is condensed from the borehole log (Ban

Pu Mines Co, Ltd., 1984).
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Tablê 5-1. Taxa appearance ìn relative p€rcêntag6s from ths BP 120 Borehole and mining pits, Ban Pu mine, Li Basin, northern Thailand.

ZONATION l<<.<.. <<<<<<
SampteNo. Lp112l Lp111 Lp109 LP11O LP1O8 LP107 LP106 LP1O5 LP104 LP117 LP116 1P113 LP115 LP103 LP102 LP101l

Depth(metres) 34.5 92.2 3l.9 31.5 30.9 30.3 29.1 28.1 27.1 .................from mining pits........... 6.7 4.6 2.6

TAXA
ANGIOSPERMS
Quercoidites sp. 777

Cupuliferoipollenites pusillus
Faguspollenitss sp. 845

Monoporopollenites gramineoides

Alnìpollenitss verus
llexpollenites iliacus
Tricolporites cf. T. valvatus
Periporopollenites sti gmosus

Momipites coryloides
Rhoipites sp. 1263

Rhoipitas sp. 847

Rhoip¡tês cf. R. retiformis
Tetrecolporopoll€n¡tes sapotoid€s
FlorschueEia sp. 647

Rhoidtes sp. 1207

Garyapollenites simplex
Tricolpites sp. 854
Aceripollis sp. 853

Tricolpites sp. 258

Pofyatriopollenites st€llatus
Psif atr¡colpor¡tss oporculatus
Salixipollenites cf. S. discoloripites
GYMNOSPERMS
Pinusoollsnitgs sp. 1436

Tsu gapollenites igniculus
Piceaepollenites alatus
Podocarpidites ellipticus
lnaperh.rropollenitss dub¡us

PTERIOOPHYTES
Polypod¡isporit€s alisnus
Lasvigatospor¡tês ovatus
Foveotr¡lstes magaritae
Polypod¡isporitss pohangensis

Retitriletês douglasii
Polypodiaceoisporites spp.

Magnastriatites grandiosus
Cyah¡ditss minor
Undulatisporites unduliradius
Baculatisporitês primarius

Rugulatisporites qu intus

9.5 2.0
3.5 0.5 R

0.5 R R

6.5 1.0

0.5 0.5
R 0.5

R 1.5

0.5
1.0

0.5

R

4.O 45.0

0.5 R 0.5 R 1.0

1.0 1.0

0.5

25.5
4.0
1.5
1.0
0.5
0.5
0.5

R

28.5
12.5

5.5
1.5

R

40.0
)^
3.0

32.5
9.0
8.5

25.5
6.5

15.5
0.5
1.0
0.5

24.s
oÊ

21 .O

41.5
R

2.5
4.5
0.5

11.5

3.5
R

2.0

21 .5

2.5
4.0

30.0
2.5

10.5
1.0
6.0
1.0
1.0
0.5
0.5

8.0
0.5
4.5
2.5
1.0

27.0
30.5
22.5

26.0
1.5

'10.5

0.5
1.5
1.0

3869 0

R

5

5

R

12.5
R

1.5
R

3.5

5

R

5

R

5

5

0

0
0

0

R

R

7.5
1.0

R R

3.5

3.5
1.0
0.5

R

R

2.0
6.0

R

9.5

1.0
1.0
0.5
'1.0

3.5
1.0
0.5
2.0

R

13.5
2.0
1.0
1.5

1.0
0.5

R

R
'I 6.5

0.5

0.5
R

1.0

0.5
0.5
1.5

0.5
0.5

0.5
1.0
5.0
1.0
3.5

23.5

1.0
1.5

1.5
3.0

23.5
4.0

5.5

9.5

1.5

5

R

1.5
2.0

È
;l
o

H

tsú
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o
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o
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o
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o
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50
21 .5
1 3.0

1.5
1.0
1.0

R

0.5
2.5

R

8.0
R

0.5

9.5
14.0

2.O
2.0
1.0
1.0

0

R

H

R

RR

0.5
R

R

17.5
9.0
'I .5

R

3.0
1.0

R

R

0.5
R

1.0
1.5
2.5

1.0
2.0
1.5

R

22.0

1.5
2.0

R

2.O
4.5
2.5

R

16.0

1.0
6.5
1.5

0.5
3.5
1.5

2.0
0.5
1.0

4.0
1.5
1.0

0.5
1.0

R

3.0
0.5
2.O

5

0

5

2

1

1

R

7.s 8.0 38.5

R

17.5 75.0 43.0 9.5 79.5 9.0 2.0 37.5 3.0 1.0

R

05
0.5

21 .O

0.5
5.5

1.0
4.O

0.5
7.5
0.5

0.5
4.0

2.O
11.0

0.5
R

R

2.0
4.5

1.5
6.0

R

0 R

3.0

AJ.IGIOSPERMS

G\îvt¡to9ÉR¡¡s
PTERDOPIIYTES
TOTAL

1.5 R

0.5
0.5 0.5 0.5 0.5

0.5
3.0
1.0 2.O

3.0
0.5
1.5

33.5
28.0
385

100.0

87.0
1 t.5

1.5
100.0

66.0
s.5

25.5
100.0

50 .5
43 .5

6.0
100.0

Remarks: R = rar€. See more delails about counting in Chapte|I

66.0
26.5

7.5
100.0

68.5
22.5

9.0
100.0

'I 8.5
7 8.5
3.0

100.0

71.O
25.O
4.0

'1 00.0

42.5
52.O

5.5
100.0

67.5
15.0
17.5

100.0

10.5
79.5
'10.0

100.0

42.O
12.5
45.5

100.0

57.O
8.5

34.5
100.0

52.5 9 0. 5

39.0 3.5
8.5 6.0

100.0 100.0

85.0
6.5
8.5

100.0
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Rarely occurring species aÍe: Tetacolporopollenites sapotoidesPflug & Thomson in

Thomson & Pflug 1953, Caryapollenites simplex Potonié 1960, Aceripollis sp. 853,

Polyatriopollenites stellatus Potonié & Venitz ex Pflug 1953 and Podocarpidites ellipticus

Cookson ex Couper 1953.

The first appearance of. Inaperturopollenites dubius Potonié & Venitz ex Thomson &

pflug 1953 at 33.2 m. depth (LPl11) is defined as the lower limit of the SIAM-1 Zone but the

upper limit is not seen in the Li sequence. These assemblages between 33.2-2.6 m. depth

(LPl11-LP101) correlates with SIAM-1 Tnne Q'-ate Oligocene).

Although precise stratigraphical relationship between samples in this study and

previous studies @atanasthien, 1984; Endo, 1964,1966) are not known but they ate likely to

derive from the main coal seams or adjacent strata of Li Basin. Ratanasthien (198a) reported

Tricolpites andTricolporites pollen grains in two samples collected from the Ban Pu Sub-basin

and suggested a Senonian or Palaeogene age. On the other hand, Endo (1964, 1966) examined

megafloras of the Li Basin which comprise species of Alnus thaiensis Endo, Sequoia

langsdorfií (Brongniart) Heer, Taxodium thaiensis Endo, Sparganiurn thaíensis Endo, Carpù 'Ls

(?) sp. Glyptostrobus europaeøs (Brongniart) Heer,Ficus eowÌthtiana Endo, Fagus feroniae

Ung., Quercus lanceaefolia Roxb., Quercus cT. protoglaucaEndo, and Salix ? sp. Endo (1964)

suggested a Palaeogene Q-ate Eocene) age.

5,2 Nong Ya Plong Basin

Nong Ya Plong Basin is a small coal bearing basin in Petchaburi Province, about 130

kilometres southwesr of Bangkok (Figure 1-1), at approximately latitude 13o 09' N and

longitude ggo 4I'E. The Nong Ya Plong coal is comparatively high grade (Iigh volatile B

bituminous) and is the closest resource to the city of Bangkok.

Seven samples are selected for this study from a total of nine available. They contain

moderate to well preserved palynofloras. The assemblages of Nong Ya Plong secìLrence (Figut'e

5-Z; Table 5-2) are dominated by Alnipollenites verus Potonié 1931, Quercoidites sp.771,

Pinuspollenites sp. \436, Baculatisporites primarius V/olff ex Thot¡son & Pl'lug 1953 ancl

Ilugulati,sporitcs quintus Pflug & Thomson in Thomson & Pfltrg 1953. Gyrnnosperm ¡rollen

sum (Pinu,spollenites sp. 14.36 and I'iceacpollenites alatus Potonié 1931) is generally rather higlr
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proportion in the sequence. Other common species include: Faguspollenites sp. 845,

Piceaepollenites alatus Potonié lg3l,Polypodüsporítes alierun Potonié emend. Khan & Manin

I97L andlnevigatosporites ovatus Wilson &Webster 1946.

I m. division

ilililililil11ilililililil1ililililil1ililil
NYl 04

Pleistocene

SIAM-1

NYl 05

Te rt ia ry

NYl 08

NYI 07
ilililililililililil11ililil1¡lilllilllilil
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Carboniferous

NYl 09

..ll

llllltll¡

lltl 

ll

-l tll

,tt 
t'

-l

ld

Sandy clay, silt,
sand and gravel.

Mudstone and carbonaceous
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Figure 5:2. Generalized stratigraphic column (Supurtipanish &

Pithchayakul, 1983), sample locations and zonation of Nong Ya Plong

Basin, central Thailand.

Rarely occurring species arci Momipites coryloides Wodehouse 1933, Caryapollenites

simplex Potonié 1960, Cupuliferoipollenites pusillus Potonié ex Potonié 1960,

Tetracolporopollenítes sapotoides Pflug & Thomson in Thomson & Pflug 1953,

Monoporopolle nites gramineoides Meyer 1956, Trivestibulopollenites betuloitlcs Pflug in

'fhomson & Pflug 1953, Tsugaepollenites igniculus Potonié ex Potonié 1958,

oooooo
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Inaperturopollenites dubius Potonié & Venitz ex Thomson & Pflug 1953 and Podocarpidites

ellipticus Cookson ex Couper 1953.

Table 5-2. Taxa appearance in relalive p€rcentages Nong Ya Plong Basin, central Thailand.

ZONATION 1...... SIAM-1>>>>>> ttttttl
Sample No. NY109 NY102 NY103 | NY107 NY108 NY1 05 NY104 I

Sequence down..... .......................up

TAXA
ANGIOSPERMS
Alnipollenites verus 14.5 3.5 B'0 36.0 37.5 18.5 R

Quercoidites sp. 777 5.5 13.5 39.5 5.5 4'0 23-O 32.5

Momipites coryloides 1.0 1.0 1-5 0.5

Faguspollenitessp.S45 R 11.0 23.0 1'0 R 5-0 4.5

Caryapollenites simplex 0.5 3.0 0.5 R

Cupuliferoipollenites pusillus R 1.0

Tetracolporopollenites sapotoides R

Monoporopollenites gramineoides 0.5

Periporopollenites stigmosus 0.5

Trivestibulopollenites betuloides 1.5

GYMNOSPERMS
Pinuspollenites sp. 1436 4.5 1.5 7.O 2-5 3.5 29.5 49'0
Piceaepollenites alatus R 1.0 14.O 1.0 2'5 2O.O 11.0

Tsugapollenites igniculus R R

lnaperturopollenites dubius 1.5 1.5 R R

Podocarpidites ellipticus 1.5 R

PTERIDOPHYTES
Baculatisporites primarius 63.0 36.0 0'5 37.0 2.o R

Rugulatisporites quintus 8.0 30.0 R 7.0 2.5 R

Polypodiisporites alieneus 2.0 1.5 R 0.5 13.0 R 1 .0

Laevigatosporites ovatus 1.5 1.5 4.O 5.0 33.5 1.0 0.5

Polypodiaceoisporites spp. R R

ANGIOSPERMS

GYMNOSPERl\/S

PTERIDOPHYTES

TOTAL
Pediastrum sp.

RemarkS: R = fafe, r' = COt.lltTtOft,

21.O 28.s 74.5 45.5 41.5 48.0 38.5
4.s 2.5 21.0 5.0 7.5 s1.0 60.0

74.5 69.0 4.s 49.5 51.0 1.0 1.5

100.0 100.0 100.0 100.0 100.0 100.0 100.0
R * * t*r

*** = abundant. See more details about counting in Chapter 1.

On the basis of the lust appearance of Irlaperturopollenites dubius Potonié & Venitz ex

Thomson & Pflug 1953 atsample NY107, the assemblages (NY107-NY104) can be correlated

with SIAM-7 Zone (Late Oligocene). The lower assemblages (NY109-NY103) can be

correlated with pre SIAM-I Tnneindicating a Late Oligocene age or oldel.
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5.3 Palynostrat¡graph¡c Correlation:
Oligocene Onshore Basins

The Alaipollenites vents Potonié 1931 in Nong Ya Plong Basin is comparatively

higher in frequency than in the Li Basin but frequencies of Momipítes coryloides'Wodehouse

1933 and Inaperturopollenites dubius Thomson & Pflug 1953 a¡e lower. This may suggest that

Nong Ya Plong Basin is comparatively older than Li Basin.

The first appe¿ìrance of Inaperturopollenites dubius Thomson & Pflug 1953 from the

sample NY107 (Nong Ya Plong Basin) can be correlated with sample LP111 (Li Basin). Thus

major coal seam of Nong Ya Plong Basin (NY109 to NY103) is older than major coal seams of

Li Basin (LP117 to LP115) A palynological correlation of the productive sequences from Li and

Nong Ya Plong basins is shown in Figure 5-3.
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CHAPTER 6

APPLICATION OF NEW ZONES:

MIOCENE ONSHORE

Five onshore basins (Krabi, Sin Pun, Mae Moh Mae Sot and Fang) yield correlative

palynofloral assemblages ranging in age from Early to Middle Miocene. The characteristics of

assemblages of these basins contain low frequencies and diversity of gymnosperm pollen,

increased frequencies and diversity of angiosperm pollen and influxes of tropical pollen.

Correlation of these sediments in isolated onshore basins is achieved by the appearance of some

Florschuetzia spp. (Krabi Basin), Alnipollenites verus Potonié 1931 and Echiperiporites cf. E.

estelae Germeraad et aI. 1968. Their distributions can be related to the offshore

palynostratigraphy of the Andaman Sea.

6.1 Krabi Basin

Palynofloras from Krabi Basin, southern Thailand (Figures I-1, 6-I; Table 6-1)

mostly contain pollen derived from terrestrial floras, but also contain minor anounts of

mangrove pollen. Palynological indicators including Alnipollenites verus Potonié 1931,

Echiperiporites cf . E. estelae Germeraad et aL 1968, Florschuetzia trílobata Germeraad et al.

1968, and Florschuetzía meridionalis Germeraad et a\.1968 have been recorcled; and on this

basis two zones can be recognized from the Krabi sequence including SIAM-I Zone (KPl13-

KP1 16), and SIAM- 2 Zone(KP1 18-KP128).

The lower sequence (KP113-KP116) contains Alnipollenites verus Potonié 1931

without Echiperiporites cf. E. estelae and suggests a corelation with SIAM-1 Zone (early Early

Miocene). Common species include: Quercoidir¿.s sp. 777, Faguspollenites sp. 845,

Monoporopollenites gramineoides Meyer 1956, Tricolporites cf . T. valvatus Hatris 1972,

Trivcstibulo¡tolle nites betuloidcs Pflug in Thomson & Pflug 1953, Alnípollenites vuus Potonié

lg31, Laevigarosporites ovütus Wilson & Webster 1946 andCyathidites minor Couper 1953.
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Rare species ar€: Caryapollenites simpl¿¡ Potonié 1960, Aceripollis sp. spp., Momipites

coryloides Wodehouse 1933, Tiliaepollenites cf..T. indubitabilis Potonié' 1931 and

Tetracolporopollenites sapotoides Pflug & Thomson in Thomson & Pflug 1953.

The middle sequence (KPl1S-KP128) comprises assemblages which include

Alnipollenites verus potonió 1931 and Florschuetziø trilobata Germeraad et al. 1968. Species

making their first appearance in this zone include: Echiperíporites cf. E. estelae Germeraad et al.

1968, Avicennia sp. 1492, Ammanía sp. 382, Lagerstoemia sp.325, Excoecaria sp. 1404,

Zonocostites ramonae Germeraad et aI. 1968 and Hopea sp. 1299. The sequence is proposed as

a reference section of the SIAM-2 Zone (middle to late Early Miocene). Common species

include: Quercoidites sp.777,Føguspollenites sp. 845, Monoporopollenites gramineoides

Meyer Ig56,Tricolporítes cf..T. valvatus Harris IgT2,Trivestibulopollenites betuloides Pflttg

in Thomson & Pflug 1953, Alnipollenites verusPotonié 1931, Caryapollenites simplexPotonié

1960, Aceripolli.ç sp. spp., Momipites coryIoides Wodehouse Ig33,Tiliaepollenítes cf.T.

indubítabiljs potonié 193I, Echiperiporites cf . E. estela¿ Germeraad et al. 1968, Avicennia sp.

I4gZ, Ammania sp. 382, Lagerstroemia sp. 325, Excoecaria sp. 7404, Pinuspollenites sp'

1436, Laevigatosporites ovatus Wilson & V/ebster 1946, Cyathidites minor Couper 1953 and '

Baculatisporites primarius Wolff ex Thomson & Pflug 1953. Rare species arc llexpollenites

iliacus potonié 1960, Cupuliftroipollenites pusillus Potonié ex Potonié 1960, Florschuetzia

trilobata Germeraad et aI. 1968, Margocolporites vanwiihei Germeraad et al. 1968,

polyatríopollenites stellatus Potonié & Venitz ex Pflug !953, Lanagiopollts nanggulanensis

Morley Ig82, Dipterocarpus sp.'180, Zonocostites ramonae Germeraad et al. 1968,

Florschuetzia meridionnl¿s Germeraad et al. 1968, Podocarpidites elliptictts Cookson ex Couper

1953, piceaepollenites alatus Potonió 1931 and Dacrydiumites florinü Cookson & Pike ex

Harris 1965.

The upper sequence (KP130-KP135) is characterized by the disappearance of

Alnipollenites verus Potonié 1931 and the first appearance of Fbrschuetzia meritJionalis

Germcraad et al. 1968 ancl is conelated with the post SIAM-2 Zone (Middle Miocene).

Common spooies include: Quercoidit¿s sp. TTT,Faguspollenites sp. 845, Ammania sp' 3[ì2,

Laevigatosporites ovatus V/ilson & Webster 1946, Cyathidites minor Couper 1953,

polypocliaceoisporites spp., ancl Baculatisporites primarius Wolff ex Thornson & Pflug 1953'
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Rare species arc Caryapollenites simplex Potonié 1960, Aceripollis spp., Avicennia sp. 1492,

Echiperiporites cf. E. estelae Germeraad et al. 1968 andZorncostites ramonae Gerrneraad et al.

1968.

In conclusion, the age of the stratigraphic sequence in Krabi Basin ranges between

Early Miocene and Middle Miocene.

20 m.
inte rva ls

Sample
number
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this study
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Figure 6-1 . Stratigraphic column and zonation of the Huai Wai Lek Mine,

Krabi Basin, southern Thailand.
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Table 6-l: Taxa appearance in relative percentages from Krabi Basin, Southern Thailand.

ZoNATloNl..SilU-r tIl ........<<SIAM-2>>>ttttttt 
I

sampteNo.l Kp1t3 Kpl't6l Xerte KP120 KP124 KP126 KP128lKP130 KP132 KP135

S€quence down... .......... up

TAXA
ANGIOSPERMS
Quercoidites sp. 777

Faguspollenites sp. 845

Monoporopollenites gramineoides

Tricolporites cf. T. valvalus
Triveslibulopolleniles betuloides
Alnipollenites verus

Caryapollenites simplex

Aceripollis spp.
Momipites coryloides
Tiliaepollenites cf. T. indubitabilis

Cardamine sp. 323

Cyperaceaepollis neogenicus
Rhoipites cf. R. retiformis

Telracolporopollenites sapotoides

Echiperiporites cl. E. estelae

Avicennia sp. 1492

Ammania sp. 382

llexpollenites iliacus
Cupuliferoipollenites Pusillus
Lagerslroemia sp. 325
Tricolporopollenites sP. 810

Juglanspolleniles verus

Hopea sp. 1299

Florschuetzia trilobala
Bursera sp.1427
Rhoipiles sp. 1267

Margocolpor¡les vanw¡jhê¡
Rhoipites sp. 1263

Polyatriopollenites slellatus
Zonocoslites ramonae
Lanagiopollis nanggulanensis
Excoecaria sp. 1404

Dipterocarpus sp. 780
Florschuelzia meridionalis

GYMNOSPERMS
Pinuspollenites sp. 1436

Podocarpidites elliplicus
Piceaepolleniles alalus

Dacrydiumites llorinii
PTERIDOPHYTES
Laevigatosporiles ovatus

Cyalhidites minor
Polypodiaceoispor¡tes spP.

Baculalisporites primarius
Polypodiisporiles pohangensis

Polypodiisporites alienus

Rugulatispor¡tes qu¡ntus

Polypodiisporiles usmensis

3.0
R

3.5
0.5
3.0
1.5

46.0
8.5

R

9.0
1.0
0.5

8.0
0.5
3.5
6.0

B

2.0
4.0
2.O
6.5

1.5
8.5
3.0
2.0

R

2.5
1.5

0.5
2.5

R

15.5
3.0

34.5
7.0
1.0

1 1.5
2.0

B

2.0
3.5

R

2.5
4.5
0.5

R

R

1.5
13.5

45.5
17.0
2.0

24.5
9.5

B

14.5
8.5

13.0 35.0
20.5

1.0

3.5

4.0

22.O
6.5

3.5

4.5

4.0 6.0

1.0

0.5
3.0
2.O

0.5
1.01.0

0.5
R

1.0
4.5

1.5
R

6.0
2.5
1.0

1.0
2.0
7.O

R

R

3.5
R

1.5
2.O

1.0
3.5
9.5

10
10
25

1.5
4.0

4.0 6.5
5.5

0.5

0.5

1.0
3.0

2.5

2.O

RB
6.5
2.5
1.5
1.5
1.0
1.0
0.5

R

R

R

R

B

3.5

5.0

2.0 12.O 12.O

1.5
2.O

0.5

8.5
3.0

3.0

0.5

1.0

9.0 39.5

1.5

13.0
1.0

R

22.O

0.5
1.5

R

'I .0
1.5
0.5

R

R

12.5
2.5
0.5

'1.0

6.0
6.0
2.O

6.0
2.0

15.0
5.0
3.0

22.0 15.0
3.5
'1 .0

4.5 7.0

86.0
1.5
1.0

27.0
3,0

1.0 1.0 2.O
't.5

R 3.0

1.0
26.5

A IGIO6PERMS 11.5 69,0 90.0 69.0
GWI.¡OSPERMS 0.0 0.0 2.O 16.0

PTERIDOPHYTES 8B,5 31 ,O 8.O 1 5.0

TOTAL l o0.o 100.0 1oo.o 100.0

Pediastrumspp. R R B R

Romarks: R - raro. See moro dolails about counting in Chaplor 1

85,0
't2.o

3:0
100.0

B

0 57.5
0 15.5
o 27.O
0 1 00.0
BR

42.5
0.0

57.5
100.0

H

780
0.0

22.O

1 00.0
R

1.5
43 .0

100.0
R

91

0

I
00
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6.2 Sin Pun Basin

The only productive samples available are from a short sequence in 1535 borehole, Sin

pun Basin (Figures l-1,6-2;Table 6-2). The sequence shows the appearance of Alnipollenites

vents Potonié 1931 and the incoming of Lagerstroemia sp.325 which can be related to the

upper SIAM-I Tnne (early Early Miocene)'

The assemblage diversity is low and mainly dominated by species preferring temperate

climates. The Quercoídites sp.777 is a dominated species in the assemblages' Gymnosperm

pollen occur rarely in the sequence. Commonly occurring species include: Momipites coryloides

'Wodehous e 1933, Alnipollenites verus Potonié 1931, Rhoipites cf.. R' retiformis Pocknall &

Mildenhall 1984, Cupuliferoipollenites pusillus Potonié ex Potonié 1960, Juglanspollenites

verusRaatz 1g3g,Ilexpollenites iliacus Potonié lg60,Laevigatosporites ovatus Wilson &

Webster 1946 andpolypodiisporites alienusPotonié emend. l(han & Martin 1971. Rare species

are:Trivestibulopollenites betuloídesPfligiuThomson &Pflug !953,Lagerstroemia sp' 325,

Tetracolporopollenites sapotoides Pflug & Thomson in Thomson & Pflug 1953'

Margocolporites vanwijheiGermeraad et a\.1968, Myrtaceidites mesonesus Cookson & Pike

1954, Ammania sp. 382, Podocarpidites ellipticus Cookson ex Couper 1953 and

Inaperturopollenítes dubius Potonié & venitz ex Thomson & Pflug 1953.

A few tropical indicarors including Lagerstroemía sp.325 and Ammania sp. 382, make

their first appeafance in the sequence. The Sin Pun assemblages are similar to the assemblage of

Erawan 12-28 Borehole at 1408.5 m'
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Table 6-2: Taxa appearancê in relative percentages from 153S Borehole, Sin Pun Basin-

ZONAT|ONl.........< <<SIAM-1 >> >>>>>>>>>> >>>>

sample No.l SP1 13 sP1 og sP1 07 sP105l

Depth (melres) 78.9 76.9 75'6 74's

47.O
31.s

1.0

61 .0

2S.0
1.0

64.0
1 6.0

2.O

7.0
4.0

TAXA
ANGIOSPERMS
Quercoidites sp. 777

Momipiles coryloid€s
Alnipollenites verus
Tricolporopollenites sP. 908

Juglanspollenites verus
Rhoipites cf. R. retiformis

Cupuliferoipollenites pusillus

llexpollenites iliacus
Triveslibulopolleniles betuloides

Lagerstroemia sp. 325

Tetracolporopollenites sapotoidês

Margocolporites vanwijhei

Myrtaceidites mesonesus
Ammania sp. 382

GYMNOSPERMS
Podocarpidites ellipticus
I naperturopollenites dubius
PTERiÐOPHYTES
Laevigatosporites ovatus
Polypodiisporites alienus
Cyathidites minor
Rugulatisporiles quintus

Baculatisporites primarius

Polypodiaceoisporites sPP.

1.0
2.0

2.O
3.0

1.s
2.5
1.5

26.5
2.5
2.O

0.5
R

3,5
1.s
1.0

1.0

1.0
0.5

R

2.O
0.5

0.5

1.0

95.0
0.0
5.0

100.0

2.O

3.0
1.0
1.0
1.0

R

0.5

15.5
6.0
2.5

36.5
1.0

7.O

1.0

3.0

ANGIOSPERMS 37.5 89.0

GWNOSPERMS 1.0 O.O

PTERIDOPHYTES 6'I.5 11.0

TOTAL 100.0 1oo.o

Remarks: R = Iârê. See details about counting in Chapter 1.

93.5
1.0
5.5

100.0
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6.3 Mae Moh Basin

The productive sequence from the LM2813S Borehole, Mae Moh Basin (Figure 1-1)

can be divided into two zones (Figure 6-3, Table 6-3) including SIAM-l Zone (MM106-

MM10S) and SIAM-2 Tnne (MM109-MM1 33)'

The lower sequence (MM106-MM108, between 320.9-309.3 m. depth) contains

Alnipollenites verus Potonié 1931 withottEchiperiporites cf. E. estela¿ Germeraad et al.1968

and on this basis can be correlated with the SIAM-1 Zone (early Early Miocene). Commonly

occurring species include: Monoporopollenites gramineoídes Meyer 1956, Ammania sp.382,

euercoidir¿s sp. 777, Faguspollenites sp. 845, Cupuliferoípollenites pusillus Potonié ex

potonió 1960, Hopea sp. 1299, Aceripollis spp., Lagerstroemia sp.325, Caryapollenites

simplex Potonié 1960, Rhoipites cf . R. retíþmris Pocknall & Mildenhalt 1984, Alnipollenites

velts Potonié Ig3I, Pinuspollenites sp. 1436, Polypodiisporites usmensis Hammen emend.

Khan & Martin l9lI, Laevigatosporites ovatus V/ilson &'Webster 7946, Polypodiisporites

alienus Potonié emend. Khan & Martin 1971 and Magnastriatites grandíosøs Kedves & Porta

emend. Dueñas 1980. Rare species include: Bombacacidites annae Hammen ex Leidelmeyer

1966, Bursera sp. 7427 , Salixipollenites cf . S. discoloripires Sdvastava 1966 andTrícolporites

cf . T. valvar¿¿s Harris 1912. A few species preferring tropical environments making their first

appearance in this zone include Lagerstroemia sp.325, Dipterocarpus sp.780 and

Margocolporites vanwiihei Germeraad et al- 1968.

The middle sequence (MM109-MM133, bet\ryeen 306.2-180.0 m. depth) comprises a

number of commonly occurring species include: Monoporopollenites graminectides Meyer

1956, Ammania sp. 382, Quercoidites sp.777 , Faguspollenítes sp. 845, Cupuliferoipollenttes

pusillus Potonié ex Potonié 1960, Hopea sp. \299, Aceripollis spp., Lagersftoemia sp. 325,

Caryapollenites simpl¿x Potonié 1960, Rhoipites cf . R. retiþrm¿s Pocknall & Mildenhall 1984,

Alnipollenites verus Potonié 193L, Bursera sp, 1427, Salixipollenites cf . S, discoloripites

Srivastava 1966, Tricolporites cf.T. valvatus Haris 1972, Margocolporites vanwiihei

Germeraacl et al.1968, Dipterocarpus sp.Ts0,Cyperaceaepollis neogenicus KrLltzsch 1970,

Momipite,s coryloides 'Wodehous e 1933, Echiperiporítes ct. E. estelae Germeraad et al, 1968,
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Trivestibulopollenites betuloides Pflug in Thomson & Pflug 1953, Lanagiopollís

nanggulanensis Morl ey 1982, Pinuspollenites sp. 1436, Polypodüsporites usmensis Hammen

emend. Khan & Martin I9lI, Laevigatosporites. ovatus V/ilson & Webster 1'946,

Polypodiisporites alienus Potonié emend. Khan & Martin 1971 and Cyathídítes minor Couper

Ig53. Rare species are Tetracolporopollenites sapotoides Pflug & Thomson in Thomson &

pflug 1953, Juglanspollenites verus Raatz 1939, Myrtaceidites mesonesus Cookson & Pike

Tg54,Ilexpollenites ilíacus Potonié 1960, Pandaniídites re¡¿¿s Elsik 196S,Inaperturopollenites

dubius Potonié & Venitz ex Thomson & Pflug 1953, Podocarpidites elliptic¿¿s Cookson ex

Couper 1953, Dacrydiumites florinii Cookson & Pike ex Harris 1965 and Tsugaepollenites

igniculus Potonié ex Potonié 1958. Species preferring tropical environments which begin their

first appearance in this zone include: Pandaniídites texus Elsik 1968 and Lanagiopollis

nanggulan¿nsis Morley 7982. The appearances of Alnipollenítes verus Potonié 1931 and

Echiperiporites cf. E. estelae Germeraad et al.1968 in this sequence indicate a corelation with

the SIAM-2 Zone (middle to late Early Miocene).

The assemblages from the upper sequence (MM136-MM149, between 161.8-43.5 m.

depth), contain species common to the middle productive sequence b,at Alnìpollenites verus

Potonié 1931 disappears. They can be correlated with the post SIAM-Z7nne (Middle Miocene)'

In conclusion, the stratigraphic sequence in LM2813S borehole, Mae Moh Basin

contains SIAM-1 to post SIAM-2 zones ranging in age fromEarly to Middle Miocene.
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Tede 6-3: Tare ¡ppeår6rc0 h t.laqvs P{rdnl,ãg.r fm t-tt28!3s Bd€hol., M¡. Moh 8.dn.
zoxrrloNl......,slAM-l:>>>>>¡l<<<<.<..<<<< <...<.:8lAri'2 t>>>>> >>>>>>

smfleNo.l MMr06 MMtoT uutoal uuroe MMrro MMit3 MMttT MMÍ6 MMr22 MM'127 MMl29
O6pÙl (m.tos) 320.9 320 I 309.3 306.2 299.6 286.2 26¡-1 25å-8 236.1 2'lt-t 202.0

uurrll
t80 0

MMI36 MM138 MMI¡I MMI17 MM148 MM149
t51 I 142.5 ll3 4 56.5 53.1 13 5

85

9.5

TAXA
ANGIOSPERMS
Mmopqopollonlbs 9râmimoid€3
A¡nmm¡a sp 382

O@rcoidites 3p 777
Fsguspo¡snlte6 3p 645

Cuprtlf.ro¡poll.ñltos pus¡lluE

Hopoâ sp 1299

A@r¡Fll¡s 3p,853
FholFite3 ¡p. t2dl
Busera sp l¡127

Lagerstroomla 3p,325
Trlcolfite6 ip.854
Câryâpollonll€É .lmplex
Fho¡pìl€s cl F. rsüldmls
Bombá€cldltes dnâo
Gardmlne sp 323

Tricoltitss sp.258
FhoìÊlos sp, 1207

Sell¡ipollonllßs cf s discolorlpltos
T¡¡colporlt€s cl. T. vâlvåhl3
Alnlpollenllås verus
Acarlpoll¡s rp.fi75
Mâ¡gocolporlt.! vânw¡jh€l
Trlorltes sp,788
ItplerocdFr3 sp.780
Cyp€raoâspollis neogsn¡@s
Aæripollls 3p.727
Rholdto6 rp, t267
Trlcolporopoll€nitßs sp 908

Éch¡p€r¡porltes cl. E. ostolâo
.f¡liaepollMl¡o6 

c1. T, lnduHtabil¡s
Tr¡colporopollonlle6 6p. 86¿

Aærlpolll6 sp.842
Bhoh¡lås sP. 13,||t

Momlpltâs corfoldes
Pendúlldllss l,exu3

llexpollenit€3 lllacur
Trlvoslibulopollenll¡3 bsttlo¡dei
Myrlâcsid¡bs mesohosus
Rho¡titos sp. 8,17

Per¡poropollenltes Bdgmosus

Lsagiopolf s nÐggulmsß¡3
T.¡colporopollånltes 3p. 810

Telraølporopollenl16s såpoto¡d€s
Psllaticolpor¡lei operculalus
Tr¡o.¡tos sp. 1373

Juglanspoll€nll€s vgtus
Tubdiflotidlbs anllpodlca
GYMNOSPEFMS
ñnu3pollenlte6 3p. 1436
lnspeaUropolleriltes dutius
Podocarpidiles ell¡pticus
Dãcrydium¡les forlnli
Plcosopollenibs âlaùs
T6ugôopollenit€3 lgnlculu6
FfERIDOPHYIES
Polypodiisporltes usm6nsis
Låovigatospo¡¡les oveb6
Polypodiisporllos ålleneuG

Magnâsùiâlilss gtând¡osua
Bslik¡loles douglâsi¡
CyâÚlld¡tes m¡nor

Polypodiâøolsporit€5 spp
tolypodll6por¡¡ss pohÐ9€ns¡s
Fov€olr¡lsles msgar¡l¿€

¡1.5

3.0
2.0
'I .5
t.5
1.5
1.0
l0
't 0
t.0
t.0
0.5
0.5
0.5
0.5
05
0.5
0-5

05

3,5
5,5
5.0

t0.0
0.5
¡l 0
t.5
0.5
't.5
0.5
3.5
't.0
2.0

7.0
1.0

I 2.5
35
05

R

R

R

t0 5

t.0
3 3.s
I 2.5

1.5

t.0
'13 3
l l.5
t0
4.3
1.0
1.5

.l.5

7.3
30
1.5
1.0

35
8.0
3.0
7.0
t5
7.0
1.5

t 6.5
2.5
3,5

10.0
t.0
4.5
2.5

a0
t5
,t.0
2.0
1.0

16.5
R

32.0

7.0
30
35
E.s

15
2.5
.l.0

2.s

t.0
.l.0

r0

80
4.5
2.0
8,5
't.0

2,5
1.0
2.0
t.s
4.0
9.0
t0
1.5

2.0
2.5
1.0

14 0

t.0
4.5
3.5

¡.5
6.0
5.5
0.0
0.5
1.5
2.0
t.0
3.5
6.0
¿4.5

0,5
t.0

R

2.5 3.5
e 5 5.5
5.5 0.0
7.5 13.5
0.5 0.5
3.0 3.3
t.0
05 0.5
f r 2.0
4.0 3.5

t't.o 3.0
2.0

't.0 0.3

1.5
't.0
2.5
8.5

15.3
2.3
3.0

R

6.5
B

3.5 ¡1,5

25 t.0
2.5 3.0
3.5 95

t.0
t.0 4.5
2.0 s.0
t.0

4.5
30 3.0
t.0 I5

t.0
r.0 ,t_0

25

R

'l.5

t.5

B
R

2.5
l5

2.5
1.3

0.5
3.0
2.s

3.5

20
2.5

R

3.0
0.5

3.5
40
3.0
3.0 1.5

10
t,0

0s
4t,0

1.5
1.5
t.5
0.5
2.5
1.5
'I 5

l5
2.5
45
t.0
35
2.5
20
't.5
1.5
t.5
0.5
0.t
0.5

R

¡l 5
55

0.5 2.0
2.0 0.s ¡.0
t.0 2.3 3.0

0.5 2.3 0.5
5.0 2.5 5.5 1.5
I .3 2.0 t.0
2.0 3.5 2.3 B
't .5 0.5 I .5
3,0 0.5 0.5 0.5
0.5 2.0 2.5 2.0
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6.4 Mae Sot Basin

onlyonezone(SIAM-2)canberecognizedfromthelMs-lborehole(samplenumbers

MS3g2-MS36g, between g66.g-4g7.2m.depth), Mae SotBasin @igures l-1,'6-4: Table 6-4)'

commonly species include: Quercoidites sp.777, Faguspollenites sp' 845'

Alnipoltenites verus Potonié lg3l, Lagerstroemia sp.325, Ammania sp' 382, Echíperiporites

cf. E. estelaeGermeraad. et al.Ig68,Trivestibulopollenites betuloídes Pflug in Thomson &

pflug lg53,Pinuspollenites sp. 1436, Piceaepollenites alatus Potonié lg3l,Cyathidites minor

couper 1953, Laevigatosporites ovatus wilson &'webster 1946, Magnastriatites grandiosus

Kedves & Porta emend. Dueñas 1980 and Potypod'iísporites usmensis Hammen emend' Khan

& Martin 1971. Rare species arc: cupuliferoipollenites pusillus Potonié ex Potonié 1960'

caryapollenites símplex Potonié 1960, Cyperaceaepollis neogenicu'ç Krutzsch 1970'

Margocolporites vanwíihei Germeraad et al. lg63,Ilexpollenites iliacus Potonié 1960'

Trícolporites cf. T. valvatusHarris 19'72,Tubutífloridites antipodica cookson ex Potonié 1960'

Aceripollisspp.'Dipterocarp,ssp.Ts},Tiliaepollenitescr.T.indubitabilisPotoniéi931,

Monoporopollenites gramineoide.s Meyer lg56,Polyatriopollenítes stellatus Potonié & venitz

ex pflug 1953, Podocarpidites ellipticus cookson ex couper 1953 and Dacrydiumites florinü

Cookson & pike ex Harris 1965. Some tropical species appearing in this sequence include:

Lagerstroemia sp.325, Ammania sp.382, Margocolporites vanwiihei Germeraad et al' 1968

and,Dipterocarpussp.TS0.TheoccurrenceofAlnipollenitesverusPotonié1931and

Echiperiporites cf. E. estelaeGermeraad et at.I968in this sequence indicates a coffelation with

SIAM-2 Zone (middle to late Early Miocene)'

Theassemblagesfromtheuppersequence(MS365-MS359between477.I-455.8m.

depth) lack Alnipollenites verus Potonié 1931 and can be correlatecl with post SIAM-2 Zone

(Middle Miocene).

Inconclusion,thestratigraphicsequencefromlMS-lborehole,MaeSotBasinrallges

from sIAM Zznneand younger (middle Early to Middle Miocene)'
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Figure 6-4. Stratigraphic column and zonation
of the IMS-1 Borehole, Mae Sot Basin, northerrì

Thailand. The lithostratigraphic column is

condensed from the borehole log (Department
of Mineral Resources).
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Table 6-4: Taxa appearance in relativ€ percenlages from IMS-I Borehole, Mae Sot Basin.

zoNATloNl<<<<<<<<< <<

sampte tto.l tvtssoz MS381 MS379 MS378 MS370 MS368l MS36s M5362 MS3s9

Depth (feet) 2843.0 2835.0 1992.0 1663.0 1624.0 1598.0 1565.0 1s27.0 1495.0

Depth (metres) 866.8 864.3 607.3 507.0 495.1 487.2 477.1 465.5 455.8

TAXA
ANGIOSPERMS
Quercoidites sp. 777

Alnipollenites verus

Faguspollenites sP. 845

Echiperiporites cf. E. estelae

Trivestibulopollenites betuloides

Lagerstroemia sP. 325

Ammania sp. 382

Caryapollenites simplex
Cyperaceaepollis neogenicus

Triorites sp. 1373
Margocolporites vanwijhei
llexpollenites iliacus

Rhoipites sp. 1267

Tricolpites sP. 854

Tricolporites cf. T. valvatus
Tubulifloridites antiPodica

Triorites sp. 788

Aceripollis spp.

Dipterocarpus sP. 780

Cupuliferoipollenites Pusillus
Tiliaepollenites cf. T. indubitabilis

Monoporopolleniles gramineoides

Polyatriopollenites slellatus
Bursera sp. 1427

Hopea sp. 1299

Lanagiopollis nanggulanensis
GYMNOSPERMS
Pinuspolleniles sP. 1436

Piceaepollenites alatus

Podocarpidites elliPticus

Dacrydiumiles florinii
PTERIDOPHYTES
Cyathidites minor

Laevigatosporites ovatus

Magnastriatites grandiosus

Polypodiisporites usmensis

Polypodiisporites Pohangensis
Polypodiisporites alieneus

40.5
7.0
2.0

't.0

1.0
48.5

2.0
2.0

43.0
3.5
2.0

26.5 23.5 48.59.0
1.5
3.0
1.0
1.0
6.5
5.0

R

1.0
1.0

1.0

R

1.0

2.0
R

36.5
3.0
4.0

R

1.0
4.0
3.0

R

1.0

2.0

3.0
2.5

1.0

1.0

3.0

1.0

0

R

0

R

1.0
1.0

R

0.5

4.0
'1 .0

1.0

1.0
2.5
1.0
1.5

1.5
1.5
1.0
4.0
0.5

3.0
1.5
0.5

3.0
1.0
1.0

1.0
1.0
1.0
1.0
1.0
1.0

1.0

2.0
R

R 1.0

3.0
0.5

R

2.O

6.0

2.0

1.0

5.5
3.5

21 .O

.F

R

0

R

1.0
3.0
3.0
1.0
4.0
3.0
2.0

2.5
R

1,0

1.0
0

0

R

0 18.0
1.0

11.5
3.0

18.5
1.0
1.0

32.s
2.5
2.0
1.0

25.0
3.5
2.0

18.0
2.0
3.0

6 0.0
5.0
2.0
1.0
1.0

35.5
26.0

4.0
29.5

12.5
5.0
5.5
4.0

12.0
3.0
4.O

2 0.0

3.0

19.5
8.0
6.5
1.0
4.0
2.0

3.0
1.0
2.0

R

1.0

ANGIOSPERMS

GYMNOSPERMS

PTERIDOPHYTES

TOTAL
Pediastrum spp.

Remarks: R = rare,

3.0 2.0

71 .5
2 0.5

8.0
100.0

56.0
3 8.0

6.0
100.0

48.5
3 0.5
21.0

100.0

6 8.5
24.5

7.0
100.0

29.0 58.0 3.0 55.5
2.0 1 9.0 2.0 14.5

6S.0 23.0 95.0 30.0
100.0 100.0 100.0 100.0

R "
"* = abundant. See more details about counting

36.0
23.0
41.0

100.0
R

in Chapter 'l
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6.5 Fang Basin

The Fang Basin (Figure 1-1) contains a shallow oil field, and is one of the oldest

exploited frelds in Thailand, but systematic core sampling for biostratigaphy has not yet been

carried out. Ten productive samples from three boreholes (F 2, IF 4 and IF 16) on the Pong

Nok and Mae Soon structures have been selected for this study (Figure 6-5).

6.5.1 Pong Nok Structure (lF 2 and lF 4 boreholes)

Few samples are productive from the IF 2 and IF 4 boreholes (Tables 6-5, 6-6). The

assemblages from both boreholes are similar, and contain the zonal species Alnipollenites verLLS

potonié 1931 and Echiperiporites cf. E. estelae Germeraad et al- 1968 and thus can be

correlated with the SIAM-2 Zone (middle to late Early Miocene).

Commonly occurring species include: Cupuliferoípollenites Potonié ex Potonié 1960,

Myrtøceidites meson¿sas Cookson & Pike 1954, Florschuetzia sp' 647, Rhoipites cf' R'

retiformis Pocknall & Mildenhall 1984, Faguspollenites sp. 845, Quercoídites sp' 777,

Alnipollenites verus Potonié lg3l, Caryapollenites simpl¿¡ Potonié 1960, Dipterocarpus sp'

7g0, Ilexpollenites iliacus Potonié 1960, Aceripollis spp.,Tiliaepollenites cf . T ' indubitabilis

potonió lg31,Echiperíporitescf.E.estela¿Germeraadetal.lg6s,Margocolporitesvanwijhei

Germeraad et al. 1968, Pinuspollenites sp. 1436 and, Laevigatosporites ovatus Wilson &

Webster 1946. Rare species are: Momipites coryloid¿s Wodehouse 1933, Lagerstroemia sp'

325, Monoporopollenites gramineoides Meyer 1956, Piceaepollenites alatus Potonié 1931,

Inaperturopollenites dubíus Potonié &Yenitzex Thomson & Pflug 1953 and Podocarpidites

ellipticus Cookson ex Couper 1953.

6.5.2 Mae Soon Structure (lF 16 Borehole)

Five samples from the lF 16 Borehole (Mae Soon Structure) are productive (Table 6-7)

ancl contain assemblages similar to tho Pong Nok assemblage. Alnipollenites vertt.s Potonié

1931 and Echiperiporites cf . E. estelae Germeraad et al. 1968 are lare but still suggest íl

corrclation with the SIAM-2 Tnne (mlddle to late Early Mioce¡c).
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Commonly occurring species include: Quercoidítes sp.777 , Faguspollenltes sp. 845,

Caryapollenites simplexPoton\é,1960,Rhoipites cf . R. retiþrmr"s Pocknall & Mildenhail 1984,

Cupuliferoipollenítes pusillus Potonié ex Potonié 1960, Monoporopollenites gramineoides

Meyer 1956, Echiperiporites cf. E. estelae Germeraad et aI. 196S,Tubulifloridites antipodica

Cookson ex Potonié 1960, Alnipollenites verus Potonié 193I, Momipites coryloides

'Wodehouse 1933, Pinuspollenites sp. 1436, Píceaepollenites alatus Potonié 1931 and

Laevigatosporites ovatus 'Wilson &'Webster 1946. Some tropical species (Dípterocarpus sp.

780 and Ammanía sp. 382) occur in these assemblages. Rare species arc'.Tiliaepollenites cf.T.

indubttabilis Potonié 1931, Cardamine sp.323, Dipterocarpus sp.780, Margocolporites

vanwijhei Germeraad et al.lg6s,Trivestibulopollenites betuloides Pflug in Thomson & Pflug

1953, Aceripollís spp., Salixipollenites cf. S. dìscolorípítes Srivastava 1966, Ammania sp.

3S2,Tsugaepollenites igniculus Potonié ex Potonié 1958 and Dacrydiumites florinii Cookson &

Pike ex Harris 1965.

T\e Alnípollenites verusPotonié,1931is likely to occur in relatively high frequency in

older sequences (Figure 3-2). Thus the very common occurrence of Alnipollenites verlts

Potonié 1931 in some Pong Nok samples and its rarity in all Mae Soon samples suggests that

the Pong Nok sequences are older than those at Mae Soon.

It may be concluded that the productive samples from three bo¡eholes (IF Z,IF 4 and

IF 16) in Fang Basin are correlative with the SIAM-2 Zone (middle to late Early Miocene).
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V1/EST

tF 16 tF4 Pong Nok

EAST

tF2Mae Soon

Recent &
Mae Fang Fm
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FP115

Vertical Scale (m.)
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1.4

Unconsolidated sand, clay and gravel.

Shale and clay.

Shale interbedded with sand.

Carbonaceous shale.

Complex basement including limestone,
shale, serpentinite and andesite.
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Figure 6-5. Borehole lithostratigraphic correlation, sample locations

and zonation of the Fang Basin, îorthern Thailand (modified from

Pompilian & Vasile, 1980; DED, 1982).
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Table 6-5: Taxa appearance in r€lative p€rcentages from the lF 2 Borehole, Fang Basin.

ZONAT¡ONþ........S14M-2 >>>>>>>>>
sample No.l FP1o2 FP1o1l

Depth (metres) 408'5 339.9

TAXA
ANGIOSPERMS
Cupuliferoipollenites Pusillus
Myrlaceidites mesonesus
Florschuetzia sp. 647

Rhoipites cf. R. retiformis

Faguspollenites sP. 845

Quercoidites sp. 777

Aceripollis spp.

Caryapollenites simplex

Echiperiporites cf. Ë. estelae

llexpolleniles iliacus
Dipterocarpus sP. 780

Salixipollenites cf. S. discoloripites

Tiliaepollenites cf. T. indubitabilis

Rhoipites sp. 1263

Margocolporites vanwijhei
Momipiles coryloides
Rhoipites sp. 1207

Tubulifloridiles antiPodica
Tricolporites cf. T. valvatus

Alnipollenites verus

Tricolpites sp. 854

Tricolporopollenites sP. 810

GYMNOSPERMS
Pinuspollenites sp. 1436

Podocarpidites elliplicus
PTERIDOPHYTES
Laevigatosporites ovatus

Polypodiisporites alienus
Polypodiisporites Pohangensis
Polypodiaceoisporites sPP.

Magnastriatites grandiosus

25.O

21.O
9.5
7.O

1.5
5.0

R

4.0
2.5
2.0

R

R

7.O

2.5
0.5

R

R

R

R

3.5

6.5
1 3.0
37.5
1 9.0
3.5
2.0
1.0
0.5

R

1.0
R

R

5

R

R

2

0.5
R

65 0.5
1.01.0

1.0
0.5

ANGIOSPERMS 87's
GV\4NOSPERIUS 3.5

PTERIDOPHYTES 9.0

TOTAL 100.0

Pediastrum spp.

Remarks: R = rare. See more delails about counting in Chapter 1.

1.s

96. s

0.5
3.0

100.0
R
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Table 6-6: Taxa appearance in relativ€ from the lF 4 borehole, Fang Basin

ZONATION
Sample No.

Depth (metres) 704.1
FP1 06 FP1 05 FP1 03

TAXA
ANGIOSPERMS
Quercoidites sp. 777

Faguspollenites sp. 845

Caryapollenites simplex
llexpollenites iliacus
Cupuliferoipollenites pusillus

Rhoipiles cf. R. retiformis
Rhoipites sp. 1263

Alnipollenites verus
Dipterocarpus sp. 780

Tiliaepollenites cf. T. indubitabilis
Periporopollenites stigmosus
Tricolporites cf. T. valvatus

Monoporopollenites gramineoides

Momipites coryloides
Echiperiporites cf. E. estelae

Florschuetzia sp. 647

Margocolporites vanwijhei
Myrtaceidites mesonesus
Tricolporopollenites sp. 862

Aceripollis sp. 853

Rhoipites sp. 1207

Psilatricolporites oPerculatus

Cardamine sp. 323

Tricolpites sp. 258

Tricolpites sp. 854

Lagerstroemia sp, 325

GYMNOSPERMS
lnaperturopollenites dubius

Pinuspollenites sp. 1436

Piceaepollenites alatus
PTER¡DOPHYTES
Laevigatosporites ovatus
Polypodiisporites alienus
Magnastriatites grandiosus

Cyalhidites minor
Retitriletes douglasii
Undulatisporites unduliradius
Polypodiaceoisporiles spP.

Polypodiisporites pohangensis

Foveotriletes magaritae

15.s
1.0

8.5
2,s
1.5

6.5
7.5
3.5
3.0

41 .0
17 .O

4.5
0.5
0.5
3.0
1.0
8.0

1.5
0.5
0.5
1.0
1.0
2.O

R

69 8.0

3.0
7.s
2.0

R

24.s
4.0
0.5

R

R

1.0
R

0.5
R

2.O
R

3 5.0
R

0.5

1.5

5 94.4

R

0.5
R

1.0
1.0
0.5
0.5

R

R

4.s
1.0
0.5

R

R

R

R

0

0

1.5

68. s

1.0
0.5
1.5

R

R

05
R

R

1.5

ANGIOSPERMS 27.O 8O.O

GYMNOSPERMS 1.5 0.5

PTERIDOPHYTES 71.5 19.5

TOTAL 100.0 100.0

Pediastrum spp. R

Remarks: R = rârê, "' = abundant, See moro details about counting in Chapter 1

8s.0
2.0

1 3.0

':î î



Mid-Tertiary Palynology of Onshore and Offshore Thailand...Chapter 6...Miocene Orshore.,.Page 92

Table 6-7: Taxa appearance in relative percentages from the lF 16 Borehole, Fang Basin.

zoNAT|oNl <<<<<<<< <<<<<<<<
sampte No.l FP1 1 s FP1 14 FP1 13 FP112 FP1 1 1l

Depth (metres) 692.4 689.2 678.4 674.1 437 '2
TAXA
ANGIOSPERMS
Quercoidites sp. 777

Faguspollenites sp. 845

Caryapollenites simplex
Rhoipites cf. R. retiformis
Cupuliferoipolleniles pusillus

Triorites sp. 1373

Myrtaceidites mesonesus
Monoporopollenites gramineoides

llexpollenites iliacus
Echiperiporites cf. E. estelae
Tubulifloridites antipodica
Alnipollenites verus
Psilatricolporites operculatus
Momipites coryloides
Tricolpites sp. 854

Rhoipites sp. 1207

Tricolporites cf. T. valvalus
Tiliaepollenites cf. T. indubitabilis
Cardamine sp. 323

Polyadopollenites myriosporites
Rhoipites sp. 1263

Dipterocarpus sp. 780

Margocolporites vanwijhei
Trivestibulopollenites beluloides
Aceripollis sp. 853

Salixipollenites cf. S. discoloripites
Ammania sp. 382

Periporopollenites stigmosus

GYMNOSPERMS
Pinuspollenites sp. 1436

lnaperturopolleniles dubius
Piceaepollenites alatus

Tsugaepollenites igniculus
Dacrydiumites florinii
PTERIDOPHYTES
Laevigatosporites ovatus
Polypodiaceoisporites spp.

Polypodiisporites alieneus
Polypod iisporiles pohangensis

Cyathidites minor
Retilriletes douglasii

3.5
1.s
0.5
0.5

21.O
0.5
2.0
0.5

9.0
1.0
2.0

39.0
5.5
4.0
3.5
2.0

R

0.5
1.5
1.0

R

1.s
R

1.0
R

R

1.5
R

R

0.5
R

R

85.0
3.0
2.O

33.5
9.5
1.5
3.0
2.O

R

73.0
3.s
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6.6 Palynostrat¡graphic Correlation:
Miocene Onshore Basins

Tertiary lithostratigraphic correlation among the isolated onshore basins including

Krabi, Sin Pun, Mae Moh, Mae Sot and Fang was, prior to this study, uncertain. Results from

this work, however, indicate correlation between these sequences is possible. The

palynostratigraphic correlation is shown in Figure 6-6. Some economically important strata can

be related: major coal seams of Krabi and Sin Pun basins are about the same age (uppermost

SIAM-I T.ane,early Early Miocene) but are older than major coal seams in the Mae Moh Basins

(post SIAM-2, Middle Miocene). Two oil-bearing intervals in the IF 16 borehole are located

within (?upper) SIAM-2 Zone of late Early Miocene age. The oil shale of Mae Sot Basin may

correlate with upper or post SIAM-2 Tnne ot be younger.

Figure 6-6. Palynological correlation of the onshore Miocene sequences
from Krabi, Sin Pun, Mae Moh, Mae Sot and Fang basins.
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CHAPTER 7

DISCUSSION AND CONCLUSIONS

7.1 Co r relatio n
Hyd rocarbon

and lmplications:
Resources Exploration

Two regional palynofloral zones (SIAM-1 and SIAM-Z)have been established from a

biostratigraphic study of dispersed palynofloras from mid-Tertiary sediments of fourteen

sequences from nine Thailand basins. The zones are independently dated from associated

marine foraminiferal data (Tidey et aI., 1976; Troelstra er aI., 1976). The palynofloral zones

remain provisional because, in some cases, they are based on the use of cuttings samples, but

they are the most likely correlations using the available information. Future resea¡ch with more

precise data may confirm or readjust this pilot zonal scheme. The palynosfratigraphic correlatiorl

of nine Tertiary basins in Thailand is shown in Figure 7-1'

To date correlation of Tertiary stratigraphic units in Thailand has depended upon

ambiguous lithostratigraphic cor¡elations, as mentioned in the Section 2.3. However,

palynostratigraphic cor¡elation ofproductive sequences in this study has been achieved and it

provides means for resolving proposed lithostratigraphic correlations. It shows that all

productive sequences fall within the Late Oligocene-Middle Miocene and the Nong Ya Plong

sequence is the oldest record. The SIAM-I7ane is recorded from Li, Nong Ya Plong, Sin Pun,

Krabi, Mae Moh basins; Andaman Sea and the Gulf of Thailand. The SIAM-ZZone is recorded

from Fang, Mae Moh, Mae Sot and Krabi basins; Andaman Sea and the Gulf of Thailand. The

palynological results are ofconsiderable value in the correlation ofhydrocarbon-bearing strata

inclucling coal, oil and oil shale. It is shown that the Nong Ya Plong coal seanr (pre SIAM-1;

Late Oligocene in age) is older than Li coal seams (SIAM-1; Late Oligocene in age). Major coal

seâms in Krabi and Sin Pun basins are approxirnately the same age and bclong in the uppernlost

SIAM-I Tnneof the early Iìarly Miocene. Majorcoal seams (Q and K seanrs) in Mae Moh

Basin are corelated with post SIAM-2Zone andarc approximately Midcllc Mioccrlc in age.

'Iwo oil-bcaring intcrvals of the lF 16 Borcholc arc locatecl within (?uppcr) SIAM-2 Zone of
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late Early Miocene age. The oil shale of Mae Sot Basin may correlate with upper and post

SIAM-2 Z.ane, indicating a Middle Miocene age or be younger'

Figure 7-1 . Palynological dating and correlation of mid-Tertiary
sequences from Thailand.

7.2 Palaeoecology

Reconstruction of palaeoecology depends basically on an understanding of past and

present (palyno)floras. In palynological studies only part of fossil taxa can be related to extant

taxa. Variation of both fossil and extant palynomorphs contributes palaeoecological

reconstruction more difficult. This is the first attempt at such reconstructions and although it

lacks suitable references of modern distribution of pollen in the temperate-tropical Southeast

Asian region, five related palaeoecological types are recognized here. These palaeoecological

types are reconstrucred on the basis of a broad comparison between fossil palynofloras (by

using their extant affinities) with modern ecological types.

1. Tcmperate Forcsts. About one half to three quârters of palynofÌoritl

asscmblages from Li and Nong Ya Plong basins contain Quercoirlites sp. 777,

Cupulifurctipollenites pusillut Potonié ex Potonié l9(t0, Faguspollenites sp. 845, Alrúpollenites

verus Potonié Ig3l,Momipites coryloides Wodehouse Lg33,Caryapollenitcs símplex Potonié
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1960, Polyatriopollenites stellatus Potonié & Venitz ex Pflug 1953, Pinuspollenites sp. 1436,

Tsugaepollenites igniculus Potonié ex Potonié lg5S,Piceaepollenites alatus Potonié 1931 and

Inaperturopollenites dubius Potonié &.Yenitzex Thomson & Pflug 1953. These assemblages

are similar to spectra from modern temperate forests and unlikely to fit with any composition of

a specific forest type as described by v/olfe (1979). However, these assemblages approximate

or vary within a group of forests including Microphyllous Broad-leaved Evergreen,

Notophyllous Broad-leaved Evergreen, Mixed Broad-leaved Evergreen and Deciduous, Mixed

Broad-leaved Evergreen and Coniferous, and Mixed Mesophytic (Wolfe, 1979). This group

contains some related taxa include Betulaceae, Fagaceae, Aceraceae, Juglandaceae and

coniferous elements.

2. paratropical Rain Forest (V/olfe, 1979). Some characteristic plant taxa of the

paratropical Rain Forest include Alnus, Acer, Myrica, Rhus, Salix, Pinus, Podocarpus and

Dipterocarp aceae (Wolfe, lg7g).Although this association is probabiy close to or approximates

the Dipterocarpetum Pinetum-merkusii Forest type (Stott , 1975), this study differs from the

latter by containing Alnus- This forest type is distributed in northernmost Thailand, Burma,

Laos, Vietnam and southern China (Wolfe, 1979).

palynological assemblages which approximate this modern type include, for example,

Mae Moh sequence berween sample numbers MM106-MM133 (Table 6-3). These assemblages

containing related species arc Alnipollenites verus Potonié 1931, Aceripollis spp.,

Salixípollenites cf . S. discoloripires Srivastava7966, Dipterocarp¿¿s sp. 780, Bursera sþ' 1427 ,

pinuspollenites sp. 1436 andPodocarpidites ellipticøs Cookson ex Couper 1953. The taxa

comprise approximately one tenth of the assemblages.

3. Dipterocarpetum Pinetum-merkusii (Stott, 1975). This type is dominated by

pinus merkusii and,Dípterocarpus obtusifolius (andDipterocarpus tuberculatu.ç in some areas).

Members of Fagaceae including Castanopsis, Lithocarpus and Quercus are dominant at higher

elevations. This forest type occurs in northern Thailand and the Khorar Plateau, typically on

ridges ancl mountains over 750 m. in altitude but in some areas found at lower altitudes (lcss

than 200 m.).

Examples of palynological assemblages rclated to this modcrn type are foLlnd in the

Mae Moh sequencc berween sample numbcrs MM136-Mly'.l4? (Table 6-3) in wliich relatccl



Mid-Tertiary palynology of Onshore and Offsho¡e Thailand...Chapter T...Discussion and Conclusions...Page 97

species such as Quercoidites sp.7'77, Cupuliferoípollenites pusillus Potonié ex Potonié 1960'

Dipterocarpus sp.780 and Pinuspollenttes sp. 1436 are present. The taxa make up

approximately one tenth to one fifth of the assemblages. A few Species occurring in the

assemblages and not found in present Thailand, include Faguspollenítes sp. 845,

Caryapollenites simplex Potonié 1960, Juglanspollenites verus Raatz 1939 and

Tsugaepollenites igniculus Potonié ex Potonié i958'

4. Upper Tropical Rain Forest (Bangkurdpol, 1981). Vegetation association of

the Upper Tropical Rain Forest type comprises a great proportion of oaks and chestnuts

(Quercus,castanopsis and Lithocarpus), and interspersed with Dipterocarpus,Podocarpus,

Syzygium, Areca, Calamus and Cyathed, amongst others. This forest typo occupies an altitude

of 600-g00 m. and is distributed in chantaburi region (eastern Thaiiand) and in the far south of

Thai peninsular (yala, Narathiwat, and'Irang regions). Rainfatl in these regions exceeds 2,500

mm. per annum. This forest type may be similar to the Montane Oak Forest in the Malesian

region (Morley, 1976).

palynotogical assemblages from Ikabi Basin (KP132 and KP135) which are similar to

the Upper Tropical Rain Forest type contain some related species such as Quercoldites sp.777 ,

Cupuliferoípollenites pusillus Potonié ex Potonié 1960 and Cyathidites minor Couper 1953.

The taxa make up approximately one third of the assemblages.

5. Mangrove Forest (Stott, 1975; Bangkurdpol, 1981). Vegetation association of

the Mangrove Forest type is composed of Rhizophora apículata, Rhízophora mucronata,

Bruguiera gymrnrrhiza, Bruguiera caryophylloídes, Bruguiera parviflora, Bruguiera eriopetala'

Ceriops tagal, Ceriops rwburghiana, Avicennia fficinntis, Avicenniamarina, Sonneratia alha,

Sonneratia grffithii, Sonneratia caseolaris, Excoecaria, Lumnitzera and Nypa fruticans'

Mangroves usually occur in the intertidal environments along estuaries of the ¡ivers and muddy

coastal environments where soil is mainly alluvial with high salinity. Present m¿ìngroves are

distributed along the coastal regions of both the Gulf of Thailand and the Andaman Sea'

palynological assemblages from the Gulf of Thailand which are similar to the nlodertl

Mangrove Forest type include, for example, the whole productive sequence of the Platong-11

Borehole ancl the Erawan lz-28 sequonce between t280.5-823.2 rn' depth ('l'ribles 4-4,4-5).

These assemblages contain some rclatecl species such as Excoecaria sp. 1404' Zonoco";tite't
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ramona.e Germeraad et aI. 1968, Florschuetzia levipoli Germeraad et 41.1968, Florschuetzía

meridionalis Germeraad. et aI. 1968, Florschuetzia semilobata Germeraad et al. 1968,

Spinizonocolpites prominatus (Mclntyre) Stover & Evans 1973 and Avicennia sp. 1492. The

mangrove taxa make up approximately one half of the assemblages. Some species (for example,

Alnipollenites verus Potonié 1931, Momipites coryIoides Wodehouse 1933, Caryapollenites

simplex Potonié 1960 and Cupuliferoipollenites pusillus Potonié ex Potonié 1960,

Pinuspollenites sp. 1436) are not mangrove indicators and were probably transported from

some distance away and deposited in the manglove environments.

In summary, a distribution of five palaeoecological types during mid-Tertiary in

Thailand is shown in Figure 7-2 which indicates that Temperate Forests type is distributed

throughout Thailand. Mangrove Forest type is limited to the southem Thailand.

7 .3 Palaeoclimate

Thailand is situated mainly within the tropics (Figure 1-1), and thus, high influxes of

pollen from plants preferring tempetate climates including Alnipollenites verus Potonié 1931,

Caryapollenites simpl¿x Potonié 1960, Faguspollenites sp. 845, Inaperturopollenites dubitts

Thomson & Pflug 1953, Juglanspollenites verus Raatz 1939, Momipites coryloides

Wodehouse 7933, Piceaepollenites alatus Potonié lg3l,Tsugaepollenites igniculus (Pot.)

potonié &.Yenitz 1934 during the Late Oligocene to Early Miocene (SIAM-1 Zone) suggest

more temperate conditions in Thailand at this time. Most of these species no longer exist in

Thailand but are native to East China and Europe. Some modern species of Quercus, Castanea

and pinus, however, are now confined to mountainous regions in northern and north-eastern

Thailand. Most of the temperate palynofloras range through the Oligo-Miocene in both

intermontane and coastal environments throughout Thailand. Some temperate palynofloras

extend their occurrences during mid-Tertiary southward to Borneo (Muller, 1966, l9l2;

Germeraad et a1.,1963). In addition, Endo (1964) suggested warm temperato palaeoclimate

from the evidence on megafloral fossils from Li Basin (Section 2.4.2).
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Figure 7-2. Map showing distributions of palaeoecological types

Most species preferring tropical environments (includin g Ammania sp. 382, llopea sp.

1299, Florschu¿tzia levipoli Germeraad et al. 1968, Florschuetzia me ridionalis Getmera¡d et al.

1968, I-agerstroemia sp. 325, Bombacacidites annae l{ammen ex Lcidelnreyer 1966,
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Margocolporites vanwijheí Germeraad et aI. 1968, Dipterocarp¿¿s sp. J80, Pandanüdites texus

Elsik 1968 and Lanagiopollis nanggulanensis Morley 1982) are lacking during the SIAM-1

Zone except for a few species that appear near the upper limit of the zone. Species preferring

Íopical environments and making their first appearances in the Early Miocene include Avicennia

type 1492, Ammania type 381, Bombacacídites annde Hammen ex Leidelmeyer 1966,

Dipterocarp¿¿s sp. 780, Florschuetzia levipoli Germeraad et aL 1968, Lagerstroemia type 325,

Lanagiopollis nanggulanensís Morley 1982,Pandaniídites lexus Elsik 1968 andZonocostites

ramonae Germeraad et al.1968. Thus, the Early to Middle Miocene palynological assemblages

(SIAM-2 Zone) exhibit decreasing temperate elements but increasing frequencies of tropical

elements. The Mae Moh sequence (LM2813S Borehole) which yields a good

palynostratigraphic record, is selected to illusÍate this trend (Figure 7-3). Species indicating

temperate climate are: I.'aguspollenites sp. 845, Caryapollenites simplex Potonié, 1960,

Alnipollenites verus Potonié 1931, Momípites coryIoídes Wodehouse 1933, Juglanspollenites

verus Raatz 1939, Inaperturopollenites dubius Potonié & Venitz ex Thomson & Pflug 1953,

Piceaepollenites alatus Potonié 1931 and Tsugaepollenites igniculus Potonié ex Potonié 1958.

Some transitional species, mainly preferring temperate environments (with a few extant species

still existing in tropical regions), are Quercoídites sp.777, Cupulíferoípollenítes pusilltts

Potonié ex Potonié 1960, Aceripollis spp.,Trivestibulopollenites betuloides Pflig in Thomson

& Pflug 1953 and Pinuspollenites sp.1436. These transitional species are not included with the

temperate indicators on Figure 7-3. Species preferring tropical climate include: Ammania sp.

382, Hopea sp. 7299, Lagerstroemia sp.325, Bombacacidítes annae Hammen ex Leidelmeyer

1966, Margocolporites vanwijhei Germeraad et al. 1968, Dipterocarp¿,s sp. 180, Pandaniidites

texus Etsik 1968 and Lanagiopollis nanggulan¿nsis Morley 1982. The species prefering

tropical climate increase in the middle sequence (MMl09-MM133) but become less frequent zurd

then disappear at the top of the sequence (MM148-MMI49). This disappearance is likely to

coincide with climatic cooling and/or ending of lacustrine-swamp environments.

This study suggests that the palacoclimate of Thailand was temperate in Latc Oligocene

times but warmed to more tropical conditions during Early to Middle Miocene tinres. The results

from this study agree with the gencral trend of global cooling during the Late Oligocenc and

with a warming period in the Early-Middle Miocene (Savin ct a1.,1975; Wollc, 1978, 1985;

a
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Woodruff et a1.,1981; Keigwin & Keller, L984; Woodruff, 1985; Frakes, 1986;

1986).
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Figure 7-3. Proportions of temperate and tropical indicating pollen from

the LM28135 Borehole, Mae Moh Basin (See: Table 6-3 for sample depth).

7,4 Palaeoenvironment

The studied basins can be divided into marginal ma¡ine and non-marine environments

of deposition. Palynomorphs preferring ma¡ine environments have been recorded from the

Andaman Sea, Krabi Basin and the Gulf of Thailand. The appearances of mangrove

palynofloras such as Florschuetzia levipoli Germeraad et al. 1968, Florschuetzia meridionalis

Germeraad et aI. 1968, Avicennia sp. 1492, Spínizonocolpites promínatus (Mclntyre) Stover &

Evans 1973, Cephalomappa sp.590, Dicolpopollis kalewensis Potonié ex Potonié 1966,

Xylocarpus sp. 1526 andZonocostites ramonae Germeraad et al. 1968 suggest coastal or

marginal marine depositional environments. Only mangrove palynofloras (without

dinoflagellates) appearing during Early to Middle Miocene in the Krabi Basin and the Gulf of

Thailancl, suggest coastal or estuarine environments. Occurrences of dinoflagellates in

_a

5
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association with mangrove palynofloras dominate the Andaman Sea sequences dudng Early to

Middle Miocene, and suggest marginal marine environments.

Non-marine environments lacking dinoflagellates and mangrove palynofloras, include

Sin Pun, Nong Ya Plong, Mae Moh, Mae Sot, Li and Fang basins. Non-marine sequences are

generally divided into three parts. Upper and lower sequences containing semi-consolidated

sandstone and conglomerate, indicate fluviatile environments and are palynoiogically

unproductive. The middle sequence comprises claystone, mudstone, shale, siltstone and coal,

implying a largely lacustrine environment with interbedded swamp and fluviolacustrine

sediments. It is only the middle sequence which is palynologically productive. The assemblages

containing high proportions and diversities of pollen a¡rd the algae Pediastrum spp. with low

frequencies of spores, suggest lacustrine environments and probably reflect regional

palynofloral spectra. It appears that the lacustrine environment also favoured deposition of

wind-transported bisaccate pollen (Pinuspollenítes sp.1436 andPiceaepollenites alatus Potonié

1931). Assemblages dominated by spores, with low frequencies and diversity of pollen, and

the disappearance (or rare occurrences) of Pediastrum spp. in the coal and carbonaceous

mudstones, suggest swamp environments dominated by local palynofloral spectra (Figure 7-4).

MM149
MM148
MM147
MM141
MM138
MM136
MM133
MM129
MM127
MM122
MM118
MM117
MM113
MM11O
MM109
MM108
MM107
MM106

0 10 20 30 40 50 60 70 B0 90 100

Figure 7-4. Relative percentages of spores from Mae Moh sequence
(LM2813S Borehole) showing relationship to coal and carbonaceous
samples, and swamp depositional environments.

Coal and
carbonaceous
claystone

Claystone and
silty claystone
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7.5 Megafloras and PalYnof loras

Even though plant fossils both megafloras and palynofloras have been useful for

biostratigraphy, palaeoenvironment, palaeoecology and palaeoclimate but comparative study

and relationship between megafloras and palynofloras are uncommon. However, a comparison

between taxa recorded of both megafloras and palynofloras from Li Basin is attempted in this

study (Table 7-1).

Megafloras found from Li Basin, northern Thailand have been reported by Endo

(1964,1966). This study provides a list of palynofloras found from the same basin. Although

precise stratigraphic relationship between samples are not known nevertheless, the

palynological result shows that seventy per cent (or seven genera including Alnus,Fagus,

Quercus, Salix, Glyptostobus, Sequoia andTaxodium) of the recorded megafloras is

represented (Table 7-1). In addition, another thirty three species are also reflected by the

palynological record. Moreover, the whole taxonomic group of pteridophytes is missing in the

megafossil records but is found in the palynological record. These data show that the

microfossil record allows for more precise biosnatigraphic, palaeoecological, palaeoclimatic and

biofacies reconstructions

I
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Table 7-1. Comparative rocorded taxa from Li Basin, norlhern Thailand,

belween megafloras, palynolloras and modern affinily.

MEGAFLORAS
(Endo, 1964, 1966)

ANGIOSPERMS

Alnus thaiensis
Carpinus (?) sp.

Fagus feroniae

Ficus eowithtiana
Quercus spp.

Salix ? sp.

Sparganium thaiensis

GV\4NOSPERN4S

Glyptostrobus euroPaeu

Sequoia langsdorfii
Taxodium thaiensis

PTERIDOPHYTES

MODERN AFFINITY PALYNOFLORAS
(This Study)

Alnus
Carpinus
Fagus

Ficus

Quercus
Salix
Sparganium

Acer
Carya
Castania-Castanopsis
llex
Engelhardia
Graminea
Pterocarya
Sapotaceae

Alchornea
unkown
unkown
unkown

unkown
unkown

unkown
unkown
unkown
unkown

Alnipollenites verus

Faguspollenites sp. 845

Quercoidites sp. 777

Salixipollenites cf. S. discoloripites

Aceripollis sp. 853

Caryapollenites simplex
Cupuliferoipolleniles pusillus

llexpollenites iliacus
Momipites coryloides
Monoporopollenites gramineoides

Polyatriopollenites stellatus
Tetracolporopollenites sapotoides

Psilatricolporites operculalus
Florschuelzia sp. 647

Periporopollenites stigmosus
Rhoipites cf. R. retiformis
Rhoipites sp. 1207

Rhoipites sp. 1263

Rhoipites sp. 847

Tricolpites sp. 258

Tricolpites sp. 854

Tricolporites cf. T. valvatus

lnaperturopollenites dubius

lnapertu ropollenites d ubius

lnaperturopollenites dubius

Piceaepollenites alatus

Pinuspollenites sp. 1436

Podocarpidites ellipticus
Tsugapollenites igniculus

Baculalisporites primarius

Cyathidites minor

Foveotriletes magaritae
Laevigalosporites ovatus

Magnastriatites grandiosus

Polypodiaceoisporites spp.

Polypodiisporites alienus
Polypodiisporites pohangensis

Retitriletes douglasii
Rugulatisporites quintus

Undulatisporites unduliradius

Cupressaceae

Taxodiaceae
Taxodiaceae
Picea
Pinus

Podocarpus
Tsuga

Hymenophyllum
Dicranopteris
Dennstaedtia
Niphidium
Ceratopteris
Ple ris
Polypodiaceae

Polypodiaceae
Lycopodium
Osmanda

unknown
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7.6 Biogeography

Thailand is biogeographically the only landmass with links between continental Asia

and Malesia. During the Tertiary, Thailand was influenced by northern temperate palynofloras

but whether there was any connection with Australian elements is uncertain. Some evidence

related to the latter is discussed below.

Firstly, a tricolporate pollen type examined under light microscope and assigned to

Tricolporites prolata Cookson 1947 (first described from a sample from Antarctica) was also

examined under SEM, the latter revealing that it should be assigned to the Cupuliferoipollenites

pusillus Potonié ex Potonié 1960 and not to Tricolporites prolata Cookson l94l . Secondly, a

triporate pollen which was flust thought to have aff,rnity withCasuarinapollen was examined

under both SEM and LM and then assigned to Myricipites dubius Wodehouse 1933 and not to

Casuarina. Dispersed Casuarina occurs commonly in the Tertiary of Australia and Ninetyeast

Ridge (Deep Sea Drilling Project Sites 214 and254; Kemp & Harris, 1917) but no record has

confidently confirmed the Occurrence in Thailand. Thirdly, an inaperturate Aruacaria polIen

type which appeaß commonly in the Late Oligocene of Thailand has been examined under SEM

and appears to have a closer affinity with Taxodiaceae-Cupressaceae pollen type,

Inaperturopollenites dubius Potonié & Venitz ex Thomson & Pflug 1953. Lastly, it should be

nored thatNothofagøs is mainly distributed in the Southern Hemisphere (Raven and Axelrod,

1912; Briggs, 1987). However, only one sample from Fang Basin yielded Nothofagidires sp.

but later a reprocessing check from the same original rock sample yielded no Nothofagidites sp.

It was assumed that the frrst sample preparation was contaminated by local residues.

In conclusion, this study shows that there is little evidence to suggest Thai-Australian

floral connections during the mid-Tertiary.



APPENDIX A

A NEW TECHNIQUE
FOR SEM PALYNO-PREPARATION

Introduction. Scanning Electron Microscopy (SEM) has been applied to

palynological studies for two decades (Riegel, 1968; Muir, 1970). Its use allows detailed

studies of both miospore sculpture and structure, and some advocate its extensive use (Batten,

1986). Virtually, it has become a conventional tool for palynologists. SEM research on modern

pollen and spores is far more common than that of palaeopalynology because of availability of

material. Modern pollen studies often deal with pollen from homogeneous a source (e.g. anther)

and consequently preparation is simpler. By contrast, fossil palynomorph assemblages are often

very heterogeneous, key species may be rare, and subsequent preparation is time consuming.

Consequently, a simpler technique for both SEM and Light Microscopy (LM) is highly

desirable.

Three types of SEM preparation methods for fossil paþnomo¡phs have been suggested

including dry isolation, wet isolation, and strew mounting with grid.

For dry isolation, residues are dehydrated with a volatile solution such as ethanol or

acetone. The dry residues are searched under LM for desired miospores, then the selected

specimens are transferred by using micromanipulator and are mounted on either a coverslip or

SEM stub, viz., Leffingwell and Hodgkin (I97L). Location of specimens during SEM

examination is encountered into preparation, for example, Foster (1979) used the dry technique

and placed specimens within the apices of a hexagon drawn on a coverslip in Indian ink.

Wet isolation, uses a micropipette to draw the desired miospores from either water or a

mixture of water and glycerine under light microscope (LM), and then isolate the residue orl

coverslip or screen. Filatoff (L975), for example, suspended a small amount ollresidue with

distilled water in a petri dish, picked up the desired grains by micropipette, and then cleposited

them on a coverslip. Ile claimed this technique was more el'fi<;ient than thc use of mechanical

devices. Tomb (1982) used the tapering micropipettc to pick u¡l thc desired s¡ ecintens front a
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mixture of glycerine and ethanol. The specimens are placed near the edge of the Nucleopore

filter chips which ate adhered with silver paste to the SEM stub.

The strew mount with grid was the fust used by Liang (1914). He designed a thin

nickel gnd (11 mm. in diameter) which is used to relocate specimens for later studies. The grid

is f,rxed by adhesive to a stub and then an aqueous suspension ofresidue is placed on a stub and

allowed to dry. Later, Hughes et al. (1979) redesigned a new type of grid, Cambridge Geology

Mark 2, with more location markers. The disadvantage of the technique, however, is that it

does not allow LM examination either pre and post SEM examination. More recently, Zippi

(1987) drew a grid pattern on a coverslip used for SEM strew mounting.

Yet another technique has been developed to include Transmission Electron

Microscopy (TEM) for multiple examinations (LM-SEM-TEM) of a single grain. This method

might be studied in different orders including LM-TEM-SEM sequence (Rowley and Járai-

Komlódi, 1976) or LM-SEM-TEM sequence @aghlian, 1982). This method provides details of

all aspects of a single grain but it is more complicated and requires considerable preparation

tlme.

Materials and Method. During routine strew slide making, material can also be

prepared for SEM as follows:

1. Residue Mixture. Palynological residues are admixed with an aqueous solution

of polyvinyl alcohol (PVA). The PVA is diluted to approximately 0.0047o WIY in distilled

water. The PVA film provides an adequate adhesive for residues when it is dry. At this

concentration, the PVA does not interfere with sculptural details.

2. Isolation and Dehydration. To isolate residue effectively, a suitable proportion

between residue and PVA should be tested. A droplet of residue in PVA suspension is placed

on a glass coverslip, which is warmed on heating plate (about 50 "C) until the residue is cìry,

3. Spccirnen Identification. The coverslip is transferred, and temporarily stuck,

onto a glass slide. Selected specimens are then searched under LM. The desircd specime n is

located by placing a microgrid over it using low magnification objcctives, adjusting the

microgrid to fit over the grain. Also, search is undertaken for other specimcns which appear in

othcr divisions and nearby the microgrid. More than one rnicrogrid <.:an be placed on a coverslip

but too many may lead to conl'usion. Rccord thc grid number and the division.
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Four different types of microgrids, all of which ate 3 mm. in diameter, have been

tested. Two of these (square 50 and 75 mesh) are plain microgrids without alphabet division

markers, and also are cheaper (Plate 1, Figures 4-6). Divisions are numbered by making a cut

(using a scalpel) at any outer division bat, which is then numbered as the f,ust division (Plate 1,

Figure 5). Numbering system can be customized to the user. Other two types tested are finder

grids, Maxtaform H-2 (Plate 1, Figures 7 ,8, &.10) and H-6 (Plate 1, Figure 9). They are about

three to five times more expensive than the plain microgrids but easier to search because they

are marked more accurately (Plate 1, Figures 7-10).

After microgrids have been applied to selected specimens, the microgrids are numbered

and arows displaying working routes between microgrids can be drawn with a suitable marker

(Plate 1, Figures 1-3).

4. Transfer Coverslip. The coverslip is caretilly transferred and temporarily stuck

onto a stub. A drop of silver dag is placed between coverslip and stub to avoiding charging

problems. Gold-palladium is usually good enough for coating. If a charging problem is

experienced, recoating of the specimen may be required. However, a thick coating will

adversely affect LM re-examination.

5. SEM Examination. Specimens may be examined under SEM following the

numbering sequence and arrow markers (Plate 1, Figures 1-3). The designated specimen can be

easily searched. Residues in other divisions and around microgrids may also be observed for

"beneficial grains" which should be kept close to microgrids for relocation. The specimen is

retained on the stub until examination is completed.

6. Preservation of Specimens. The examined specimens may be preserved as

either on single coverslip or double coverslip mountings. To mount a single coverslip, the

specimen coverslip is removed from stub and inverted to preserve in Eukitt mountant

(manufactured by Carl Zeiss Pty. Ltd.) which is dropped onto a glass slide. To make double

coverslip mounting, the specimen coverslip is inverted on Eukitt which is dropped on a new

coverslip. During this step care should be taken to control the medium thickness becausc it

influences the working distance under LM at high magnification.

Single coverslip mounting is an easier preparation than double coverslip mounting, bLrt

specimens of double coverslip mounting may bc turncd over for LM re-examination.
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Discussion. Previous SEM preparation techniques have devoted too much time and

effort on isolation, specimen location and adhesion. The present technique is simpler and more

effective. The dilute PVA film provides good adhesion between specimens and coverslip. The

finder grids are easier to locate the grains than those of plain microgrids. Adhesion between

microgrids and coverslip or coverslip and stub may use common stationery glue.

The technique used during the course of this study was developed because it was

diffrcult to observe small grains and to determine their sculpture using only the LM. It can also

lead to a development of an extensive and routine SEM study producing a valuable so-called

"SEM Database" The database is composed of SEM micrographs and the same specimens are

preserved for LM re-examination. This study has recorded over 1500 SEM photographs of

which most specimens are preserved for LM re-examinations.

Two problems encountered during the specimen preparation, were a grid bar

overlapping a desired palynomorph (Plate 1, Figures 10 & 11), and glue overspread on a trilete

spore (Plate 1, Figure 12).



APPENDIX B

ALPHABETICAL LIST

OF THE STUDIED SPECIES

Aceripollis sp.727

Aceripollis sp. 842

Aceripollis sp. 853

Aceripollis sp. 1175

Alnipollenítes verus Potonié 1931

Ammanía sp.382

Avicennia sp.1492

Baculatisporites primari¿¿s Wolff ex Thomson & Pflug 1953

Bombacacidites annae Hammen ex Leidelmeyer 1966

Bursera sp.1427

Cardamine sp.323

C aryap ollenites simplex Potonié 1960

Cephalomappa sp. 590

C up ulife r o ip ol l e nit e s p wil/as Potonié ex Potoni é, 19 60

Cyathidites minor Couper 1953

Cyperaceaep ollis neo genicus tkutzsch 1 970

Dacrydíumites florínií Cookson & Pike ex Harris 1965

Dicolpopollis knlewensis Potonié ex Potonié 1966

Dtpterocarprr sp.780

Echiperiporites cf . E. estelae Germeraad et al.1968

Excoecariasp. 1404

Faguspollenites sp. 845

F lorsc huetzia lev ipoli Germeraad et al. 1968
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Flors chuetzia meridion¿lls Germeraad, et aI. 7968

F I o r s c hue t zi a s emil ob ata G ermer aaÃ e t al. 19 68

Florschuetzia sp. 647

Florschuetzia trilobata Germeraad et aI. 1968

Foveotriletes mngaritae Hammen ex Ge¡meraad et al.1968

Hopea sp.1299

Ilexpollenites iliacus Potonié 1960

Innperruropollenítes dubius Potonié & Veniø ex Thomson & Pflug 1953

J u gI ansp o lle nites v erus Raatz 1 939

Inevigatosporites ovatus Wilson & Webster 1946

Lagerstroemia sp. 1459

Lanagiopo llis nang gulanensis Morley 1982

Magnnstriatites grandias¡¿l Kedves & Porta emend. Dueñas 1980.

M ar g o c o Ip orite s v anwij hei Germeraad et aI. 19 68

M omipites coryIoides Wodehouse L933

M onoporop ollenites gramineoides Meyer 1956

Myricipites dubius V/odehouse 1933

Myrtaceidites mesonesru Cookson & Pike 1954

Pandnnüdites texus Elsik 1968

Periporopollenítes stigmosus Potonié ex Thomson & Pflug 1953

P iceaepollenites alatw Potonié 193 1

P inusp ollenites sp. 1436

Podocarpidites ellipticru Cookson ex Couper 1953

Polyadnpollenites myríosporif¿s Cookson ex Partridge in Stover & Partridge 1913

Polyatriopollenites stellarus Potonié & Venitz ex Pflug 1953

Polypodiaceoisporítes retirugatus Muller 1968

P olypodiaceoisporites sp. 1 25

Potypodiisporites alienus Potonié emend. Khan & Martin 1971

P oly p o dii spo r ite s p o hnng e ns¿.ç Takaha sh i 1 91 9

Polypoliisporites usmensis I-Iammen emend. Khan & Martin 1971
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Psilatricolporites operculatus Hammen & V/yrnsta 1964

Quercoidites sp.777

Radermach¿ra sp. 1.546

Retitriletes douglasü Detrnann 1986

Rhoipites cf. R. retifonnls Pocknall & Mildenhall 1984

Rhoípites sp. 847

Rhoipites sp. 1207

Rhoípites sp. 1263

Rhoipites sp.1267

Rhoipites sp. 1345

Rugulatisporites quintus Pflug & Thomson in Thomson & Pflug 1953

Salixipollenites cf . S. díscolorþires Srivastava 1966

Spinizorncolpites prominntw (Mclntyre) Stover & Evans 1973

Tetracolporopollenites sapotoides Pflug & Thomson in Thomson & Pflug 1953

Tiliaep o lleníte s cf . T . indubitaåilis Potoni é, l93 l

Tricolpites sp. 258

Trícolpítes sp. 854

Tricolpites sp. 1366

Tricolporites cf. T. valvatusHans 1972

Tricolporop ollenite s sp. 8 1 0

Tri c olp orop oIIe nite s sp. 862

T ric olpo rop olle nit e s sp. 908

Triorites sp. 788

Triorites sp. 1373

Trivestibulopollenites betuloides Pflug in Thomson & Pflug 1953

Tsugaepollenites igniculus Potonió ex Potonié 1958

T ub ul ifl or i dite s ant i p o d i c a Cookson ex Poton 1é' ß 6rJ
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Undulatisporites undulíradius Takahashi in Takahashi & Shimono 1982

Xylocørpus sp.1526

Zonocostites ra,monne Germeraad et aI.1968



APPENDIX C

SYSTEMATIC DESCRIPTIONS-

1 PTERIDOPHYTES

Genus : B aculatísporítes

Pftug & Thomson ¡¡1 Thomson & Pflug 1953

Type Species: Baculatisporites primarius Wolff. ex Thomson & Pflug 1953

Selected SynonYmY:

1953 Bacutatisporites Pflug & Thomson in Thomson & Pflug, p. 56.

Baculatisporites prímørius

Wolff ex Thomson & Pftug 1953

PlaæZ,Figure 1.

Selected SynonYmY:

7934 Sporites primarius Wolff, p' 66, pl' 5, fig. 8.

1953 Bacutatisporites primarius V/olff ex Thomson & Pflug, p. 56, pl. 2, fig. 57.

1966 Osmunda cinnamomites; Martin & Rouse, p. 189, pl. 4, figs. 25 &.21'

Longest Dimension: 48-68 pm. (7 specimens).

Disrributton: This species occurs from Late Miocene to Early Pliocene of the Skonun Fonnation,

Queen Charlotte Islands, British Columbia (Martin & Rouse, 1966); Late Miocene-Early

Pliocene of the Indener strata, Rhenish brown coal region, western West Germany (Mohr,

I9B4); Late Oligocene and Early Miocene of Peninsular Thailand (this study).

tlr¡r¡¡ntcat Âfftntty: The fossil sporc is comparable with the spores of extant speoies of: Osmunda

cinnamomea (Martln & Rouse, 1966) and ltymenophyllum fucoides, l-Iymenophyllaceae

* 
Se¡: lllc Scction 3.5 for ¿r discussion on tllc approtclt and introduction to Systcrlatic Palynology
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(Tryon & Tryon, 1982, p. 103-113, figs. 11.23-11.24). Hymenophyllum is a widely

distributed pantropical genus, with some extensions into nofth and south temperate regions

(Tryon & Tryon, 1982).

Remarks: The sculpture under SEM of this species is fairly uniform bacula, about lpm. long and

apart.

Genus: Cyøthídítes Couper 1953

Type specles: Cyathidites ausÛalis Couper 1953

Selected Synonymy:

1953 Cy athidires Couper, p. 27 .

Dtstribution: This genus has been recorded from the Jurassic of Australia. It occurs world-wide

in Mesozoic and Tertiary @ettmann, 1963; Engelhardt, t964; Hekel, 1972; Snvastava, 1975;

Salujha et a1.,1980; Sun et a1.,1981).

Remarks: See the discussions on comparisons and affinities in Dettrnann (1963).

Cyathidítes mínor Couper 1953

Plate2, Figrue 2.

Selected Synonymy:

1953 Cyathidites Couper, p.2J, pl. 2, f,rg. 11.

See Dettmann, L963, P.22-23.

Longest Dimension: 36-54 pm. (11 specimens).

Dtsrrtbuuon: This species occurs rarely to commonly from Late Oligocene to Middle Miocene

throughout Thailand (this study).

rJorantcat Afftnlty: The possible affinity of the CyathiditeJ spores with extant spores of

cyatheaceous and dicksoniaceous ferns has been mentioned by Couper (1953, 1958) and

Dettmann (1963). However, this fossil spore is also comparable with the spore of extant

Dicranopteris nervosa, Gleicheniaceae which is a widely distributed tropical and subtropicitl

genus (Tryon & Tryon, 1982, p.96, frg. 10.9).
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Renarks: The sculpture under SEM of this species shows that the exine is psilate. Although size

range of a few spores of this species overlaps with Cyathídites australis Couper 1953 but

differentiation is not attempted in this study.

Genus: Foveotrílef¿s Potonié 1956

Type species: Foveotriletes scrobiculaøs Potonié 1956

Selected Synonymy:

1956 Foveotriletes Potonié, p. 43.

1956 Foveotriletes Hammen, pL.3, nom. nud.

F oveotriletes møgaritae

Hammen ex Germeraa.d, et al. 1968

Plaæ2, Figrue 3.

Selected Synonymy:

Ig54Triletes magarita¿ Hammen,p.102, pl. 17.

1968 Foveotriletes nwgarítae Hammen ex Gemteraad et a\.,p.286, pl. 1, figs. I &.2.

Longest Dimenslon: 40-50 pm. (6 specimens).

Distrlbution: This species occurs from Late Cretaceous to Palaeocene of Nigeria and nofihern

South America (Germeraad et a1.,I968); rarely from Eariy to Middle Miocene of Mae Moh

Basin, northern Thailand (this study).

Botantcat arfinity: The irregular foveolate cha¡acter of this fossil trilete spore is comparable with

the spores of the extant Dennstaedtia smithii, Dennstaedtieae (Tryon & Tryon, 7982, p. 377 -

383; fig. ss.rz).

Remarks: The sculpture under SEM of this species is irregularly microperforate on the exine

surface; foveolae vary from circular to elongate and are less than 1 pm. long.

Gcnus : Løcvigatosporites Ibrahim 1933

Typc Speclcs: Laevigatosporites vulgari,r Ibrahim 1933

Sclcctctl Synonymy:

1933 Laevigato-sporite.s Ibralrim, p, 39
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7944 Laevigatosporites lbrahím emend. Schopf et al., p. 36.

See Srivastava,l975, p. 130.

Disrribution: The genus has been recorded from Devonian to Recent and has a cosmopolitan

distribution (Detnnann, 19 63 ; Srivas tava, l9l I).

Botanicat Affinity: Srivastava (1971) pointed out "It is difficult to assign any definite botanical

affinity to l-aevigatosporites. Many extant fern genera produce spores with a smooth endospore

and a sculptured perispore which is easily lost. Thus, often similar forms may not be even

closely related."

Laevigatosporites ovatus Wilson & Webster 1946

PlaeZ, Figures 4 &.5.

Selected Synonymy:

1946 La¿vigatosporites ovatus V/ilson & Webster,p.273, fig. 5.

See Dettmann, 1963, p. 86; Gaponoff, 1984, p. 78.

Longest Dimension: 29-60 pm. (12 specimens).

Distriburion: This species is rare to common and ranges from Late Oligocene to Middie Miocene

throughout Thailand (this study).

Boranicat Affinity: This fossil spore is comparable with the spore of extant Niphidium spp. and

Plarycerium andinum, Potypodiaceae (Tryon & Tryon, 7982,p.727-743; figs. 112.8,1I2.I0,

11s.8).

Remarks: The exine is psilate under SEM.

Genus: Magnøstríatites Germeraad et aI. 1968

Type spectes: Magnastriatites grandios¡,¿s Kedves & Porta emend. Dueñas 1980

Selectcd Synonymy:

1968 Magnastriatites Germeraad et al., p. 288.

ncmarks: Dueñas (1980) claimed that the species Magnnstriatites howardii Germer'¿itd ct al.1968

and Cicatricosisporites grandios¿¿s Kedves 8¿Porta L963 ue identical and reassigned thc type

species to Magnnstiatites grandiosus Kedvcs & Porta cmend. Dueñas 1980.
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Magnastríøtítes grønd¡osus

Kedves & Porta emend. Dueñas 1980.

Plate 3, Figures 1-3.

Selected SynonymY:

1963 Cicatricosisporites grandiosu.s Kedves & Porta, p. 59, pl. 7, figs. 2 &.3.

7968 Magnastriatites howardii Germeraad et al,p.288, pl. 3, fig' i.

1980 Magnastriatites grandiosus Kedves & Porta emend. Dueñas, p.329-33I, pl. 1, figs. 1-3.

Longest I)imension: 50-70 pm. (8 specimens).

Disrrtbuton: This species ranges from Oligocene to Recent in pantropical regions (Germeraad er

at.,1968).It also occurs in the Tertiary of the South China Sea (Sun et a1.,1981); and in the

Miocene throughout Thailand (this study).

Botanicat Affinity: The fossil spores resemble the spore of extant Ceratopteris thalictroides,

Pteridaceae (Tryon & Tryon, 1982, p.3I6, figs 44.9-44.10; Germeraad et aI-,1968, p. 288-

290, pI. 4, fig.1). The extanr species is a tropical-subtropical fresh-watø fern (Germeraad et

al., 1968, p. 290).

Remarks: The sculpture under SEM of this species shows ribs and furrows on the distal surface;

there are four sets of ribs, each set comprises about frve parallel ribs; ribs are smooth and 4-7

pm. wide; furrows a¡e 5-10 mm. wide; proximal surface is smooth.

Genus: Polypodíaceoisporif¿s Potonié ex Potonié 1956

Type species: Polypodiaceoisporites speciosus Potonié ex Potonié 1956

Selected Synonymy:

l95l Polypodiaceoisporites Potonié, p. 136, nom. nud.

1956 Polypodiaceoisporites Potonié ex Potonié, p. 63.

Polypodiaceoísporítes relirugalus Mrrllcr 1968

l'larc2, Figurcs 7-10.

Se lccted SynttnymY

1968 Polypodiaccoisporites retiruSütus Mullcr, P.J , Pl,1 , fig. 8.
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Longest Dimension: 32-52 ttm. (5 specimens).

Dishibutionr This species and other simila¡ spores have been recorded from the Late Cretaceous

into Tertiary of Europe and Asia (Muller 1968; Sun et al., 1981; Mohr, 1984; Huang & Huang

1984). It occurs from the Middle Miocene of Mae Moh Basin, northem Thailand (this study).

Botanical Afrinty: Muller (1968) considered this fossil spore to be comparable with spores of the

extant P teris mohasiensis, Pteridaceae.

Remarks: Under SEM of this species possesses a smooth cingulum and vemrcae on the proximal

surface; verrucae are circular to oval, 1-4 ¡rm. long.

P olypodiaceo¡spor¡te s sp. I25

Plate2, Figures ll 8112.

Description: Spores trilete, cingulate. Amb triangular with rounded apices. Sculpture irreguiarly

rugu-verrucate on proximal side, some isolated verrucae but others coalesced forming rugulae;

verrucae arc 1-2 pm. wide; retirugulate on distal side. Cingulum are 3-4 pm. wide, smooth at

radial regions but with irregular bacula on the interradial regions. Laesurae extend onto

cingulum.

Longest Dimension: 32-46 pm. (4 specimens).

Disrrlbutlon: This species occurs from the Late Oligocene of Li Basin, northern Thailand (this

study).

Botanical Affiniry: The fossil spore resembles spores of the extant Pteris spp., Pteridaceae.

Genus : P olyp o diisporite s

Potonié emend. Khan & Martin L971

Type specles: Polypodiisporítes favus Potonié 1956

Selccted Synonymy:

1933 Polypodiisporites Potonió in Potonié & Gelletich,p- 524.

197I Polypodiisporites Potonié emend. Khan & Martin, p.475-480.

See Srivastava, t971,p.262; Frederiksen, 1980, p.28.

Rcmarks: Khan & Martin (1971) proposed a combination of the tlrree fossil sporomorph gelìera

including Polypodiisporites,l>olypodiidil¿,r and Vcrrucato,rporites, which are basecl on slight
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variation of exine sculpture, into the one form genus Polypodíisporites emend. The genus

Polypodiisporites Potonié emend. Khan & Martin 1971 is applied in this study.

Polypodíísporítes ølienus

Potonié emend. Khan & Martin 1971

Plate 3, Figure 5.

Selected Synonymy:

1953 Verrucatosporites alienus Potonié, p. 59, pL.3, ftg. 47 .

1966 Dennstaedtiaceae-Polypodi aceaeform 2; Martin & Rouse, p. 187-188, pl. 3, fig. 2l-22.

1971 Polypodiisporites alienus Potonié emend. Khan & Martin, p.478,p1.2,fig.13.

1984 Verrucatosporites alienus Krutz sch; Mohr, p, 52, pl. 5, figs. 5, 6.

See Frederiksen, 1980, p. 28.

Longest Dimension: 40-66 pm. (9 specimens).

Disrriburion: This species and other similar spores have been recorded from the Tertiary of North

America, Europe and Australia (Martin & Rouse, 1966; Hekel, I972;Ì,Íohr, 1984). It occurs

rarely to commonly fromLate Oligocene to Miocene throughout Thailand (this study).

Botanical Affinity: The fossil spore resembles spores from some species of extant

Dennstaedtiaceae and Polypodiaceae (Martin & Rouse, 1966).

Remarks: The sculpture under SEM of this species shows both surfaces verrucate; velrucae on

the proximal view are approximately circular and 5-8 pm. in diameter.

Polypodíisporítes (Polypodiidites) pohangensis

Takahashi 1979

Plaæ 3, Figure 4.

Sclccted SynonymY:

1979 Polypocliidites pohangensis Takahashi in T¿rkahashi & Kim, p. 25, pL. 1, fig. 22; pl. 2,

rig. l.

Lrrngest Dlmcnslr¡n: 45-70 pm. (4 specimens).
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Dishiburion: This species occurs from Miocene formations in the Yeoungill Bay District, Korea

(Takahashi & Kim l9l9); very rarely from the Middle Miocene of Fang Basin, noilhern

Thailand (this study).

Botanicat Affintry: The fossil spore resembles spores from some species of extant Polypodiaceae

(Takahashi & Kim, t979).

Remarks: The Polypodüdites pohangensis Takahashi f979 is a monolete spore, bean-shaped in

lateral view, with vemrcate sculpture; verrucae are round and less than 1 pm high. Thus this

species can be recombined with the genus Polypodíisporites Potonié emend. Khan & Martin

t9tl.

Polypodiísporítes usrnensis

Hammen emend. Khan & Martin 1971

Phæ 3, Figure 6.

Selected SynonymY:

Ig56Verrumonoletes usmensis Hammen, p. 116, frg.7.

1966 Dennstaedtiaceae-Polypodiaceae form 3, Martin & Rouse, p. 188, pl. 3, fig. 23-24.

lg6sVerrucatosporites usmensis Hammen; Germeraad et a1.,p.290-29I,pL.2,ftg.3.

1977 Polypodiísporites usmensis Hammen emend. Khan & Martin, p.478, pl. 2, fig. 10.

L972 Polypodiidites usmensis Hammen ex Hekel, p. 6, pl. 1, fig. 8-9.

Longest Dimension: 28-55 pm. (5 specimens).

Dtstriburion: This species occurs world-wide from the Tertiary (Martin & Rouse, 1966;

Germeraad et aI., 1968; Hekel, 1912; Sun ef al., t98I; Truswell et al., 1985); rarely to

commonly from Late Oligocene to Miocene throughout Thailand (this study).

Botantcat Afftnity: The fossil spore is comparable with spores of the extant species of

Polypodium aureum, P. virginianum and Phanerophlebia aureun (Martin & Rouse, 1966);

S t e no c hl ae na p al us tr is, B lech n ace ae (G erme taad e t al., 19 68).

Remarks: The sculpture under SEM is baculate on both surfaces; bacula '¿re 3-4 ¡rm. long, 1-2

pm. wide and 4-8 Pm. apart.
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Genus: Retítríletes Hammen ex Pierce

Type species: Retitriletes globosus Pierce 1961

Selected SynonymY:

1956 Retitriletes}Jammen, pl. 3, fig. 76, nom. nud.

19 6l Retitriletes Hammen ex Pierc e, p. 2I.

RetitríIetes douglasii Dettmann 1986

Plaæ2, Figure 6.

Selected SynonymY:

1986 Retitriletes dauglasüDettm¿nn, P. 96-97, Figs. 6A-D.

Longest Dimenslon: 24-39 pm. (5 specimens).

Disrriburion: This species has been recorded from the Early Cretaceous of Victoria, Australia

(Dettmann, 1986). It occurs from the Late Oligocene of I.i Basin, northern Thailand (this

study).

Boranicat Affintty: This fossil spore is comparable with spores of the extant Lycopodium

clavatgm,Lycopodiaceae (Sengupta & Rowley, 1974,p. 144, fig. 1; Tryon & Tryon, 1982'p.

791-810; fig. 125.19).

Remarks: The sculpture under SEM is reticulate on both faces; muri thin and 2 pm. high; lumina

circular to elongate and3-7 pm. wide.

Genus : Rugulatisporíte s

Pflug & Thomson i¡1 Thomson & Pftug 1953

Type species: Rugulatisporites quintus

Pflug & Thomson in Thomson & Pflug 1953

Selected SynonYmY:

1953 Rugulatisporites Pflug & Thomson in Thomson & Pflug, p. 56.

Rugulatisporites quintus

Pflug & Thomson i¡1 Thtlmson & Pflug 1953

Plnrc 3, Figures I 8(,8.
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Selected SynpnYmY:

1953 Rugulatisporites quintus Pflug & Thomson in Thomson & Pflug, P. 56, pL.2, fig. 46-

1975 Rugulatisporites cf . R. neuquensis Volkheimer; Filatoff, p. 59-60, pl. 9, fig. 12; pl. 10,

figs. 1-4.

Longest I)lmenslon: 38-62 pm. (10 specimens).

Disrribution: This species occurs from the Jurassic of Perth Basin, Western Austraiia (Filatoff,

I975); Oligocene to Pliocene of Germany (Thomson & Pflug 1953); Late Oligocene to Early

Miocene of Peninsular Thailand (this study).

Botanical Affinty: Shape, trilete mark and rugulae of this fossil spore are comparable with spore

of the extant Osmanda regalis, Osmandaceae (Iryon & Tryon, 1982,p.54-57, figs. 5'7-5.8);

except lacking microechinae on muri of the studied fossil.

Remarks: Sculpture under SEM is rugulate ori both surfaces; ridges are irregular in shape and

0.5-1 pm. wide; furrows are 0.5-1 pm. wide.

Genus: Undulutisporites Pflug þ Thomson & Pflug 1953

Type species: Undulatisporites microcutis Pflug in Thomson & Pflug 1953

Selected SynonymY:

1953 Undulatisporites Pflug in Thomson & Pflug, p.52.

U n dulatisporíte s undulíradius

Takahashi þ Takahashi & Shimono 1982

. Plate 3, Figures 9-11.

Selected SynonymY:

l98Z Undulatisporites unduliradius Takahashi in Takahashi & Shimono, p.25, pl. 2, figs. 10-

13.

Longest l)lmenslon: 22-35 pm. (5 specimens).

Dlsrrlbu¡on: This genus has been recordecl from the Maastrichtian Miyadani-gawa Formation,

central Japan (Takahashi & Shimono,1982); Tertiary of China (Sun et a1.,1981).It occurs

rarely from the Late Oligocene of Li Ilasin, northern Thailand (this smdy)'

Ilotunlc¡rl Àfflnltyr Unknown.
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Remarks: Sculpture under SEM is microundulate on both surfaces; ripple marks are very small

and 1-4 pm. long.
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2 GYMNOSPERMS

Genus: Døcrydíumítes Cookson ex Harris 1965

Type species: Dacrydíutnites florinii Cookson & Pike ex Hanis 1965

Selected Synonymy:

1953 Dacrydiumites Cookson, p. 66, nom. nud.

1965 Dacrydiumites Cookson ex Harris, p. 86 & 87.

1973 Lygistepollenites Stover & Evans, p. 63 8. 64, nom. supeÚ\.

Disrribution: This genus, and other dispersed pollen resembling modern pollen of Dacrydium,

has been recorded from the Late Cretaceous of Australia (Martin, 7978 Helby et a1.,1987) as

well as being widely distributed in the Tertiary sediments of Asia and New Tnaland (Harris,

1965; Hekel, 1972; Harris, 1974 Yamanoi, 1974; Khan , l9l6b; Morley, 1978; Sw er al.,

1981; Foster, 1982; Huang & Huang,1984; Pocknall & Mildenhall, 1984).

Remarks: Jansonius & Hills (7976,p.735,1550) considered Lygistepollenites Stover & Evans

1973 as a junior synonym of Dacrydiumites Cookson ex Harris 1965. Although the genus

Lygistepollenítes Stover & Evans 1973 has been actively used in Australian palynological

studies, the decision of Jansonius & Hills is followed herein.

Dacrydiumítes floriníi Cookson & Pike ex Harris 1965

Plare 4, Figures 1-3.

Selected Synonymy:

1953 Dacrydiumites florinii Cookson & Pike, p. 479, pl. 3, figs. 20-35, nom- nud.

1965 Dacrydiumites flori¿ii Cookson & Pike ex Harris, p. 87, pL.26, fig' 18.

1972 Dacrydiumites sp.; Hekel, p. 6-'7,pt. l, fig.12.

1982 Lygistepollenites florinii (Cookson & Pike) Stover & Evans; Foster, pl. 72, fig. 4,7 .

See Kemp & Ilarris, 1977 , p.25, under Lygistepollenites florinii.

Longest l)lmcnslon: 36-60 pm. (6 specimens).

Dt"çrrlburtr¡n: This spccies occurs in the Tertiary of Australia (Harris, 1965; I-Iekel,1972; Harris,

1974; Foster,1982); Mioccne throughout Thailand (this study).
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Botanical Afrïniry: The fossil poilen of Dacryditunites florinii which has been found in this study

are comparable with the extant pollen of Dacrydium cupressinumLamb (Pocknall' 1981a' p'

70, pl. 2, fîgs. f-i).

Remarks: Sculpture under SEM is coafsely rugulate over most of the grain with comparatively

coarser elements on the sacci than corpus'

Genus: InaPerturoP ollenite s

Pftug & Thomson ¡JI Thomson & Pflug 1953

Type species: I nap ertur op ollenite s dubius

Potonié & Venitz ex Thomson & Pflug 1953

Selected SYnonYmY:

1953 Inaperturopollenlres Pflug & Thomson in Thomson & Pflug, p- 64.

Distrtbution: This genus, and other dispersed pollen having affinity with pollen produced by

extant Taxodiaceae-Cupress aceae, has been recorded from the Late Cretaceous of Japan

(Takahashi & Shimono , lg82) as well as being widely distributed in the Cenozoic of North

America, Europe and East Asia (Thomson & Pflug, 1953; Martin & Rouse' 1966; Penny'

1969;Fuji, 1969a, 1969b, I969c;Takahashi & kim 1979; Sun et al',1981; Takahashi & Jux'

1982; Huang & Huang, 1984).

Remarks: Despite the obvious similarities between Inaperturopollenites Pflug & Thomson 1953'

TaxodiaceaepollenítesKremp ex potonié 1958 and Araucariøcites cookson ex Couper 1953; it

is not clear whether they are synonymous'

InaperturoPollenites dubíus

Potonié & Vcnitz ex Thomson & Pflug L953

Plan 4, Figures 4-6.

Selected SYnonYmY:

1934 Pollenites magnus f. dubius Potonié &Yenitz,p'17,pl'2'frg'2l'

1953 Inaperturopollenites dubius Potonié &.Yenitzex Thomson & Pflug; p'64; pl' 4, fig' 89;

pl. 5, fig. I-13.

Longcst l)lmcnslon: 30-45 pm. (11 specirnens)'
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Dlstribugon: This species occurs from the Late Oligocene of Li and Nong Ya Plong basins (this

study).

Botanicat Afftntty: The inapernrrate character of the studied specimens generally resembles pollen

from most of Taxodiaceae-Cupressaceae viz. Juniperrs spp. (Bassett et aI., 1978, p. 52-53,

figs. 9a-e), Juníperus virginianal. (I-ieux, 1980a, p.23, pl. 8, fîgs. 1-2). The ornament of the

fossil pollen under SEM is sparsely tuberculate over a roughened surface (or densely velrucate

surface) which is more closely comparable with the pollen of the extant Juniperus occidentalis

(Garner & Bryant, 1973, pl. 2, figs. 1a, lb, 2a, 2b) and Taxodium distíchum Rich,

Taxodiaceae (Lieux, 1980a, p.22-23, pl. 7, figs. 1-2). Although, the extant Taxodium pollen

is monoporate aperture, usually with an indistinct pore and ligula, these characteristics are not

common in the fossil specimens either under LM and SEM in this study. This fossil pollen

differs from the pollen of modern Agathis austalis Salisb. (Pocknall, 1981b, p.268,272,figs.

3c-d) in the latter having much denser tubercula over the exine surface.

Remarks: Grains are often sPlit.

Genus: Píceaepollenítes Potonié 1931

Type Species: Piceaepollenites alatus Potonié 1931

Selected Synonymy:

L93l P iceaepollenites Potonié, p. 28.

1969 Piceapollenites; Hart, p. 271-289.

See Srivastava,l.9'75, p. 133.

Distrlbution: This genus, and other dispersed pollen having affinity with extant pollen of. Picea,

has been recorded from the Permian of North America and the Late Cretaceous of Europe and

East Asia (Hart, 1969; Srivastava,Ig'l.5; Takahashi & Shimono, 1982). It is also widely

clistributed in Cenozoic sediments of North America, Europe, East Asia and Southeast Asia

(Martin & Rouse, 1966; Nagy, 1969; Penny, L969; Fuji, 1969a, 1969b, 1969c,1972;Machin,

1971 ; Mull er, 1972; T¿kahashi & Kim, 1979; Sun et a1.,1981; Frederiksen, 1980).

Píceaepollcníles alatus Pt¡tonié 1931

I'laæ 4, Figures 7-9.
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Selected Synonymy:

I93I Piceazpollenites alatus Potonié, p.28,pl.2,ftg. V 70a.

1966 Ptcea grandivescipites Wodehouse; Martin & Rouse, p.I92,pl. 6, figs. 52,55.

Longest I)inension: 48-80 pm. (6 specimens).

Dtsrriburion: This species occurs from the Late Oligocene to Middle Miocene throughout

Thailand (this study).

Botantcal Affinity: The fossil pollen resembles that produced by extant species of Picea spp.

(Pinaceae).

Remarks: Sculpture of under SEM is smooth over the whole grain, and microperforations can be

seen on sacci.

Genus: Pínuspollenites Raatz ex Potonié 1958

Type Species: Pinuspollenites labdacrJ Raatz ex Potonié 1958

Selected Synonymy:

I93L PollenítesRaatz, p. 15.

1958 Pinuspollenites Raatz ex Potonié, p.62.

See Srivastava, 1975, p. 133.

Distribuuon: This genus, and other dispersed pollen having affinity with extant pollen of Pinus,

has been ¡ecorded from the Late Cretaceous of Europe and East Asia (Penny, 1969; Takahashi

& Shimono , 1982).It is also widely distributed in the Cenozoic of the Northern Hemisphere

(Ling, 1965; Martin & Rouse,1966; Muller, 1966,1'912; Fuji, 1969a,1969b, 1969c; Machin,

IglI; Takahashi & Kim, I9l9; Frederiksen, 1980, Sun ¿ú aI.,I98l; Takahashi & Jux, 1982;

Mohr, 1984).

Pinuspollenites sp. 1436

Plate4, Figurcs ll &.L2.

Selccted Synonymy:

cî. 1966 Pinus sp.; Martin & Rouse, p. I9I-192, pl. 6, frgs. 44-45.

Dcscrlprton: Pollen grains free, heteropolar, bilateral, bisaccate. Corpus: ellipsoidal to circular.

Exine clearly stratified, 2-3 ¡tm.; sexinc and ncxino are about the same thickness, Cappa
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generally psilate but a few grains are microperforate (LM), psilate to microverrucate (SEM).

Sacci attached on distal part of the co{pus, with reticulate internal structure and often folded.

Longest Dimension: 48-(60)-80 pm. (20 specimens)

Dtsrrtburion: This species occurs from Late Oligocene to Miocene throughout Thailand (this

study).

Botanical Affinty: The fossil pollen is comparable with the pollen from extant species of Pinus

spp., Pinaceae (PI. 4, Fig. 13).

Genus: Podocørpídítes Cookson ex Couper 1953

Type species: Podocarpidítes elliptic¿¿s Cookson ex Couper 1953

Selected Synonymy:

7947 Disaccítes (Podocarpidites) Cookson, p. 131, non ICBN.

1953 Podocarpidites Cookson ex Couper, p. 35.

See Haskell, 1968, p.220-221; Srivastava,l975, p. 134.

Distriburion: This genus is known from the Jurassic of Australia and occurs in Mesozoic and/or

Tertiary sediments of North America, Europe, East Asia, Papua New Guinea, Australia and

New Zealand. (Balme,7957; Dettmann, 1963; Haskell, 1968; Fuji, 1969a,1969b: Hughes,

1969; Penny, 1969; Filatoff, 1975; Khan, 1916b; Takahashi & Kim, 1979; Sun et al.,l98I:

Takahashi & Shimono, 1982; Tschudy et al., 1984; Huang & Huang, 1984; Pocknall &

Mildenhall, 1984).

Podocørpídites elliptícus Cookson ex Couper 1953

Plate 4, Figrue L0.

Selected Syn<lnymy:

1947 Disaccites (Podocarpidites) elliptica Cookson, p. 131, pl. 13, figs. 5-7, non ICBN.

7953 Podocarpidites ellipticns Cookson ex Couper, p. 36.

1982 Podocarpidites sp.; Foster, pl.12, fig. 5.

Longcst l)lmcnslon: 35-50 Pm. (5 specimens)'

Dtsrrtbuuon: This species occurs very rarely from Late Oligocene to Miocene tlrroughout

'fhailand (this study).
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Botanicar Affinty: This fossil pollen resembles pollen of the extant Podocarpus, Podocarpaceae

viz. Podocarpus spícutus Mirbel (Pocknall, 1981a, p. 80, fig. 9g).

Remarks: The sculptwe under SEM of this species is fairly smooth over the whole grain.

Genus: Tsugaepollenites Potonié & Venitz ex Potonié 1958

Type spectes: Tsugaepollenites igniculus Potonié ex Potonié 1958

Selected Synonymy:

Tg34Tsugaepollenites Potonié & Venitz, p.17, nom. nud.

Ig5STsugaepollenites Potonié & Venitz ex Potonié, p. 48.

See Dettmann, 1963, p. 99; Nagy, 1969, p. 378.

Disrribution: Dispersed pollen of Tsugaepollenites Potonié & Venitz ex Potonié 1958, which are

reminiscent of the pollen of the living Tsuga, first appears in the Late Triassic and becomes a

common constituent of later Mesozoic and Tertiary assemblages of the Northern Hemisphere

(Chaloner, 1969; Fuji, 1969a,I969c; Penny, 1969; Takahashi & Kim, 1979; Sun e/ a1.,7981;

Sun er aI., 1984). However, the genus Tsugaepollenites has also been applied to the Mesozoic

of Southern Hemisphere (Dettmann, 1963).

Remarks: The genus Tsugaepollenites Potonié & Venitz ex Potonié 1958 which is widely used,

has some similarities with other gymnosperm genera including Tsugapollenites Raatz 1937,

Zonalapollenítes Pflug in Thomson & Pflug 1953 and Callialasporites Dev 1961.

Tsugaepollenites Potonié & Veni¿ ex Potonié 1958 and Zonnløpollenítes Pflug in Thomson &

Pflug 1953 are about half size of Tsugapollenites Raatz 1937.T\e genus ZonalapollenitesPfTug

in Thomson & Pflug 1953 is regarded as illegitimate name by not giving the basionym (Pocock,

1963). The genus CallialasporitesDev 1961 tends to show separate bladders unlike the others

which are monosaccate or possess a marginal frill. Dev (1961) and Filatoff (1915) stated that

Callialasporites has been proposed for Mesozoic forms are probably unrelatecl to modern

Tsuga. See Dettmann (1963, p. 99-100) for more discussion.
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Tsugøepollenites ígnículus Potonié ex Potonié 1958

Plaæ 4, Figures 14-16.

Selected SynonymY:

I93l Sporonites igniculøs Potonié, p. 566, fig. 2 (V 80a).

Tg3{Tsugaepollenites igniculus Potonié & Venitz, p.17,pI- 8, nom. nud.

Lg5STsugaepollenites ígniculus Potonié ex Potonié, p. 48.

1966Tsuga heterophyllir¿s Martin & Rouse, p.l92,pl. 6, figs. 46-41.

See Nagy, 1969, p. 378.

Longest Dimension: 65-89 pm. (11 specimens).

Distribution: This species occurs commonly from the Late Oligocene of Li (northern Thailand)

and Nong Ya Plong (central Thailand) basins (this study).

Botanical affinity: The fossil pollen with microechinae resembles the pollen.of extant Tsuga

heter op hylia S arg. (B as seft er aI, 197 8, p. 9 1 -93, 412, figs. 29 c-d).

Remarks: The fossil pollen grains are generally microechinate around the grains but this is absent

in few specimens. Although it may be possible to separate them into different species, only few

grains are different in this study, and thus they are provisionally grouped together as a single

species.
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3. ANGIOSPERMS

Genus: Acerípollis Huang 1980

Type species: Aceripollis taiwanensis Huang 1980

Selected Synonymy:

1980 Aceripol/is Huang, p. 61.

Distribuuon: This genus, and other dispersed pollen resembling the extant pollen of Acer,has

been recorded from the Eocene of Japan Tertiary sediments of the Northern Hemisphere

(Penny, 1969; Huang, 1980; Takahashi & Kim, 1979; Muller, 1981b).

Remarks: The genera Striatricolporites Hammen ex Leidelmeyer 1966 and Striatricolporites

(Hammen) Gonzílez Guzmán 1967 are regarded illegitimate by Jansonius & Hills (I976,p.

2780, 278I). The genus Acerípoller,rires Nagy 1969 is confined to specimens which are

tricolpate with baculate sexine. The genus Tricolporites Cookson l94l is confined to specimens

which are tricolporate only as required in this study. It seems that Huang (1980) established the

genus Aceripollis to accommodate Aceraceae pollen types with both tricolpate and tricolporate

aperrure and with striate ornament. Despite both tricolpate and tricolporate grains being found in

this study, the genus Aceripollis is more suitable to accommodate with their morphologies.

Acerípollis sp. 727

Plaæ 5, Figures 1-3.

Description: Pollen grains free, tricolpate, isopolar, radiosymmetric, prolate to sub-prolate. Colpi

extending almost to poles. Exine l-2 ¡tm., clearly stratif,red, sexine and nexine about the same

thickness. Sculpture microreticulate (LM & SEM); ridges ue3-6 pm. long and 0.3 pm. wide;

lumina inegular and less than 0.5 pm in diameter (SEM).

Longcst Dlmenslon: 26-33 pm. (5 specimens).

Disrrlbulon: This species occurs from the Late Oligocene of Li Basin, northern Thailand (this

study).

Rot¡rntc¡t z\fnntty: The SEM sculpture, aperture and size of this fossil pollen are very comparable

with the pollen of extant Accr saccltarinum L. (Bassctt ct al., 1978, p. 107, figs. 39a-c).
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Acerípollís sp. 842

Plate 5, Figures 4 8a 5.

Descriptton: Pollen grains free, tricolpate, isopolar, radiosyürmetric, prolate. Colpi indistinct

(LM), long and nanow extending almost to poles. Exine 1-2 ¡tm., sratified, sexine and nexine

the same thickness, distinct columellae. Sculpture: reti-striate (LM & SEM); irregularly striate

pattem, muri 0.3 pm.'wide and more parallel near colpi,lumina irregular becoming smaller near

colpi and more or less circular with 0.5-1 pm. diameter (SEM).

Longest Dlmension: 26-30 Flm. (4 specimens).

Disrriburion: This species occurs from the Middle Miocene of Mae Moh Basin, northern Thailand

and Andaman Sea, southern Thailand (this study).

Aceripollüs sp. 853

Plaæ 5, Figure 6.

Selected Synonymy:

cf. 1968 Striatricolpites catatumbus Gonzales; Germeraad et al.,p.39I-392,pt. 12,fig. 4.

cf. 1980 Aceripollis taiwanensi.s Huang, p.6l-62, pl. 10, ftgs.24-27.

Description: Pollen grains free, tricolpate, isopolar, radiosymmetric, prolate to sub-prolate. Colpi

indistinct (LM), long and narrow extending almost to poles. Exine 2-3 ¡tm., tectate, sexine

twice thickness of nexine, columellae distinct. Sculpture perfo-striate (LM); sÍongly striate,

parallel ridges are 30-40 pm long and 1 pm. wide (SEM).

Longest Dimension: 19-40 pm. (8 specimens).

Distrtbution: This species occurs rarely to commonly from Late Oligocene to Middle Miocene

throughout Thailand (this study).

Borantcat Afnnity: This fossil pollen resembles the pollen of the extant species of Acer circinatnm

Pursh andAcer macrophylløn Pursh, Aceraceae (Bassett et a1.,1978, p.98-100, figs.33a-f;

34a-e).
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Acerípollís sp.1l75

Plate 5, Figwes 7 &,8.

Descrlption: Pollen grains free, tricolporate, isopolar, radiosymmetric, prolate to sub-prolate.

Colpi thickening at the equator to 3-4 pm.; long and narow extending almost to poles. Pores

weakly to clearly defined, circular, 4 pm. in diameter. Exine l-2 ¡tm., stratified, sexine and

nexine the same thickness. Sculpture weakly perfo-striate (LM); poorly developed, ridges are

parallel to the polar axis,0.1 pm. or less thick and 10 pm. long, ends of ridges are usually

diverge or merge with others (SEM).

Longest Dimenslon: 22-34 ¡tm. (10 specimens).

Distriburion: This species occurs from the Miocene of Mae Moh Basin (northern Thailand),

Krabi Basin and Andaman Sea (southern Thailand).

Boranicat Affinity: This fossil pollen is comparable with the pollen of extant Acer spicatumLam.,

Aceraceae (Bassett et a1.,1978, p. 111-112, figs. 41a-Ð.

Genus : Alnípollenítes Potonié 1931

Type species: Alnipollenites verus Potonié i931

Selected Synonymy:

I93L Alnipollenites Potonié, p. 4.

1953 Polyvestibulopollenites Pflug in Thomson & Pflug, p. 90.

See Srivast av a, I9J 5, p. I47, under P olyv estibulop ollenites Pflug 1 953.

Distribution: This genus has been recorded from the Late Cretaceous of Japan and Scotland

(Muller, 1981b; Srivastava, 1975), and is widely distributed in the Tertiary of the Northern

Hemisphere (Engelhardt, 7964; Ling, 1965; Martin & Rouse, 1966; Germeraad et al., 1968;

Fuji, 1969a, 1969b, 1969c; Nagy, L969; Penny, 1969; Tschudy & Loenen, 1970; Machin,

1971: Salujha et al,1980; Takahashi & Kim, 1979; Huang, 1980; Sun ¿f al.,I98l; Takahashi

& Jux, 1982; Sun et a1.,1984; Pocknall, 1987).

Rcmorks: Two genera, Alnipollenites Potonié 1931 and Polyvestibulopollcnires Pflug in

Thomson & Pf1ug 1953 are widely uscd for dispersed pollen which resemble modern pollcn of
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the genus Alnus. Although Jansonius & Hills (I916, p. 71, 2lI1) considered the genus

Polyvestibulopolleníles Pflug 1953 was legitimate. But Jansonius & Hills (1980, p. 3633)

agree with Frederiksen & Ames (1979, p.557-561) that Polyvestibulopollenires Pflug in

Thomson & Pflug 1953 is an obligate junior synonym of Alnipollenites Potonié 1931 and thus

is used in this study.

Alnipollenítes verus Potonié 1931

Phæ 5, Figrues 9 & 10.

Selected Synonymy:

793I Alnipollenites verus Potonié, p. 4, pl. 2,fig.40.

7953 Polyvestíbulopollenites verus (Potonié) Thomson & Pflug, p. 90, pl. 10, fig73-

1964 Alnipollenites cf . A. verus Potonié; Engelhardt, P. 21, pl. 5, fig. 57.

1980 Polyvestibulopollenites fonnosensis Huang, p. 68, pl. 1, figs. 6-16.

See Srivastava,l975,p. l4I, under Polyvestibulopollenites verus (Potonié) Thomson & Pflug

1953.

Longest Dimension: 18-(22)-26 pm. (15 specimens).

DistributÍon: This species is rare to common in Late Oligocene to Middle Miocene sediments

throughout Thailand (this study).

Botanicat Affinty: The fossil pollen resembles extant pollen of Alnus (Betulaceae) viz. Alnus

firma Sieb & Zucc (Plate 5, Figures. Il &.I2), which is a temperate climate indicator.

Remarks: Sculpture under SEM is regularly microgranulate, some of the granules joining

together to form subparallel elongate ridges (1 Ltm. long). ,

Extant Genus: Ammanía (Lythraceae)

Ammaniø sp. 382

Plaæ 5, Figures 13-15.

Descriprlon: Pollen grains free, tricolporato, isopolar, radiosymmetric, prolate, 6 pseudocolpi.

Colpi generally open, and half length of polru diameter, margins are straight. Pores circular, l-2

¡rm. Exine indistinctly stratified, 1 pm. thick. Sculpture smooth to weakly microstriate (LM);



Mid-Tertiary Palynology of Orshore and Offshore Thailand...Appendix C...Systematic Descriptions...Page 136

ridges are short and parallel to the polar axis, 0.1 ¡rm. or less thick and 3 pm. long, ends of

ridges usually diverge or merge togethq (SEM).

Longest Dlmension: 13-17 pm. (6 specimens).

Disrriburion: This species occurs rarely to commonly from the Miocene throughout Thailand (this

study).

Botanlcal Affinity: The fossil pollen resembles pollen of the extant Ammania coccinea, Rottb.,

Lythraceae (Graham et a1.,1985, p. 1017-1019, Ûig.29).

Extant Genus: Avicennía (AvicennÍaceae)

Avicenníø sp. L492

Plate 6, Figures 1-3.

Descripuon: Pollen grains free, tricolporate, isopolar, radiosymmetric, prolate to oblate. Colpi

distinct, extending almost to poles, margins thicken at the oral rims which Ne2-3 pm. thick and

usually open. Pores circular, 2-4 ¡tm. in diameter, and slightly annulate. Exine tectate, 1-3 pm.,

sexine and nexine are about the same thickness. Sculpture microreticulate (I-M & SEM); Iumina

more or less circular, less than 1 [tm. in diameter and smaller at polar areas; muri smooth and of

1 pm.thick.

Longest Dimension: 18-25 pm. (10 specimens).

Disrribution: The dispersed pollen of Avicenni¿ is distributed from the Early Miocene to Recent

in tropical Southeast Asia (Muller t964,1981b; Anderson & Muller, I9l5). This species

occurs in the Early-Middle Miocene from the Andaman Sea and the Gulf of Thailand (this

study)

Botanical Affintry: The fossil pollen resembles extant pollen of Avicennia spp., Avicenniaceae

(Bertrand, 1983, p. 148, figs. lD-F; Tomlinson, 1986, p. 140-144, figs. 7.5: A-D) and is a

mangrove indicative of tropical environment.

Genus: BombacactdÍtes Couper 1960

Type spectcs: Bombacacidites bombaxoidcs Couper 1960

Sclectcd Synonymy:

1960 Bomhacacidites Couper, p. 53.
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Distriburion: The dispersed pollen of the Bombax type has been recorded from the Late

Cretaceous of U. S. A. and also occurs in the Tertiary of South America, Nigeria, Ausralia and

New Zealand (Stover & Partridge,1973; Muller, 1981b; Pocknall & Mildenhall, 1984; Lorente,

1e86).

Remarks: Two genera of Bombacacidites Couper 1960 and Bombapollis Elsik 1974 possess

similar apertural and ornamental characteristics. It is not clear whether Bombapoli¡s Elsik 1974

is a junior synonym of Bombacacidítes Couper 1960.

Bombacacídítes annae Hammen ex Leidelmeyer 1966

Plate 6, Figures 4 & 5.

Selected Synonymy:

lg54Tricolporites annae Hammen, p. 96, pL.9, nom. nud.

1966 Bombacacídites a.nnne Hammen ex læidelmeyer, p. 55.

Longest Dimension: 36-53 Fm. (5 specimens).

Distribution: This species occurs rarely in the Middle Miocene of Mae Moh Basin, northern

Thailand (this study).

Boranical Affinity: The dispersed pollen of this species resembles extant pollen of Bombax spp.,

Bombacaceae (Germeraàd et al., 1968).

Remarks: The sculpture under SEM of this species is reticulate, in the polar areas muri smooth

and less than 0.5 pm. wide, lumina circular to elongate and 0.5-1 pm. long, smaller in the

equatorial mid-intercolpate areas.

Extant Genus: Bursera (Burseraceae)

Bursera sp. 1427

Plarc 6, Figure 6.

Selected Synonymy:

1974 Bursera; Elsik, pl. 3, f,rg. 79-80.

Dcscrtprton: Pollen grains free, triporate, subprolate, subtriangular to circular in polar view,

isopolar, radiosymmerric. Pores circular, protruding l-2¡tm. Exine 1-2 pm., sexine is the sanrc
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thickness or thicker than nexine. Sculpture rsti-striate (LM); irregularly striate with very thin

parallel muri which are about the same width as lumina (SEM).

Longest Dimension: 20-27 pm. (8 specimens).

Distriburion: The dispersed pollen of Bursera has been recorded from the Eocene of Texas Gulf

Coast, U.S.A. (Elsik, l9l4) and elsewhere in the Tertiary of South America and France

(Muller, 1981b).

Botanical Affinty: The dispersed pollen resembles pollen of extant Bursera sp., Burseraceae

(Tsukada, L964, p. 438, pl. 2, figs. 9-12).

Extant Genus: Cardamín¿ (Cruciferae)

Cardømíne sp. 323

Plate 6, Figures 12 &.13.

Descrlption: Pollen grains free, tricolpate, isopolar, radiosymmetric, prolate. Colpi extending

almost to poles. Exine 7-2 ¡tm. thick, tectate, sexine and nexine about the same thickness.

Sculpture reticulate (I-M and SEM); lumina irregular in shape varying from circular to elongate

and 0.2 to 2 pm. long, muri smooth and 0.2-0.4 pm. wide (SEM).

Longest Dimension: 23-(30)-45 pm. (15 specimens).

Distriburion: This species occurs rarely to commonly from the Miocene throughout Thailand (this

study).

Botanicat Affinity: The dispersed pollen resembles pollen of extant Cardamine pratensis L.,

Cruciferae (Bassett et a1.,1978, p. 771-172, figs. 82: a-e).

Genus: Cøryapollenítes Potonié 1960

Type specles: Caryapollenites simpl¿x Potonié 1960

Selected Synonymy:

1960b Caryapollenites Potonié,, p. 123.

Dtsrribuuon: This genus, and other dispersed pollen resembling extant pollen of Carya, has been

recorded frorn the Palaeocene of U. S. A. and is widely distributed elsewhere in the Tertiary of

Europe and East Asia (Engelhardt, 1964; Fuji, I969a, 1969b, 1969c; Nugy, 1969; Penny,

1969; Tschudy & I-oenen, 1970; Machin,lgll; Elsik, 1974; Elsik & Dilcher, 1974; Takahashi
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& Kim, 1979; Muller, 198lb; Sun ¿f aI.,I98l; Takahashi & Jux, 1982; Mohr, 1984; Sun er a/.

1984; Pocknall, 1987).

Caryapollenites símplex Potonié 1960

Plate 6, Figures 7- 1 1.

Selected Synonymy:

1960b Caryapollenítes simplex Potonié, p. 123,pL.7, fig. 162.

7964 Carya cf . C. simplex; Engelhardt, p. 19, pl. I, fig. 6.

I974 Carya sp.; Elsik andDilcher,pl.29, frg. 119.

Longest Dimension: 23-(38)-50 pm. (18 specimens).

Dlstribution: This species occurs from the Late Oligocene to Middle Miocene throughout

Thailand (this srudy).

Botanical Affinity: The fossil poilen is comparable with pollen of the extant Carya spp.,

Juglandaceae (Bassett et aI., 197 8, p. 199 -202, figs. 1 0 1 a-e).

Remarks: Sculpture under SEM is evenly microscabrate.

Extant Genus: Cephalomappø (Euphorbiaceae)

Cephalomappa sp. 590

Plate 6, Figures 14 8L 15.

Description: Pollen grains free, triporate, peroblate, isopolar, radiosymmetric, circular amb.

Pores annulate, circular, about 1 pm. in diameter, protruding about 2 ltm. long. Exine

stratified, 1-2 pm. thick, sexine the same thickness as nexine. Sculpture perforate to finely

reticulate (LM & SEM); muri 1-2 pm. wide and possesses microspines on the surface, lumina

very small (SEM).

Longest Dlmenslon: 23-30 pm. (6 specimens).

Distributton: This species occurs from the Middle Miocene from the Gulf of Thailand (this

study).

Bot¡¡ntcat Âfftntry: The fossil pollen resembles pollen of the extant Cephalomappø, Euphorbiaceae

(Anderson & Muller, L975,p.302, pl.2, fig. 1). The modern genus is distributed around

southern China and western Malaysia (Willis, 1985).
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Genus: Cupulíferoípollenít¿s Potonié ex Potonié 1960

rype species: Cupuliferoipollenites pusillus Potonié ex Potonié 1960

Selected Synonymy:

1960b Cupuliferoipollenites Potonié ex Potonié, p. 98, pl. 6, ftg. 111.

Dlsrribunon: The dispersed pollen resembling extant pollen of Castanea has been recorded from

the Albian (Penny, 1969). It is widely distributed in the Tertiary of the Northern Hemisphere

(Engelhardt, t964; Penny, 1969; Potter,l976; Takahashi & Kim, 1979; Muller, 1981b; Sun ¿r

al.,l98l; Takahashi & Jux, 1982).

Botanicat Affinity: The Castanea pollen type which include the genera Castanea, Lithocarpus and

Castarnpsis; cannot be reliably separated in the fossil state (Muller, 1981b).

Cupulíferoípollenítes pusíllus Potonié ex Potoniê 1960

PlateT, Figures L-3.

Selected Synonymy:

1960b Cupuliferoipollenites pusillus Potonié ex Potonié, p. 98.

1,964 Cupuliftroipollenítes cf . C. insleyanru Potonié; Engelhardt, p. 1 1, pl. 2, fig. 23.

l98I Cupuliþroidaepollenites spp.; Frederiksen, pl. 16-4, fig. 12.

Longest Dimension: 11-18 pm. (11 specimens).

Disrribution: This species occurs from the Late Oligocene to Middle Miocene throughout

Thailand (this study).

Borantcar Affinity: The fossil pollen resembles pollen of the extant Castanea andCastanopsis

(Fagaceae) pollen types viz. Castanea crenar¿ Sieb & Zucc (Plate 7, Figures 4 & 5) and

Castanopsis hainnnens¡"s Merr (Plate 7, Figure 6).

Rcmarks: The sculpture of this species appears smooth under LM but microrugulate under SEM.

Ridges are about 3 pm. long and 0.1-0.2 pm. wide; lumina very small (SEM).

Genus: Cyperaceaepollis Krutzsch 1970

'lype spcclcs: Cypcraceaepollis neogenicus Krtrtzsch 1970

Sclcctcd Synonymy:
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1970 Cyperaceaepollís Krutzsch, p. 66.

Cyperaceaepollis neogenícus Krutzsch 1970

PlateT , Figure 7.

Selected Synonyrny:

1970 Cyperaceaepollis neogenicus Krutzsch, p. 66, pl. 7, figs. 6-8.

Longest Dlmenslon: 39-55 pm. (5 specimens).

Distribution: The dispersed pollen resembling modern pollen of Carex (Cyperaceae) has been

recorded from the Middle Eocene of central Europe and central Australia; and is distributed

world-wide in Tertiary sediments (Muller, 1981b). This species occurs very rarely from the

Miocene throughout Thailand (this study).

B<¡ranical Affinty: The Cyperaceaepollis neogenicus fossil pollen is comparable with extant

Cyperaceae pollen types viz of Carex aquatilis Wahlenb. (Bassett et a1.,1978, p. 173-174, figs.

83a-c).

Remarks: This studied pollen is iarger than the type species. The ornament under SEM of this

species shows a microperforate exinal surface but with verrucae in the lacunae; velrucae are

round to oval and l-2 pm. wide.

Genus: Dícolpopollis Pflanzl 1956

Type species: Dicolpopollis kockelii Pflanzl 1956

Selected Synonymy:

7956 Dicolpopollis Pflanzl, p.241.

1960a Disulcites Erdtman ex Potonié, p.464-465,junior synonym.

Dtstrtbutton: This genus, and other dispersed pollen having affinity with modern pollen of the

genus Calamus, has been recorded from Palaeocene to Eocene of Southeast Asia, Europe and

North America (Potonié 1960a; Muller, 1979,1981b; Takahashi 1982). It is also recorded in

the Neogene sediments of India, South China Sea and Papua New Guinea (Kar & Jain, 1981;

Sun ¿r aI., l9BI; Playford, 1982).

ncmarks: Muller (1963) mentioned that the genus Disulcites Erdtman ex Potonié 1960 is an

obligate junior synonym of the genus Dicolpopollis Pflanzl 1956.
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Dícolpopollís kalewensís Potonié ex Potoniê 1966

Plarr-T , Figures 10 & 11.

Selected Synonymy:

1960a Disulcites kalewensis Potonié, p. 464-465, pl. 2, Ttgs. 27 -43.

1966 Dicolpopollis kalewensis Potonié ex Potonié, p. 160.

Longest Dimension: 27-36 Llm. (5 specimens).

Distribuuon: This species occurs from the Early Miocene of the Gulf of Thailand (this study).

Boranicat Affintry: The fossil pollen resembles pollen of extant Calamus sp., Palmae (Potonié

1960a).

Remarksr The sculpture under SEM of this species is microperforate on the surface; foveolae are

very small and uniformly distributed about 0.5 ¡tm. apart.

Extant Genus: Dipterocarpus (Dipterocarpaceae)

Dtstribution¡ The dispersed pollen resembling modern pollen of Dípterocarpus is limited to

Southeast Asia and has been recorded from the Oligocene of Borneo (Muller 1968, 1981b).

Remarks¡ Muller (1981b) rejects any association between dispersed pollen of the genus

Dípterocarpacearumpollenites Nagy 1969 and the extant genus Dipterocarpus.

Dípterocarpus sp. 780

PlarcT,FiguresS&9.

Descrtprion: Pollen grains free, tricolpate, isopolar, radiosymmetric, subprolate to oblate. Colpi

extending almost to poles. Exine: 1 pm. thick, tectate, sexine and nexine are the same

thickness. Sculpture perfo-vemrcate (LM); prominently and uniformly convoluted ridges which

are separated by fossulate depressions, ridge are about 1pm. or less wicle, lumina less than 1

pm. (SEM).

Longcst Dlmenslon: l7-32 pm. (10 specimens).

Dtstrnrutl<¡n: This species occurs rurely from the Early Mioccne throughout Thailand (this study).
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Botanical Affinty: The fossil pollen resembles pollen of extant Dipterocarpus humeratus Slooten

(Maury et a1.,I975,p.243,pL.2, frg. 1).

Genus: Echíperíporítes Hammen & Wymstra t964

Type species: Echiperiporítes aknnthos Hammen & Wymsfra1964

Selected Synonymy:

1964 Echiperiporites Hammen & Wymstra,p.239.

Distribution: The dispersed pollen resembling poilen type of Hibisctts (cf. Echiperiporites estelae

Germeraad et al. 1968) has been recorded f¡om the Late Eocene of Venezuela and Brazil and is

distributed world-wide in the Oligo-Miocene (Muller, 1981b).

Remarks: The comparison of dispersed pollen belonging to the Euphorbiaceae with Malvaceae

was carried out by (Martin, 1974). A close examination of the exine stratification and the base

of the spines assists in the identification. On the malvaceous pollen, there is a small basal

cushion beneath the spine into which the columellae extend, and the base to the spine is marked

by a definite joint. In summary, most specimens of Malvacipollis divers¿¿J are euphorbiaceous

(Tetracocctts pollen type) but a few are malvaceous. On the other hand, the genera

EchiperiporitesHammen & V/ymstra 1964 andMalvacipollis Harris 1965 are differentiated by

the former having periporate apertures unlike the zoni-porate apertures of the latter.

Bchíperiporites cf. E. estelae Germeraad et al. 1968

Plaæ7, Figures 14-16.

Selected Synonymy:

1968 Echiperiporites estelae Germeraad et al., p.318-319, pl. 10, fig. 1.

cf . 1972 Malvacearumpollis estelae (Germeraad et aI.) Hekel, p. 18, pI. 6, ft'g.27 .

t)escrtptton: Pollen grains free, periporate, spherical. Pores 4-8, circular, 3-4 pm., with

occasionally well defined annulus. Exine 2ltm. thick, stratified, sexine and nexine a¡e about the

same thiokness. Sculpture finely reticulate interspersed with spines (LM); microscabrate witlr

spines, scabrate-sculptural elemonts are 0.2-0.3 pm. long; spines eue conical, 4-6 ¡tm.long and

10 pm. apafi (SEM).

Longcst Dlmcnslon: 50-90 pm. (6 specimens).
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Disrribution: This species occurs from the Middle Miocene throughout Thailand (this study).

Botanical Affiniry: The fossil pollen of Echíperiporites estelae is comparable with extant pollen of

T he sp e s i a p op ul ne a, Malvaceae (Germeraad et al. 19 68).

Remarks: The exine stratification and the base of the spines found on the studied pollen here

match present malvaceous pollen described by Martin (1974).

Extant Genus: Excoecøria (Euphorbiaceae)

Excoecøríø sp, L404

Plate'l, Figures 12 &.13.

Descrtprion: Pollen grains free, tricolporate, isopolar, sub-prolate. Colpi clear, extending almost

to poles, margins are straight, thickening at the oral rims to 1.-2 pm. Pores poorly defined.

Exine tectate, I-2 ¡tm., sexine and nexine are the same thickness. Sculpture finely reticulate

(LM & SEM); lumina circular to oval and 0.2-0.7 pm. long, muri smooth and 2-3 pm. wide

(sEM).

Longest Dimension: 24-38 pm. (6 specimens).

Disrrtburion: This species occurs from the Miocenè of Krabi and Sin Pun basins, southern

Thailand (this study).

Boranicat Affinty: The fossil pollen resembles pollen of extant Excoecaria agallocha,

Euphorbiaceae (Tissot, 1980, p. 179-180,pL.7, figs. 1-10; Thanikaimoni, 1987, p.20, pl. 11,

figs. 109-123).

Genus: Faguspollenítes Raatz 1938

Type species: Faguspollenites verus Raatz 1938

Selected Syn<lnymy:

1938 Fagwpollenites Raatz, p.23.

Dtstrtbuuonr The earliest reliable record of dispersed pollen having affinity with modern pollen

of Fagus is from the Early Oligocene of Canada. It is widely distributed in the Miocene and

Pliocene of North America, Europe and East Asia (Fuji, I969a, 1969c, 1912; Nagy, 1969;

Takahashi & Kim, 1979; Mullcr, 198lb; Sun ¿l a1.,1981; Mohr, 1984).
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Faguspollenítes sp. 845

Plate 8, Figures | &.2.

Selected Synonymy:

cf. 1984 Faguspollenites verus Raatz; Mohr, p,94-95,p1. 18, figs.7, 10.I,10.2,12.

Description: Pollen grains free, tricolporate, isopolar, prolate to sub-prolate. Colpi long and

nÍurow extending almost to poles, margins thicken at the oml rims. Pores weakly defined,

circular to lalongate,2.5-5 pm. wide and 5-6 pm. long. Exine 1.5 pm., stratified, sexine and

nexine the same thickness. Sculpture psila-scabrate (LM); microscabrate, scabrate elements a¡e

uniform and 0.3-0.5 pm. long (SEM).

Longest l)imension: 23-29 ¡tm. (12 specimens).

Distribution: This species occurs commoniy from the Late Oligocene to Middle Miocene

throughout Thailand (this study).

Boranicat Affinity: The fossil pollen resembles pollen of extant Fagus @agaceae) viz. Fagus

crenata Blume @tate 8, Figure 3). Some SEM studies of mode¡n Fagus spp. show identical

microscabrate ornament of this genus (Hanks & Fairbrothers, 1976; Pragiowski, 1982;

Gortemer, 1986).

Genus: Florschuetzía Germeraad et al. 1968

Type specles: Florschuetzia trilobata Germeraad et al. 1968

Selected Synonymy:

1968 Florschuetzía Germeraad et dl., p. 304-306.

Boranlcat Afftnity: In general, the genus Florschuetzta Germeraad et al. 1968 resembles the

present sonneratiaceous pollen (mangrove microflora indicator) but the species Florschuetzia

trilobata Germeraad et a\.1968, as noted by Muller (1981b), may combine both lythraceous and

sonneratiaceous characters. Florschuetzia sp. 647 is also included in this genus but is unlikely

to be a mangrove microflora indicator.

Rcmurks: 'fhe genus is distinguished from Verrutricolporites Ilammcn &'Wymstra 1964 by the

absence of colpi, the indistinct columellae and the absence of supratectâte verrucate sculpture,

'lìhe type specimens of Santalumidites cainozoicu.r Cookson & llikc 1954 havc not beetr
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preserved, and it cannot be ascertained whether the genus Santalumidires is a senior synonym

of the genus Florschuetzi¿ Germeraad et aI. 1968 representing pollen of the sonneratoid type, or

indeed a form genus for pollen of the extant Santalum (Germeraad et al., 1968). However,

Santalumídir¿s Cookson & Pike 1954 emend. Partridge in Stover and Partridge 1973 differs

from Florschuetzia Germeraad et aI. 1968 by having short colpi and lacking sexine in the polar

area. Later, a study (Muller, 1978) of the specimens from the Eocene North Maslin Sands,

V/illunga Basin, South Australia confirms the Partridge's emendation and his opinion about the

S antalumidítes and F lorschuetzia are distinct.

Florschuetzíø levípoli Germeraad et ø1. 1968

Plate 8, Figures 6-9.

Selected Synonymy:

1968 Florschuetzia levipoli Germeraad êt a1.,p.307 & 308, pl. 7, fig. 9, pl. 8, figs. 1 & 2.

Longest Dimension: 24-(24)-37 pm. (20 specimens).

Distrtbution: From several independent datings in Southeast Asia, Muller (1978) concluded that

Florschuetzia levipoli Germeraad et al. 1968 first appears at the base of the Miocene. It is

widely distributed from Miocene onwards in Southeast Asia and South China Sea (Germeraad

et a1.,1968; Morley,1978; Muller 1978, 1981b; Reimann & Thaung, 1981; Sun et a1.,1981).

This species occurs from the Miocene of Andaman Sea and the Gulf of Thailand (this study).

Botanicat Affinity: The fossil Florschuetzia levipoli pollen is comparable with pollen of the extant

Sonneratia caseolaris, Sonneratiaceae (Germeraad et a\.,1968, p. 307-308, pl. 8, figs. l-2,6-l;

Muller, 1978, pl. 1, figs. 1-8). The extant species is a tropical mangrove indicator.

Remarks: Sculpture of Florschuetzía levipoli fossil pollen under SEM (at about 3000X) shows

smooth polar caps, and very fine striae may be seen on the surface of both polar fields and

verrucae at high magnification (at about 10000X); verrucae ¿ìre on equatorial atea, round to oval

shape and 0.5-3 pm. long.

Florschuetzia meridionalis GermeraarJ el al. 1968

Platc 8, Figurcs 10 & 11.

Scle ctcd Synonymy:
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1968 Florschuetzíameridíonalis Germeraadet al.,p. 308-310, Pl. 8, figs.4-5.

Longest Dimension: 24-35 pm. (11 specimens).

Distriburion: From several independent datings in Southeast Asia, Muller (1978) concluded that

Florschuetzía meridionalis GermeraaÅ, et a\.1968 first appears in the late Middle Miocene. It is

widely distributed from late Middle Miocene onwa¡ds in Southeast Asia (Germeraad er

a1.,1968; Morley, 1978; Muller 1978; 1981b). This species occurs from the Middle Miocene of

Andaman Sea and the Gulf of Thailand (this study).

Botanical Affinty: Fossil Florschuetzia merídionalís pollen is comparable with pollen of extant

Sonneratía alba, Sonneratiaceae (Germeraad et a1.,I968, p. 308, pl. 8, figs. 3-5; Muller, 1978,

pl. 2, figs. 1-4). The extant species is a topical mangrove indicator.

Remarks: Fossil pollen of Florschuetzía meridionalis under SEM shows smooth polar caps,

verrucae in the inter-meridional ridge areas similar to Florschuetzia levipoli although, verrucae

on the meridional ridges are larger and appear to be fused together. Grain size of the studied

specimens on average is smaller than Germeraad described.

Florschuetzíø semílobøta Germeraad et ø1. L968

Phæ 8, Figure 5.

Selected Synonymy:

7968 Florschuetzia semilobata Germeraad et a1.,p.307, pl. 7, figs. 6-8.

Longest Dimension: 14-25 ttm. (6 specimens).

Distribution: This species occurs in the Early Miocene of Southeast Asia and South China Sea

(Germeraadet a1.,I968; Morley, 1978; Sun et a1.,1981); Early Miocene of Andaman Sea (this

study).

rloranlcat Afflnlty: The fossil pollen of Florschuetzia semilobata is comparable with modern

sonneratiaceous pollen types but matching with an extant species has not been possible

(Germeraad et a|.,1968).

nemarks: Fossil pollen of Florschuetzia semilobata under SEM is smooth with microperforations

on polar caps and meridional ridges, and regular verrucae in the inter-meridional ridge areas

similar to Florschuetzia m¿ridiorulis,but smaller in size.
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Florschuetzia sp. 647

Plate 8, Figwes 12-15.

Descrtption: Pollen grains free, triporate, prolate, isopolar, three meridional ridges. Pores

circular, about 2¡tm. in diameter. Exine not clearly stratified (LM), exine 1 pm. and nexine 0.5

¡rm. thick at inter-meridional ridge areas. Sculpture verrucate in the inter-meridional ridge areas

with smooth meridional ridges GM); pointed to rounded verrucae around inter-meridional ridge

areas, verrucae are dense and 0.3-0.5 pm. wide, pedorate-striate to smooth meridional ridges,

ridges arc2-3 pm. wide (SEM).

Longest I)imension: 13-23 pm. (i0 specimens).

Disrriburion: This species occurs from the Early Miocene of Fang Basin, northern Thailand and

Krabi Basin, southem Thailand (this study).

Boranical Affinty: The morphology of the dispersed pollen of this species may be comparable

with pollen from extant species of the genera sonneratiaceae and lythraceae.

Remarks: The morphology of dispersed pollen of this species agrees with the clescription of

FlorschuetziaGerrneraad et aL 1968. However, a relationship of this species with other species

or with mangrove environment has yet been proofed.

Florschuetzía trílobøta Germeraad et aI. 1968

Plate 8, Figure4.

Selected Synonymy:

7968 Florschu.etzia trílobata Germeraad et al., p. 306 &.301,pI.7,fi.5s.2-4.

Longest Dlmenslon: 18-28 pm. (8 specimens).

Dtstribution: This species first appears in the Oligocene or possibly early as Late Eocene of west

Malesia. It is distributed in the Oligo-Miocene in Southeast Asia and South China Sea and is

believed it becomes extinct during the (Middle) Miocene (Germeraad et a1.,1968; Morley, 1978;

Muller, 197B, 198lb; Sun et a1.,1981). It occurs from the Early Miocene of Andaman Sea (tltis

study).
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Botanicar Affintty: This species combines lythraceous and sonneratiaceous characters and may

thus be an ancestor of Sonneratiaceae. However, no extant pollen type has yet been found to

match the fossil (Germeraad et a1.,1968; Muller, 1981b).

Remarks: Sculpture of Florschuetzía trilobata fossil pollen under SEM is generally smooth to

scabrate around the whole grain, colpi about 15 pm. long. Germeraad et al. (1968) described

smooth sculpture and colpoid gtooves (colpi?) as characters of F/orschuetzia trilobata,but

verrucate sculptue in the inter-meridional ridge areas for Florschuetzia semilobata.In this

study, an intermediate type of colpoid groove with vemrcae in the inter-meridional ridge areas

has been found together on the same grain. It is not intended that the intermediate type be used

to establish a new species and is thus grouped provisionally as Florschuetzia trilobata.

Extant Genus: Hopeø (Dipterocarpaceae)

Hopea sp. 1299

Plate 9, Figures 1-4.

Descriprion: Pollen grains free, tricolporate, radiosymmetric, isopolar, prolate to sub-prolate.

Colpi clear, extending almost to poles, margins are thickening at the oral rims. Pores lalongate,

2-3 ¡tm. wide and 6-8 pm. long. Exine 1-2 pm. thick, stratified, sexine and nexine are the same

thickness. Sculpture microreticulate, muri less than 1 pm.and contains transversal microridges

and furrows on the surface,lumina very small (SEM).

Longest Dimension: 22-32 pm. (12 specimens).

Distribution: This species occurs rarely to coûrmonly from the Miocene throughout Thailand (this

study).

Boranicat Afriniry: Although the size and sculpture (under SEM) of the fossil pollen is similar to

pollen of theextant Hopeanervosa King,Dipterocarpaceae (Maury eta1.,1975,p.245-246,pL.

9, figs. 1-2,4-6), the fossil type differs in having pores.

Genus: IlexpollenÍl¿s Potonié 1960

Type spcctes: Ilexpollenites iliacus Potonié 1960

Sclcctcd Synonymy:

1 960b I lexpollcnites Thiergart ex Potoni é,, p. 99 ,
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Distribunon: This genus, including dispersed pollen resembling extant pollen of llex, has been

recorded from the Late Cretaceous in Australasia, Africa and North America (Muller, 1981b). It

shows virtually a cosmopolitan distribution in the Tertiary (Engelhardt, 1964; Ling, 1965;

Martin & Rouse, 1966; Mclntyre, 1968; Fuji, 1969b; Stover & Parridge , 1973; Elsik, 1974;

Martin, 1977, 1978:' Takahashi & Kim, 1979; Huang, 1980; Sun ¿r aI., 1981; Foster, 1982;

Takahashi, 1982; Takahashi & Jux, 1982; Pocknall & Mildenhall, 1984; Mohr, 1984).

Ilexpollenítes iliacus Potonié 1960

Plate 9, Figwes 10-12.

Selected Synonymy:

1960b Ilexpollenites iliacus Potonié, p.99.

1964 llexpollenites cf . I. íIiacus Thiergart; Engelhardt,p. 12, pL.2, f:'g. 22.

1966 IIex iliacus Martin & Rouse, p. 200, pl. 10, figs. 108, 110.

1974 llexpollenites sp.; Elsik, pl. 4, fig. 749-152,155-156.

Longest Dimension: l7-36 pm. (6 specimens).

Distribution: This species ranges from rare to common in the Late Oligocene to Miocene

throughout Thailand (this study).

Boranicat Affinity: The fossil pollen resembles pollen of the extant llex spp., Aquifoliaceae.

Remarks: The sculpture under SEM of this species is variably gemmate with round and smooth

gemmae,0.5 -3 ¡rm. wide.

Genus: Iuglønspollenites Raatz 1939

Type specles: Juglanspollenites verus Raatz 1939

Selected Synonymy:

1939 Juglanspollenites Raatz, p. 18.

Dtsrrtburt<rn: This genus, and other dispersed pollen resembling modern pollen of Juglans,has

been recorded from the Palaeocene in U. S. A. (Frederiksen,I9T9).It extends into the Eocene

onwarcls in North America, Europe and East Asia (Nagy,1969;Ftji, 1972; Penny, 1969;

Machin, 1971; Elsik, L974; Takahashi & Kim, 1979; Muller, 198lb; Sun ¿r al.,I98l; Sun ¿f

al.1984),
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Juglanspollenítes verus Raatz 1939

Plaæ 9, Figwe 9.

Selected Synonymy:

1939 Juglanspollenites verus Raatz, p. 18, pl. 1, fig.9.

1974 Juglans sp.; Elsik, pL.1,fig.24.

Longest Dlmension: 27-38 pm. (6 specimens).

Distribuuon: This species occurs from the Early Miocene of Sin Pun Basin, southern Thailand

(this study).

Boranical Affinity: The fossil pollen resembles pollen of the extant Juglans spp. (Juglandaceae),

viz.,Iuglans caliþrnica Wats. (Stone & Broome, I975,p.7, fig. 8a).

Remarks: Pollen grains are heteropola¡ with four to five pores on the equator and three or four

pores around one hemisphere. Sculpture of the fossil pollen under SEM is uniformly

microgranulate; granules are very small; pores are circular andl-2 pm.in diameter.

Extant Genus: Lagerstroemia (Lythraceae)

Lagerstroemía sp. 325

Plate 9, Figwes 5-8.

Descriprton: Pollen grains free, tricolporate, with six pseudocolpi which may not be clearly seen,

three meridional ridges, isopolar, radiosymmetric, prolate to sub-prolate. Meridional ridges

fusing at poles. Colpi long and narrow, margins are straight. Pores circular to lalongate,l-2

pm. in diameter. Meridional ridges'2-4 pm., stratified, sexine is thicker than nexine. Sculpture

weakly verrucate (LM); densely rugu-verrucate, verrucae are circular in the inter-meridional

ridge areas and about 1 p-. wide but fusing together to form elongate microridges on

meridional ridges 3-5 ¡rm. long, lumina circular and less than 1 pm. (SEM).

Longcst Dlmenslon: 24-(28)-29 pm. (15 specimens).

Disrributton: This species occurs rarely to commonly from the Early to Middle Miocene

throughout Thailand (this study).
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Botanicar Affinity: This fossil pollen is closely comparable with pollen of extant Lagerstroemia

spp., Lythraceae (Muller, 1981a, p. 99-103, pL.2, fig. 2, 4: Graha¡n et aI., 1987, p. 835-837,

fig. 41). The extant genus is a ropical indicator.

Genus: Lønøgíopollis Morley 1982

Type Species: Lanagiopollis regularis Morley 1982

Selected Synonymy:

1982 Lanagiopollis Morley, p. 68 & 69.

Remarks: Morley (1982) proposed three form genera including Alangiopol/is Krutzsch 7962,

Lanagíopol/r"s Morley 1982 and Form-genus A Morley 1982 to adequately cover the variation in

the dispersed pollen having affinity with modem pollen of the genus Alangíum, Alangiaceae.

The genus Alangiopollis Krutzsch 1962is assigned to accommodate tri- to tetracolporate pollen

with a distinctly striate exine architecture and a thinner nexine than sexine. The genus

Lanagiopol/ís Morley 1982 is assigned to accommodate tri- to tetracolporate pollen with

reticulate or rugulate exine architecture. The form-genus A Morley 1982 which is not formally

described due to poor material, is erected for tricolporate/porate pollen bearing large, discrete

sexinous warts.

Lønagíopollis nanggulanensís Morley 1982

Plate 9, Figures 13-15.

Selected Synonymy:

cf. 1957 Alangium javanicoides Cookson , p. 48.

1982 Lanagiop ollis nang gulan¿¿sis Morle y, p. 7 2 8. 7 3, pl. 2, írgs. I-4.

Longest Dlmenslon: 5l-70 pm. (5 specimens).

Dtstrtbunon: This species has been recorded from the Eocene of central Java and East

Kalimantan. It is widely distributed in the Tertiary of Southeast Asia (Morley, 1982) but occurs

rarely from the Middle Mioccne of Mae Moh Basin, northern Thailand (this study).

Br¡r¡ntc¡rt Afflntty: This fossil pollen resembles modern pollen attributed to Alangium ebenaccum,

Alangiaceae (Morley 1982).
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Remarks: The pollen type is occasionally tetracolporate. Morley (1982) pointed out that

Lanagiopollis nanggulanensis may be a synonym of Alangiurn iavanicoides Cookson 1957

pending further study of Alangium javanicoídes. Sculpture under SEM of this species is

reticulate-rugulate; lumina less than 2 pm.long and disappear at the polar areas but circular to

elongate and 0.2-5 pm. long in the intercolpi areas; muri smooth and less than 1 pm. wide.

Genus: Margocolporítes Ramanujum ex Srivastava 1969

Type species: Margocolporites tsukndaí Ramanujum ex Srivastava 1969

Selected Synonymy;

19 66 M ar g o c olp orite s Ramanujum, p. 17 3, nom. nud.

1969 Margocolporites Ramanujum ex Srivastava, p.984.

Disrriburion: This genus, and other dispersed pollen resembling extant pollen of Caesalpinia,has

been recorded from the Earty Eocene of Assam. It is distributed in the Eocene and,/or younger

sediments of South America, Africa, India, East Asia, Southeast Asia, Papua New Guinea,

Australia and New ZnaJand (Germeraad et a1.,1968; Huang, 1980; Muller, 1981b; Sun et al.,

1981; Playford, 1982; Pocknall,1982; Truswell et a1.,1985).

Margocolporites vanwijhei Germeraad et al. 1968

Plate 10, Figures 1-4.

Selected Synonymy:

7968 Margocolporites vanwiihei Germeraad et a1,,p.342, pl. 18, fig. 3.

Longest Dlmenslon: 23-48 ¡tm. (12 specimens).

Dlsrribunon: This species occurs rarely from the Miocene throughout Thailand (this study).

Botantcal Affintty: The Margocolporites vanwijhei pollen type is similar to extant pollen types of

Caesalpinia bonduc and C. coriaria, Caesalpiniaceae (Germeraad et al., 1968).

Remarks: Sculpture under SEM of this species is very coarsely reticulate on the intercolpate and

polar areas but abruptly changing to very finely reticulate around the colpi. Of the coarse

reticula, lumina vary in size and shape and are 0.5-4 pm. long; muri smooth andL-2 pm. wide.
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Genus: Momípítes Wodehouse emend. Nichols 1973

Type species: Momipites coryIoides Wodehouse 1933

Selected Synonymy:

7933 Momipites coryIoidesWodehouse, p. 511.

1973 Momþlres Wodehouse emend. Nichols, p. 106-108.

Distrtbutton: The dispersed pollen of the coryloides group has been recorded from the Late

Cretaceous of Europe (Nichols, 1973).It is distributed in the Tertiary of North America,

Europe andEastAsia @ngelhardt, 1964; Penny,l969;Machin, 1971; Potter,1976; Takahashi

& Kim, I979;Huang, 1980; Muller, 198lb; Frederiksen, 1981; Sun et aI.,I98l; Takahashi &

Jux, 1982; Gapohoff, 1984).

Remarks: It is noted that triporate pollen grains with flattened triangulal outline which include

pollen of the extant genera Betula, Myrica, Corylus, Engelhardia and Casuarina need more

detailed study to differentiate reliably between their pollen. The condition of poor presewed

pollen grains, viewing from different aspects and experience of the examiner may cause some

bias in identification. Basically, the pollen of. Momipítes coryloid¿s Wodehouse 1933, is

identified by slightly protruding pores, no vestibulum, and indistinctly tectate exine.

Wodehouse (Ig33)pointed out that the grains of modern Engelhnrdia spicuta (Juglandaceae) are

Ig-22 pm. in diameter, which is somewhat smaller than those of Corylus (Betulaceae). Nichols

(Ig73)emended the genus Momipites Wodehouse 1933 to include the genus Engelhardtioidites

potonié et aI. 1950 and some other genera in one genus. Srivastava (1972,I975) indicated that

the genus Momípites Wodehouse 1933 (having affinity with Coryløs) differs from

Engelhardtioídites Potonié et aL 1950 (having affînity with Engelhardia) in possessing

protruding pores with an annulus.

Momipites coryloíd¿s Wodehouse 1933

Plaæ 10, Figurcs 5 8L 6.

Selccted SynonymY:

1933 Momipites coryloides Wodehouse, p. 511,fig.43.

1975 Triporopollenttes mullensis (Simpson) Rouse & Srivastava; Srivastava, p. 144, pl' 13,

figs. 3-10, pl.14, figs. 1-6.
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1980Tríporopollenítes corylus; Huang, p. 68, pl. 4, figs. I5-I7.

See Frederiksen, 1980, p. 38.

Longest I)imension: 1.8-(23)-26 ttm. (20 specimens).

Disrribution: This species occurs rarely to coÍrmonly from the Late Oligocene to Middle Miocene

throughout Thailand (this study).

BotanicarArrinity: The fossil pollen resembles pollen of the extant Engelhardia spicata Bl. (Stone

& Broome , I97 5, p. 12, fig. 3g).

Remarks: In this study, the microgranules on the exine surface of Momipites coryloides

'Wodehouse 
1933 is denser than those of Engelhardtioidítes granulatus (Simpson) Sirvastava

197 5.

Genus: Monoporopollenítes Meyer 1956

Type species: . M o nop oropollenites gr arnineoides Meyer ex Potonié 1 960

Selected Synonymy:

7)47 M onoporites (Graminidi res) Cooks on 1947 , p. I34, non ICBN.

1954 Monoporites Hammen, p. 83, nom. ílleg. (ICBN Art. 13.3, Voss ¿f al., 1983).

1956 Monoporopollenites Meyer, p. 111.

1960b Graminidites Cookson ex Potonié, p. 111.

Distribution: This genus, and other dispersed pollen resembling extant pollen of Gramineae, has

been recorded from the Palaeocene of South America, Africa and Australia (Muller, 1981b). It

is cosmopolitan in the Tertiary to Recent (Germeraad et a1.,1968; Penny,1969; Huang, 1980;

Muller, 198lb; Sun ¿f aI., L981:' Takahashi, 1982; Mohr, 1984).

Remarks: At least three fossil genera including Monoporit¿s Hammen 1954, Graminidites

Cookson 7947 ex Potonié 1960b andMonoporopollenítes Meyer 1956 arc similar and resemble

modern pollen of the Gramineae. Jansonius & Hills (1976; p.1075, 1155) considered the genus

Monoporít¿s Hammen 1954 was illegitimate because of the designation of pollen of the recent

Chusquea lehmannii (Gramineae) as type species. Thus, it became a junior synonym of extant

Chusquea lehmannii. They regarded the genus Gramínidit¿s Cookson 1947 was validly

proposed as a form genus by Potonié (1960b). Consequently, this study considers that the
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genus Monoporopollenites Meyer 1956 is the legitimate senior synonym. See also a discussion

on some related genera under the genus Graminídítes Cookson 1947 by Kar & Jain (1981).

Monoporopollenítes grømíneoídes Meyer 1956

Plate 10, Figure 10.

Selected Synonymy:

1947 Monoporites (Gramínìdítes) media Cookson 1947 , p. 134, pl. 15, figs. 4l &. 42, non

ICBN.

1956 Monoporopollenites gramineoides Meyer, p. 111, pL.4,fig.29.

7968 Monoporítes annulatus Hammen 1954; Germeraad et a\.,p.294, pl. 3, fig.3.

1984 Graminidites subtiliglobosus Krutzsch; Mohr, p,62, pl. 8, figs. 3.

Longest Dimension: 18-34 pm. (9 specimens).

Distribution: This species occurs from very rarely to conìmonly in the Late Oligocene to Middle

Miocene throughout Thailand (this study).

Botanical affinity: The fossil pollen resembles pollen of the extant species of the Gramineae and

further detailed identification is not well known.

Genus: Myrícípíf¿s Wodehouse 1933

Type species: Myricípites dubiw'Wodehouse 1933

Selected Synonymy:

1933 Myricipites V/odehouse, p. 505.

1953 Triatríopollenítes Pflug in Thomson & Pflug, p.76.

Distributton: This genus, including those dispersed pollen resembling modern pollen of Myrica,

fìrst appears from Santonian sequences of eastern U. S. A. It is distributed in the Tertiary of

North America, Europe and Asia ( Machin, 1971; Salujha et a\,1980; Muller, 198lb; Sun ¿¡

aI., L98l; Gaponoff , L984). Coetzee & Praglowski (1984) using SEM micrographs are

convinced that the dispersed pollen having affinity with modern pollen of the Myrica occur in

Tertiary sediments of South Africa.

Remarks: There is a major problem distinguishing between pollen of Myrica (Myricaceae) and

Casuarina (Casuarinaceae). Muller (1981b) and Coetzee & Praglowski (1984) pointed out some



Mid-Tertiary Palynolory of Onshore and Offshore Thailand...Appendix C...Systematic Descriptions...Page 157

diagnostic criteria to differentiate between these genera, but the problem needs more attention

and fine-structure studies to obtain more reliable characteristics of dispersed pollen. The

condition of poorly preserved pollen grains, viewing from different aspects and experience of

examiner may cause some bias in identification. Basically, the pollen of. Myricipítes dubius

V/odehouse 1933, is identified by slightly protruding pores, isolated spinules (not on ridges),

thinner exine, and absent nexine.

Myrícípítes dubíus Wodehouse 1933

Phte 10, Figrue 9.

Selected Synonymy:

7933 Myrícipites dubius 'Wodehouse, p. 506, ftg.33.

1984 Myricd sp.; Coetzee and Praglowski, figs. 9: D-I.

Longest Dinenslon: 20-26 pm. (4 specimens).

Distribution: This species occurs very rarely from the Middle Miocene of southern Thailand

basins (this study).

Boranical Affinity: The fossil pollen resembles pollen of extant Myrica spp., Myricaceae (Coetzee

& Praglowski, 1984, p.33, figs. 7A-E, 8A-J, 9A-C).

Remarks: The sculpture under SEM of this species is sparsely microspinulate.

Genus: Myrtaceídíf¿s Cookson & Pike 1954

Type species: Myrtaceidites mesonesru Cookson & Pike ex Potonié 1960

Selected Synonymy:

1954 Myrtaceidítes Cookson & Pike, p.204.

Drsrrrburlon: This genus, and other dispersed pollen having affinity with extant pollen of

Myrtaceae, have been recorded from the Late Cretaceous of South America and Southeast Asia

(Muller, 1981b). It is distributed in the Tertiary of North America, East Asia, Australia, New

Zealand and Indian Ocean (Engelhardt, t964; Penny, 1969; Kemp & Harris , 1917; Martin,

1978; Muller, 198lb; Sun ef al.,l98I; Foster, 1982; Huang & Iluang,1984).
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Myrtaceídítes mesonesus Cookson & Pike 1954

Phæ 10, Figures 7 & 8.

Selected Synonymy:

1954 Myrtaceidites mesonesus Cookson & Pike, p.205, pl. 1, frg. 36.

1964 Myrtaceidites sp. cf. M. eugeníioides Cookson & Pike; Engelhardt, p. 18, pl. 4,fi1.46.

1977 Myrtaceidítes sp. cf. M. mesonesru Cookson & Pike; Kemp & Harris, p.44, pl. 7, figs.

rr &. 12.

Longest Dimension: 11-15 pm. (6 specimens).

Distriburion: This species occurs from the Early Miocene of Fang Basin, northern Thailand (this

study).

Botanical Afftnuy: The fossil pollen is comparable with pollen of the extant Myrtaceae. Ma¡tin

(1978) pointed out that further detailed identification of fossil myrtaceous pollen appears

impossible.

Remarks: Sculpture undff SEM of this species is psilate to weakly velrucate.

Genus: Pandøniidil¿s Elsik 1968

Type species: Pandanitdites texus Elsik 1968

Selected Synonymy:

1968 Pandaníidítes Elsik, p.3I4.

Disrributton: This genus, and other dispersed pollen having affinity with extant pollen of

Pandanus, have been recorded from the Cretaceous (Maastrichtian) of North America. It is

distributed in the Tertiary of U. S. 4., Eurasia, Africa, Southeast Asia, 'West Pacific (Potonié,

1960a; Elsik, 1968a; Anderson & Muller, 1975; Muller, 1981b; Iarzen,1978, 1983).

Botanicat Àfftntry: The fossil pollen of the Pandaniidites is comparable with Pandanus

(Pandanaceae) which is coastal or marsh ree (Elsik, 1968a, p. 314, pl. 15, fig. 6). The extant

species is a tropical indicator @lsik, 1968a; Jarzen,1983; Doggett, 1985).

Pandaniídítes lexus Elsik 1968

Plnte 10, Figures ll 8L 12.
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Selected Synonymy:

7968 Pandaniidites terur Elsik,p.3I4, pl. 15, fig. 6.

Longest l)imension: 14-30 pm. (5 specimens).

Distribution: This species occurs very rarely from the Miocene throughout Thailand (this study).

Boranical Affintty: The fossil pollen of the Pandaniídites texus Elsik 1968 is comparable with

pollen of the extant Pandnnus @andanaceae). The extant species is a coastal or marsh tree and a

tropical indicator @lsik, 1968a, p.3t4, pl. 15, fig. 6; Jarzen,1983;Doggett, 1985).

Remarks: Overall sculpture of the fossil pollen under SEM shows fairly smooth surface with

spinules; spines are conical, l-2 ¡tm.long and 3 pm. apart.

Genus : P erípo ropollenite s

Pflug & Thomson iE Thomson & Pflug 1953

Type Specles: P erip oropollenites sti gmo sus

Potonié ex Thomson & Pflug 1953

Selected Synonymy

1953 Periporopollenites Pflug & Thomson in Thomson & Pflug 1953, p. 111.

Periporopollenítes stígmosus

Potonié ex Thomson & Pflug 1953

Plaæ 10, Figures 13 8.14.

Selected Synonymy:

I93la Pollenites stigmosus Potonié, p. 332, pL.2, frg. l.

1953 Periporopollenítes stigmosus Potonié ex Thomson & Pflug, p. 111, pl. 15, fig. 58.

Longest Dlmenslon: 28-37 pm. (6 specimens).

Dlstrlbuuon: This species occurs from Late Miocene to Early Pliocene of the Indener strâtA,

Rhenish brown coal region, western West Germany (Mohr, 1984) and Late Oligocene to Early

Miocene sequences of northern Thailand basins (this study).

rlr¡tantcar Âfftnlty: This fossil pollen resembles that produced by the extant species Altingia sp.,

Altingiaceae (Mohr, t984).
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Remarks: Sculpture under SEM of this periporate species is finely reticulate with circular and

very small lumina; muri about 0.5 ¡,tm. wide and possess microgranules on the surface. There

are some granules inside the porate areas.

Genus : P oly ødopolle nite s

Pflug & Thomson ¡n Thomson & Pflug 1953

Type species : P o ly adop o ll e ni t e s muhip ar ti tus

Pflug in Thomson & Pflug 1953

Selected Synonymy:

1953 Polyadopollenites Pflug & Thomson in Thomson & Pflug, p. LlZ.

197 2 A c aciap olleníte s Mildenhall, p. 490, nom. sup erfl.

Dtstriburion: Dispersed pollen resembling extant pollen of. Acacia (including Acaciapollenites

Mildenhall 1972 and Polyadopollenites Pflug 1953) has been recorded from the Late Eocene of

Cameroon (Salard-Cheboldaeff, 1978); it occurs in the Oligocene and Miocene of Australia,

New Zealand, Central America and South America (Cookson, 1954; Penny, 1969; Muller,

1981b; Pocknall, 1982; Pocknall & Mildenhall, 1984).

Boranical Affinity: The fossil pollen of Acaciapollenites sp. is comparable with pollen of the

extant Ar chidendron and P ithocellobium, l-eguminosae (Pocknall, 1982).

Remarks: Mildenhall (1912) established the genus Acaciapollenites and used the occurrence of a

vestigial furrow on the distal surface of the individual cells as the criterion to differentiate from

Polyadopollenites Pflug & Thomson 1953. Despite the great similarity of the two genera, this

s tudy con siders that A c ac i ap ol le ni te s Mlildenhall I97 2 is superfl uou s.

P olyadopollenites myríosporites

Cookson ex Partridge i¡Stover & Partridge 1973

Plaæ 10, Figurcs 15.

Sclectcd Synonymy:

1954 Acacia myriosporjres Cookson, p. 55, pl. 1, figs. 1, 5-8.

I972 Acaciapollenítes myriosporit¿s Cookson ex Mildenhall, p. 490, figs. 1- 13
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1973 Polyadopollenites myriosporir¿s Cookson ex Partridge in Stover & Partridge , p.27 5, pl.

27, f\g. 7I.

1984 Acaciapollenítes myriosporifes Cookson ex Mildenhall; Pocknall & Mildenhall, p. 47,p1.

26, fig. 6.

See Pocknall & Mildenhall, 1984, p.47,under Acaciøpollenites myriosporites.

Longest Dimension: 28-45 pm. (5 specimens).

Dlstributlon: This species occurs very rarely from Early to Middle Miocene of Fang and Mae

Moh basins, northern Thailand (this study).

Remarks: The sculpture under LM is smooth but under SEM the microperforate surface and a

vestigial furrow on the distal surface of individual cells are clearly seen.

Genus: Polyøtríopollenites Pflug 1953

Type spectes: Polyatriopollenites stellatus Potonié & Venitz ex Pflug 1953

Selected Synonymy:

1953 Polyatriopollenites stellatus Pflug, p. 115.

1960b Pterocaryapollenites Potonié, p. 132.

Distribution: This species, and other dispersed pollen having affinity with modern pollen of

Pterocarya. have been recorded from the Palaeocene in U. S. A. (Frederiksen, 1979); and occur

in the later Tertiary in Europe and eastern Asia (Martin & Rouse,1966: Fuji, 1969a; Nagy,

1969; Leopold, 1969; Penny, 1969; Machin, 1971; Elsik, I974: Muller, 198ib; Sun et aI.,

198 1).

Polyatriopollenites stellatus

Potonié & Venitz ex Pflug 1953

Plate 1 1, Figure 3.

Selccted Synonymy:

193 4 P o I I e ni t e s s tel I at us Potonié &. Y enitz, pl. 2, frg. 26.

1953 Polyatriopollenites stellatus Potonié &.Yenitzex Pflug, p. 115, pl.5,fig.24.

1.966 Ptcroco,rya stella Potonié; Martin & Rouse, p.I96,pl. 8, figs. 79-80.

1974 Ptcrocüryü sp.; Elsik, pl. 1,tig,23.
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Longest Dlmenslon: 26-32 pm. (4 specimens).

Distribution: This species occurs from the Early Miocene of Sin Pun Basin, southern Thailand;

Middle Miocene of Mae Sot Basin, northern Thailand (tltis smdy).

Botanicat Affintty: The fossil pollen is comparable with pollen of the extant Pterocaryd spp.

(Juglandaceae), viz., Pterocarya delavayi Franchet. (Stone & Broome,I975, p. 5, fig. 6d).

The modern genera Pterocarya, Carya and Juglans (Juglandaceae) are not listed as native genera

of Thailand, except the genus Engelhardiø (Juglandaceae) is native to northern Thailand

(Smitinand, 1980).

Remarks: The fossil pollen under SEM shows uniform microgranulate sculpture. This species

differs from Alnipollenites yerus and Caryapollenites simplex in having about five annulate

pores, isolated microgranules on exine and without arci.

Genus: Psílatricolporítes (Hammen) Hammen & Wymstra 1964

Type spectes: Psilatricolporites operculatus Hammen & V/ymstra 1964

Selected Synonymy:

1956 subgen. Psilatrícolporítes Hammen, p. 91.

19 64 P sil atr i colporite s (Hammen) Hammen & Wymstra, p. 23 6.

Psilatricolporites operculatus Hammen & Wymstra 1964

Phte 11, Figwes 1, &.2.

Selected Synonymy:

1964 Psilatricolporites operculatus Hammen &'Wymstra,p.236, pl. 1, fig. 13.

1968 Psilatricolporites operculatus Germeraad et a\.,p.328-330, pl. 15, fig. 3.

Longest Dlmenslon: 22-32 pm. (4 specimens).

Dlstrtbuton: This species occurs from the Neogene of Borneo (Germeraad et a1.,1968); and the

Miocene of Fang and Mae Moh basins, northern Thailand (this study).

rlorantc¿rt Âft'tntty: This dispersed pollen resembles pollen produced by extant Alchornea,

Euphorbiaceae (Germeraad et al., L968).

Rcmarks: The sculpture under SEM of this species shows roughened scabrate surface.
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Genus: Quercoídífes Potonié 1960

Type Species: Quercoídites henricí Potonié 1960

Selected Synonymy:

1960b Quercoidites Potonié, p.92.

Distrlburion: This genus, and other dispersed pollen having an affinity with extant pollen of

Quercus, has been recorded from the Eocene of Southeast Asia and U. S. A. and the Tertiary of

Europe, Southeast Asia and eastern Asia (Potoniê, 1960a; Engelhardt,1964; Fuji, 1969a,1912;

Penny, 1969; Frederiksen, 1981; Muller, 1981b; Sun er al.,l98I; Takahashi, 1982; Takahashi

& Jux, 1982; Sun et a1.,1984).

Quercoídítes sp. 777

Plate L1, Figures4-7.

Selected Synonymy:

cf.7964 Quercoidites cf. Q. henrici Potonié et al.; Engelhardt, p. 10, pl. 2, fig. 15.

Descrtprior: Poilen grains free with very rare tetrads, basically tricolpate although a few grains

show poorly defined pores, isopolar, prolate rounded ellipsoid in equatorial view. Colpi almost

reaching the poles. Pollen wall stratified, sexine about the same thickness as nexine, exine 1-2

pm. thick. Sculpture psilate to scabrate (LM); psilate to verrucate with microperforations,

verrucae ile rather flat, approximately round to elongate and 1-3 pm. long, (SEM). This pollen

type shows variations in size and sculpture and are difficult to distinguish under LM.

Longest Dimenslon: 22-(24)-42 pm. (21 specimens).

Distribuuon: This species occurs commonly from Oligocene to Middle Miocene throughout

Thailand (this study).

rlotantcat Afftnlty: The fossil pollen is comparable with pollen of the extant Quercus, Fagaceae

viz. Q. helferiana A. DC. (Plate 11, Figure 8),Q.phillyraeoidesGray. (Plate 11, Figure 9) and

Q. seruata Thumb (Plate 11, Figure 10 & 11).

Exfant Genus: Radermachera (ßignoniaceae)

Radermachera sp. 1546

Platc 11, Figure 12.

'a
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Descripuon: Pollen gains free, tricolpate, isopolar, radiosymmetric, prolate to subprolate. Colpi

about 10 ¡rm. long. Exine 1-2 ¡rm. thick, tectate, sexine and nexine are the same thickness.

Sculpture finely reticulate (LM & SEM); muri less than 0.5 pm. wide, lumina circular to oval

and 0.5-1 pm. wide (SEM).

Longest Dimenslon: 14-22 pm. (6 specimens).

Distribution: This species occurs from the Middle Miocene of Andaman Sea and Gulf of

Thailand (this study).

Boranical Affinty: Size, aperture and ornament of this fossil pollen is similar to pollen of the

extant Raderrnachera glandulosa Miq. (Bignoniaceae).

Genus: Rhoípítes Wodehouse 1933

Type Specles: Rhoipttes bradleyi Wodehouse 1933

Selected Synonyrny:

1933 Rhoípires Wodehouse, p. 513.

See Pocknall & Crosbie,1982,p.7.

Remarks: The genus Rhoipites Wodehouse L933 has a broad diagnosis and is here considered to

accommodate, provisionally, unknown tricolporate pollen grains with reticulate-pitted

ornament. The species under this genus may not be related to the modern pollen of Rhus

ryphina matched in the original diagnosis wirh Rhoipir¿s Wodehouse 1933.

Rhoípítes cf. R. retiformis

Pocknall & Mildenhall 1984

Plaæ 12, Figures 6-10.

Selected Synonymy:

1984 Rhoipites retiþrmis Pocknall & Mildenhall, p. 36, pl. 17,ftg.l-5.

Descrtptton: Pollen grains free, tricolporâte, isopolar, radiosymmetric, prolate to sub-prolate.

Colpi extending almost to poles. Pores circular, often indistin<;t. Exine tectate, 1 !tm. thick,

sexine and nexine are the same thickness. Sculpture finely reticulate (LM & SEM); muri

smooth, and 0.3 ¡tm. wide, lumina circular to elongate and 0.1-0.4 pm. long (SEM).

Lonscst Dlmcnslon: 14-(17)-20 pm. (15 specimens).
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Distriburion: This species occurs from Late Oligocene to Early Miocene in New Zealand

(Pocknall & Mildenhall 198a); Early to Middle Miocene of Fang and Mae Moh basins, northern

Thailand (this study)

Botanical Affinity: Unknown.

Remarks: It is noted that this species has some morphological similarity with Salixipollenites cf.

S. dtscoloripites.It is difficult to distinguish them under LM but they are differentiated under

SEM.

Rhoipites sp. 1207

Phte 13, Figwes 3 & 4.

Desctption: Pollen grains free, tricolporate, isopolar, radiosymmetric, prolate to sub-prolate.

Colpi extending almost to poles, mÍugins are straight and thickening at the oral rims to about 2

pm. Pores circular, 4 pm. Exine tectate, 2 lt^., sexine and nexine a¡e about the same

thickness. Sculpture reticulate (LM & SEM); muri smooth and 0.5 pm. wide, iumina

approximately circular, variable in size (less than 3 pm. in diameter), and smaller near colpi

(sEM).

Longest Dimension: 28-37 pm. (5 specimens).

Disrriburion: This species occurs rarely from the Miocene of Mae Moh Basin, nofrhern Thailand

(this study).

Botanical Affinity: Unknown.

Rhoípítes sp. 1263

Phte 1L, Figut"t 13-15.

Descrtpuon: Pollen grains free, tricolporate, isopolar, radiosymmetric, prolate. Colpi distinct,

extending almost to poles; margins are of uniform thickness. Pores circular, 4ltm. wide. Exine

tectate, l-2 ¡tm. thick, sexine and nexine are the same thickness. Sculpture perforate (LM &

SEM); foveolae are less than 0.5 pm. wide and 0.5 pm. apart (SEM).

Longest Dlmcnslon: 24-36 pm. (10 specimens).

Dtsrru¡utton: This species occurs from the Late Oligoccne to Miocene throughout Thailand (tlris

study).
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Botanical Afflnlty: Unknown.

Rhoípítes sp. 1267

Plarc 12, Figures 13-15.

Descripuon: Pollen grains free, tricolporate, isopolar, radiosymmetric, prolate to sub-prolate.

Colpi distinct, extending almost to poles, margins thicken at the oral rims. Pores lalongate, 3-5

pm. wide and 5-8 ¡rm. long. Exine tectate, about 1 pm. thick sexine and nexine are the same

thickness. Sculpture finely reticulate (LM & SEM); muri smooth and 0.5 pm. wide, lumina

circular to elongate and 0.3-1 pm. wide (SEM).

Longest Dimenslon: 24-32 pm. (8 specimens).

Dtsrriburion: This species occurs from the Miocene of Mae Moh Basin, northern Thailand; and

the Gulf of 'fhailand (this study).

Botanical Afflnity: Unknown.

Rtt.oípítes sp. 1345

Phæ 13, Figures | &2.

Description: Pollen grains free, tricolporate, isopolar, radiosymmetric, prolate to sub-prolate.

Colpi clear, extending almost to poles, margins thicken at the oral rims. Pores weakly defined,

circular to lalongate,2-4 pm. Exine tectate, 2-3 ¡tm., sexine and nexine are about the same

thickness. Sculpture reticulate (LM & SEM); muri about 1 pm. wide and possess transverse

grooves and ridges on the surface (SEM).

Longest Dlmension: 27-37 pm. (8 specimens).

Dtstrlbunonr This species occurs from Early to Middle Miocene of Mae Moh Basin, nofthern

Thailand; and Krabi Basin, southern Thailand (this study).

Botanlcal Afflnlty: Unknown.

Rhoipiles sp. 847

Plarc 12, Figures ll-Lz.

Dcsrcrtprton: Pollen grains free, tricolporate, isopolar, radiosymmetric, prolate to sub-prolate.

Colpi extending almost to poles, margins thicken at the oral rinrs. Pores poorly definecl,
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possibly lalongate. Exine tectate, about 1 p-., sexine and nexine are about the same thickness.

Sculpture rericulate (LM & SEM); müi tapering and 0.5-1 pm. apafi, lumina circular and very

small (SEM).

Longest l)imenslon: 18-27 pm. (9 specimens).

Distriburion: This species occurs from the Late Oligocene of Li Basin, northern Thailand; Early

to Middle Miocene of Mae Moh, northern Thailand and Sin Pun Basin, southern Thailand (this

study).

Botanlcal Affinity: Unknown.

Genus: Salíxípollenítes Srivastava 1966

Type species: Salixipollenites discoloripítes Wodehouse ex Srivastav a 1966

Selected Synonymy:

1966 Salixipollenites Srivastava, p. 529.

See Srivastava, 1972, p.272.

Disrriburion: This genus, and other dispersed pollen having affinity with pollen of extant Salix,

has been recorded from the Oligocene in Puerto Rico. and Miocene of North America and

Europe (Leopold, 1969; Muller, 1981b).

Salíxípollenítes cf. S. discolorípítes

Srivastava 1966

Plate 13, Figures 5 & 6.

Selected Synonymy:

1933 Salix díscoloripíles Wodehouse, p. 506, figs. 34 &,35.

1966 S alixip ollenites dis colorípil¿s Wodehouse ex Srivastava, p. 529.

See Srivastava, 1972, p. 272.

Descrtptlon: Pollen grain free, tricolp(or)ate. Colpi thicken at the equator. Pores not clearly

defined, circular to lalongate,3-4 pm. Exine tectate, about 1 pm. thick, sexine and nexine the

same thickness. Sculpture reticulate (LM and SEM); Iumina irregular and less than I pn-r.

diameter; muri tapering, smooth and less than 0.5 pm. wide (SEM).

Longcst Dlmcnsl<¡n: I3-I9 lLñ. (7 specimens).
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Distribution: This species occurs from the Late Oligocene of Li Basin and Middle Miocene of

Fang Basin, northern Thailand (this study).

Botanical Affinty: The fossil pollen resembles pollen Foduced by the extant Salix discolor Muhl,

Salicaceae (Bassett et al., L978,p.242-2M, fig. 1309).

Remarks: It is noted that this species has some morphological similarity with Rhoipites cf. R.

retiformis.It is difficult to distinguish them under LM but they are differentiated under SEM.

Genus: Spínizonocolpítes Muller 1968

Type Species: Spinizonocolpites echinatus Muller 1968 or

Spinízonocolpites prominatus (Mclntyre) Stover & Evans 1973

Selected Synonymy:

1968 Spinizonocolpítes Muller 1968, p. 11.

Distribution: This genus, and other dispersed pollen having affinity with pollen of extant Nypa,

has been recorded from the Late Cretaceous of South America, Africa and Southeast Asia. It is

distributed in the Tertiary of North America, Europe, Africa, India, Southeast Asia, Indian

Ocean; and Australia (Muller, 1964, 1979, 1981b; Germeraad et a1.,1968; Hekel, l9l2; Stover

& Evans, 1973; Anderson & Muller, 1975; Morley,1978; Kemp & Ha¡ris, 1977;Frederiksen,

1981; Kulkarni & Phadtare, 1981).

Remarks: Stover & Evans (1973) claimed that the genus Spinìzonocolpítes echínatus Muller

1968 was interpreted as conspecific with the taxa identified and described as Monosulcites

prominatus Mclntyre 1965 and as Baltisphaeridium taylori Cookson & Eisenack 1965. They

did not compare the morphological details of those species and assigned a new combination of

Spinizonocolpites promínatus (Mclntyre) Stover & Evans 1973.

Spinizonocolpites prominatus (Mclntyre) Stover & Evans 1973

Platc 13, Figurc 9.

Selected Synonymy:

1965 Monosulcites prominatus Mclntyre, p.214, figs.33 8.34.

1968 Spinizonocolpites echinatus Muller, p.lI &. L2,pl.3,hg.2.

1973 Spinizonocolpites prominata.s (Mclntyre) Stover & Evans, p.67, pl. 3, lig. 5
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Longest Dimension: 30-50 pm. (7 specimens).

Distributton: This species occurs from the Miocene of Andaman Sea and the Gulf of Thailand

(this study).

Botanical Afftniry: The fossil pollen of this species is comparable with pollen of the extant Nypa

fruticans Wurmb, Palmae (Germeraad et a1.,I968, p. 295-296, pI.4, fig. 3; pI.5, f,rg. 1;

Tomlinson, 1986, figs. 3.3: A-C; Ferguson, 1986, p. 3087, figs. 41-45).The extant species is

a mangrove tropical indicator.

Remarks: Sculpture under SEM is microreticulate with spines; muri smooth and about less than

0.5 pm. wide; lumina circular and less than 0.5 pm. in diameter; spines are conical and 3-5 pm.

long.

Genus : T e trac olporopolleníte s

Pftug & Thomson ¡.U. Thomson & Pflug 1953

Type specles: Tetracolporopollenites sapotoídes

Pflug & Thomson in Thomson & Pflug 1953

Selected Synonymy:

1950 Sapotaceoidaepollenites Potonié et a1.,p.62, nom. nud.

l95STetracolporopollenites Pflug & Thomson in Thomson & Pflug, p. 108.

1960b Sapotaceoidnepollenites Potonié et al. ex Potonié, p. 109.

Dtstriburion: This genus, and other dispersed pollen having affinity with extant pollen of

Sapotaceae, has been recorded from the Late Cretaceous of Borneo, and the Tertiary of North

and South America, Europe, Africa, India, Indian Ocean, Southeast Asia, South China Sea and

Australia (Potonié, 1960a; Muller, 1968; Machin, l97l; Haris, 1972; Stover & Partridge,

1973; Anderson & Muller, 1975; Poner,1976; Kemp & Harris, 1977;Martin, 1978; Muller,

198lb; Sun ¿f al.,l98l; T¿kahashi, 1982; Rao & Ramanujum, 1982;Lorente, 1986).

T e tracolporopolleníle s sapotoide s

Pflug & Thomson in Thomson & Pflug 1953

Plan 13, Figurcs 7 &.8.

Sclcctctl Synonymy
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7953 Tetracolporopollenítes sapotoides Pflug & Thomson in Thomson & Pflug, p. 110, pl. 15,

frgs. 6-12.

1972 Sapotaceoidaepollenites rotundus Harris, p. 56, frgs. 17 & 18.

1986 P síIatricolporites pachydcrmat¡¿s Lorente , pl. 22, p. 196- 198, f,rgs. 1A-C, 2A-C.

Longest I)imenslon: 23-32 pm. (6'specimens).

Disrribution: This species occurs rarely from the Miocene throughout Thailand (this study).

Botanicar Afrinty: The fossil pollen resembles pollen of the extant Sapotaceae viz. Palaquium sp.

(Anderson & Muller, 1975, p.308, pl. 2, frg. 10) and Planchonella myrsínoides (Harley,

1986a, frg.4; Harley, 1986b, fig. 1).

Remarks: Sculpture of the fossil pollen under SEM shows smooth exine with microperforations.

Genus: Tílíaepollenítes Potonié 1931

Type spectps: Tiliaepollenites indubitabilís Potonié 193 1

Selected Synonymy:

193I Tiliaepollenites Potcnié, p. 4.

1934 Tiliaepollenites Potonié ex Potonié &Yenitz, p.37 .

1953Intratriporopollenlres Pflug & Thomson in Thomson & Pflug, p. 87.

19 68 D is coidites MuIIer, p. 20.

Remarks: Muller (1968) differentiated the genus Discoidites Muller 1968 from Tiliaepollenites

Potonié ex Potonié &Yenitz 1934, on the basis of the presence of short colpi in the former and

the absence of any indication of vestibulate pores. Although the exinal structure is similar,

Jansonius & Hills (1976, p. 2903) reveal that the original combined description of the

Tiliaepollenites Potonié I93I is comparable with Discoidites Muller 1968. Jansonius & Hills

(I976, p. 13a0) regard the genus Intratriporopollenites Pflug & Thomson 1953 as a junior

synonym of the Tiliaepollenites Potonié l93l which is followed in this study. However, the

exinal ornament of the studied specimens (which is clearly finely reticulate under SEM) differs

from granulate sculpture of Tiliaepollenites Potonié 1931 and the finely verrucate character of

Discoidites Muller 1968.
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Tilíaepollenítes cf. T. ínilubítabílis Potonié 1931

Ptaæ 13, Figures 11 8.12.

Selected Synonymy:

l93l T iliaep ollenite s i ndubitabilis Potonié, p. 4, fig. | 4.

cf. 1968 Díscoídites borneensis Muller, p. 20, pl. 4, fig. 16.

cf . 197 6b D isc oidites nov aguíneensis Khan, p. 7 66-7 67, ftg, 33 -

Descriptton: Pollen glains free, ficolpate, isopolar, radiosymmetric, oblate. Colpi 5 pm. wide in

polar view, slightly ragged margins. Exine 1-2 pm. thick, tectate, sexine and nexine the same

thickness. Sculpture fairly uniform and fînely reticulate (LM & SEM); lumina approximately

circular and 0.5-1 pm. wide, muri smooth and 0.2-0.3 pm. wide (SEM).

Longest Dimension: 22-36 pm. (7 specimens).

Dtstribution: The dispersed pollen resembling the Brownlowia type, Tiliaceae (cf. Discoidites

borneensis Muller 1968) has been recorded from the Palaeocene of Borneo (Muller,1981b), the

Pliocene of Papua New Guinea (Khan, 1976b). It occurs rarely to commonly from Eaily to

Middle Miocene sediments throughout Thailand (this study).

Botanicat AffTnity: The fossil pollen resembles pollen of the extant Brownlowia spp., Tiliaceae

(Thanikaimoni, 1987, p. 20-2I, pl. 30, f,rgs. 6 1 l-628).

Genus: Trícolpìtes Cookson ex Couper 1953

Type specles: Tricolpites reticulatus Cookson ex Couper 1953

Selected SynonymY:

1947 Trtcolpítes (Tubulifloridites) Cookson, p. I34, non ICBN-

1953 Tricolpites Cookson ex Couper, p. 61.

See Srivaslava, 197 5, p. T43.

Remarks: The genus Tricolpites Cookson ex Couper 1953 with a broad diagnosis "Free,

isopolar, tricolpate. Exine variable in thickness and sculpture. Size variable." is here employed

to provisionally accommodate unknown tricolpate pollen grains.



Mid-Tertiary Palynolory of Onshore and Offshore Thailand...Appendix C...Systematic Descriptions ...Page 172

Trícolpítes sp. 1366

Phæ L4, Figure 10.

Descriptton: Pollen gains free, tricolpate, isopolar, radiosymmetric, prolate. Colpi extending

almost to poles. Exine 1-2 pm. thick, stratified, sexine and nexine are the same thickness.

Sculpture fine1y reticulate (I-M & SEM); uniform reticulate, muri smooth and 0.5 pm. wide,

lumina less than 0.5 pm. (SEM).

Longest Dlmenslon: 25-35 pm. (6 specimens).

Disrribution: This species occurs from the Middle Miocene of Mae Sot Basin, northern Thailand

and Andaman Sea, southem Thailand (this study).

Botanical Affinity: Unknown.

Trícolpítes sp. 258

Plate 12, Figrues 1-5.

Description: Pollen grains free, tricolpate, isopolar, radiosymmetric, usually oblate. Colpi widely

opening, about 7 /ß of the polar diameter. Exine l-2 ¡tm. thick, tectate, sexine and nexine a¡e

the same thickness. Sculpture reticulate (LM & SEM); muri 0.3-0.4 pm. wide and contain

microgranules on the surface, lumina irregular, 0.5-2 ¡tm. wide decreasing in size at the polar

areas (SEM).

Longest Dimension: 28-35 pm. (5 specimens).

Disrrlbution: This species occurs rarely from the Middle Miocene of Mae Moh Basin, northern

Thailand (this study).

Botanlcal Afflnlty: Unknown.

Tricolpites sp. 854

Plate 13, Figurcs 13-15.

Descrtption: Pollen grains free, tricolpate, oblate, isopolar, radiosymmetric. Amb: circular. Colpi

2-3 ¡tm. wide, varying from 1/5 to 3/5 of equatorial diameter, slightly ragged margins. Exine

stratification is not seen. Sculpture microgranulate (LM and SEM); granules circular, uniform,

less than 0.5 pm. in diameter and 0.5 pm. apart (SEM).
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Longest I)lmenslon: 18-26 pm. (10 specimens).

Disrribution: This species is rare to common from the Miocene throughout Thailand (this study)

Botanlcal Affinlty: Unknown.

Genus: TrícolporÍf¿s Cookson 1947

Type Species: Tricolporites prolata Cookson 1947

Selected Synonymy:

1947 Tricolporites Cookson, p. I34.

Trícolporites cf. T. valvatus Harris 1972

Plate L4, Figrnes 1-3.

Selected Synonymy:

1972Trícolporites valvatus Harris, p.54, figs. 8-9.

1982 Tricolporites valv atus Harris; Foster, pl. 2, fig. 10- 1 1.

Description: Pollen grains free, tricolporate, isopolar, radiosymmetric, prolate. Colpi extending

almost to poles, margins are straight and thickening at the oral rims to 4-6 ¡tm. Pores circular,

2-3 pm. diameter. Exine indistinctly stratified, I pm. thick. Sculpture smooth (LM); but finely

striate at high magnification (about 10000X), ridges less than 0.1 pm. wide (SEM).

Longest I)lmension: 28-38 pm. (4 specimens).

Dtstrtbutton: Tricolporites valvatus Harris 1972 has been recorded from the Palaeogene of

Australia (Harris, 1972; Foster, 1982). The species occurs rarely from the Early to Middle

Miocene of Fang and Mae Moh basins, northern Thailand ( this study).

Botanical Afflnity: Unknown.

Gen us : T ric olpo ro polle níte s

Pflug & Thomson in Thomson and Pflug 1953

Type Specles: Tricolporopollenites dolium

Potonié ex Pflug and Thomson 1953

Sclcctcd Synonymy:

1953 Tricolporopollenires Pflug & Thomson in Thomson and Pflug,p. 82.
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Remarks: The genus Tricolporopollenítes Pflug & Thomson vvith a broad diagnosis comprising

(pollen) with three symmetrically distributed germinals, each consisting of a meridional colpus

with an equatorial pore, is here used to accommodate provisionally unknown tricolporate pollen

grains.

Trícolporopollenítes sp. 810

Plaæ t4, Figures 4 & 5.

Descrtption: Pollen grains free, tricolporate, isopolar, radiosymmetric, prolate to sub-prolate.

Colpi: about 7ll0 of polar diameter. Pores weakly defined, possibly circular. Exine less than 1

pm., stratification is not seen. Sculpture weakly striate (LM); stria-granulate, granules are 0.2-

0.3 pm. in diameter, dense and arranged in parallel lines (SEM).

Longest Dimension: 13-25 þm. (7 specimens).

Disrriburion: This species occurs rarely from the Miocene throughout Thailand (this study).

Botanical Affinity: Unknown.

Trícolporopollenites sp. 862

Plaæ 14, Figures 6 &.7.

Descriprton: Pollen grains free, tricolporate, isopolar, radiosymmetric, prolate to sub-prolate.

Colpi clear, extending almost to poles and thickening at the oral rims. Pores lalongate, about 4

pm. wide and7 pm. long. Exine indistinctly stratified, about I pm. thick. Sculpture weakly

striate (LM & SEM); muri smooth and 0.3 pm. wide, lumina less than 0.3 ¡tm. (SEM).

Longest Dlmenslon: 33-44 pm. (6 specimens).

Distrtbuuon: This species occurs from Early to Middle Miocene of Fang and Mae Moh basins,

northern Thailand (this study).

Botanlcal Âfflnlty: Unknown.

Trícolporopolleniles sp. 908

l,latc 14, Figurcs 8 e,9.

Descrlpilon: Pollen grains free, tricolporate, occasionally tetracolporate, isopolar,

radiosymmetric, oblate, sub-circular (polar vicws). Colpi indistinct, U6 of equatorial diameter.
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Pores weakly defìned, circular, 2 þm.in diameter. Exine tectate, 1 Ftm. thick, sexine and

nexine of equal thickness. Sculpture finely reticulate (LM & SEM); muri 0.4 pm. wide with 4-5

small granules (around each lumina) attached on the surface, lumina ci¡cular to elongate md 0.2

-1 mm. wide (SEM).

Longest Dimension: 25-32 pm. (5 specimens).

Disrribution: This species occurs rarely from the Miocene throughout Thailand (this study).

Botanical Affinity: Unknown.

Genus: Tríorítes Cookson 1950

Type Species: Triorites mngnificus Cookson 1950

Selected Synonymy:

1950 Tríorir¿s Cookson, p. 175 8L 176.

L953 Triorires Cookson ex Couper, P. 60, nom. superfl.

Remarks: The genus Tríorites Cookson ex Couper 1953 is diagnosed broadly as "Free, isopolar,

triorate, c''a circular. Grain oblate to peroblate, triangular to sub-triangular in polar view. Exine

psilate to sculptured. Size very variable." and is used here provisionally for any unknown

triporate pollen grains.

Tríorítes sp. 1373

Phte 14, Figrnes ll & 12.

Descriprion: Pollen grains free, triporate, isopolar, radiosymmetric, outline flattened circula¡ to

sub-triangular. Pores annulate, circular, 2-3 ¡tm. in diameter. Exine not clearly stratified, 2 pm.

thick. Sculpture reticulate (LM & SEM); muri smooth and 0.3 pm. wide, lumina shallow,

approximately hexagonal and 3-5 pm. wide (SEM).

Longest Dlmenslon: 22-30 pm. (7 specimens).

Dtsrrtbutlon: This species occurs tnely from the Miocene throughout Thailand (this study).

Ilotunlcul Afflnlty: Unknown.

Triorites sp. 788

Plnte 15, Figures 1-3.
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Descrlpuon: Pollen grains free, triporate, isopolar, radiosymmetric, outline flattened circular in

variable views. Pores annulate, circulat, 2-4 ¡tm. in diameter, protruding, 3-4 pm. long. Exine

tectate, 2-3 ¡tm. thick, sexine the same thickness as.nexine. Sculpture coarsely reticulate (LM

and SEM); muri 0.5-1 pm. wide and contain microgranulate elements on the surface, lumina

approximately circular and 4-6 pm. in diameter (SEM).

Longest Dimenslon: 23-30 pm. (8 specimens).

Dtstrtbuuon: This species occurs rarely from the Miocene of Mae Moh and Mae Sot basins,

northern Thailand; and Andaman Sea, southern Thailand (this study).

Botanical Affinity: Unknown.

Genus : T rive stíbulop olleníte s

Pflug þ Thomson & Pflug 1953

Type spectes: Trívestíbulopollenítes betuloides

Pflug in Thomson & Pflug 1953

Selected Synonymy:

1953 Trivestibulopollenites Pflug in Thomson & Pflug, p. 84.

1960 Betulaepollenites Potonié 1934 ex Potonié, p. 115.

1960 Betulaceoipollenires Potonié 1951 ex Potonié, p. 114.

Dlsrriburion: This genus, and other dispersed pollen resembling extant þollen of. Betula, has been

recorded from the Late Cretaceous of Urals and Canada (Penny, 1969; Multer, 198lb) and is

widely distributed in the Tertiary of Northern Hemisphere @ngelhardt,1964; Martin & Rouse,

1966; Fuji, 1969a, 1969b, 1969c; Nugy, 1969;'Penny,1969; Potter, 1916;Takahashi & Kim,

1979: Muller, 1981b; Sun ¿r aI.,l98l; Takahashi & Jux, 1982; Mohr, 1984).

Remarks: The similarities between triporate pollen resembling extant genera Betula, Corylus and

Caçunrinnneeds more detailed examination to obtain more reliable identihcation of the dispersed

pollen. The condition of poorly preserved pollen grains when viewed from different aspects in

conjunction with the experience of the examiner may cause some bias in identification. In this

srudy, the pollen of Trivestibulopollenites betuloides PfTug In: Thomson & Pflug 1953, is

iclentifiecl by its slightly protruding pores and vestibulate pore structure. Jansonius & Ilills

(1976; p.260,262,3081) consideredTrivestibulopollenítes Pflug In: Thomson & Pflug 1953
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to be the senior synonym of both Betulaepollenítes Potonié 1934 ex Potonié 1960 and

Betulaceoipollenítes Potonié 1951 ex Potonié 1960.

Trivestíbulopollenítes betuloídes

Pflug i¡l Thomson & Pflug 1953

PIaæ 15, Figures 4 &.5.

Selected Synonymy:

1953 Trivestibulopollenítes betuloides Pflug in Thomson & Pflug, p. 85, pl. 9, fig. 34.

1964 Betulaceoípollenites cf . B. bituitus Potonié; Engelhardt, P. lJ , pl. 4, fig. 42.

1966 Betula claripites 'Wodehouse; Martin & Rouse, p.197, pl. 8, figs. 72-73.

Longest Dimension: 18-28 pm. (5 specimens).

Distrlbution: This species occurs rarely from Late Oligocene to Middle Miocene throughout

Thailand (this study).

Botanicat Afflnty: Aperture and sculpture under SEM of the dispersed pollen resemble pollen of

extant species of Betula pendula Roth, Betulaceae (Plate 15, Figure 6) and Carpinus japonica

Blume, Carpinaceae @late 15, Figures 7 e.Ð.

Remarks: The sculpture under SEM of this species shows most of the microgranules are on

ridges.

Genus: Tubuliflorídites Cookson ex Potonié 1960

Type Species: Tubulifloridites antipodica Cookson ex Potonié 1960

Selected Synonymy:

1947 Trícolpites (Tubulifloridites) Cookson, p.134, no¡z ICBN.

1960b Tubulifloridites Cookson ex Potonié, p. 106.

cf. 1960b Compositoipollenites Potonié ex Potonié, p. 105.

DLstrtbutton: The pollen of the Tubuliflorae type is distributed world-wide in the Oligocene and

later (Muller, 1981b).

Tubulifloridites anlipodica Cookson ex Potoniê 1960

Plate 15, Figures 9.
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Selected SynonYmY:

1960b Tubulifloridites antipodic¿ Cookson ex Potonié, p. 106.

Longest Dimenslon: 18-28 pm. (5 specimens).

Distribution: This species occurs rarely from the Middle Miocene throughout Thailand (this

study).

Botanical Affinly: The fossil pollen resembles pollen of the extant members of Tubuliflorae

(Cookson, 1947).

Remarks: The sculpture under SEM of this species shows conical spines uniformly distributed

over the surface. The spines are about 1 pm. long and 2-3 ¡tm. apart.

Extant Genus: Xylocarpus (Meliaceae)

XylocørPus sP. 1526

Phte 15, Figures 10 & 11.

Descriprion: Pollen grains free, tetracolporate or pentacolporate, isopolar, radiosymmetric, sub-

prolate. Colpi about U2 of polu diameter, margins are straight and thickening at the oral rims.

pores lalongate, 3-6 pm. slightly protruding. Exine: stratified, about 3 pm. Sculpture smooth

(LM); smooth with very small foveolae irregularly developed in the exine surface (SEM)'

Longest Dimenslon: 30-45 (5 specimens).

Disrribution: This species occurs from the Middle Miocene of the Gulf of Thailand (this study).

Boranicat Afftnity: The fossil pollen resembles pollen of the extant Xylocarpu,s spp.vizX'

australasic¡,r, Meliaceae (Thanikaimoni, 1987, p. 21,pL.33, figs. 644-649).

Genus: Zonocostíf¿s Germeraad et al. 1968

Type specles: Zonocostites ramonae Germeraad et al' 1968

Selected SynonYmY:

1968 Zonocostites Germeraad et al', p.332.

Dtsrrtbutt'nr This genus, and other dispersed pollen having affinity with extant pollen of

Rhizophora and Bruguierü,h,às been recorded from the Eocene of South America and India, the

Oligocene of Australia and the Miocene ancl Pliocene of Southeast Asia, South China Sea and
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Nigeria (Germeraad et aI., 1968; Hekel, 7972; Anderson & Muller, 1975; Morley, 1978;

Muller, 1981b).

Zonocostítes ramonae Germeraad et al. 1968

Plate 15, Figures 12-14.

Selected Synonymy:

T96SZonocostites ramonae Germeraad et a1.,p.333,p1. 15, ftgs. 6 & 7.

Longest l)lmension: 13-17 pm. (7 specimens).

Disrribution: This species occurs from Early to Middle Miocene of Andaman Sea and the Gulf of

Thailand (this study).

Boranicat Afftnlty: The morphology of modern pollen grains of the genera Rhízophora and

Bruguìera, Rhizophoraceae, are alike in many aspects and can hardly be distinguished under

LM. The fossil pollen Zonocostites ramonae is comparable with pollen of the extant genera

Rhízophora and Bruguiera, Rhizophoraceae (Germeraad et a1.,1968, p. 332-333, pl. 15, figs.

6-9; Muller & Caratini 1977, pI.3, figs. 1-2; Tissot, 1980, p. I57-175,pls.2-6; Bertrand,

1983, p. 148, figs. lA-C; Tomlinson, 1986, p. 140-141, figs. 73: A-B). The extant taxa grow

in tropical mangrove environments.

Rernarks: The microreticulate sculpture under SEM of this species is slightly variable.
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GENERAL EXPLANATION OF PLATES

Specimen Location. Most palynomorphs are located by the England Finder, for

example: If23l3, unless otherwise indicated.

SEM. The SEM is indicative of "scanning Electron Micrograph" and followed

with negative recording number, for example: SEM 1103. Most SEM bar

scales a¡e 10 pm., unless otherwise indicated.

LM. The LM is indicative of "Light Micrograph" and followed with negative

recording number, for example: LM 10607. All light micrographs displayed

here were taken under differential interference contrast. Most light

micrographs are approximately 1000 times magnification, unless otherwise

indicated.

Recent Pollen. All scanning electron micrographs of Recent pollen grains

displayed here were not preéerved.

Miscellaneous Palynomorphs. Some miscellaneous palynomorphs found in

this study may be useful for palaeoenvironmental indications. As the main

emphasis of this study is on pollen and spores, no systematic treatment of

algae and dinoflagellates is attempted, but some illustrations are given on

Plate 16.

-a
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PLATE 1

Fugures 1-3 Marker lines represent examination routes (a:row lines) between microgrids,

and marker dots represent grid number. Figure 1: Slide KP126S2, SEM 399, 100

pm scale bar. Figure 2: Slide LP117S13, SEM 118, 100 pm scale bar. Figure 3:

Slide FP10110, SEM 970, 1000 pm scale bar.

Figure 4 Slide Fp10110, SEM 969, showing the ptain 50 mesh microgrid which fixed

cover shp by glue (dark), 1000 ¡rm scale bar.

Figure 5 Slide KP12652, SEM 400, showing the plain grids with a dividing bar cut for

numbering divisions, 100 pm scale bar.

Figure 6 Slide NY10501, SEM 920, showing the plain 75 mesh microgrid adhered to

cover slip by glue (dark), 1000 pm scale bar.

Figure 7 Slide FP10110, SEM 963, showing the MaxtaformH-2 finder grid overlying a

strew residue, 1000 Pm scale bar.

Figure 8 Slide LPl17S 13, SEM 117, showing a tricolporate glain located at the division

"O/1" prior to making a higher magnification.

Figure 9 Slide MM10104, SEM 956, showing the Maxtaform H-6 finder grid overlie on

strew residue, 1000 Pm scale bar.

Figures l1-11Some problems were encountered during the specimen preparation. Figure

10: Slide MM10104, SEM 399, showing gnd bar overlapping palynomorphs, 100

pm scale bar. Figure 11: Slide FP101S4, SEM 140, showing grid bar overlapping

a trilete spore. Figure 12: Slide MM11652, SEM 181, showing glue overspread on

a trilete spore.
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Mid-Tertiary Palynology of Onshore and Offshore Thailand

PLATE 2

Figure I Baculatisporítes prímdrius Wolff ex Thomson & Pflug 1953. Slide NY10702,

H2313, SEM 1103, equatorial view showing densely baculate sculpture and

indistinct rilete mark.

Figure 2 Cyathidites minor Couper 1953. Slide MMl1801, 030/3, SEM 772,proximal

view showing well developed trilete mark and lack of sculpture.

Figure 3 Foveotiletes magaritaeHammen ex Germeraad et a\.1968. Slide MMl1803,

L26/4, SEM 1266, proximal view showing well developed trilete mark and

foveolate sculpture.

Figures 4 & 5 Laevigatosporites ovatus Wilson & Webster 1946. Figure 4: Slide

Fp10541, Q¡2912, LM 10607, proximal view showing well developed monolete

mark. Figure 5: Stide F46253, O30i0, SEM 616, equatorial view showing smooth

surface.

Figure 6 Retitiletes dougla^rii Dettmann 1986. SlirJe LP10403, K26ll, SEM 1052,

. proximal view showing well developed trilete ma¡k and reticulate sculpture.

Figures 7-I0 Polypodiaceoisporites retirugatus Muller 1968. Figures 7-9 are the same

grain, Slide MM13301, N2314. Figures 7 &.8: SEM 826 &.827, proximal view

showing well developed trilete mark, verrucate sculpture and smooth cingulum at

different magnif,rcations, scale ba¡ of Figure 8 is 1 pm. Figure 9: LM 11800, distal

proximal view showing rugulate sculpture. Figure 10: Slide FP113B l, C44/0,LM

10907, proximal view showing vemrcate sculpture under LM to compare with

under SEM.

Figures lI-12 Polypodiaceoísporites sp. 125. Figure I 1: Slide LP104S2, this spore is in

double cover slips mounting and located with microgrid at 1Q5, SEM 1052,

proximal view showing well developed lips along with trilete mark and rugu-

verrucate sculpture. Figure 12: Slide LP10603, Mr3014, SEM 741, proximal view

similar to Figure 11.
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Mid-Tertiary Palynology of Onshore a¡rd Offsho¡e Thailand

PLATE 3

Figures l-3 Magnastriatites grandiosus Kedves & Porta emend. Dueñas 1980. Figure 1:

Slide FP10108, M34/0, SEM 652, oblique proximal view showing well developed

ribs and trilete mark. Figure 2: Slide FP10108, Q29/0, SEM 653, obiique distal

view showing well developed ribs. Figure 3: Slide FP101B, Q3U4,LM 10233,

equatorial view similar to Figure 2.

Figure 4 Polypodüsporites pohangensis Takahashi 1979. Slide FP10341, Q34/0, LM

10505, equatorial view showing evenly velrucate sculpture.

Figure 5 Potypodüsporites alienus Potonié emend. Khan & Martin 1971. Slide LP11201,

P2I/2, SEM 1069, oblique proximal view showing well developed monolete mark

and vemrcae.

Figure 6 Polypodiisporites usmensis Hammen emend. Khan & Martin 1971. Slide

MM10602,P2U4, SEM 1208, equatorial view showing well developed baculate

sculpture.

Figures 7 & 8 Rugulatisporites quintus Pflug & Thomson in Thomson & Pflug 1953.

Figures 7 &. 8 are the same spore, slide KP126SS l, F33/4, SEM 383 & 384,

proximal view showing well developed trilete mark and rugulate sculpture at

different magnifications, scale bar of Figure 8 is I pm.

Figures 9-ll Undulatisporites unduliradi¿s Takahashi in Takahashi & Shimono 1982.

Figures 9-II are the same spore, slide LP11751, M9/2. Figures 9 & 10: SEM 065

& 066, proximal view showing undulating sculpture and well developed trilete

mark at different magnifications, scale bar of Figure 10 is 1 pm. Figure 11: LM

111284, showing comparative morphology under LM.
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Mid-Tertiary Palynology of Onshore and Offshore Thailand

PLATE 4

Figures l-3 Dacrydiurnites florinii Cookson & Pike ex Harris 1965. Figures 1-3 are the

same pollen grain' slide MM12201, P24/0' Figure 1: SEM 1284, distal view

showing variation of rugulate sculpture between sacci and corpus. Figures 2 &.3:

LM 11719 &. 11718, proximal views at different foci showing corpus exine

thickness.

Figures 4-6 Inaperturopollenites dubius Potonié & Venitz ex Thomson & Pflug 1953.

Figures 4 &. 5 are the same pollen grain, slide LP1060I,L3L|I. Figure 4: SEM

715, showing scattered tubercula over densely verrucate surface. Figure 5: LM

11809, showing comparative morphology under LM. Figure 6: SEM 731, is

similar to Figure 4 and grain is often split.

Figures 7-9 Piceaepollenites alatus Potonié 1931. Figures 7-9 are the same pollen grain,

slide MM13501, MZU2. Figure 7: SEM 1301, distal view showing smooth sacci

with microperforations and distal furrow. Figures 8 & 9: LM 11712 &. 1171'3,

proximal views at different foci showing comparative morphologies under LM and

internal reticulate structure of sacci.

Figure I0 Podocarpidites ellipticus Cookson ex Couper 1953. Slide M6840I, 024/3,

SEM 1581, equatorial view showing smooth sculpture.

Figures ll &, 12 Pinuspollenites sp. 1436. Figure 11: Slide KP12001, N24/2, SEM

1436, showing smooth sacci and microscabrate corpus. Figure 12: Slide LP11301,

1vI26/2, SEM 1096, a broken saccus showing intemal reticulate structure, scale bar

of Figure 12a is 5 pm., and 12b = 2X lZa.

Figure 13 Pinus sp., Recent, SEM 050, distal view showing smooth sacci and

microscabrate corpus.

Figures 14-16Tsugaepollenites igniculus Potonié ex Potonié 1958. Figures 14-16 are the

same pollen grain, slide LP10501, K31/0' Figures L4 &' 15: SEM 1021 8L 1022,

showing microechinae on verrucate surface at different magnihcations, scale bar of

Figure 14 is 100 pm. Figure 16: LM lI7l4 8L 11715, showing comparative

morphologies under LM at different foci, 635X magnification.
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Mid-Tertiary Palynology of Onshore and Offshore Thaila¡rd

PLATE 5

Figures l-3 Acerípol/ís sp. 727.Figares 1-3 are the same pollen grain, slide LP10601,

Knß.Figures I &2: SEM 727 &.728, equatorial view showing striate sculpture

at different magnifications, scale bar of Figure 2 is I pm. Figure 3: LM 11717

showing exine structure.

Figures 4 &. 5 Aceripolli^s sp. 842. Figures 4 e. 5 are the same pollen grain, slide

MMl2701 , O2glO. Figure 4: SEM 842 8L 843, equatorial view showing striate

sculpture at different magnifications, scale bar of Figure 4 is 1 ttm.

Figure 6 Aceripollis sp. 853. Slide MM12701 , 52610, SEM 853, equatorial view

showing well developed striate sculpture.

Figures 7 &.8 Aceripollis sp.1175. Figures 7 &.8 are the same pollen grain, slide

MM10902, H27/0. Figure 7: SEM !175, equatorial view showing weakly

developed striate sculpture. Figure 8: LM 1L822, equatorial view showing stratifred

exine.

Figures 9 &10 Atnipollenites verus Potonié 1931. Figure 9: Slide LP10603, M29l0, SEM

742, pol3¡ view showing well developed arci and microgranulate sculpture, some

microgranulae join together to become an elongate ridge. Figure 10: slide FP101B,

Fzs/O,LM 10319, polar view showing well developed arci'

Figures Il & 12 Alnus firm¿ Sieb. & Succ., Recent. Specimen origin: Japan. Voucher

reference: South Australia State Herbarium AD 97713226. Figure 12: SEM 1389,

polar view showing well developed arci and microgranulate sculpture. Figure 13:

SEM 1390, oblique equatorial view showing annulate pore.

Figures 13-15 Ammania sp. 382. Figures 13-15 are the same pollen grain, slide

KP1265S1 ,N2612. Figures 13 & 14: SEM 382 381, equatorial view showing

pseudocolpi and striate sculpture at different magnihcations, scale bar of Figures 13

& 14 are 1 pm. Figure 15: LM 11907, showing comparative morphology under

LM.
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Mid-Tertiary Palynology of Onshore and Offshore Thailand

PLATE 6

Figures l-3 Avicennía sp. 1,492. Figures | 8.2 ate the same pollen grain, slide 4P10105,

L28/2. Figure 1: SEM 1492, equatorial view showing microreticulate sculpture.

Figure 2:LM 11815, equatorial view showing exine structure. Figure 3: Slide

4P10105, Ql9l2, SEM 1506, polar view showing microreticulate sculpture

varying slightly from Figure 1, and polar area.

Figures 4 &. 5 Bombacacidites annae Hammen ex Leidelmeyer 1966. Figure 4: Slide

MM129S2, this pollen grain is mounted in double coverslip and located with

microgrid at lK1, SEM 189, polar view showing variable reticulate sculpture.

Figure 5: Slide MMl1648, LM 111014, polar view showing exine structure.

Figure 6 Bursera sp. 1427. Slide KP12001, J26/2, SEM 1427, oblique equatorial view

showing protruding Pore.

Figures 7-ll Caryapollenites simplex Potonié 1960. Figure 7: Slide \<P12002, N26/1,

SEM 1470, polar view showing microgranulate sculpture and pores. Figure 8:

Slide FP10302, S28lI, SEM 667,polar view similar to Figure 7. Figure 9: Slide

FP10341, K34!4,LM 10923, polar view showing smooth sculpture. Figures 10 &

11: Slide FP102A, 03610,LM 10732 & 10733, polar view showing smooth

sculpture at different foci.

Figures 12 &.13 Card.amine sp.323. Figures 12 & 13 are the same pollen grain, slide

MM129S ll,I<2612. Figures 12 & 13: SEM 323 &.324, equatorial view showing

reticulate sculpture at different magnifications, scale bar of Figure 13 is 1 pm.

Figures 14 &. 15 Cephalomappa sp. 590. Figures 14 8. 15 are the same pollen grain, slide

827004, R2410. Figures 14 &. 15: SEM 590 8L 591, oblique equatorial view

showing echinate sculpture and proruding pores at different magnifications.
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Mid-Tertiary Palynology of Onshore and Offshore Thailand

PLATE 7

Figures l-3 Cupuliftroipollenites pusillus Potonié ex Potonié 1960. Figures 1-3 are the

same pollen grain, slide LP10505,Mr2014. Figure 1: SEM 1046, equatorial view

showing microrugulate ridges. Figures 2 &.3: LM 11709 8L 11710, equatorial

views at different foci showing comparative morphologies under LM.

Figures 4 8L 5 Castanea crenata Sieb. & Succ., Recent. Specimen origin: Japan. Voucher

reference: South Australia State Herbarium AD 98663346. Figures 4 8.5 are the

same pollen grain, SEM 527 &.528, equatorial view showing microrugulate ridges

at different magnifications, scale bar of Figures 4 & 5 are 1 pm.

Figure 6 Castanopsís hninnnens¡s Merr., Recent. Voucher reference: South Australia State

Herbarium AD 98709461, SEM 513, equatorial view showing microrugulate

ridges, 1 ¡rm scale bar.

Figure 7 Cyperaceaepollis neogenicus Krutzsch 1970. Figure 7: Slide MM11301, N20/0,

SEM 1342, equatorial view showing microperforate sculptue and lacunae.

Figures 8 & 9 Dípterocarpus sp.780. Figures 8 & 9 are the same pollen grain, slide

MMl1801, Q30/2. Figure 8: SEM 780, oblique polar view showing convoluted

ridges separated by fossulate depressions. Figure 9: LM 11700, oblique polar view

showing undulating sculpture and exine structure.

Figures 10 & 1 | Dicolpopollis kalewe,?sis Potonié ex Potonié' 1966. Figures 10 & 11 a¡e

the same pollen grain, slide E27004, Q24/4, SEM 592 & 593, oblique polar view

showin g microperforate sculpture at different ma gnifications.

Figures t2 8. 13 Excoecaria sp. 1404. Figures 12 &. 13 are the same pollen grain, slide

KP12801, N17/3, SEM 1404 &1405, equatorial view showing reticulate sculpture

at different magnifications, scale bar of Figure 13 is 1 pm.

Figures 14-1,6 Echiperiporites cf . E. estelae Germeraad et al. t968. Figures L4 &' 15 are

the same pollen grain, slide P252S1, M20/4, SEM 481 & 482, showing

microscabrate sculpture with spines at different magnifications, scale bar of Figure

15 is 1 ¡rm. Figure 16: Slicle FP10341, J34l3,LM l09zl, showing comparative

morphology under LM.
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Mid-Tertiary Palynology of Onshore and Offshore Thailand

PLATE 8

Figures 1 &.2 Faguspollenites sp.845. Figures 1 & 2 arc the same pollen grain, slide

MM12701 , p2g/3, SEM 845 &. 846, equatorial view showing microscabrate

sculpture at different magnifications, scale bar of Figure 2 is 1 pm.

Figure 3 Fagus crentfiaBlume, Recent. Specimen origin: Japan. Voucherreference: South

Australia State Herbarium AD 98137091, SEM 1382, oblique equatorial view

showing microscabrate sculpture.

Figure 4 Florschuetzia trilobata Germeraad et aI. 1968. Slide M97301, G2014' SEM

1611, equatorial view showing smooth sculpture and well developed meridional

ridges.

Figure 5 Florschuetzia semilobataGermeraad et at.1968. Slide 4P10105, R25/0' SEM

l4g1, oblique equatorial view showing smooth meridional ridges and dense

velTucae around Porate areas.

Figures 6-9 Flor,çchuetzia levipoli Germeraad et at.1968. Figure 6: Slide P4200I, N26/1,

SEM 1531, oblique equatorial view showing smooth polar areas and dense

veffucae around equatorial area, Figures 7-9 are the same pollen grain, slide

p4}00l, N19/4. Figures 7 &. 8: SEM 1532 &. 1533 equatorial view similar to

Figure 6 at different magnifications, scale bar of Figure 8 is 1 pm' Figure 9: LM

llg 14, equatorial view showing exine thickness'

Figures 10 & 1 | Florschuetzia meridionalis Germeraad et aI. 1968- Figures 10 & 11 are

the same pollen grain, slide M79201, GZI13. Figure 10: SEM 1617, equatorial

view showing smooth polar caps and dense variable verrucae around porate areas

and meridional ridges. Figure 11: LM ll9l7, equatorial view showing difference

of exine structure between porate and equatorial a¡eas'

Figures l2-I5 Florschuetzia sp.647. Figures 12 &.13 are the same pollen grain, slide

FP10108, M26/|' SEM 647 8L 648, equatorial view showing vemrcae around

porare areas and striate meridional ridges at different magnif,rcations. Figure 14:

SEM 031, pollen grain was not preserved, equatorial view showing exine

thickness. Figure 15: Slide FP101A, L3512, LM 10712, equatorial view showing

comparative morPhologY under LM.
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Mid-Tertiary Palynology of Onshore a¡rd Offshore Thailand

PLATE 9

Figures l-4 Hopea sp.l2gg. Figures | &.2 are the s¿Lme pollen grain, slide MMl3502,

O24lI.Figure 1: SEM 1299, equatorial view showing finely reticulate sculpture.

Figure Z:LM IL704, equatorial view showing pores and exine thickness. Figures 3

& 4 are the same pollen grain, slide MM10901, P18/1, SEM 1I45 &' 1146,

equatorial view showing finely teticulate sculpture at different magnifications, scale

bar of Figure 4 is 1 Pm.

Figures 5-8 Lagerstoemia sp. 325. Figures 5-7 are the same pollen grain' slide

MM136S3 ,Pz3l}.Figures 5 & 6: SEM 325 &326, equatorial view showing rugu-

venucate sculpture at different magnifications, scale bar of Figure 6 is 1 pm'Figure

7: LM 11811, showing stratified exine and pores. Figure 8: Slide MM10604,

Q2314, SEM 1240, equatorial view simila¡ to Figure 5'

Figure 9 Juglanspollenites veru; Raatz 1939. Slide SP10502, L2013, SEM 1667, polar

view showing pores and microgranulate sculpture'

Figures l0-l2llexpollenites iliacus Potonié 1960. Figure 10: Slide MM12702,52412,

SEM 883, equatorial view showing variably clavate sculpture. Figures II &.12 are

rhe same pollen grain, slide FP103 Al,q)zþ,LM 10514 & 10515, equatorial view

showing comparative morphologies under LM at different foci.

Figures 13 &15 Lanagiopollis nanggulanensis Morley 1982. Figures 13 & 14 are the

same pollen grain, slide MM129S9,T22lI. Figure 13: SEM 343, polar view

showing reticulate-rugulate sculpture. Figure 14: SEM 344, polar view showing

srratified exine around porate area. Figure 15: Slide MM11648, y2714,LM

111044, polar view showing süatified exine.
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Mid-Tertiary Palynology of Onshore and Offshore Thailand

PLATE 10

Figures L-4 Margocolporites vanwiihei Germeraad et aI.1968. Figures I &.2 are the

same pollen gain at different magnifications, slide TvlNll2702, K30/3, SEM 896 &

897, polar view showing two different reticulate sculptures between colpate and

intercolpate areas. Figure 3: Slide MM12201, P25ll, SEM 1283, oblique equatorial

view similar to Figure 1. Figure 4: Slide FP112A, 036/2, LM 10821, polar view

showing comparative morphology under LM.

Figures 5 & 6 Momipites coryIoides Wodehous e 1933. Figures 5 &. 6 are the same pollen

grain, slide LP10702, K22lo. Figure 5: SEM 1066, equatorial view showing

evenly microgranulate sculpture. Figure 6: LM 11920, equatorial view showing

unclearly sratif,red exine.

Figures 7 &.8 Myrtaceídites rnesonesus Cookson & Pike 1954. Figure 7: Slide FP10110'

R20/0, SEM 967, polar view showing syncolpate and smooth sculpture. Figure 8:

Slide Fp101.C,D2513,LM 10424, polar view showing comparative morphology

under LM.

Figure 9 Myricipites dubius'Wodehouse 1933. Slide M79207, H23/4, SEM 7616'

oblique polar view showing evenly microgtanulate sculpture.

Figure l0Monoporopollenites gramineoidesMeyer 1956. SlideMM10604, Q22l4,SEN{

1239, polar view showing evenly microgranulate sculpture.

Figures ll &.12 Pandaniidites texus Elsik 1968. Figures l1 &.12 are the same pollen

grain at different magnifications, slide MIM.L2702,L3213; sEM 903 & 904' polar

view showing smooth sculpture with spines, scale bar of Figure 12 is 1 pm.

Figures 13 &. 14 Periporopollenites stigmosus Potonié ex Thomson & Pflug 1953.

Figures 13 8L 14 are the same pollen grain at different magnifications, slide

Fp10302, R:ZB13, SEM 668 8. 669, showing finely reticulate sculpture and

granules inside Porate areas.

Figure L5 Polyartopollenites myriosporil¿s Cookson ex Partridge in Stover & Partridge

1973. Slicle MM12702, L30/0, SEM 905, showing microperforatc sculpture'
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Mid-Tertiary Palynology of Onshore and OffshoreThailand

PLATE 1 1

Figures | & 2 Psilatricolporites operculatus Hammen & V/ymstra,1964. Figures I &.2

are the same pollen grain at different magnifications, slide MMl1802, P25l1, SEM

783 &.784, polar view showing scabrate sculpture.

Figure 3 Polyatríopollenites stellatus Potonié &Yenitz ex Pflug 1953. Slide SP10501,

019/0, SEM 1640, polar view showing microgranulate sculpture.

Figures 4-7 Quercoidites sp.777. Figures 4 & 5 are the same pollen grain at different

magnifications, slide MMl1801, O28l0, SEM 777 &.807, equatorial view showing

weakly velrucate sculpture, scale bar of Figure 5 is 1 pm. Figure 6: Slide

Lp10601, L25lZ, SEM 724, polar view showing variably venucate sculpture.

Figure 7: Slide FP10307, Q28/0, SEM 704, polar view also showing variably

microscabrate-verucate sculpture.

Figure B Quercus helferina A. DC., Recent. Specimen origin: Thailand. SEM 1139,

equatorial view showin g microscabrate sculpture.

Figure 9 Quercus phillyraeoides Gray, Recent. Specimen origin: Japan. Voucher

reference: South Australia State Herbarium AD 98663303, SEM 541, oblique

equatorial view showing verrucate sculpture.

Figures 10 & 1 | Quercus senata Thumb, Recent. Specimen origin: Japan. Voucher

reference: South Australia State Herbarium AD 97941265, SEM 531 &. 532,

oblique equatorial and polar views showing velrucate sculpture.

Figure 12 Radermachera sp. 1546. Slide fi6002,M25/1, SEM 1546, oblique polar view

showing reticulate sculPture.

Figures 13-15 Rhoipites sp. 1263. Figures 13 &. 14 are the same pollen grain, slide

MM11803, J2]/0. Figure 13: SEM 1263, equatorial view showing perforate

sculpture. Figure 14: LM 11904, equatorial view showing circular pores. Figure

15: Slide MMl1803, K18/0, SEM 1264, equatorial view showing also perforate

sculpture.
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Mid-Tertiary Palynology of Onshore and Offshore Thailand

PLATE 12

Figures t-5 Retitricolpites sp. 258. Figures 1-3 are the same pollen gain at different

magnifications, slide MM143S5, this pollen grain is mounted in double coverslip

and located with microgrid at 2G5, SEM 258,259 &' 260, polar view showing

reticulate sculpture and stratified exine, 1 pm scale bar for Figures 2 &.3. Figures 4

& 5 are the same pollen grain at different foci, slide FP10341, N33/3, LM 10510

& 10511, oblique polar view showing reticulate sculpture.

Figures 6-10 Rhoipites cf. R. retiforrn¡"s Pocknall & Mildenhall 1984. Figures 6-8 are the

same pollen grain, slide FP103S3, this pollen grain is mounted in double coverslip

and located with microgrid at 1F6. Figures 6 & 7: SEM 130, 131, equatorial view

showing reticulate sculpture at different magnifications, scale bar of Figure 7 is 1

pm. Figure 8: LM llI27A, equatorial view showing comparative morphology

underLM. Figure 9: Slide FP10110,}J2410, SEM 1010, equatorial view simila¡ to

Figure 6. Figure 10: Slide FP101 10, q2014, SEM 968, equatorial view similar to

Figure 6.

Figures ll & 12 Rhoipítes sp. 847. Figures ll 8L 12 are the same pollen grain at different

magnifications, slide MM12701, P2810, SEM 847 & 848, equatorial view showing

reticulate sculpture, scale bar of Figure 12 is 1 pm.

Figures 13-15 Rhoipites sp. 1267. Figures 13-15 are the same polien grain, slide

MM11803, O20lt. Figures 13 & 14: SEM 1267, 1268 equatorial view showing

reticulate sculpture at different magnifications, scale bar of Figure 14 is 1 pm.

Figure 15:LM 11901, equatorial view showing pores.
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Mid-Tertiary Palynology of Onshore a¡rd OffshoreThailand

PLATE 13

Figures 7 &2 Rhoipites sp. 1345. Figures I &.2 are the same pollen grain at different

magnifications, slide MMl1301, K19/1, SEM t345 &.1346, polar view showing

well developed reticulate sculpture, scale ba¡ of Figure 2 is 1 pm.

Figures 3 &. 4 Rhoípites sp. 1207. Figures 3 &. 4 are the same pollen grain, slide

MM10903, L25/1, SEM 1207, equarorial view showing variably reticulate

sculpture. Figure 4: LM LlT}3,equatorial view showing comparative morphology

underLM.

Figures 5 &,6 Salixipollenites cf.. S. discoloripites Srivastava 1966. Figure 5: Slide

Fp101l0,K23l!, SEM 996, equatorial view showing reticulate sculpture. Figure

6: Slide FP101 IO, R22/2, SEM 972, equatorial view showing smalier reticulate

sculpture adjacent to colPi.

Figures 7 &.sTetrdcolporopollenites sapotoides Pflug & Thomson in Thomson & Pflug

1953. Figures 7 &. 8 are the same pollen grain, slide MM13501, K29l1' SEM

1311, equatorial view showing perforate sculpture. Figure 4: LM 11819, equatorial

view showing circular Pores.

Figure 9 Spinizonocolpites promínatus (Mclntyre) Stover & Evans 1973. Slide 4P10106,

N20/1, SEM 1501, showing reticulate sculpture with spines and clearly stratifled

exine.

Figures IO-12 Tiliaepotlenítes cf . T. indubitabilis Potonié 1931. Figures 10-12 are the

same pollen grain, slide MMl1802,L2712. Figures 10 & 1i: SEM 796 &.197,

polar view showing reticulate sculpture at different magnifications, scale bar of

Figuresl l is 1 ¡rm. Figure IZ:LM 12032, polar view showing exine thickness and

sradfied exine.

Figures 13-15 Tricolpites sp. 854. Figure 13: Slide MM12701, P.23n, SEM 854, polar

view showing microgranulate sculpture. Figure 14: Slide MMl1802,H2611, SEM

798, oblique polar view similar to Figure 13. Figure 15: Slide MMI1802, P2510,

SEM 787, equatorial view similar to Figure 13.
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Mid-Tertiary Palynology of Orshore and Offshore Thaila¡rd

PLATE 14

Figures I-3 Tricolporites cf.T. valvaf¿s Ha¡ris 1972. Figures 1-3 are the same pollen

grain, slide FP10203, Mr25p. Figures I & 2: SEM 664 &. 665, equatorial view

showing finely striate sculpture at different magnifications, scale bar of Figure 2 is

1 pm. Figure 3: LM12005, equatorial view showing comparative morphology

underLM.

Figures 4 e. 5 Tricolporopollenites sp. 810. Figure 4: Slide MM13301, N32/0, SEM

810, equatorial view showing striate-granulate sculpture. Figure 5: Slide

MMll80I,L25/3, SEM 760, equatorial view similar to Figure 4'

Figures 6 817 Trícolporopollenites sp. 862. Figures 6 &.1 are the same pollen grain, slide

MM12701 , J2gl4, SEM 862 &. 863, equatorial view showing finely striate

sculpture at different magnifications, scale bar of Figure 7 is 1 Lrm.

Figures 8 & 9 Tricolporopollenites sp. 908. Figures 8 & 9 are the same pollen grain, slide

MM.LZ702, J2810, SEM 908 & 909, polar view showing reticulate sculpture at

different magnifications, scale bar of Figure 9 is 1 Pm.

Figure 10Trícolpires sp. 1366. Slide MS37001, M22ll, SEM 1366, equatorial view

showing finely reticulate sculpture.

Figures tt[g.12Triorites sp. 1373.Figures ll&12arethesamepollengrain,slide

MS38202, M2Ilt, SEM 1373 &.l374,polar view showing reticulate sculpture at

different magnifications, scale bar of Figure 12 is 1 Lrm.
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Figures l-3 Triorites sp. 788. Figures 1-3 are the same pollen grain, slide MM11802,

P26l4.Figures I &. 2: SEM 788 &.789, equatorial view showing reticulate

sculpture and protruding pores at different magnifications, scale bar of Figure 2 is 1

pm. Figure 3: LM 12028, equatorial view showing protruding pore and stratified

exine.

Figures 4 &.5 Trivestibulopollenítes betuloides Pflug in Thomson & Pflug 1953. Figures

4 & 5 are the same pollen grain, slide MM12702,C3012. Figure 4: SEM 887, polar

view showing microgranules arranged in parallel ridges. Figure 5: LM 11832, polar

view showing vestibulate Pores.

Figure 6 Betula pendula Roth, Recent. Specimen origin: Europe. Voucher reference:

South Australia State Herbarium AD 96325180, SEM 565, polar view showing

microgranules aranged in parallel ridges.

Figures 7 &.8 Carpînus japonica Blume, Recent. Specimen origin: Japan. Voucher

reference; South Australia State Herbarium AD 96619045, SEM 500 & 501, polar

view at different magnifications showing microgranules arranged in parallel ridges,

scale bar of Figure 8 is 1 Pm.

Figure 9 Tubutifloridites antipodica Cookson ex Potonié 1960. Slide SP10501, N2212,

SEM 1649, polar view showing echinate sculpture.

Figures 10 & llXylocarp¡lr sp. 1526. Figures 10 & 11 are the same pollen grain, slide

P22202,M24l1.Figure 10: SEM 1526, oblique equatorial view showing perforate

sculpture and protruding pores. Figure 5: LM 11823, equatorial view showing

protruding pores and sratified exine.

Figures 12-14 Zonocostites ramona¿ Germeraad et al. 1968. Figures 12 &. 13 a¡e the

same pollen grain, slide AP10lS4,F23l3. Figure 12: SEM 427, equatorial view

showing finely reticulate sculpture. Figure 13: LM 12021, equatorial view showing

lalongate pores. Figure 14: SEM 1483, oblique polar view similar to Figure 12.
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PLATE 1 6

MISCELLANEOUS PALYNOMORPHS

Figure L Pediastrum kajaites Wilson & Hoffmeister 1953. Slide FP10109,L2410, SEM

656, 100 Pm scale bar.

Figure 2 Pediastrwnpaleogeneif¿s Wilson & Hoffmeister 1953. Slide MM1270l,P28ll,

SEM 844.

Figure 3 Pediastrum delicatires Wilson & Hoffmeister 1953. Slide FP10107, C242,

SEM 643.

Figure 4 Amorphous organic matter occurs abundantly from Mae Sot oil shale, SEM 924.

Figures 5 & 6 ?Dapsilidiniurn sp. Figures 5 & 6 a¡e the same specimen, slide T65651,

N22/4, SEM 429 8¿ 430.

Figures 7-9 Operculodinium centrocarpum.Figures 7 & 8 are the same specimen, slide

T65651, N22/4, SEM 429 &.430. Figure 9: Slide M68402, P22/3, SEM 1606.

Figures 10 & 1 | Spiniferites sp. Figures 10 & 11 a¡e the same specimen, slide M54001,

LZU3,SEM 1570 &1573.

Figure 12 ?Lingutodinium maphacrophorum. Slide Tó5652,M2210, SEM 435.
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