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PREFACE

This Report on the Relationship between the Tropical Rain Forest
and the People embodies the results of the Joiﬁt'Research'which wés'éarh
ried out from December 1979 to March_lQBl by the Japanese researcheré
headed by Dr. Kawana, Professor, at TokYo'Univeréity of Kgripultﬁre

and Technology, and those of Mulawarman University in Tndonesia.

1 éincerély hope that this report will be of great use as a basic

reference for the research of. tropical rain forests.
T would like to. express my sincere appreciation to the authori-

ties concerned of both countries for their close cooperation extended

to the Joint Research.

July 1984

Kazuto NAKAZAWA
Executive Director
Japan International Cooperation Agency
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Introduction

Biologiecal prodﬁctioh in the tropical 1andfvaries-COnsiderably:adcording
“to the regional factors, such as the distribﬁtion of the”rainfall, and: the -
tropical rain forest is one. of the rlchest ecosystems in the world. it could
be sald that the acL1v1tles of the blOSPherL of these are Stlll cont1nu1ng by
.accumulatlng coal and petrollum that had onee changed the c;roumstances of the
earth in the'paSt,_undér higher temperature and humidity, just like in the .
past. .There, the human being could live in the forést,rso long_as_he_hsd been
a part of the‘ecosystem. But, once, when the civilization end the.popﬁiatioﬁ
-flourished, like_the Ciﬁilisation of Inca, the human beiﬁg would receive the.
retaliationresuch as the degradation of the Soil, and was expelled from there.
Now, the forests on earth still remain onig io the unarable regions of sub-
arctic -climate, where the growing_period is very short, the regions'of steep
slopes, or these*tropical rain'forests. Thus, these forests are pla?ing an
lmportant role to keep. the Dalance between the human belng and the blosphere
.But Decause of the development of the means of productlon and transportatlon,
and the progress and diffusion of medlcal treatment, the human populatlon ine
creased rapidly, and ‘50 long as 1t is consistent with the ecohomic pr1n01pa1
man began to move and settle to the. regions where he could not live in the -
past. This exerted a significant influence on the resources and:circumstaeces
“and arose'a'certainranxiety for the future.:'Then,:the human.wisdom is making
great efforts toward the population control while, on tﬁe other hend, We'began
to feel concern for the deﬁelopment and reproduction of resources,.end ecologi-

cal preservations.

Io consideration of these backgrounds, the UNESCb and:other organizations
started to do the researehes on the reiations between tbe human beiné‘and the.
blosphere. .In this context -the request for the 301nt research on "The rela—'
_ tionship between the troplcal rain forest and people, an assessment of inter—
relationship", made by Mulawarman University  in indonesia, could be_sald to .
have quite aﬁ actual meaning. The_acceptance by. the Japanese goﬁernment,(JICA)

to cooperate-with this project, also, shows our récognition of thig fact.

_ Thus, the jOlnt research group 0f JICA and. Mulawalman UnJver51ty has
_engaged in the realization’ of thlS project Objectlves are: the pollcy of
the natural résource preservatlon and emigrations for the distribution of the

people and movement to merchandise economy from self-sufficiency by the Indonesian
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'Autherity; the analysis of several conditions in the tropical rain fbrest,_
Wthh is now under devastation because of the traanormatlon of the sh1ff1ng
cultlvatlon and above all, finding the necessary approach to coord:nate them

in the harmonlous way. with the human belng.

While Eastixalimantan has, in its vast land, one of the best forests in

the world, including the tropical rain forest, ‘it is hexe that JapanéSé forest

_ industry has a long history of its activity, taking advantage of the short
distance from Japan. But, recently, all the advanced ihddsttial count?ies of
Europe, the'U $. and Japan, have joined ih its deﬁelepﬁent: becéuee'of the
drain of the wood resources in Africa and the decrease of resources in Asia.
But, st:ll Japan holds on ths greatest 1nfluence in this . reglon. And,‘“
althouqh the recent Indonc51an policy of the preservatlon of the wood resources
and the encouragement of the development of the national 1ndustry has made the
situation rather uncertain, and there will be a_p0551ble change from 1log to
Tunber. MofeOVer, Indonesia is the coﬁntfy‘which”hésea very strong reletioni
ship with'Japan as partners in trade both of import and'expoft, Sﬁeh'ar

agricultural products and o0il. The production of WOod 1ncreased from 1,490,000
{1)

3. And it decreased_from the Peak “of

(2)

m® in 1950 to 23,280,000 m® in 1974.

28,900,000 m® in 1979 to 22,400,000 ma‘inf1982. :Aecordihg to the repert of
Kdmpas,FZ) the numbers of the playwood mills are 74 in'operation,:46_uhder
construction, and 30 were given permission to operate. according to the fore-
cast of ihcreaSing ConSumption} for sawing, making:playwood etc., the policy

of export logs changed so as to limit the amount until exportatlon eases in-

the near future.

Looking at the figures above and the neeessity of land for agricultural
use, the'importanee'ef tropical rain forest should be up~held as it keeps the
environment for humankind. Therefore, our aim of the cooperation.in this re-

search project is to find out. how to aproach these_problems.

To adéd to this; the Japanese gevernmeﬁt has offered a grant aid for the
bulldlngs and facllltles of the Center for reforestatlon studies in the
Troplca] Rain Forest at the request of the Indonesian government, which is
expected to contrlbute a lot to the study of the tropical rain- forest), -&and for

which many other-countries‘have'deep concerns.

The research on the tr091Cdl rain forest has a long hlstory not only in

the countrles concerned but also in western countrles, Japan, too, and has

(1) sShirchara Takeo : The Forestries in' Southeast Asia and Oceania PP. 320 1981

(2) Kompas : 1983
: _ —2-



‘been trylng varlous apploarhes fox many years, such ass those by IUBS and MAB.
But there have been few that were done’ “From the broader viewpoint of the '
"relatlonshlp with the human belng“ In thls respeet this research could.
analyze the relatlonshlp of the troplcal rain foreqt and the people bascd on the
actual condltlons of them In other words,_thls is done, not 1n the conselvaw
tive appxoach of epeelal departmental studles, but in the 1nLerd1801p11nary
group- studies of both countrles. In this context, we thlnk, lt igs of great
significance that thls reeearch was accomp1lehed at thls tlme when the develop—
ment of tho troplcal rain forest and the utlllZathD of its resources, together
‘with the agrlcultural development, have been recognized as essentidl for the
existence of the human belng, Wlth empha51s on. the ecological and natural
coneezvatlon, and espec1a11y when "A Decade of the Tropics® will errive,

follow1ng the researches of MAB by IUBS

The t?pe of.techﬁical Cooperetion of this research. also belongs to gquite
a new that had ever been done hy the Japanese government. Especiaily, in
Indone51a, tnls was the first case of the kind. In spite of trial and error
at the start of the prO}ect we are satlefled with the unique results attalned
:ln the regsearch that lasted for three years from 1979 to 1981. The research:
was done in the overlaoplng system by the mombers in 5 qroups, which are 11stod

below.

Flnally, the follow1ng efforts are appredlated: thoee of the fbimer
"Rector ‘Sambas erakusumah who planned and requested this research, Dr ‘DL.A.
Tisna Amldja]a and Dr. Sidharta Pramoetadi of P & K (. inistry of qucatlon and
Culture),-Rector Soetrisno Hadi of Mulawarman Unlver51ty, Mr. Numata, Mr.
Nakano Mr. Shlralshl_and othcr officers of JICA, as-well as those of the officers

of the government of East Kalimantan Province.

' The organization of:the research groups and the fields of speciality of
each member are as follows:
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Preface

East Kalimantan Province, Republic of.Indonesia, is one of the tropical rain
forest area, producing’timbers mainly consisting of Dipterccarps, the family
of Depterocarpaceae.  In addiﬁion to the'Conventional 0il  producing éfea,

exploitation of the petroléum'hatﬁral'gas is under b£oqress in recént years,

Consequently, it is internationally assuming an important role.

Tt is, hdweverL'féared-that owing to the remarkable increase. in exploitation
of forests, caused by the'enla¥gement of fimber production in ‘this area, not
only quicky exhaust of resources but also soll erosion and dicreasing of
Flood control functidn may ensue unless any efforts are taken in order to

keep the forest resources,

- on the other hand, if the Indonesian Govermment is progressing its plan on

the exploitation of forests, it is feared that mnot only the loss of balance

in the demand and supply of the Diptercocarpus timber will be occcured dis-

- terbed the provincial economy and the develo?ment of this area that is

expected té be a food producing region to bolster up thé ever promptly in-

creasing Indonesian Population.

Consequéntly, in order to solve these problems, the long term land use plann-
ing must be made on in'ordér to pregerve forest area for conﬁinuous timber
production is available, and various kinds of eco-systems as well along with
the proper planning of the agricultural Gevelopment must be contaemplated so

that harmony among them is made.

With a view to establish the land use planning, various methods are respec-
tivély taken according to the object of land use, however the land use must

be made tﬁrough the land use classification just as following chart.

Land type clagssification
or
Land classification

Land use planning |— - | Land uSe;capability-classification

!

Land use classification

Land use plan-

—-13-~



TﬁiS'land use classification is completed thfougﬁ tﬁe.land classification
and the land use capability classification. fThe land classification is the
classification of land according to the land properties, and the land pro—.
perties are determined by varioug land characteristic items. Each land
Characteristic item consists of various kinds of categories and some of them

have certain ranges occasionally.

“The land use capébility classification is one of the land evaluation accoxrd-
ing to the suitability value to be graded with potential or permanent plants
productive capacity, classified hased on land'classification, hardness and

easiness of land utilization, etc.

The land use classgsification is to grade land by the land use capabiiity class-
fication to adjust the graded land in accordance with the suitability for

purpose of usage.

Therefore, the problem of whether it is'possible'Or_not to carry out the land
use grading for fitting sufficiently with the.pufpose of the land use plann-
ing with: ease, quickness and certainty depends upon the following: firstly,
how to choose minimum land characteristic items concerning the land classifi-
cation and how to finally divide these‘cohstituent elements, and'secbndly, how
to simplify the land grading and dividing of gradés concerning the classifi-

cation of land.

Reasearch cbjective
Objects of the resecarch to be performed are as the following items.

(1) It is to study the_methodology of performing with easé, quickness and
ceftainty the land use classification in order to contribute the conti-
nuous production of timber, the protection of forests and various kinds
of eco-systems and to establish the land use_planninq of_£r0pi0a1 rain
forest area without any modern technologies sﬁch as computer
photographic decipher with Satellite and so on in consideration of

harmony with those agricultural developments.
(2)  To try to divide the land use classification of tropical rain forest

area of East Kalimantan on the basis of the studied methology and to

add assessment to that result,

14—



3.

Methods of Research

(L)

@)

(3)

{(4)

(6)

To collact characteristic items as the land properties which are
necessary for land classification of the tropical area and of documents

on theilr components and varicus kinds of observed data and information,

To take place an image traininq”relatinq to the.land Classification of
the iow land tropi¢Al ;ain forests on.the Lemake éxperimentai

forest and Bukit Soeharto reéearch.forest‘of Mﬁlawarman Uﬂiﬁéréity to
pérform a preparatory sﬁrvey on land élassification:from the ground and

from the low sky by helicopter.

The survey on the climatic features of East Kalimantan, geolqgical_féaw_

‘tures, topégraphy; soil and vegetation with the objects in some of

Muarakaman district aldng the Mahakam River, its dalta zone of Sebulu
area and mouth of the river and Samboja district. along the beashore will
be carried out.: Also 1mportant land characterlstlc items of the land
cla551flcat10n of East Kallmantan and the component of the Land chara--
cterlstlc 1tems will be studied to DrOVlde a survey table of land

classification. 4

In order to aSéertdin the adccuracy of. the provided land classification
survey, the vegetafion and lénd fypes shall be sellected on the Sebubu
area. 'The representative of the low land tropical rain forest in East
Kalimantan, by the previous air photograph.interpretation. In addition,
cach survey area will be cbserved from the ailr by low flight helicoptér

and that froﬁ the river side by speed boat shall be made.

By assuming the degree of difficulty ana casiness on farmland develop-
ment and the’ latent plant productivity dﬁe_to land properties, the study
on thexland use capability classification Shall be taken place.aﬁd_the
land classification-land use capability classification suxrvey table

shall be provided,

The land use clasgsification of each survey'area, graded and degxeencla—
ssifiedxby the land classification and land use capability élassificaﬁion
survey table from the view point of land conservation,'timber continuous
production, protection of various ecological systems and.deVelopment of

farmland shall be taken place.

15—



General description of East Kalimantan

The general description of East Kalimentan and viewed from the Republic of
Indonesia, are as folllows: '
The Republic of Indonesia lies, as shown in Fig. 1, between the Sabang Island

that is located at six degrees north latitude and down southward via the

“equator to 1l degrees south latitude where the Roti island, belonging to the

Timor islahd is situnated, and lies midway between the Asian Continent and

- Australian. Continents ihat extends between 95 degrees east longitude and 141

east longitude of West Trian. The Republic consists of about.13;OOO iglands

in all, large and small.

0 - 94

| e O

O Incn 25 © 4 2
<>

Pig. 1 Location map of East Kalimantan

These groups of iglands are divided_into islands on the stable zone and

those on the unstable zone, based on the structure of the geological features
and topography also reflects as a whole both of the features. The stabilized
zone has the Sunda continental shelf that is the extension of the Asian Con-
tinental shelf and the Sahul land shelf that is the extension of the stable
zone of the Australian Continent., The stabilized zone is the stable land
méss from the time of old geological features as compared with the unstable
zopne and suffered little new crustal activity; while the unstable zone had

remarkable crust activity in as late as the 4th period tike the SulaWesi

.Island.
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The Indgneéian aréhi?eldgoes are scattered at the equator and belonq to the
tropical high rain belt. It has generally oceanic cliﬁate of higﬁ tempera-
-ture; high rain and high humidity. The wind is weak, but there oceur lodél
differences, caused_by:sizés of islands, height or lowress of é lénd, wind:

. on_land-andisea, rainfall, etc. The bigges{ factor that goﬁerns*the climate
in this_zdne is the air mass of the Asian and Australian Continents and the
trade wind blow near the equator, There are zones thoée'are'affected by

and those not affected by the monsoon, - Not only the plant growing chénges
subject.to whether'béing affected by the monsoon or not, but the industry

is also transformed,

Kalimantan is located s1ight ﬁestward from the central part Qf fhe Indonesian
Archipelago, situating approximately éxtent between seven dégrees north lati-
tude to five degrees éputh latitude_aﬁd7from 109 degrees to llgjdegrees cast
longitude. Iﬁ is the-third largest.island in the world, and the eguatoxr

crosses almost the center part of thée island,

Kalimantan belongs to the stable zone based on the geoidgical features}

-which are old and have many topography thét Sufféred erosion for a.long périod,
but it is said that after the final end of ice period, major zones of the low
land sunk to be the sea bottom as the gea surface rose, the highef land re-

mained as islands.

Therefore, the central poxtion of the same island ié almost occcupied by the
mountain zone. As shown by Fig. 2, a number of mountain chains épread radia-
1ly from here. The Iban mountain chain runs toward the northern end part
together with mountains of 1,600 - 2,000m in height. They are followed
westward by the Kapuas Halu mountéin ¢hain west-northward by the Kapuas
Hilir. Folllowing this, Schwaneér mountain chain extends with the Meratus
mountain chain sinuoﬁ51y reaching down southward up to the Selatan Cape. The
Iban mountain chain, Kapuas Hilir and Kapuas'Hulu moﬁntain chain'among them
aré the main.border'betWEen the Mélaysian terfitory. Kalim&ntan‘of fhe Ihdo~
nesian territory ﬁas; as shown by Fig. 3, aamiﬁiétratiée districfs'of four
states of East Kalimantan, South Kalimantan, Central Kalimantan énd West

Kalimantan.
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Fig., 3 Administrative area in- Kalimantan
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The'éfea'of East Kalimantan is 21,440,000 ha. whic¢h occupies 11% of the
..whﬁle éountry'and is said to be the most important tropical rain forest

zone. :From the mountain range behind the Seéagap River, River Kayan, Marinau
Rivet, Keki River, Mahakém River, etc. flow eastward. The rivers including
theSe tribﬁtaries became important traffic route to the inland zone. The
Mahakém Riﬁer particularly is over 10,000 km in length, forming at the mouth
of the river a large-scale delta that is a feature of a shoaling beéch; At
about 50 km upper reaches of the mouth of the river Samarinda, cépital of

the province, is located.

Since 1967; in East.Kalimantan; log@ingiWork has been quickly progressed,

and subsequeﬁtly the sooial énd_econémic change have béen remarkable. As

the results, not.only Ehe:deforesﬁatién, but also the'induction of forest

and timber hauling labo@érs.éaused increase of popuiétion which became

960,000 in 1976 from 725;000jin 1971. 1) In addition agricultural immigrants
have been positively made ﬁnder thé_administratiﬁe guidance along with the
opening of the highWay.be£Ween Balikpépan and Samarinda. The curxént.preSeht'
land use is approximaﬁéiy3és Shown in Table 1 and Fig. 4, and it is:éonSideth

that considerable agricultural exploitation is being advanced.

Table 1 Present land use in East Kalimantan 2)

Rind ' Area (ha)

Forest land 17,292,000
Farmland, plant garden | 129,000
Lake, river surface . . 2,593,000
Others = . < 1,426,000
Total . 21,440,000
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Fig. 4 Present land use in East Kalimantan
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5. The Result and Discussion of the Land Use Classification in East Kalimantan

Results of the research on climate,'gedlogical features, topography,'soil

and vegetation and are as follows:

(1)

Climate

East Kalimantan, located'approximately between fouk degrees north

latitude to two degrees south latitude is a tropical zone just.under

the equator.  Anmial temperature différence_isISmall, i.g. at Balikpapan,
it is 26.4°C in the hottest month and 25.6°C in the coolest monti.

The annual difference is dnly 0.8°C,  The daily temperature difference,
however, is as around 10°C, and based on observatlon value at Samar1nda

in 1979, there was no day with minimum temperature over 25°C at night,.

i.e., the tropical night, provided that the relative humldtfy was over

86%.throughout the year, In Jakarta where the ralny season and dry
season are clear as compared with'Samarinda the average humidity is
76%. 'Similarly the climates of Sebulu near Samarinéa and Surabéya in
Java Tsland, Fig. 5 as_ihdicatéd by the climate diagram thét is the.
measurement by bodily.sensation are shown as Fig. 5. The low land
of East Kalimantan belongs to the tropical zone that is generéily of

high relative humidity.

{37} _ {
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Fig. 5 Climatic diagrém of Sebulu and Surabaya -
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Table 2 Recent years climatic data (1971-1979)
in Bast Kalimantan

Number

Annual mean

' ' “| intensity -

o day mm/day %

1 | samboja 7 2,556 118.9 21.5 24.1
2 | Tanahgrogot 6 1,890 91.0 20.8 29.2
3 | Seppinggan 6 2,512 173.3 14.5 7.9
4 | sanga-Sanga 6 . 2,383 111.5 21.4 8.9
5 | Balikpapan 6 2,356 146.7 16.1 15.1
6 | Tong Tram 7 2,749 108.1 25,4 22,7
7 | Melak 7 3,291 126.4 26.0° 16.5
8 | Muara pahu 7 2,236 111.1 20.1 28.9
9 | Muara Muntai 9 2,328 91.8 25,4 17.9
10 | Muara Kaman 5 1,869 137.0 13.6 12.9
11 | Bontang 8 1,816 99.6 18.2 17.3
12 | Tenggarong 7 1,903 124.6 15.3 23.7
13 | Muara ancalong 6 2,005 70.0 29.9 24,9
14 | muara wahau 7 2,276 96.3 23.6 15.0
15 | Muaralisan 5 2,122 108.4 ' 19.6 32,2
16 | Loa Kulu 6 1,945 70,7 27,5 23.8
17 Sanglul i rang 6 1,836 118.7 15.5 13.1
18 | Malinau 7 4,660 139.9 33.3 22.3
19 | sesayap 6 2,862 140.0 20.4 18.6
20 | Tanjungredeb 7 1,805 105.6 17.1 14.6
21 | Nunukan 8 2,064 1 99.4 20.8 13.5
22 | Barongtongkok 6 3,597 107.2 ‘33.6 40.6
23 | Sungai Kunjang 7 1,683 105.3 16.0 5.4
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i, 'Prebipitatibﬁ
° Annual Precipitation:
Table 2 shows the annual preCipitatioh;'etc; in East Kalimantan
from 197} through 1979 at 23 locations with less than four obser-

vation lacking years. Fig. 6 indicates the observation points.

The. maximam anﬁual precipitation ig 4,660mm at Malinau and the
_minimum.is 1;683 mi at sungal Kunjang. among 23 location ﬁhere
are three'locatidn which belong to much rain with the annual
precipifaﬁion_éf over 3,000 mm shown by Fig. 6, while those have
are relafively low annual precipitation_below 2,000 mm are 1oéaf
tihg among 23 location., But regards the monthly averagé preci-
pitation at these 8 points were always over 60 mm in the driest
month (iéast fainy month) at each point; beihg the tropical
rainfall - forest climate (Af) accoraing to Kﬁppen's climatic

classification3).

Then whole districts of East Kalimantanra?e of this AL c¢limate,
but the district differences are much as to the annual precipi-
tation, By the influence of topography such the distance from
seashore, foot of a mountain, basin, humid inland zone, seashore

nill, mouth of river zone, etc. the rainfall changes.

—
mm

5 1500~2000

; NN 2000~2500

i < s == 2500~3000
L) .
S HEH 3000~4000

EE5E 4000~5000

Fig. 7 Distribution of precipitation in Kalimantan
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Fig., 7 is the distribution of precipitation in Kalimantan. This
shows the above quite well, and to be corcrets, the precipitation
éondrétéiy'showsuthe féliowihd order of seashore <hill <inland
humid zohe <basin foot of a ﬁouhtain.

As regards the_numbef of faiﬁy déyé, af Sappinggén {Baiikpapan
Airpoft) ié thé.léigest;.i,e;, 173.3 days and the minimum number
is 70.0 days at Muara Ancalong. Being afféétedﬁby the fopography
the number of rainy days aré'over'l40 ddys at Seppihggan and
Balikpapan on the hill zone at Seashore and at Sesayap near sea-
shore with a mountain (G. Sendang, 1,050 m) behind it. At the
same seashore, however, the number 6f rainy days on thé flat land
and Tanahgrogot, Bontang and Nunukan creéks never :eaéh 100 days.
Even-at the mouth zones of big rivers, there are large difference
in the rainfall days owing to the difference in'the_circumferen~
tial topographies. At Tenggarong, the rainy daYs.is 124;6 days,
while at Lbakulu, they:are only 70.0 days. At the huimid inland
zone, each of Ql;gzdays at Muara Muntai and 70.0 déys at Mauara

Ancalong 15 few, excluding 137.0 days.at Muara Kaman.

° Mean Daily Rainfall:

To find mean daily rainfali, it is necessary to have the obser-
vétidn déta of hourly-rainfall, and if ift is impossible.to have
such data; the mean daily rainfall can be estimated from mean
daily rainfall is found by {(annual rainfall/humber of réiny.day).
According to this method, Barongtongkok 33.6 mm, Malinau 33.3 mm,
.etc. are relatively higher, whereasg the mean daily rainfall at
the seashore is loﬁer. -It.does not reach 20.mm resgectiVely at

Sappingan, Balikpapan, Bontang, Tanjungredeb, etc.

° High Rainy Season and slight Rainy Season (Wet Season and Dry
Season) :
-Thére:is rainy season in an area that corresponds to the trbpical
rainfall forest climate (Af) according to the KSppen's climatic

clagsification.

Alse in East Kalimantamn, wet- season and dry season of twice a year

are found at most ldgations as show when we see the histogram of
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.the'monthly rainfall. Fig. 8 precipitation of 13 locétions in East
Kalimantan_ahd shows the high rainfall month over 200 - per month
'based on data'of_the périod of 1971 - 1979, It is the wet éeason
throughout a year at Malinau where the annual rainfall is 4660 nm,
and there is no disfinct dry seéson. |

J F M A M J J A 5 G N D

Samboja .

Balikpapan “

Tanahgrogot

Long Tram

Melak

Muara Muntai -

Muara Kaman -

Bontang -

- Tenpggarong  —

Muara Wahau -

Sangkulirang

Malinau

Tanjungredeb

1979 - 1941 Zones with wide width = 300mm
1971 - 1979 : )

¥Fig. 8 Distribution of the wet season in East Kalimantan (2200 wmm)
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At Bontang, however, the annual raihfall doeg not reach 2,000 mm,
there may not be the wet season, At the other point once - three
tlmes wet season can be recogn:zed The reason ﬁhy thrée times wet
s€easons appear per year 1s‘con51dered to be the cause that the |
statistical periods are short. 'Cbnéequently,_Fig; 9 shows the wet
season also found with the same method from the.data from 1879 -
1941. As a result there.is the wet season of once or twice a year

and three times thereof has not appeared.

The result of summing up the foatures of appearance of the wet

gseason is as follows:

Once wet season
The clear dry month”{monthiy rainfall <200 mm) does not appear ——-
at Malinau .

The wet month is once a yvear and very short -—--~. Tenggarong

Twice wel  season

The dry season appearas twice a year, i.e., in Februaxry and from
July to October. The reason of dry season in February being short
is that, as ITC moves northward in the summer of northern hemis-
phere, it does not move down southward in the southern nemisphere,
It is indicated that in March ITC comes northward again to the

neighbourhood of Kalimantan.

No wet season: - _
Even in the rainy season the monthly rainfall does not reach 200 mm

~~~ at Bonténg

Fig. 5, thick lines show the months'with'higher monthly rainfall
increased. as compafed with_the'previous month and if the increase
ratio was over 30% by finding the increase ratio with the formula
‘of relative increase ratio of the rainfall by Minoru Yoshimura
(1973} .

Pn - Pn-1

Pr = Z———————= x 100, where n shows month.
- Pmax-Purin _ o _ ;

voshimura's formula:

pmax: Rainfall of the wettest month
Pmin: Rainfall of the least wet month

Pr : Increase ratio of the rainfall.
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ii.

When entering thé‘réiny‘season'with_the increase ratio of over 30%
as Yoshimura mentions; thezfirst.éntering in the rainy season is

in February to April at many points in East Kalimantan., The second
setting-in of thé wet season 1s concentrated in October - December,
Against this, it clearly appears that June - July are the dry

season.

Recent Climatic Fluctuation

East. Kalimantan belongs to the Af . climate, but fluctuation in its

anmial c¢limate was not yet so far discussed. It is considered

important for the agriculture in East Kalimantan which mostly in
shifting cultivation. Table 3 shows heavy rain yeaf {(wet year)

as W and.slight‘rain yéar (dry year}) as D of'nine yvears from 1971
to 1979 in se§eral points. Heavy or slight rain year of each point
w&s estimated by mean faiﬁfall of nine years, i.e.,.wet year in a
certain location denotes over 120% of the mean rainfall value of
nine years at that location and slight rainfall denoctes under 80%

of the meah rainfall value,

‘Though severe comparison cannot be made owing to many lacking

measurement years, a general trend can bé known. BAg there were'only'
four locations in 1971, a secular change from 1972 to 1979

is noticed. The years of 1972 and 1973 were the glight rain or dry

‘years, while years of 1975, 1976, 1977 and 1978 were the wet years.

As seen from the number of ektraordinafy siight rain point and heavy
rain point, the years of 1972, 1973, 1974, 1977 and 1978 were those

of large fluctuation.

There were 19 dry locations in 21 locations during 1972, and the
extraordinary dry locatioh abpeared as much as seven points., The
year of 1972 was that of the most extraordinary climate, and in
Japan, its extensive location was attaéked by the torrential yain

in July.

In the wotrld éxcepE_Chiné that sﬁffeted'from'éfought owing to a dry
geason, even in the Soufheast Aéian countries as India, Burma,
Thailand,.etc. had dry seasons oWiﬁg.to the late stérting of mon-
scon. The granakry areas of Soviet Union and Bustralia were also
covered with large, high atmospheric pressufe witli long duration of

fine weather and were attacked by a drought. Also in the Saheel
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district, the southern fringe of the Sahara Desert, North Africa,
a drought continued. In this way, dioughts occurred simultaneously
at many points in 1972, causing to be the year when supply and

demand of food in the world was even affected.

There were in 1979 rather more wet location than the dry location,
but. as much as eight points in 14 points showed the extraordinary
value. Tt was the year when a drought occurred in India and that

when, in America, there was a consecutive cold winter of three

years.

Accordlnq to th e most 1nvest1gatlon in 1974 - 1977 by Tadashi Asakur 5
{1981), the ratio of extraordinary heavy rain and extraordlnary '
slight rain is 50:26, and extraordinary much rain emerged more,.but
such a trend was not found in East Kalimantan. Appearances of extra-:
ordinary value, accérding to the district, are found on many points

that are located at inland zone or at the foot of mountains,

Table 4 shows the annual climate with types of climate bésed_on
Kappen‘s climatic classification method. The Koppen's climatic
clagsification method has originally an object to divide by the
mean ﬁalue with a long duration of years, but it can be used in
order to Know a secular change of the anpual climate. Each at the
23 locations in EFast Kalimantan is respectively Af by using mean
value of 1971 .- 1979, but if the annual climate is classified with

the same method,

Af is only 38.8% of the whole, Am being 39.5% and Aw emerging as
much as 21.7%. Firstly, when the secular change is observéd into,
1972 is the year of slight rain year. Only two points among 21
points are Af and Aw appears as much as 12 points, while in 1975 of
the wet year 14 points among 19 points were Af and Aw appears at

no point.

As to diffefenees according to area, ovex half'of the statistical
peried had Af points that are the hilly zone along the coast of
Malinau and Barongtongkok, etc., whereas points where Af does not
utterly appear or only appear below 1/3 are Muara Ancalong, Muara-
kamah, Muara Wahau, Muara Pahu, etc., of ﬁhe inland humid belt and

Numukan on the seasghore.
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Climates of recent and in ﬁhe First 1900s

iii.
Table 5 shows that, on the 13 points which has recorded yearly
rainfall'of comparatively a long period (From 11 years to 41 years);
the.compariéon was made with the recent (1971 —71979) record. At
seven points amond.ij points, the fdinfall'déqreased recently. The
rainfall at 13 points feil from 2,341 mm to 2,247 mm later, show-
ing a decrease of about 100 mm in the rainfall, i.e:, a decrease
of about 4%, whereas, as regards, rainy days (Fig. 10) and mean
'daily rainfall (Fig.:ll).ﬁot only the quantiﬁative change of rain-
fall, but also the qﬁélitéfive change aépéaréd remarkably. As to
the number of rainfall days at 10 points.among 13 points the number
of rainy'days decfeésed; and at Samboja and Tanahgrogot, etc, the
number of raiﬁy days decreased to about 2/3 of the former days.,
The mean daily rainfall.increaséd at'the'll point among the 13
point contrary to the above. To sum up the above features, - the
recent rainfall has ? slight decreasing trend, and the number of
rainy days décreased remarkably (decrease of 14%), while the mean
daily rainféll seems increase.
Table 5. The annual precipitation in Fast Kalimantan
_ O : in
hocation Elﬁitude Period ngsigrs Rainfqll ?eriod g;m?zzré Rainfall
m : o mm ' mm
Samboija 24,5 1928-41 13 2,347 - 11971-79 7 2,556
Tanahgrogot +25 1917-41 24 2,325 .[1972-79 6 1,890
Long Iram 30 1900-41 41 =_3,463 1972-79 7 2,749
Melak £20 1929-41| 13 2,871 |1972-79| 7 3,291
Muara Mumtai 415 1910-41 26 1,833 |1971-79 9 2,328
Muara Xaman +3 1929-41 13 1,877 1872-76 5 1,869
Bontan - 11929-41| 11 1,874 {1972-79 8 1,816
Tenggarong 0 1914-41 C 27 | 1,862 1972-79 ? 1,903
Muara Ancalong | - 1922-41 19 - | 2,218 [1971~77 6 2,095
Muara Wahau +40 1929-41 13 .2,580 1972-79 7 2,276
Sangkilirang - 1922-41] . 19 1,625 |1972-78 6 1,836
Malipau - 1922-41 19 3,543 1972-79 7 4,660
Tanjungredeb +15 1908-41 29 2,015 1972-79 7 1,805
Average . .2;341 ' ' 2,247

~33~



Samboja

Tanahgrogot

Long Iram

Melak

Muara Muntai

Muara Kaman

Bentang

‘Tenggarong

Muara_Ancblong

Muara Wahau

Sangkulirang

Malinau

Tanjungredeb

Fig. 10

50 100 150

Murber of rainy days at Fast Kalimantan

~3ym

200

day



: o — . !
Samboja OUCTOR— —— I ‘ I-1879 - 1941

1971 = 1979

Tanahgrogot

Long Iram

Melak

Muara Muntai

Muara Kaman

Bontang

Tenggarong

:Muara Ancolong'

Muara Wahau

Sangkulirang

Malinau

Tanjungredeb

f [] T E—M—-T—»-——wd
10 20 30 40 mm/day

Fig. 11 The mean_daily precipitation in Bast Kalimantan (mm/day)
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iv.

Tabierﬁ_is a result of gtudy that Schmidt et al {1951} made on the

Kappén‘ﬁ'climate differentiation method and studieé_by the newly

con51dered Wet and Dry Ratlo method. Schmidt et al made the month
with monthly rainfall leqs than 60 mm to; be the Dry Month, and the
month w1th ralnfall moxe than 100 mm to be the Wet Month. The mean

- value=of DryﬁMonth and Wet: quth during the Period of regearch is

found and the value expfeééed in ratio is "Q", i.e., Dry and Wet

Ratio.

Schmldt et al ClaSSlfied the © value further flnely 1nto L, B and
C.

These respective values were divided to the I Period of 1921 - 1940
and the II Period.of the recent 1971 - 1979, and the comparlson was
made. To' sum up the result, the monthly ralnfall at thc 12 points

of the II Period is more than that of the I Perlod,-but only at

" the 6 points among 12 points, became wel recently. Recently, how-

‘ever, the dry month increased and the wet month decreased, i.e.,

the dry season is lengthenéed, and the wet month has a trend of gett—

ing shorter.

Precipitation and Flocd

As pegaﬁdsithe relationship between the rainfall and flood, e.d.,
the confluent point of the Mahakam Riﬁeﬁ.that'is the largest river
in East Kalimahtan and its tribﬁtariES that lie between Muara Kaman
and Sebulu, 1t is said that the water level at the normal time is
6.7 m, the averaqe dayly fluctuatlon ig 5 - 15 cm in August -
September, the water level goes up usually by 0.5 -~ 1.0 m in the
very wet season,'and with an 1nterval of about three years, it
rlses to 1.5 -~ 3.0 m, and Wlth an interval of 10 years, 1t rises
Lo 4 0 - 5 0 m. Photo 1 shows the v1llage which is on the natural
levee of Muara Kaman. From stains on the wall surface of houses,
it is presumed that, when the water level is extremelyrhigh, even
the colony on the highest pért of the'natural.leveefis flooded by
about 1 =~ 2 m,
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Photo 1 Colony on the natural levee of Muara Kaman

Further, the humid land behind the natural levee is the usually
attacked zone to be flooded by water that flows up the natural levee,
and as shown by Photo 2 of houses that are adjacent to the humid
land, the water level of the humid plain seems to rise up to about
0.4 m below the floor. When the humid land igs flcoded, 1t occurs
about twe weeks before the water level starts lowering and the
stagnant period igs 1 - 2 months after the lowering started. In all
of the former and the latter, the flood status continues for 2 - 3

months.

Photo 2 A house on natural levee and mud stains on the wall

(2) Geological Features

i. Structure of Geological structure

The geological structure of Kalimantan is concluded as the

structural diagram (Fig. 12) by Van Benmelen {1949)
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When the'basin:df the Mahakam River is examined from this diagram,

a large anticline is recognirzed near the seagshore line, running
parallel to_the éeashoxe_line and_frqm the north-northeast to the
south-southwest and becomés the Sémériﬁda énticlinbriﬁm:that

qathers a number of folds."Further,-the western part'bf the present
humld inland reaches the Mandal Subzone that is a part of the Kuchﬂ
:lng zone, and further, ‘the central Borneo (centraj mountaln area)

at the up-river of the Mahakam Rlver reaches the Embaluh belt.

Geological structurg formation in the tran81t10n of ancment geo-—

graphy (geograbhical'history) from the Tertiary to the Quatery period

can be simplified as follows:

a. The End of the Cretacéous Period
Kalimantan became stabilized after the crustal movements at the
end of the Cretaceous Period and is considered to be as in ¥ig.

13 by suffering the flatténing (standardized) Ffunction with

erosion.

~__ S . : e

T

Comparatively flattened topography
by suffering the standardizing function

Fig. 13 The end of the Cretaceous Period

b. The First Half of the Lower Tertiary

bn.entering_the tertiéry, the Borneo Island became active in
subsidance.with transgreééion, witneséed in_a wide extent.
Fast Kalimantan with the north and the northwest parts of the
Borneo Island is in the condition of the Idioc: geosynclinal
state, i.e., being beﬁind the_geoSynciinél belt and bscame an
accumul ated basin, generated after mountain-making movements,
' In this period, a thick stratum that covered the base uncon-
formably'ahd was mostly sea-generated was heaped with some

degree of folding.
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qub81dance were active’ w1th remarkable

31nk1ng in a w1de sphere, activities of
volcanos, and’ interpenetration of plutenic rocks.

Fig. 14 The first_half.of_Lower Tertiary

c. The End o f the Lower Tertiary

The Ruching belt, that corresponds to the present central moun-
tainous district and had a brisk upheaval, brought the magmas
up to the surface of the earth by the internal force and gave
rise to ﬁhe vbléanic activities. The voicanic natufe, seen at
present at the foot. of mountain and highlahd,'éﬁc. in the upper
basin of the Mahakam Ri&ér is considered to be the heaped sub-
stance of'volcanic nature such as erupted substances of vblcénos
which accumulated in this period. Most of the coal layers
afound the Meratus Mountain Range'are the deposits in this
period. The old Tertiary léyer around the Meratus Mountain Range
is rare with ovex l;OOO m of thickness of layer, but the thick-
ness of layer incredsed in the north, reaching 2,600 m at South

Kutai and 5,000 m at the Atan River.

Mountéin0us~\\\\\\\\\\ ' Highland
district
2 .

_ 4+ NG
(Kuching belt) * . Tl

The crust movement _ Upheaval from below
became active. the sea surface.

Fig. 15 7The end of the first half of the Tertiary

In this perlod at the Kuching belt that is the geoanticline
crustal movements, such as faultlnq movements and formation of
troughs and othexrs occurred actlvely, And also in the north—
‘eastern zone in the. Borneo Island ‘and in the northwestern zone -
of the ‘Embaluh belt variotis kinds of folds and fault movements
much as folds, pushed-up faults, overthrust fault, etc. occurred

actively,
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d. The Upper Tertiary

This is the era when the Idio geosynclinal sinking movements
continued and the fransgression was observed. The néw Tertiary
layer:is in the coﬁformiﬁg relétion with the upper old Tertiary
and at South Kutainﬁear'the circﬁmférential region of Pasir its
thickness of layer amounts to 10,000 - 15,000 m, whereas the
transition from the old Tertiaxy to the new Tertiary at North
Kutai has features of heaped sedimentary substance of crude

lime stone, brought about from the elevated zone.

Mountainous
district

. The anticlinorium
Highland antrerinor

' of Samarinda
N © J——
Upheaval of volcanic T ~ P
: activities The;suﬂunq and *
uplift movement f > )
(fold) : . The present

Makasar Str.

The thickness of layer of the
i was a land,

new Tertiary at South Kutal
10,000 -~ 15,000m

Fig. 16 The upper Tertiary

The upper zone of the Mahakam River in the eastern part of
Fast Kalimantan corresponds to the elevated area that was the
extension to the northeast from the Kuching belt, while its
middle and lower zone corresponds to the settling down zone

of the Idio geosynclinal zone, i.e., the back deep basin.
Along with this sinking movement, prompt sedimentary function
was taken place from the end of the old Tertiary, and the base

of the present inland humid area was formed.

The lower new Tertiary that is distributed at the northern
fringe of ILake District of Méhakam Basin and at the western
bqrder of the uppef.basin of the'Barito River shows Features of
layer of wolcanic nature. This indicates the fact that there
were Qolcénic activities along with fhe geocanticlinal elevation
eérly in the new Tertiafy. The:deepest ?art of the suﬁk area

in East Kalimantan is located in East Kutai and West Pasir.

49~



-By the compression, followed by this 51nklnq movement on one

hand the Sumatra anticlinorium rose, cauqlng the formatlon of

'hllly base, found near the mouth of the present Mahakam River. -

With close observatlon, however, the uplrft movement funct:oned

strongly at the tlme of g01ng inland from the séashore, causing

to be an asymmetric anticline (ef@, Sanga-Sanga anticline is a

' good example.) when viewed closely the anticlinal structure.

The anticlinorium of Samarinda affectedjremarkably the formation

of topography of the lower stream zone 6f the Mahakam River,

assuming the shape of checklnq the Mahakam Rlver and formed a

large humid zone in the middle baSLn.

Whereas,'the Makasar Str.:that borders. at present Kalimantan ang

Selawesi was located on a reldtively high position at the end

of the Tertiary, and lt was the beginning of the 4th Period that

' the straight became the Makasar Trough as the prasent one,

The End of the Upper_Tertiery

" fhe .characteristic event.in this Period is that the Kinabalu

Mountain Range, on the northern part of the Borneo Island, was
upheaved from the geosynciine of the old Tertiary to become

the present figure of the mountain.

Meanwhlle, it was the era in East Kallmantan when rather plaetlc
sedimentary substance of the new Tertlary ‘heaped in a large

gquantity and caused to generate 81nk1ng in the deepest zone of

the Idio geosynclinal basin, and to the east of it, parallel to

the central axis of the basin the Meratus-Samarinda anticlinorium

of the long folded belt was formed.

The 4th Period
Entering the 4th Period ‘the subsidance of. the geosyncline was

replaced by the elevatlng movement, the central axis of the anti-

cllnorlum was ralsed and the - central mountalnous dlStrlCt was

formed The upheaval of the Meratus Samarlnda zone was most
remarkable in the soutnern part of the Meratus Mountain Range,
and already in the end of the ‘I‘ertlaryF the upheaval had begun

to rlse.' Meanwhlle, also in East Kalimantan, the Samarlnda
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anticlinorium was meanderingly raised, the Peak of Balikpapan

reached the height of 1,200 n above sea level, and the Mahakam

River became, in the east, the preceding river that crosses the

elevated anticlinorium.

In addition, by the elevation of this Meratus-Samarinda belt,

the topographies of the eastern part of the present East Kali-

mantan, i.e., from the seashore to the inland zone, 1) seashore

zone corresponding to the bendingly lowering area, 2) hilly

" zone corresponding to the Samarinda anticlinorium, and 3) the

inland humid land, called as the Mahakam Lake District, were

respectively formed.,

Mahakam Lake

e
Highland Distryct

4 3)

Samarinda anticlinorium
(Here, the River Mahakam became
the preceding river.}

Mahakam Delta

Makasan Trough

Mountaincus district -
(Meratus Mountain Range), the remarkable
upheaval on entering the 4th Period.

In the southern part of East Kalimantan,
the elevation was already in the end of
the Tertiary.

i

At the end of the new ¢
Tertiary (The end of the upper ter
of the Tertiary was elevated by
suffering folding function;

g i
pein

el

Fig. 17 The 4th Period

Meanwhile, in the east of the seashore district, the top of

the Pulu Laut Dome of the new Tertiary was involved to form

the Makasar Trough.

ii. The Relationship between the Geological Features and the

Erosion by Rivers

The erogion by rivers effects, in relation to the geological

'features, the function, called as selective ercsion and differen-

tial erosion. The first selective ercsion is the function that

eroses selectively such places of poor ifresistibility as

extension like the shape of lines or belts like a fault zone,

forming Valieys along them., The second differential erosion

is the foliowing topography:' in the case where the adjacent

areas are composed of rocks and layers that are remarkably

different in the resisting power such as erosion and weathering,

lylyr
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and as its reflection,; one area is of further 10We£ {low in
height above the sea level) topography than the othexr., This

topography is said to be formed by the different erosion.’

East Kalimantan is the stable'region with little cfust change
in thé Ath period, but in the Tertiary, as stated before, the
change of folds were brisk, and from the end of the Tertiary to
the 4th Period, hills that the Samarinda anticlinorium was up-

heaved was formed at the lower zone of the Mahakam River.

As the hills that have the fold axes in the direction of this
NNE-SSW are composed by such interrelated layers of sedimental
rocks, which are differentiated by water permeabii;ty as sand-
stone, marlstone, shale, slate, etc., the topography of in the
form of Kegta, formed by the typical different erosion, have

developed well.

The topography classified the direction of stream in the mutual
relation with the slanting direction of the_surface of the earth
or in relation to the structure of geological features to the
consequent stream, obsequent stream, subsequent stream and
insequent stream, Then, with considering to know the influence
of geological features for the topography formation of East
Kalimantan, the water system map of East Kalimantan was made out
of the topographical reduced map of one-five hundred thousandth
(Fig. 18). When the water system_map‘is considered, that which
flows in the direction of the largest élant of the earth surface
is the conseguent stream, but the Mahakam River flows down, in

a zigzag direction, the east slant surface of the Iban Mountain
Range to the east or southeast as the conseqﬁént stream. When
it reaches the fbot of the hill with the slant becoming moderate,
it flows to the N or NNE as an obsequent stream in.the Mahakam
Lake District, dammed up by the hill with the NNE-SSW directio-
nal fold axis and this hill. This is the largest humid zone

in the middle stream of the Mahakam Rivef. Thereafter, the
Mahakam River changes its flowiﬁg way to the E - ESE, becomes

a trans&erse vélley, having a form of straight crossing Of.the
hill of the Tertiary system.to the foid axis, and enter the

Makasar Str.

.
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iii.

Alluvium

The hilly zone of the Tertiary system almost in parallel_wifh

‘the seashore line 1s the anticlinorium zone whers a number of

" asynelinal axes and antiglinal axes run in the direction of

NNE~NE on the map of geological features, but the river flow

'is also reflected with this feature, and the development of sub-

sequent stream that runs in the same direction with the fold

axes is conspicuous.

The Surface Bedrock

Séen from the old geographical and.structure of geological
featureg, the principal bedrock of the outer layer of East
Kalimantan is the sedimentary rock of the ailuvial epock of the
inland basin, brought about from the igneous rock, concerned
with the formation of mountain district of Mératus Mountain

ﬁaﬁge and others, and Idio geosyncline, uplifted from the sea
bottom, sedimentary rocks of anticlinorium of Samarinda anti-

clinorium, upheaved in parallel with the seashore line.

When these bedrocks are finely divided with marks shown in the
map of geologicalrfeatuxes, the result'is as foilows: The bed-
rocks of East Kalimantan, centered with the basin of the Mahakam

River are mostly the sedimentary rocks,

Tn addition, the ages of generation of these rocks seem to be

as Fig. 19.

River and marine sediments, mud, clay, sand and
gravels,

Kampung Baru
Beds { Fomation )}

Balikpapan
Beds ( Fomation )
Warukin

Beds ( Formation )

Pulau Balang
Bads { Formation }

Babulu

“Beds ( Fomation )

Limegtone families

Quariz gand with 1limestone nodules and inter-
calated with young coal 1-3m thick.

Quartz sandstone, clay and mud intercalated
with coal 40-60cm thick, limestone 15-20 cm
thick and thin layer of limestone.

Quartz sandstone, loam and mud intercalated
with limestone, coal and mari.

Sandstone, schist and clay intercalated with
limestone and coal, sometimes wood fossil.

Limestone contained higher foraminifera and

gastropoda fossils.

Tower part of limestone
slightly clayed. :

47



8!

i0’

11!

2

13

14!

15!

16"

17

18’

19!

20°

21

Tmpm

Teotl

Teotn

Teots

PpTL

pTv
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di
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ToTs

ToTm

Tmv

Berai. )
Beds ( Fomation )

Pamaluan
Beds { Fomation )

Berai
Beds ( Fomation )
Tanjung ]

Beds ( Fomation )
Limestone families
( Complexes )

Tanjung

Beds ( romation )
Marl families

{ complexes)
Tanjung

Beds ( Fomation )}
Sandstone families
{ complexas }
Limestone

Consol idated
sedimentary rocks

0ld volcanic
rocks

Ophioclite

Diorite
Granite

Telake
Beds { Fomation }

Telake
Beds { Fomation )

Magsive limestone with high content of foramini-
fera fossil. At lower part found marl.

sandstone, c¢lay and shist intercalated with lime-
stone and marl contained foraminifera fossil and

coal.

Marl, loam and éandstone, Fossil was found in

marl.

Slightly massive'limestone, sometimes with high
content of foraminifera fossil.

Marl intercalated with sandy clay and shist.
Fossil was found sporadically.

Sandstone slightly consolidated. Sometimes plant

residues were found. ( present )

Limestone, grey, red color, massive and crysta—
1line,

Consolidated sandstone, claystone, limestone,
conglomerates composed of sandstone, limestone,
claystone and volcanic rocks.

Propylitized andesite laves and volcanic breccias
components of andesite and propylitized basalt,
compact. '

Ophiolite group composed of ultorabasic and basic
rocks. Ultorobasic rocks consists of (derived
from } harzburgitte, wehrlite, pyraxenite,
dunite and serpentinite.

Loam and quartz sandy rock penetrated by ccal
and limestone,

Marl.

Basalt and Agglomerate
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