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ABST RA CT. 

The area aroLmd Cham town can be deli anated into four 

litho logic units vi z: 

Iii The Bima Sandstones . 

Iii) The Yolde Formation. 

liiilThe Oukul Formation. 

li v l The Jessu Fo rmation. 

The Bima Sandstone compri ses of medium to coarse 

g rained, tex tural ly and miner o l ogicall y immature s ubarkosic 

sandstones. 

The sandstone s of the Yolde Formation are fine grained, 

t ex turally and minero l ogically mature quartz-arenites. The 

l imestone of t h e Dukul Formation are hi gh ly fossi l iferous 

yellow to dark brown with shell fragments of bivalves and 

ostr-acods in it. The Oukul limest one h as a depositional 

t exture of wac ~cestone. The shales of the DL1kul Form<1tion 

are black and this tends to s uggest anoxic conditions in 

the environ1111~nt o·F deposit i on . The mL1tlstones of the Jessu 

Formation have i mprints of f ossi ls while the shales are 

grey a nd gypsiferrous . 

Compaction is the majn diagenetic process that affects 

all four lithologic units ; and this is more pronounced in 

the limestones of the Oukul Formation. Also affecting the 

limestone is dissolut ion and recrystalli sation. 
\ 

Varieties of structures abound in thn sand5tori~ units 
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' with the Bima Sandstone having the highest number. 

Sedimentologic and structural evidences suggests a 

contine nt a l environment for t he deposition of the Bima 

Sandstones , a n ear s hore s hallow marine environment fo1- the 

Yolde Formation and the Sandst ones believed to be derived 

from pre eNisting sandbeds. Sedimentologic and faunal 

evidence s suggest a l ow energy shall ow marine depositional 

(inner shelf) environment for the Du~ul and Jessu 

Formations. 
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.. 
C H A P T E 11 0 ·11 E. 

.. 
I N T R 0 D U C T I 0 N. 

. . 
1. 1. • 

1 AIM OF THE F:RDJECT. 

~ 

Tll0 purpose o f thi s s t udy i s t o inves t igate t h e 

stratigr aphy a nd pe t r ology o f the srea around Cha m t u wn. 

Tl 1i. '3 i nrll\dera l l 1P prl['p;u-;)t . \:-111 rof i\ 1lr· l::~i led ~Jr:o l orjj 1-.':\ l m!l.p ' 

~f t h e are~, Jifforentlati;1g the vai-ious litl1ol oaic u11ils 

a n d t o C?:: pl ..:,in th~ d?po3\t j onal 2n-.:ironrn1?n!: .-,nd 1..be-i ; .. ~a.cir:· 

rE:lationships . 

• 1. 2 LOCAT I ON nND Acrc~S t BILlTY . 

The pr.ojec t a1"~a lies '"1i t l1iri the upp c--:1·· Benu e T r·ot1g !1a I f.: 

' · is l o<:i.\ ted a t t he eas ter n e}: t r· e mi= en d o·f DaL\c: hi St.:i~~e c l ose 

t o i t s b oun dar·y 1>1 ith Gongol a Stat e ( appro>:i mately 1321'.m 

frdm Gombe t own ) a long Gombe-Yola road . It const i1:utes 

p a rt of sheet 174 Guyok S . W I and is bounded by Lati t u t es 

11 40 'fll a n d 11 45 E a n d Longitu<Jes 9 45 ' M and 9 '10' 'IS" N. 

Acce ss wi t h in t he area. was by the trunk ' A' road lh3l 

c u t s across it , ot h e r mino1·· ~ r~ds a11d t ho 11umerous f~ot 

p µ t hs • l e-3di ri g 'lo 5e tt 1 Dm!?n t ~~ith in .~n tl out s;irle the arl?a . 

Dr y » l:ret~m v c:.l l l cys ~\le1··e .f.'lso u '5ci-<d to ya.i.n ucr.; 0;ss v 

.. 
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1.3. TOPOGRAPHY AND DRAINAGE . 
-------------·----------

The a r ea is of moderate to hi g h relief with the lowest 

point about 1400m· C above sea level ) i n the northern part 

of the area ; whilst the highest point about 1950m C above 

sea l evel ) lies in t he South - Western part of the a rea. 

The a r ea i s d r a ined by a few seasonal streams arid the 

Pereni a l River Cham . The r iver Cham has a s inous course and 

it flows from t he Sout h east t o the n orth of the area. 

1.4. CLIMATE AMD 'JCGETATION. 

The cl im~le in t h i s a1~ea i s of t\'10 seasons; a s h ort 

rai ny sea son and a l ong spell of d 1-y season.. The rainy 

season starts in May with an average annual rain-fall of 

180mm-200mm a nd ends i n 1 a t e Septe mbe1·. The dry season 

lasts f o r ctboLtt seven months, f rom October· to Apr·il . The 

period between late November and February is mar ked by the 

extremely dry and cold wi nd s of the Ha mattan wh ich br i ngs 

with it, high amount of dust particles t hat impairs 

visi bility. 

Veget Ation o f t h e ~rea i s of tho S1tdan Savannah t y pe 

with large areas of tall grasses a nd the\occ assional thor ny 

trees and scrubs. 

river banks . 

.. 
"' 

The thickest vegetations o ccur a long the 

• . 
.. 
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1. 5 .. F'REV IOUS WORKS. 

The sediments of the Upper Benue Trough was first 

described by J.D.Falconer and A.Longbottom 119111 on a 

reconnaissance basis dw·ing the Mineral Survey of Northern 

Nigeri a. More s ystematic geol ogi cal survey of the area was 

carr i ed out by Carter et a l 119631. They were a ble t o 

delineate the various Stratigraphic units of the area. 

1 . 6. METHODS OF IN'JESTI GATION. 

The me thods used during the field study was ground 

traversing whi cl1 was do11e purely on foot ~ Trave r ses were 

made across the area using a gr id system. Outcrops and 

observations made were plotted on the field map, and the 

rec ordings made , were noted in the field note-book. 

Sampl es for sedi mentol ogi cal studies ~1ere collected al 

dif ferent points within the area. Thin sections were made 

for each of the l ithologic units . Krumbien and Sloss' 

(19631 Chart was used to determine r oundness and 

sphericity. Procedure given by R. L.Ingram 119701 was used 

for the s i ze a nalysis of the sandst one samples, while 

interpretati on was done usi ng Folk and Ward's 119571 

statistical parameters . 

1• 4i 

.. 
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C H A P T E R T W 0 

2 . S T R A T I G R A P H Y. 

I N T R 0 D U C T I 0 N. 

The Benue Trough in whi ch the area o f study is located, 

is a NE-S~J tre nding sed i me ntary strL1cture about l OOOKm 

long , 5 0 -100 l<m wide ( cT .8en kheli l 19891 . At the Northern 

e n d , l t i s Y- Shaped , wi th t he E-W trend ing branch of Yola 

2nd t h e North trend ing arm o f the Gongila basin . 

The o r ig i11 o f the Benue Tro u g h i s qui te c ontroversial , 

some aut hor s l1ave proposed ter1sion al moveme nts res u l ting in 

a ri ft (King 1950, Cratchl e y and Jones 19 65 I. Burke and 

De •iey (19741, Gl a de (1975) , and Theisse n (19791 believed it 

to be t tlu t li ird failed a~m or aul~cogen of a thrQe arm rift 

system. Howe ver most recent wor ks r e ve aled that wrenching 

was a dominant tect onic process in t he evo l uti on of t he 

Benue Trough, <Benkhel i 1 (1982, 19861 1 Benkheli l and 

RobineaLt <19831 1 Maurin et al (19861). 

The depos itional history of the BEnue Vall ey can be 

discL1ssed in the c ontei:t of Murat's (19701 proposals of 

transgressive and regressive phasQs which corresponds to 

the deposit i onal cycles. Dessauvagie , et a l (19701 

envi s aged the deposition of Shales in both shallow and d eep 
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wa ters, while limestones and mudstones were deposited at 

Lhe margins of the marine embayments mai n ly dur·ing 

transgressive phases . Three transgressive phases identified 

by Murat (1970) are said to be synchronous with the 

eustatic movements of Tethys I Offodi le 1978 l . 

2a 1 a REGIONAL STRATIGRAPHY. 

Due to the differing lithostrati g r aph ic records fr o m 

North easte1 .. n Niger ia , TI H .. ee d i fferent Paleogeogr-aphi c 

C'.reas l!1ere recognised .. Popoff et al 1986 ). 

From South to North, t hey are:-

(al The Upper Benue Trough 

(b) The Zambuk Ridge ( a Basement h igh in the Gongi l a 

Tr-oughl 

Cc > The Chad Basi r1 .. 

Cham l i es within the northern margin of the Upper Benue 

Trough, the formations from top t o bot t om a re as fo l lows. 

The Birna S;mds·tone (Late Apt i;:m- Albian I Alli:: et al 

( 1981> consisting of felds parthic sandstones, medium to 

coarse grained, thick to massively bedded with interbeds of 

whitish and red siltstones and uncomformably overlies the 

Basement comp le>:. The sed iments are depos i ted in a 

cont inental environment. 

The succeeding Yolde Formation ( U. Albian-Cenomanianl 

consist s of sandstones, t h i n,l y bedded mudstones shel I Y 
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limestone and sha l es. The formation is a transitional 

s e diment between the under lying cont i nental and overlying 

marine sed iments . The Yolde is overlain by the Dukul 

Formation termed Limestone Shales Ser i es in Le>:ique 

S t ratigraphique I ntel'"nati onal ( 1956) . Th is formation 

consi s ts of a s equence of blac k s hales and thin limestones. 

The lime ston e s are s omet imes f r inged with rec,-ystallised 

c a l cite ( Carte r et al 1963 ). 

The succeeding Jessu f orma t i on i s an al te1-nati ng 

s e quence of g l'"ey , whit e and brown s ha les and li g~t brown 

S ::o.ndy mudston !?3 l-·Ji th sub o r· di n ate sandsto n es ( Carter et al 

17 6 3 ) . The Se~ul e f o ,-mat i on ~iich i s a s e quenc e of Shales 

and limestones having thi cke1·· shale units th a n the 

I i me::; t on es suc ceeds the J ec.·;;u f o r ma ti o n . The l i t ho l ogy 

c orr esponds to t hat of t h e Dukul for mat i on and i s be l i eved 

t o be uppe r Tttr oni ~n t o Sor1 to11 i ~n i n ag2 ( Carte r et a l 

1963 ) . 

The Numanha Shales whi c h s uccee ds the Sekule i s composed 

of Shal es with occassi o nal b a nds of sandstones , nodular 

mudsta ne!:i and l imt2s toneo::h Tito Mn ma nha s ha l e s overli e s beds 

of proven Coniacian-Sant onian a ge and a,-e tentatively 

a~signed to the uppe,- Sen oni a n C<\mpani a n ? ) • 

The Lamja sand s t ones tel'"minntes the sedimentary 

successions in the region. It is a sequence of fine grained 

sandstones with carbonaceous streaks; shRles and limestones 

(Carter et al 1963 J . 
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2 .. 2. LOCAL STRATIGRAPHY. 

The approM imate percentages of t h e rocks in the area 

studied are 

Bi ma Sandstones 28/. 

Yolde Formati o n 15% 

Dukul Formation 101. 

Je-:;su For- mation 45/. 

Basal t s 21. 

2. 2 . 1. Bim3 sandstones. 

The Bi ma Sandstones i n t he stu died area a re 1 i ght bro••n 

f e ldsphathi c and c rea m c oloured i n some p l aces, The texture 

ranges from being medium grained to very coarse grained 

sands t one. 

MaximL~ t h ickness of the Bi ma Sandston e i s est imated to 

be about 3. 5-4 l<m ( Carte1- et al 1963 ) • 

However· , the e ::posed th i ckness ranges from 50m-80m in 

Cham area. Most prominent are the h ills closeod to Gwa 

v i 11 age , t h ey ex t e nd West {or about 4Km , though the height 

varies, but it aver a g es bet ween 40-50m. And al so , the 

stream exposure of the Bima Sandstone al ong the banks of 

the River Cham shows an estimated thickness of 40 metres 

The Bi ma Sandstone sl1 ows varieties of s<>dimentary 
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str Ltctures. In t he stud ied a r ea, it eNtend s from t h e South 

to its boundary with Yol de Formation in the central par t C 

which over l ies it ) . 

2.2 .. 2. YOLDE FORMATION. 

This in cal led " Transi tional beds " by Carte r et a l 

<1963) . The Yolde Formation c ontains f i ne to very f ine 

grained sandstone and siltstone , crea&n c9loured in most 

pl aces and green ish in some p~rts or t h e mapped area .. 

Th e Yol de Formation in the east of the mapped area is a 

s e quence of cream coloured fine gr~ined flaggy sandsto ne 

and bro¥1n mudstone. A small e >:posed section measured in 

this ar-ca gave an es ti rri.Pted thi c.:knes.s of .q metres ,...,i th 

sandstone un its ranging bet •ieen 0 . 9-1 . 2 m and mudstones of 

0.12-0.25m IFig.4 . l. Toward s Cham town from the east, the 

mudstone o f the Yolde formation here is light grey in 

col o ur P l ate2) . · 

The Yolde Fo r mation i s flaggy in nature and has low 

angl ed cross lami n ations , h owever wh~t is common to the 

s and s t one of the Yol de f o rmation i s microcross laminations. 

Current r i pple marks are also present in the Yolde 

Formation Plat e 4 >. 

I n t he west ern part o f t he mapped area some of t he 

struct ures o f t h e Yolde f ormati on fl as been oblite r atEd by 

Intense burrowi n g . 
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2.2.3. DUKUL FORMATION . 

The DLtkul f"ormati on is a sequence of thi n 1 i mestone and 

s h a l e s . The s h a l es weather to form " cotton soil '', a black 

c layey soil with a high shrinkage capacity. The limestones 

appe ar as scattered SLlrface debris ( Ce>rter et al 1963 ) . 

Due to the fact that there was no presence of a surf ace 

sec t i on o~f Dukul f ormation , The Dt.tkul f or-mation '-'k1S 

inferred from the occurence of cotton soi l and 

l imest one debris. 

2 . 2 .4. JESSU FORMATION. 

The Jessu f"orm;:.ti on is an a lte rnating sequenc e of gre y, 

white a nd brown shal es, light brown and light gr een 

mu dston es Carter et al 1963 l In the north of Cham 

town, a man made irri gation ca11al ~. as exposed a section 

c on s i sting of seventeen beds of mud stones and mar l and 

eighteen b eds of shal es ( fig . 2 ). Al s o at Kautar e vi ll age, 

s outh-south-west of the mappe d area, a stt·eam section 

e x pos ed 1 1.27 metres of alternating muds t one and shales 

fi g 3 . ) . The thickest mudstono bed a bout 4m and shal e of 

bout 3 . 08m were r ecorded here. The shales of the Jessu 

~rmati on is fissi l e with li gh t r ed stai n i ng and i t is 

4cally gypsiferrou s . The bed s of the Jessu Format ion in 

• Cana l Sect ion are faul ted Pl ate 5 l . Al so t he 
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mudst oncs contains cas t s and 1noulds of bivalves ~nd molluscs. 

2 . 2 . 5. E•ASAL TIC INTRUSIONS. 
---------------------

The Basal tic intrusion s in the area total e ight and are 

intr uded into the J essu and Duku l Formations. Three are 

foLmd in t he Duku l while the Jessu Formati o n has five, 

scattered in diff eren t parts . The basaltic intrusions are 

hard r esistants roc ks and a ll are c onical in s h ape . 
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T ABLE 1. 

STRAT IGRAPHI C SEQUENCE OF THE UPPER BENUE AND CHAD BASINS. 

-----------------------·------------------------------
---------------------------------------------------------- 1 
I I UPPER B ENUE BASIN I I SOUTHERN I 
I l ----·------------ - - - 1- --- - - --1 CHAD BASIN . I 
I AGE I DAD I YA I ZM18UK I GOMBE I I 
I I NUl'l()l~llA I GULAN I IP I ND I Gf\ I I 
I I I I I 
! PAL EOCENE I I I KERRr.=--1 FORMATION I 
I AND I I I KERR I • I I 
! YOUNGER ILAMJA I GULAN! 1--- ----- 1---- ------------ 1 
- --- ------- --SANOST0- 1 I IGOMBE I GOMBE SANDSTON- 1 
I MAASTRI CH- I NES. I SANDST- 1 P I SST I ES . I 
I TIAN I I ONES . I I I I I 
- ----- ---- -- I-------- I IN I I I 
I I CAMPANI1~N I NUMANHA I I D I I I 

1---- - - ---- Sl-I I I I I I FH~A SHALES . I 
I SANTONIAN I SEl '.LILEFM I I G I I I 
I - ------------ - -----1 I A I I I 

I I CON IAC I AN I I I I I I 
------------I-- ------ I I F I I I 
I UPPER IJESSU I IM I I I 
IT . MIDDLE I FM I I I I I 
I LOWER l --·--- --- 1 I I I GONGILA FORMAT-I 
I I DUK UL I I I I ION. 
I I FM I I I I I 
1--------- -- 1------ -- 1- - - - -------- - ------ 1- --- ------------1 
I CENOMANIAM I YOLDE I I I 
- --- --------1 FM I BIMA SANDSTONES I B I MA SST I 
J MID-LATE I I I I 
I ALB IAN. I B IMA SST I I I 
I I I I I 
1----------- 1---·-----1-- --------- - - --- - - - --- --- ----- ------ 1 
I PRE- I BASEMENT COMPLEX I 
I CAMBR I AN I I 
1-----------1------------------- - --------- ----- ----- ------- 1 

( AFTER C . O.OFOEGBU 1906 ) . 
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TABLE 2. 

STRATIGRAPHIC SEQUENCE OF THE MAPPED AREA. 
-----------·-------------------------------

-----------------------------------------------------------
I AGE I 
1-----------------1 
I I 
I TERT I ARY I VOLCANIC INTRUSIONS 
I I I 
1-----------------1--------------------------------------- 1 
I I UI I 
I CRETAC- 1 TURON IAN I JESSU FORMATION . I 
IEOUS . I Ml I 
I I I DUKUL FORMAT ION. 

I LI I 
1---------1------- - - ------------------------------ 1 
ICENOMANI-1 YOLDE FORMATION. I 
I AN. I I 
----------1--------------------- ------------------1 
IU-APTIAN I I 
I <? l I B H!A SANDSTONES. 
I I 
I ALBIAN 

I I I I 
1-----------------1---------------------------------------1 
I I I 
I PRECAMBRIAN. I CRYSTALLINE BASEMENT I 
1------- ----------- -------- -------------------------------1 
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C H A P T E R T H R E E 
-------------------------

3. P E T R 0 L 0 G Y 
------------------

3. 1 . BIMA SANDSTONE: PETROGRAPHY. 
-----------------------------

The composition of the Bima Sandstones was established 

on the basis of several harid specimens studies and t h in 

section analysis. The colour of the Bi ma sandstones ranges 

from cream white to light bro""' · Grain size ranges from 

medium to v e ry coarse grained, friable in some specimens 

~"1hile c o mpac t i n o tht-2rs. The mine ral s i n hand spec i men are 

quartz and feld:opa rs. 

Tt1in secti o n a nalysis shows the Bima to contai n about 

50- 601. qL1art s , 10-25/. feldspar, 2-51. mi ca and clay as the 

v o id filling matrix . The sandstone is class ified as 

SL1barkose Pettijohn 1975 J . The quartz grains are sub 

angular to sub-rounded a nd a re polycrystalline and 

monocrystallin~ possesir1g undulos e extinction of various 

intensity. The feldspar in the specimen consists of 

plagioclase and microcline. They show various degrees of 

alterations, noticeably at the edges. The mica presents are 

thin flakes showing various degrees of deformat i on . 

3. 1. 1. DIAGENESIS AND ITS EFFECTS. 

Diagenesis is the post depositional changes that occurs 

in sediments I Krumbien and Slosn 1963 ). It may express 
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itself in a number of ways. 

There are several diagenetic eff<?cts present in the Bima 

sandstones, but the most common is c ompaction . 

Compaction is the reduction in bulk volume of the 

sediments caused mainly by the vertical forces exerted by 

an increasing overburden. Compaction due to compressional 

forces (i . e. reduction in bulk I in the Bima san dstone was 

observed by the deformation of mica flakes which were bent. 

3 .1. 2. TEXTURAL ANALYSIS. 

The major objective of the textural analysis is to 

determine the gra in size of the sand particles. From the 

parameters obtai ned from this analysis a better description 

of the grain s izes can be made and deposi tional processes, 

a nd environme nt of deposition and the mode of 

transportation of the sediments can be i n ferred. 

ThoLtgh there are various methods used in the 

determination of grain sizes, sieve ar1alysis was used in 

this study, while the roundness and sphericity estimates 

was determined by microscopic studies . 

Samples of the Bima-Sandstone were disaggregated into 

the individual grains by use of pestle ~d mortar . T~ 

samples were 1 at er divided using the coning and quartering"'-. 

method < Ingram 1971 ). The qLtartered samples were weighed 

and pl aced in a mechanical sieve s haker using st.:1ndard 

•ieve openings tletv1F>en 0. 63mm-4 . 75mm. The shal:er 1~<cts 
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20 

wt •1. 15-, 

10 --i 

25 

20 

wl ' / , 15 

10 

~75 -0.25 0.25 0.15 1.25 1.15 2 .25 2 .15 3.25 i .75 

Fig. 7. HISTOGRAM DIAGRAM FOR SIMA SANDSTONES 

GRAIN SIZE DISTR IBUTION. 
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switched o n for 30 minutes. After wh i~h the seperated 

g rains retained in each sieve was collected and weighed. 

From data thus obtained, two graphical curves were plotted 

fig. 6 and 7 ) . The latter was plotted by pl ac ing the 

cummulative weight percent as the ordinate I y-axi s I and 

the phi 51 ) ' I phi l'i! = - l og1 Diameter I as the abscissa 

x-axi s I. From the graph the mean particle s ize, 

}(ur· tosis, s k ewness and and s tandard deviation ( sorti ng 

were obtained using the Folk and Ward f ormulae 119571. 

Tab l es 5 ~< 6 ) . 

The results of the analysi s s howed that the sandstones 

of the Bi ma Sandstone in Cham a rea has a mean grai n si ze of 

0.35-0.45 l'i! I coarse sands I and it is moderately sorted 

0 . 8901 akewness i s n early symmetr i cal while the kurtosis 

ranges from being mesokurtic-leptokurtic . 

The roundness and s phe ric ity ranges from 0. 3-0. 5 

angular t o s ub angular ) using the Krumbien and Sloss'chart 

f or visual estimation ( Kr umbien and Sloss 1963 ). 

3. 2 . YOLDE FORMATION ( SANDSTONE PETROGRAPHY >. 

was Composi ti on of the sandstone of the Yolde Formation 

done by the u se of hand s pecimen and thin secti on s tudies. 

The hand specimen studi es showed the sandstone to be 

mediwn to very fine grained and the colour varies from 

cream brown to green. The only miner al noted in hand 

specimen are quart~ grains. The rock samples are loosely 
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compacted. 

Thin- section studies shows that the sandstone contains 

about 70X - BOX quartz minerals, 3-5X calcite crystals , lOX 

gl auconites and 5X mica f lakes. The quartz mineral s are sub 

r ounded to rounded I Plate 7 I. 

The sandstone is a quartz-arenite Pettijohn 11963 I based 

on its framework composition. 

3.2 . 1. DIAGENESIS AND ITS EFFECTS. 
---------------------------

Diagenetic effects observed in the sandstone of the 

Yolde formation are compaction and cement<:1tion. 

Evidence of compaction was s hown b y the presence of 

deformed mica flakes within the rock. Cementat i on of the 

r ock was by quartz and calcite crystals. 

ALtthigenesi s , the developme nt of a new mineral witQ..i.n a 

a sediment ( Krwnbien and Sloss 1963 I is believed to be 

responsi bl e for the glauconite present in the rock; which 

is believed to form in a variety of ways; by subaqueous 

alteration of biotite, formed from diatom tests and by 

r eplacement of feacal pellets I Moorhouse 1959 J. 

3.2.2. TEXTURAL ANALYS I S. 

The same procedures used in the sieve analysis of the 

Bima sandstones were used for the Yolde sandstones. 
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Sphericity and roundness were also determined using the 

same procedures. 

The results of the analysis s howed the sandstones of the 

Yolde formation to have a mean grain size ranging from 

1.70 - 1.90 ~) interpreted as medium grained sands and it 

is moderately sorted to being well sorted, it is positively 

skewed while kurtosis ranges from being leptokurtic - very 

leptokurtic . ( Tables 3 ~' 4 <Figs.st,9 J. 

Roundness and sphericity r;,.nges between ( 0.3-0.5 J and ( 

0.5-0.7 J respect ivel y i.e . they are from s ubangular to 

roLtnded. 

3.3. DUKUL FORMATION < LIMESTONE PETROGRAPHY J. 

The limestone of the Dukul Format ion in hand specimen is 

light grey to br-ov:n in col our- , very dense and contai ns 

imprints and shell fragments of bivalves and some 

unident ifi ed skel etal fragments. 

In thin-Gection , the s kel e tal fragments constitute about 

30X of the whole rock, quar tz grains about 1X, Sparr y 

calcite crystals and lime-mud which is t he ground matrix 

abOLlt 50/. . There is the p r esence of ostracod shells which 

are infilled with sparry calcite and micritic calcite. 

The limeGtone is clussified as Wacla'?stone ( Dunham \962 

o r Biomicrite (Folk 1959 J. 
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3.1. LIMESTONE DIAGENESIS . 
--------------------

The limestone litho faces have been variously affected by 

• 1ageneti c process of recrystal 1 i zat ion, compaction and 

illi ssolL1ti on. 

Recrystallization has altered part of both t h e matrix 

and the shell fragments, they are transformed to 

5parry c a l cite in some places . However, the 

ecrystallization was brought about by compact i onal stress 

;and pressure of overburden. This was observed by the 

sparry-calcite appearing as fi l lings along lines of 

Fracture that e:: tends from the ma tr i >: into the sh e l I 

Fragments. 

Dissolution effect is co1nmon in skeletal grain cavities. 

rhese include ostracod shells i.nfilled with spa1-ry-calcite 

:rystals. Compaction however, is t he most common diage netic 

tffect in the limestone . Though the rock is dens e without 

>resence of pore spaces, compaction i s observed by the 

11Plitting into complimentary par-ts of a si ngl e shel l that 

lras been fractured and displaced and also in thE 

SOmpression of ostracod shell s . ( Plate 8 l 
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JESSU FORMATION ( MUDSTOME PETrlOGRAPHY ) • 

-------------------------------·----------
The mudstone of the Jessu Formation are light green to 

,wn in col our . Some of t he hand specim~ns show casts and 

ioulds o f bivalves a nd othr~r s kel•?tal f r agmen ts . Apart from 

he shell fragments, the mineral grains are too fine to b e 

dentified in hand specimen. 

However, thin section analysis s hows the roc k to c ontain 

~% qua r tz minerals wh ich are subangul ar to subrounded and 

r ains are quite s mal l about 0.075mm Calci te crystals 

resent in the thin secti on is about lOX, glauconite about 

~ which are rounded and the colour is green to light 

rown. Cl ay is the matrix material. Al so presen t within the 

lay are ostracod she lls infilled with clay. 

1.5. INTRUSIONS < BASALT PETROGRAPHY l. 

The basalts i n hand s pecimen is ·flinty, and hard . They 

re black in colour, fine grained with phenocrysts of 

livine. 

In thin section, the basalts shows phenocrysts of olivine 

"d pyro}:ene augite variety and iron ox ides. The 

ivine occur s also as cmall, rounded crystals. 

The p yroxene is a n augite variety a nd it is weak l y 

1ed. 
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TABLE 3a. 

SIEVE ANALYSIS DATA FDR THE SANDSTONE OF YDLDE FORMATION. 
-------------------------~------------------------------

SAMPLE A. 

Phi <S l weight cumm. weight CLtmm . per-centage 
-----------------------------------------------------------0.25 0 . 95 

0 . 2 5 2 .. 36 
0 . 75 4. 5 3 
1. 25 9.61 
1. 75 26 . 86 
2 .. 25 28.04 
2.75 14. 19 
3 .. 25 5.18 
3.75 2 . 21 
4. 00 1. 81 
PAN 3 . 22 

Phi ctlll "'eight 

0.95 
3 . 3 1 
7.84 

17 . 45 
44 . 31 . 
7 2 .35 
86 . 5•l 
91. 72 
93. 93 
96. 74 
99. 96 

TABLE 3b. 

SAMPLE B. 

cumrn . 1•Jei ght 

0 . 95 
3 . 31 
7 . 84 
17.45 
44 . 31 
72.35 
86 .. 54 
91. 72 
93.93 
96.74 
99 .96 

cun1m. percentage 
---------------------------------------·-------------------
-0.25 1. 91 1. 91 1. 9 1 
0.25 2.79 4 . 7 4.7 
0.75 4. 38 9 . 00 9 . 08 
1. 25 12. 29 2 1 .. 3 7 2 1 . 37 
1. 75 38.13 59 .5 59 . 5 
2 . 25 21 . 5 1 81 . 0 81 . 0 
2.75 6.87 87 . 88 87.88 
3.25 5 . 87 93.75 93 . 75 
3.75 2. 18 95 . 9 3 95. 93 
4.oo 1 . 35 97 . 28 97.28 
PAN 2 . 72 100 . 00 100. 00 
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T ABLE 4. 

tlMARY OF SIZE STATISTICS FOR THE SANDSTONE OF YOLDE 

-----------------------------------------------------------

MEDIAN ( ~50) 

MEAN <Mz) 

SORTING <er ) 
v erbal term 

SKEWNESS CSK) 
ver bal term 

KURTOSIS <KG> 
ver bal term 

FORMATION SAMPLES. 
--------------------SAMPLE A 

1.65 

1 . 72 

m<?dium sands 

0.85 
moderately sorted 

o . 147 
positively skewed 

1.69 
very leptol'. urtic 

SP1MPLE B 

1.85 

2 

fin e grained sands 

(l.83 
moderately sor ted 

0.165 
positively skew­

ed 

1. 46 
l eptol:ur ti c 
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TABLE 5a. 

S IEVE ANAL YS I S DATA FOR BIMA SANDSTOl~E . 
--------------------------------------

SAMPLE A. 

Phi ( tsll weight c umm . 1•ei g h t c u mm. percent age 
- ----------------------------------------------------------

- 1 .25 1. 1 1. 1 1. 13 
-0 . 75 4 . 46 5 .. 56 5.73 
- 0 . 2 5 15. 94 2 1 .. 5 22 . 13 
0.25 18.25 39.75 40.83 
0 . 75 22 . 64 62.39 64.13 
1.25 17.74 80 . 13 8~.33 
1. 75 9 . 94 90.07 9 2 .53 
2 .25 2.90 92.97 95.53 
2 .75 2.20 95.17 97 . 83 
3 . 25 1. 18 96.35 9 9 .<)3 
3.75 0.46 96 . 81 99.5 
4 o . 2•l 97. (15 99 . 75 
PAN C). 1 97 . 15 100.00 

TABLE 5b . 

SAMPLE B . 

Ph i (ISi) •~eight cu mm. ""i gh t curnrn . perc2ntage 
-----------------·----------------------------------------
- 1. 25 4 . 26 4 . 26 4.3 
-0. 75 8.56 12 . 8 12 . 95 
- 0 . 25 12 . 1 24.92 25.17 
0.25 17. 3 42.?.2 112 .65 
0 . 75 24.3 66 . 52 67.2 
1.25 12.46 78.98 79.79 
1. 75 7 . 5 86.48 8 . 37 
2 . 25 5.94 92.42 93.37 
2.75 2.84 95~26 96.24 
3 . 25 1.93 97. 19 98. 19 
3.75 c) . 91 '78. 1 99. 1 1 
4 0.61 98.71 99.73 
PAN 0 . 24 98.95 100. 00 
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TABLE 6. 

IMARY OF S IZE STATI STI CS FOR SIMA SANDSTONE SAMPLES . 

SAMPLE NO 

MEDIAN CIS) 

MEAN (Mz ) 

SORTING <a > 
verbal t er m 

SKEWNESS <SK> 
verbal t e rm 

KURTOSIS <KG> 
verbal term 

SAMPLE A 

0 . 45 

0.45 
c o~rse sands 

0.89 
mode r ate l y s orted 

0 . 086 
near l y symmetri cal 

0 . 990 
mesokurt i c 

SAMPLE 8 . 

0 . 35 

0 . 383 
coc:arse sc!\nds 

1 .04 
moder a t e ly sort e d 

( >. 083 
near l y symmetr ica l 

1. 17 
l eptokur t ic 
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Pla t e 3 . Alternating muds t one and Shale Sequence of J ess u f ormatio n 

Plate 4. Curre nt ripple Marks of the Yolde Format i on 



~ s ·; 

Plate 5. Fault Plane in J e s s u Formation Showing the displaced 
raudstone beds . 

Plate 6. Current ripple-Marks of the Basal Sandstones in Jessu Fonna­
tion showing horizontal burrows. 
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Plate 7. Quartz Minerals in the thin Section of the Yolde sand stone. 

Plate 8. Evidence of Compaction in the Limestone of Dukul Formation, 
Show fractures of skeletal fragments. 
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C H A P T E R 
-------- F 0 U R. 

STRUCTURAL GEOL OGY. --------

INrnooucn ot.i . 
---------

The observed structur es in 
t ectoni c the ar·ea are both 

and sedime ntary . Ho\.o.iever, the dominant structures are 

sed i mentary \•Jhi l e the tectonic struct:..u-es are minor. 

4 . 1. SEO I t1i::NT l\RY STRUCTURES. 
-----------------------

Sedimentsry structures can be reff ered to as those 

structures in sedimentary roe..: ks formed e i ther 

c ontemporaneol\sly with deposit i on as pri1T1.,.1•y strL1ctur es or 

a f t er deposition as secondary structures. SC?d imentary 

struc t ures ctre usefu l indicators of envi:-onments of 

deposi ti on . They shed light on t he energy state and depth 

factor of the envi r onment as well as lhe paleocw·rent 

d irections. 

Sedime11 t ary s t ruci.L1ros round i 11 t l10 arQ~ inclLtde 

· 1. 1. GRADED BEDS. 
-----------

There is a te>:tural gr.:1dation in Lhe muteri.:1l s ; 

In this type of structure , each ind i vi dual l ami nae has a 

:oarse detr i tus at the base and finer mater i als at the top 
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and thi s i s repeated for subseq L1ent stratum. This type of 

struc ture abounds in the South wester-n par t and other par-ts 
the Soulh of of the map pe d 

) . i."r-ea Bi ma Sandstone 
Thic kness ranges beh1el?n 9-! 5c m. 

This type of s t r uctur- e is pr-obab l y due to seasonul 

wani ng of current f l ow . 

4.1. 2 . PLANAR BEDS. 

Strati f ica ti on or 1 a y er ing is prc ba b ly the most 

fundamenta l a nd di a gnosti c fea tur-e o f sedimQntary rocks , 

Selley , , 1978 ) • 

Th~ dif f er e nce between the beds in the field we re e asily 

see n due to the fl a ggy natur e of the sandstone s o f the 

Yolde formation in •ihich this type of b ed is common . The 

t h ickness o f the bed5 ranges between 6 - 12c m. 

4.1. 3 . CROSS f\EDS. 

Cross beds are found to be common in the Birna 

s andstones . They vary i n sizes and ~re o·F two t y pe s; trough 

and pl anar cross beds Pl a te 1 >. 
that the 

This type 
of large scale cross beds implies 

trans por t ing curren t •1as strong. Thi s inference •ms drawn 

on t he basis of Al l en's 11963> view t hat a ngular or 

tangential for sets are character ist ic of fast flowing river 

currents . Th is i n fer e nce was SLtpported by fei l d evidences 

,., 

I 
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\. 
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,l 
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I 
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sc~l e cr os~bed s occur 1~ed 

the Bi ma sandst one. 

in 

Micro-cross lami nat ions was 
observe d i n the 

the coarse 

s andstone s 
of t he Yo l de f o r-mat i o n . 

between 6-7cm •1hi le t he 

be t we en 3-6mm. 

The th i ckness of these beds r-anges 

t h i c knes s o f ind i v idua l lami n a e i s 

Th e 
pa l eocu rre nt di rec ti o11 o f t h e Bima Gandstone using 

the cro~sbeds 

W.N. W. and S.W. 

4 . 1. 4 . 

i s found t o t r- end in 2 major­

fi g . 5 ). 

RI PPLE MAm:s. 

di r ecti ons 

The ri p p l e marks obsel'-ved in the mapped area il.re in the 

Bima san dstones, sand stones of the Yolde formation c:~nd the 

basal s a n dstone s of the Jessu formation I Plates 4 and 61. 

The r ipp l e marks o b served common to a ll is a type o f 

assymetr- ica l r- ipp l e mar- I:. Ta 11r1er's ( 1967 ) par a!ne t e r s f or 

disting u i&hing r ipple mar-ks was used to distinguish them. 

The results shovJed their- con t i nu i t y inde:~ ICil '"hich is t he 

crest l engt h d ivide d by t he mean spacing between c r est t o 

be be t ween 5 . 2 15 a nd 6. 74 and the interpr-et at i on accor-ding 

to Ta nner i s a b o ut 85% cur~ent form~d . 

11 
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4. 2 . 
TECTONI C STRUCTURES . 
-----------------

The tectonic 
s t ructur es give ind i cat i on t he o f 

def or mation a l f o rces which may have infl ue nced t he r oc ks i n 

t he mapped area . 
The tectoni c structure not i ced wa s on ly 

minor faults. 

4 . 2 . 1. MINOR FAUL TS. 

The fault displacement s was not i ced in the beds of the 

J essu format i on and it is a no rmal fault. 

The faul t s hows a predomi na nt E- W directi on and the 

disp l acement is b etween 1 8-2 ~cm (Plate 5 ). 
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TABLE 7. 

FREQUENCY TABLE FOR THE PALEOCURRENT DIRECTION FOR BIMA 

-----------------------------------------------------------
SANDSTONE. 

CLASS FREQUENCY PERCENH\GE SCALE 5° = l cm . 
-------------------------------------------------------
0 - 30 7 

13. 5 2. 7 ~' 

31- 60 2 9 1.8 

61- 2 10 

211- 240 7 32 6.4 

241-270 

271 - 300 7 32 6 . 4 

301-330 3 13 .. 5 2 . 7 

331 - 360 
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CHA P TER 
r r 'v E . 

r r<OVENANCE AND DE Pa s IT rot IAL EIN lr<ONMEt ITS. 
---------- ---------------

I N T r< 0 D U C T I 0 N. 

---------

Due t o the facl t h at the difft" r·P.nt lithologir.: un i ts a r e 

1ui te d i ver· s e i n their comp osition , t hey 1Je1· e ti·eat e d 

,individua l l y . 

5. 1. Bi t-IA SAl' l 'JS TONE : PROVEt~AtlCE AM[' DEf'OSITI Ot lAL El l'JIROIJMEHTS 

The Bi ma S a nds t o nes :, 1 1 0~1 di ver se l i l ho l og y ·thP-1 ... e .for-e 

this unit mus t h a v e a c c u mu l ated under vary ing c ond i t i c-ns . 

Di f fer-:n t t y pes of sedi n1e n t ary ~ L r-ur.: ttti -es abol.1ncJ i n th~ 

Bima sa n dst o n e , t f le s e str·uc tur e s pr i:?v i P.usly dC?~t: r i becl a: ... e 

beli eved t o b e f e a tur e s o f s hal l ow wate r de p o a i t i on. Til e 

cross s ti· a t n a n : typ ica l of tha l f o n n•2Li b y c:hann :->lli n g and 

Leady depo~it i on i n p oint - b a r s , 
1 i kel·Ji s a t h e tJ1·ttd ed bed s .. 

:ince the r\ppl<! marks are c ur ren t for· me d , t h ey are 

elievc.d t o ti e o f r i v e r fl ood p l ai n s . r-1·c m t h e :1bt•ve , il 

ighl y p robabl y th,3t f luv i .~t i l e i: o nd i Li c-n s p reLl omi n a ti;,d in 

is 

of t t1 ".'? Di mc:t ·;t_,nds t one'=.1 .. 

With t he h i gh fe l dspar contenl , 
.~nd t he <rngul ar· t o sub 

:he great•;r P·ff ts of the d t:posi t .i on 

Si;-dimc>nt s h <1d t r a ve l l e d a short d ist anc:e a nd must h a v e 

n atu re o f its quart~ 
minP.r· ~l, 

i t "is br?li e ved the>t 
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de1 .. i v~d from ·• nearby SOLlr-<.:e. tieen 
-Si n c.:r:: t:h~ iJaJ. i:2oc: t11 ... r-en t 

directi o11 o { Ll 11~ lhnv< S;." ·•r.blo111> 'is p1 :c1,.,11,i11<>n·'-l y Lfost -tfor·th 

-West c;nd Soulh -l•Jest rig.3, the soun:e is Iii.el / to be from 

the bas!?m"llt rocks o f the Bamenda mas,,.i f to the llE>st . 

5. 2 . YOL DC rorn tAT IOl-1: FRO\IEHMJCE AND D[POSI T!ONAL Et-N l l\OMMEl'IT 

The :-,.~l\d:;t.011 e:; of th<? Yoldro r-orr.i <1ti on i·; fluggy un<.l 

i nterbeddr:.>d '<Ji th muds ton-=-'.:; .. T\'40 sets .~f micr-o l aminations 

ere pres en I_ i 11 th0 sund~lone in the f?A.s t~1·n m;J.1 oi 11 and Cham 

to~lll. Bi ogen ic L\Ctivi·li e:::, is comn,on in tf 1e 111f:Ystern pc;r-ts 

and a.I so in Lht~t part 1 yl c.u.1<.:oni tic :;.;,uHJ:; l:ones abou.nd . 

The cib 1Jve desci- i p ti 011 of tha Yo! tlC? Fc:·r-inati on len:ls to 

lead int o ccncludi11g th~ t i t is o f a l'l'""'-2.r" sh ~:re 5 :1al lot·: 

mar ine env ir o nment. 

Hi th L1 1c l ac l '. of f c-? J dsµa1 ... ~-5 2 nd i i _9 1 · :~l ~ i i v ely g cotl 

rcu11ding, 

it is bel luvcd the s~ditnorits mu~t havR lrav~ll ~LI far i:-~nd in 

that proc,.:oss , the feldsp~rs 1"~(-? l"E' rr:?m0v cd du~· lo \"1eathP.r i ng 

cU1d since j t: is of a nr:."' t- !:'.lier e t~llvironmenl, 

h ~'.-Jf!,'/ ~~1- ' 

constant 
clC lion of tile \·J .. ,ve'.3 in t_ha l typ'~ of P.nvi ronmen t 

would h a,•e helped rem:>vcd the -Feldspa1 s . Sillr:e Lhe r·eundi ng 

of quart;: gr.:.i in
5 

i<1 t1it:li .:w •2 h ai-c:I r-e s i sL111 t 1·oc:k!:, canno l b i~ 

ilChi e,-ed ; 
11 

o ne s edi rnr>r' La ry eye 1 c, i t is br?l i Pv'<'r.I that tl;e 

Lhe '(oltlt' forw;,t\ o n .,,.,.-., de1-ivc-LJ from 

l!>:ist i ng -;anti bc:t•s, possih l Y t. l !C' 8 i rn<• '.)._111ds l. o'.1C. 

pre-

sands l one::; o{ 

- 1"1 
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, 3 . DLJl~Ul FORtlf.\TIOt-!. 

[)11 I. ll l Th e Forrnati on i s rn i\dr~ a n o f u p u l t e r· n uti n g 
seque n ce or 

s l 1a l cs a 11 d fo::.:i ilifr21 ous lim,~:;. L one v.1hich 

conta i ns ~i vA l Ves , 
ost r acods a nd oth e r s~e l el al fragments. 

The al t e rnating seq L1 r>1 ice o f s lw I r's •'.'nd 1 i mest o n e s 

presumabl y rep resen ts n s l ew depositi or1 of terrigenou s 

elasti c i 11flL•: : int o a r cs tr i c l<?d l ow e nm-gy .:;ha ll ow ma r i n e 

en vi r ontY\c:-11 t . The bl ac l' s h a les rep1- cnents ano~:i c bottom 

c onch t i o n 5 wnci l o t.·J e 1tergv . 

The 21.•L'.n d i',nc c o f l i mr~-murJ .:tnd th£• pr P~r:incc::o o f Uilbro ~: en 

she l l { 1 gin•.:.-r1t 5 'i n d :! i: <11:cs 1 0~1 ene1- y y .Jnd sh~ Il. !..:' 1" ed marinG 

d'=p ositi ~·n~(l v n ·1 i r o nn1ent . In th e o pen mar- inc- or high ene~·gy 

Clarine e n ·iron nrent , l·Ji n n owi ng l:'f f ect o r t h !:' Nave~ ~1oul d 

e l i mi na t::- l11e 1 i me mud p r escin t i n t he mrJt 1- i >: o f t h ro 

limest on i:i , a n d t he s hel 1 s •1o ul d be bro I: e n . 

J ESSU FOF<l- llH IOH. 
--------------5 . 4 . 

sand s tones antJ 
Thi s i s il 

litho l og i c uni~ ~Ji th baQal 

s h a l es a n d mud s t on es . 
a l tern a t i 11 g s eqLte n c e of 

n o:··t11 
The basa l sand s t ones e xpos l:'cl i n t he cana l s ection 

g l n u c on i t i 1: r.1n d .f l n e g1'"ainnd 
i ~ ( f ig . 2 o f Cham t n••n a s s::>c i ated 

h o r izon t a l t r .:>CC b11rr '>•·is a ·,; >ie ll 
;:\I r:." 

~!:> 

c ontain i ng mud s t ones 
} ' The 

c urrent ripp l e m.:\1-ks 
( p 1 .... t C' 6 
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bival ves . 

The basal 

and 
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contai n s poor l y preserved. moL1lds of 

sandstones repr-esents d e position in a near 

shore mar-ine environment, while t h e seqL1ence of shale and 

mudstone is of a r-estricted l ow energy marine environme~t . 
The presence of gypsu m i n the s hale might indic.:1te hi gh 

salinity conditions of the e nviron ment . 
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C H A P T E R S I X. 
--------""="---

6. ECONOMIC GEOLOGY ANO HYDROGEOLOGY. --------------- ------

6.1. HYDROGEOLOGY. 

The major and only perenial stream in the area is the 

Cham river and its tributaries and other rivers 

area , however, these are effemeral . 

Presentl y under construction in the area 

in t he 

is an 

artifici a l dam, it is the catchment area for the river Cham 

._and the other streams draining the no1-thern parts . 

The Bima sandstone in the area provides considerabl e 

unconfined g1"ound water reservoir. A borehole constructed 

by B. S.A . O. P . in 1982 taps water from the Bima Sandstone 

at 20-40 metres depth with modest yields. The permeabi 1 it y 

Of t he Bima sandstone i s l ow due to the c lay content of its 

matri >: . 
However good water yield can be expected i n the 

Bima Sandstone if major fractures caused by Tertiary 

tectonics in the 
basement can be i ntercepted l~adrop 

report 1983 > • 

6.2. 
ECONOMIC GEOLOGY. 

-------------
The r ocks of the Bi ma sandstone as wel 1 as the mud stones 

used as bui l ding 

J essu formation are widely 
Of the 

lllat•rials in the area. 

., 
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Due t o its lack of c l ay content , 
the sandstone of the 

de f ormation is sui table for glass making and the mixing 

concr e te for c onstructi on purposes. 

The limestone 
is very importa nt i n the construction 

as a building stone , f or use as aggregate and road 

I t is much sort after in t he metallugical 

Limestone is a lso used as a f e r tilizer in the 

utraliz ing of acid soi 1. And fi nally, it is invaluable 

or the manufacture of Portland cement. 

Gypsum present is not in commercial quantity, but it i s 

important raw materi al in the manufacture of Portland 

ement. The shal es of the Jessu formation are bei ng used 

or bric k production . 

The basalts are used in the constructi on i ndustries as 

oad aggregate and for the earth filling of dams by the 

.onstruction firm building a dam within the area. 

ri 
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C H A P T ·E R S E V E N. 
--------·-----

7. C 0 N C l U S I 0 N. 

The results of the present wor k has l ed to the fol l owing 

conclus i ons : -

The area around Cham town c a n be divided i nto f our 

lithol ogic units . 

<I) The Sima Sandstone. 

(I! ) The Yolde For mati on . 

<III> The Dukul For·mati on . 

<IV ) The Jessu Formati on . 

The S i ma Sandstone s i s medium to c oarse grained 

subarkosi c s andstones , i t is textur a ll y and mi nerol ogicall y 

immature. 

It covers 28/. of t he mappe d a rea . The Yolde Formation 

covers 15/. o f the ma pped area . It c ompri s e s of medium to 

fine grain e d C qua r tz a r e nite > sand~tone . The s ediment is 

both t extural l y and minerologically mature . The sandstone 

is highl y biotubated in some are a s a nd locally glauc onitic. 

The Dukul and JessLl Formati ons which both make up over 

SOX of the mapped a r ea a r e marine sediments . With the Dukul 

format ion being a sequence of l imeston e and shales , whil e 

the Jessu comprises of basal sandstone, mudst ones and 

shales. 
The limestone of the Duh1l Formation is highl y 

fossiliferous with the major d i agenetic pr ocess affecting 

it being compacti o n and recrystalliz ation. The mudst ones of 

~ 
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the 
Jessu F o rmat ion i s f ossilifer ous containin~ poor casts 

and moulds of b ivalves . 
The limestones and mudstones both 

contain varying a mount of ostracods in their thin sections . 

The depositional envi ronment of the Bima Sandstone i s of 

cont inent a l 
origin and it i s bel ieved to be derived fr om 

the baseme nt .roe ks from t he Ba me n da inass i f due to its 

pal eocurrent dir ect ions. 

The Yolde Formation is b e lieved to be deposited i n a 

sha l l ow mar i ne e n v i ronment, evi dence supporting this, like 

bi ogenic activities, glauconi t ic sandstones abound i n the 

Yol de Formation of the mapped a r ea . 

The Oukul and J essu Formations are both res t ricted 1 0 •1 

e nergy shallow ma1·ine deposits. 

After the deposition of the Dukul Format i on t here was 

r e t urn to the type of tr a nsit i onal environment that formed 

a 

the Yolde Format i on a nd eviden ce for t his was seen in the 

basal san d stones of the Jessu Formation. 

The youngest rock in the area are the intrusive basal t s 

Which t ota l e ight in the mapped 

the Oukul and Jess u Formations . 

a r- ea and intrude on l y into 

, 

.. 
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