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WMBAKY.

Part Z of the thesis describes the geology of an
area of about 400 square miles in the hinterland of Kiswere
in the coastal region of southern Tanganyika, ore detail
is available of the H&ndawa - lahokondo region, where the

sequence is most complete, than of the remainder*

The greater part of the area is oocupied by Mesosolc
rocks with marine Paleogene sediments in the extreme east.
The exposure of Jurassic and Lower Cretaceous strata is due
largely to the erosion of once continuous plateau-forming
beds of tfpper Aptian age or younger, unconsolidated con-
tinental leogene sands cap the plateaux and ieogeae gravels
appear on some of the lower watersheds. The Keogene sedi-

menta have not been mapped in detail.

All stages of the Middle and Jppor Jurassic and of
the Cretaceous are represented, though the succession is not
continuous. The Jurassic and Lower Cretaceous strata (the
randavva - Mahokondo and the Tendaguri Series) are largely of
littoral or nerltlc facies and estuarlne and continental
rocks are present towards the west. below the oldest exposed
Jurassic beds (the PIndiro Shales), which contain massive
gypaum at surface, drilling has proved a thick evaporite

series including halite deposits*



Thoro la a notable easterly thickening of almost all
of the Individual units of the Jurassic and Lower Cretaceous
sedimentary column. ‘The Taatfagira Beds, which in their
type area are only about 400 feet thick, total over 2,500 feet
in the north of the M&nriawa - ttahokondo area (Including about
500 feet of Lower Cretaceous strata) and the total thickness
of the Jurassic above the Pindlro 3hales there approaches

5,000 feet.

The ra&rine Upper Aptian occurs in two facies,
dominantly calcareous (Klturika Bede) along the east of the
Ngarama Plateau and mixed awn&ceouV &rsills-ceoue/calcareous
to the east of the Mandewa - Mahokondo area. Ho marine
Upper Aptian occurs in the west of the area mapped, and the
continental Makonde Beds, which have previously been described
as equivalent to the Xlturlke Bede, cannot be demonstrated to
he other than younger than them In the area concerned. The
Alblan - Senonian sequence forms a series of overstepping,
dominantly argillaceous subdivisions, still in part at least
of fairly shallow water origin, nowhere extending west of the

Upper Aptian limestone outcrop.

Below the Callovian, fossils are not abundant or
diagnostic but rich fossil horisons occur in the sequence
between the callovian and the Lower Aptian. ‘There is gener-
ally a clear palaeontological distinction between the marine

horisons of the Jurassic and the Lower Cretaceous, and



palaeontological evidence on the basis of Trigoniids is
advanced for correlations within the Kins*ridgian - Tithonian
strata* Otherwise, local correlations are in part on

litholoaicnl grounds*

There are two outstanding structures in the area, the
Mandawa - Hahokondo and the Wakangaga - Imawa anticlines on
echelon, both in part diapiric, of tfiich tiie axes lie

approximately HOT* 33E* To erosion of these is due the

exposure of the olaer Jurassic strata. The former has two
distinct culminations. Outside the vicinity of these
stiucturec dips arc generally low, The greater partof the

movement, which was to some extentindependent in  the two
structures, was completed hy the end of the Jurassic but,
locally, faulting and some minor uplift affected Upper Aptian
beds, A number of unconfonaltiGS occur* some aro due to
local diapiric uplift in the anticlinal areas, but those be-
low the Upper Seocomian and below the Upper Aptian appoar to

bo of more widespread significance.

The geological history of the aiea is outlined and a
brief comparison is made of some of the faunas present with

others in tho Ethiopian Province and elsewhere.

Part Il of the thesis givss an account of trigoniids
collected during the survey of the Kiswere Hinterland, A
total of 11 new species have been named and described and at

least a further 5, of which only poor material is available,



are also regarded as new. The genera binotrigonia.
haevliri .onla (as emended by Cox, 1952) and Opiatliotrl>:onla,
and the subgenua fleurotrlroala are reported for the first
time from Sast Africa. Of these, QplstMotri™nla was
previously regarded as aonotypic. Biometric analysis

of variation in coiaajunitiea of Indocrl™onia from successive

horizons in the Middle Klimieridgian - Tithonian sequence 3ms

beer attempted.
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l. INTHON CTIQN,

General.

T ils aeoount Is of the geology of an area of about
400 square miles, lying in the Klsvere hinterland in the
southern coastal region of Tanganyika About mid-way between
the townships of Lindi and Kilwa (see Plate 1). The greater
part of the area is occupied by Mesosoic strata; all series
of the Middle and Upper Jurassic and of the Lower Cretaceous
are represented, though there are breaks in the sequence.
Apart from doubtful occurrences of Kimnerldglan strata near
Tan a (Arkcll, 1956, p.326) and on the Central Railway
(Henni , 1924, p.113), higher Jurassic strata have not been
recorded in Tanganyika outside the area bounded by the iatandu
and Lukuledl Hivers in the Southern Province. Within these
limits no pre-Kimmeridgian strata are known other than the
occurrences in the area mapped. The Neocomian la not known
In Tanganyika to the north of the Mat&ndu Klver. T ie Klswere
hinterland, therefore, contains the most complete Jurassic and
Lower Cretaceous sequence exposed in Tanganyika. It appears
to be the most complete in the whole of East Africa.

A summary account of the geology of the M&ndawa-
Mahokondo area has already been given (Altken, 1954; 1956a,b)
and of the Makangaga-Ruawa area (Aitkon, 1958), The relation

of the Cretaceous to the Jurassic in the area has also been



discussod (Altken, 1956¢). The present account, however,
iIs complete in Itself and refers to the others only where
modification of views previously expressed has been necessary.
The lower beds of the Jurassic are exposed In two
anticlinal structures en echelon (the Mandawa-*tohokondo and
Makangaga-Ruawa anticlines) in which the gpleater part of the
movement was completed before the Upper Aptian. Elsewhere,
the upper part of the Jurassic sequence and the Heocomlan and
younger rocks are essentially undisturbed except by faulting,
though local angular unconformity between Jurassic and
Cretaceous beds has been observed. Previous published work
(e,0# Dietrich, 1953a) has shown that there is a palaeonto-
logical break at this junction. The Jurassic and Neocomian-
Lower Aptian strata are exposed by partial erosion of the
once continuous cover of Upper Aptian or younger plateau-
forming beds, TO the west these are the continental Makon&e
Beds and to the east, the limestones of the Kiturika Beds.
Below the north-eastern edge of the Ngaraxna Plateau, however,
and in a lower topographic position on the east of the
Mandawa- lahokondo anticline, the Upper Aptian occurs in a
partly argillaceous facies. This began a cycle of essentially
argillaceous deposition extending through the Upper Cretaceous,
of which the sediments are exposed in the east of the mapped

area. The Cretaceous is overlain by Paleocene strata in the



eant, and apart fro* unconsolidated sands whlen capthe
plateaux (probably entirely derived fr»a the Hekoad* 8*dsj,
there are scattered occurrence# of keogen* sands and gravels

at lover levels.

»et;06 of survey.

-shen geological survey of the !4andava~Kahokondo area
eas ocra.enoed, no other topographical base-ruep was available
than that produced during the period of the Oenaea administra-
tion of tha territory, on a scale of 1i3Q0,000. This coo-
pilatlon wee quite Inadequate for reeor&iag detailed traverse
lines. it oae believed that air photography of tha area
eoild be carried out bofore the investigation was far ad-
vanced, end no atteapt vae aada to produce a detailed topo-
graphical oap by plano-tablo or othor aoane. Instead, a
ssrloe of aoapaae and atadla traverses ware carried out, with
a aisall amount of Icvolllng, Tha travorsee were vainly of
tracks and ctrean-bode and it was anticipated that ohen air
photographs vara obtained, data aolleeted could bo tranafervod
to an eir-photograph mosaic before the second field season's
work vae oocuaenced. Traverses were plotted initially on a
eoalo of 1il0,0b0 and a pantograph reduction mde (aaa Plate
11l1), to produce a akofcch-aiap on which geological boundaries
co «d bo Inserted. Air photo rap;.* were not la fact forth-

eoolng until the greater part of the field-work In the



Mandawa-iiaaokondo area bad been completed in parte of three
field seasons. Time was available for traversing only the
major streams, therefore. Subsequent study of air photo-
graphs allowed more detail of the fault pattern to be Inserted,
but the main atratigraphical and structural Information had
been obtained before the photographs were available.

The map presented (Plate 11), however, is baaed on
topographic sheets recently supplied by the BP-Shell
Petroleum Development Co. of Tanganyika, Ltd., constructed
from air photographs. The maps were originally printed on
a scale of 1:100*000 but were photographically enlarged to
1:50*000 before addition of geological data. The reduction
in scale from the original plotting has necessitated selection
of the structural data presented. A reduction of the original
traverse plan (Plate Ill) indicates the closeness of traversing
in different parts of the Mandawa-Mahokondo area, and shows
the positions of traverses named in the locality lists
(Appendices | and 11).

Some preliminary work in the tiak&ngaga-Ruawa anticline
involved compass and stadia traversing* but the bulk of the
observations there and elsewhere in the area mapped* apart
from the Mandawa-Mahokondo area, were plotted directly on air
photographs and transferred to the 1:50*000 topographic map.

Observations in some of the peripheral areas of the

map were scanty and Infomaation has been exchanged with Mr.K.
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Stoneley of the BP-Shell Petroleum Development Co.Ltd,, with
a view to determining boundaries. The dating of the post*

Aptian Cretaceous is due to this Company.

Fossil collections.

Hiring field work, large fossil collections were made.
The bulk of the Cephalophoda have been examined by Dr, W,J.
Arkell, F.R.S., and his determinations of ammonites have
provided a firm basis for dating of the Jurassic sequence.
Mr. CW. wright determined several Neocomlan forms); The
majority of the cephalopod specimens are housed in tne Sedg-
wick Museum, Cambridge. Dr. L.R. Cox, F.R.S., has commented
on molluscs from the tBajoclan PIndiro Shales. Ilhe bulk of
the lamelllbrsnch specimens have been deposited in the
Hunterian utaseum, Glasgow University, and other groups have

been accepted for determination by the following authorities i-

Echinoids e Ik E.D. Currie (The Hunterian Museum,
The University, Glasgow).

Brachiopods - Dr. HM. Muir-Wood (British Museum
(Natural History)).

Corals * Dr, E.D, Thomas (British Museum
(Natural History)),

Gastropods * Dr, L.R. Cox (British Museum
(Natural History)).

The localities from which specimens of the various
groups came are indicated in Appendix |I.
Unless stated otherwise, the present author is responsible

for determinations of lamellibnsnchs collected in the course



Q

of field work and named in this paper* An aecount of the

Trigoniids forms Part Il of the thesis.
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1. PHYSICAL PKATURES

Topography .

Some impression of the topography of the area la
gained from examination of the "print layedown" reproduced
as Plate IV. The area is dominated by the dgaraina and
Mbalawala plateaux formed mainly of continental sandstones
of supposed Aptian age, with Upper Aptian marine limestones

fla king the eastern and southern parts of the former.

The elongated dome structure of the Mandawa-Mahokondo
area to the east of the Ngaranm Plateau is outlined by a
strong escarpment feature of Klmmeridgian- Tlthonian oolites
and associated strata. Below the escarpment is a belt of
low lying ground corresponding to the outcrop of a Lower
Kimmerldgian marl unitj an elongated ridge with high areas
at the north and south corresponding to geological culmina-

tions, forms the core of the structure.

Between the Kgarama and Mbalawala plateaux, escarpment
features are formed similarly of Kimeridglan-Tlthonian
oolites, eto,, along the exposed eastern flank of the Makan-
gaga-Ruawa anticline and at the northern pitoh of this struct-
ure, forming the Samgango-Ndondonga Ridge, The core of this
anticline, occupied mainly by the PIndlro Shales, is an area
of fairly gentle over-all slopes. Apart from the strong

Hamgango-Ndondonga ridge in the north, there are low, south-



facing scarps and northerly dip slopes to the north of the
M&tarawe Stream, due to alternating hard and soft Callovian*
Kirrsoeridgian strata.

In the ~bemkuru Valley a broad alluvial area to the
west is barred by a fault-line scarp (the Kikundi-Mchlnjlri
Fault) formed of Kimrnerldgian-Tithonian strata topped by
oolite, with the high ground of Minyoka and Ukullnga to the
east. This escarpment extends southwards forming the eastern
wall of the Mohinjiri Valley. Further to the west, there is
another less prominent bar across the Mbemkuru Valley where
the extension of the high ground of the Iltukuru area and a
ridge east of the Mtapala Stream approach close to the river
from the north and the south respectively. The high
Cretaceous plateaux south of the Mbemkuru River do not enter
the area mapped, though the northern end of Mbambala Hill is
an extension, formed of marine Upper Jurassic rocks, from the
plateau area further south. Rather similar is the IUrikira
Ridge which extends southwards from the Kgamma Plateau,
capped by Lower Cretaceous beds.

South of the Mandawa-Mahokondo area and east of the
Turikira Ridge, is low, rather broken country of fteocomian
and Aptian strata. A little to the west of the Lindi-Kilwa
road in this area, however, and lapping the eastern side of

the Mandawa-Mahokondo anticline further north, is an extensive

area of rolling country formed mainly of Upper Cretaceous
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marls. To the east of this belt along the eastern margin

of the area mapped, is an almost continuous escarpment capped

by Paleocene limestones.

drainage.

The main drainage way is the Mbemkuru River, a stream
with its headwaters 180 miles WBN of its point of entry into
the area mapped. West of the Kilcundi-Mchinjiri scarp, the
Mbemkuru flows through a broad alluvial area, but at the
fault line enters a gorge. The valley sides remain steep
throughout, for some distance to the east of the area mapped.
Hennlg (1914a, p.21) described river terraces at 10m, S0-25m
and 40m above the river near the entrance to the gorge, but
air-phofcograph interpretation suggests that the features
observed are eroslonal, marking eastward dipping bedding
planes. The course of the river follows a large semiolrcular
curve southwards, shortly after entering the steeply Incised
section. It seems probable that the Mbemkuru is an ancient
drainage line, and as such, might be antecedent in this part,
the main features of the present topography in the areas of
Jurassic and Lower Cretaceous rocks representing an exhumed
land surface below the strata making up the plateaux to north
and south. On the other hand, the drainage could be super-
posed. This would be more readily admissible if the early
German contention (e.g. Bernhardt, 1900), supported by Spence
(1957, p.39), was accepted, that the sequence forming the
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Inland Plateaux, where tide river rises, are of the same age
as, and were once continuous with, the sediments of the
Coastal Plateaux, Staff (1914a, p.97) has commented on the
allgn&ent of the upper course of the Mchinjiri (south of the
area mapped) with the lower course of the Hberakuru, and of
the Mbemkjru upstream of Minyoka with a stream entering
Kiswere inlet. He preferred to suppose that the Mbemkuru
formerly entered the sea at the Klswere inlet rather than at
the insignificant Indentation of the coast at its present
mouth. This conception might favour a superposed origin of
the drainage with the river capture after the removal of the
later cover. This point cannot be adequately discussed on
the basis of the area mapped.

The main tributaries of the Mbemkuru from the north
in the area mapped, are the Klkundl and the Klhlmbwl e Ruawa ~
PIndlro drainage. The headwaters of the Kihirabwi and Bu&na
lie in large erosion embayments in the western flank of the
Kgarama Plateau, but no such features are present on the
Mbalawala Plateau, The minor drainage in the .Makangaga -
Ruawa area reflects the geology, Nowhere in the stale country
Is strike control of streams apparent and in the block of
country bounded by the PIndlro, Klhimbwl - Ruawa and Jiat&rawe
streams, the minor drainage ie nearly radial. Elsewhere the
strike of the underlying beds controls the drainage to a
greater or less extent. Fault control is probable in the case

of the PIndlro and Kikumiru streams.



The main southern affluents are the Mchinjiri, the
Llpoglro and the Mt&paia.

Almost all the drainage in the Mandawa-Mahokondo area
joins the Mandawa Kiver, which forms the only breaoh in the
eastern flanking ridge of the structure. The main tri-
butaries of the Mandava rise on the flanks of the tgarama
Plateau, cross the Kimmeridgian-Tithonian ridge and the low
lying area of Lower Kimmerldglan marls on the west, and break
through the central ridge of the anticline. Others rise on
the Kismeridglan-TIthonlan ridge and follow similar courses.
There is a concentration of these streams in the saddle between
the stratigraphical (and topographic) culminations, through
which flow the H&makumbira-~ohia, the Lonji-Mandawa, the Runjo
and the | amakambi-~amakan&oro streams.

The Mkomore, its headwaters deriving both from the
plateau edge and from the Kintneridgian-Tithonian ridge,
actually breaks through the northern culmination. The M&hokondo-
Manyuli Stream, although crossing the Lower Kimmerldgian marl
area close to the northern pitch of the structure, also enters
the area of the oore of the anticline. The 23unga Stream, a
tributary of the Manyuli, with its headwaters in the Kixnmeridg-
lan-Tithonian ridge to the north-east of the structure, is
exceptional in entering the core of the structure from the
east. The marl area on the east flank of the struoture is
occupied by strike sections of the Nunga Stream, the Manyuli

Stream and, south of the Mandawa, by the Kdolera drainage.
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The only drainage In the area of tho anticline which
does not flow into the TJandawa, is the Lihlraaliao. This
stream descends from the edge of the Kgarana Plateau over
the western ridge of Klameri&gian-7ithonian strata near its
southern end. It follows, for the most part, the outcrop of
the marl unit round the southern nose of the central ridge.
Even this stream enters the koreff in the Kamakambl area and
cuts into It at several points lower down. The Lihimaliao
takes advantage of a break In the eastern ridge of Klmmeridg-
lan-Tithonian beds due to faulting at the south-east of the
structure, to escape eastwards. Iha only considerable tri-
butary entering the Lihicmliao from the southern culmination
of the anticline, is the Kbaru, though numerous small water-
courses descend the semi-circular southern "nose" of the
central ridge.

The breakingethrough of the central ridge by the
numerous watercourses suggests that in purt the drainage is
superposed. The strike valleys of the Manyull and the
bdolera in the eastern belt of marl could be recent or ex-
humed, as could that of the Lihimaliao.

North and north-east of the anticline the drainage
flows into the extensive creek system south of Kilwa, either
direct or vfoi the Mkondadye, a consequent stream to the north
of the area mapped. South of the Klkundi Stream on the east
of the anticline, numerous small consequent streams enter the

strike valley of the Nanycherl, a northern tributary of the
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Mandawa. Similarly to the aoath as far as the Kgirlto
area small consequents Join the Klmbarambara, also a strike
stream for most of its length, flowing into the Mandawa from
the soutli.

Immediately south of the anticline, the Kloweka-KlIndole
Stream is probably controlled by the system of ring-faulting
there, Much of the drainage east of the IUrikira Ridge'is
tributary to this major stream, which Joins the Lihloaliao
and flows to the northern part of the Kiswere Creek, The
stream which Staff (1014a, p.97, see p,ll above) suggested
marked the old lower course of the Mbemkuru entering Klswere
inlet, is Joined by some of the drainage from the Qhrikira
idge north, of Mtande. South of Mtande all the drainage is
tributary to the Mbemkuru,

Water auppXIl...

Flowing water is confined to parts of the bemkuru
River and several of its tributaries. Elsewhere, small springs
aud seepages, and standing pools in a few of the larger streams
provide water supplies, and water is often obtained from wells
dug in the sand of larger stream beds. Occasionally water is
obtained from shallow wells in surface sands, as at tfjenga,
but these are not permanent.

The Mbemkuru River la not permanently flowing to the
west of the area, but receives perennial inflow from a number

of streams rising at the lower slopes of the Cretaceous



plateaux. Most notable Is the Klhlmbwi Stream, which ie
joined by the Ruawa. The Pindiro, the other main tributary
of the Klhlmbwi in the Makangaga-Ruawa area, contains per-
manent water in places but no continual flow. Other per-
manent inflow to the Mbemkuru la derived from springs on the
southern side of the Iltukuru area, notably Mto Nyangi. The
permanent streams are the main source of water supplies, but
seepages in the Klkundi, Turlklra and ~ohlinjlri are notable.

There are no perennial streams outside the Mbemkuru
Depression. The main permanent seepages or small springs
are In the following water courses t-

hathoniaqg/ Oxfordian KimmerldriaV Tlthonlan  KeocomlaiyAptlan
strata strati;"

Mkomore ilanokondo Namitambo
. chia L'andenga Mpilepile
LonJi Lihimaliao Klkundi
(near Kjenga)

hamakangoro Mpilepile

Mkomangonl

Mandawa

Hglrito

There are small springs near Mlrumba and Mtande villages.

Clima.ty, soils and vegetation.
Rainfall probably averages about 36 inches per year,

mainly concentrated in the months of December to May with a

maximum in April and a rapid fall-off in Kay. There are

occasional showers in the Intervening "dry months" especially
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in late September or early October. Early coming, valley-
bottom mists may occur throughout the dry months.

The following remarks on soils derived from the various
members of the sequence mapx>ed (Plate Il) are generalisations.
Apart from those of alluvial origin, the soils are largely
lithogenio and generally thin. The Pindiro Shales give a
characteristic, brown, loamy clay soil. In the kandawa-
liahokondo area, soil in the core of the structure, apart from
the areas of Pindiro Shales and the area of an outlier of
Septorian Marl* is usually a dark brown, loany sand, but
locally there are rod sand soils and grey sandy clays. The
grey, sandy, clay soils occur In the tfakangEgar™\iana area on
rocks of the sane age and type, except south of the Hat&rawe
Stream, where dark brown, loamy sand occurs. Ift© Septarian
Marl, both on bottom lands and on ridges, gives a black clay
soil often with white pellets of calcareous material. In
the akangaga-Puawa area tihe arenaceous unit (? Middle Kim-
meridgian) above the equivalent of the Septax*ian marl theaw,
gives a grey, silty soil and loaay sands. A dark, grey-purple,
clay soil with limy pellets is derived from the succeeding marl
unit. Dark brown or grey, clayey sands, with small rock frag-
ments and limy pellets, is derived from the Middle Kimneridgian-
Tithonian sequence, but a sandy superficial cover modifies this
iIn many places. Light brown or slightly reddish, loamy sands
are characteristic of the arenaceous facies of the Lower

Cretaceous, with grey, loamy sands more common in the eastern



areas, IN© llgarama and Mbalawala plateaux have sandy soils,
derived from the superficial cover which masks both sand-
stone and limestone areas. Around the peripheries of the
plateaux, outwash sands give rise to similar soils.

The rmrls outcropping below the Upper Aptian limestones
around Halwehe produce soils very like those of the Jurassic
Septarian Marl, and on the Upper Aptian country to the north-
east of the Mandawa-tlafaokondo area, black olay soils and
grey, sandy loams occur. The Alblan and Upper Cretaceous
marl country towards the east of the area has crumbly, black,
clay soils; and more coherent, black, clay soil caps the
Paleocene limestones at the eastern border.

The vegetation supported by the different soil types
is fairly characteristic. The plateaux have a forest cover
with heavy undergrowth on the tops but only patchy under-
growth on the slopes. At the other extreme, is the rolling
grassland with small areas of thicket, especially in the low
ground, occupying the areas of Upper Cretaceous clay soils
and some of the eastern Lower Cretaceous areas, The clay
soils In the Jurassic Septarlan Marl and the PIndlro Shales
have been heavily cultivated, but only areas accessible to
water (for example, between Mbinga and Mtande) have been put
under cultivation In the more extensive Upper Cretaceous clay
areas. Thicket vegetation is characteris tic of areas of old

cultivation.
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Generally open voodland mlth some thicket occurs over
most of the remainder of the area except the uncultivated
stretches of alluvion irhere high grasses t>row. fhe largest
of such areas are in the Jiberakuru Valley, particularly the
3faka&gag& Swamp,



111. PREVIOUS GEOLOGICAL £011%

(a) General.

1Im area described forma a part of the Lindi-Kilwa
hinterland* the geology of which has attracted Interest
since tne beginning of the century. &ich of the previous
work done in iche Lindi-kilwa hinterland, outside the limited
aroa protrayed on the map (Plate Il) is pertinent to the
present study. Gamaary accounts of the area appear in a
number of general str&ti&raphical works; (krenkel (19110, 1925)
koert (1913), Behrend (1918), Uregory (1921), Keed (192]/1939),
Gregory 4 Barrett (1951), Teale (1936, 1938), etadc (1937),
Brennich (1957), Ctockley (1948), Arkell (1950), Quennell,
McKInl&y & Aitken (1956), Aitken (1957).

The classification of the Jurassic and Lower Cretaceous
strata in the urea, put forward by dennig (1914a, p.14) based
on the work of the German fend&guru expedition, remains the
standard. The character of the various strata was summarised
as in Table | by Bohrend (1916, p.115) after descriptive notes
by Janensch (1914c, p.227)t-



T&BLB X -

Aptian

$eo-
corrilan

Wealden

Tlthon -
lan and

Upper

Idgian.

Ulramer*
idgian

Upper
Cbeford-
lan

The Tendaguru Beds and Aptian Strata of the

LindimekiMa Hinterland {after Behreud, X9X8).

Tendaguru region

?* “*Makonde facies'*

( akonde Bode): tfafoasill-
forous, reddish and varie-
gated sandstones and marls
with layers of Hmla Sand-
stone*

®. tglgaato »otnt*rgl Bed*
o a* thick* Fiao™gapaiaed,
brown, calcareous, fossill-
feroua sandstone with
strong jointing, with hands
of whitish, coarse, calcar-
eous sandstone*

5* Upper Saurian Bedt

40 r& thick* Hod and grey
sandy mrl and a sandstone
ban Bones of sanrion3*

4* 7rlionla siseel (be;/-
afcﬁ>lj*Al) Bad! 20 ra. t&lek.
Yellow and grey sands tone®
generally with calcareous

©ament, usually fine-grained*

Individual bands coarse to
ooaglonerafcic.

3* Middle Saurian Bed:

16nt thick* Rod and gray,
sandy, usually calcareoue
marl with saurian reraalas*

a* Marines Bed: 35 nt
thic* Only exposed at
Ibn&aguru* =~ Fine to
Hediula-gralned, usually
grey, soft calcareous
sandstone*

1* Lower Saurian Bed:
30 o= gg thick* Grey
and reddish, sandy,
usually calcareous marl
with saurian remains*

forth and East
(Urgoni&a facies)

7* *&Iturika faciesl
(Klturika Beds)s

Coral roof and gastropod
limestone (Including
Bernhardt*s perinea feed
of Kilamel& I"Klkomolela),

6. Partly Urgonian

limeotauo {llakaugaga
region) with foucasia
carlnata.

5% Partly shell con-

loaerato, oolite or clay
acles™

3* Partly oolite and
Borin©* lisa?atone*



Work done previous to the German roadaguru -expedition
Is of soma consequence, however, and baa a bearing on tne
"Tendaguru controversy™ in which German, British and ikiaericaa
authors engaged during the period between the 'wars.

The history of research is treated in three sections
dealing respectively with the Mborkuru River depression and
adjacent areas; the Mandawa-Mahokondo area; and the

IXckangaga-Ruawa area.

(b) Ifce "bemkuru Hiver bepression and Adjacent Areas.

The first account of the geoloty was given by Gomhardt
(1900), whose fossil collections were described by MiHer
(1900), V*eiasenasl (1900) and Potonie' (1900), and on whose
specimens of oolites iiothplet* (1900) commented. Bomhardt's
work was accomplished on two excursions. The first took him
from Lindi via ~chinga to the ftamgaru Valley and the Noto
Plateau, returning by way of the Kikomolela Plateau to Lindi.
Xhis was entirely outside the area now under consideration.

On the second excursion, uorahardt entered the Mbe.akuru area
from the direction of the Noto Plateau and spent several days
there before proceeding to Kiswer© ana thence to &llwa (see
below, p.3z%). liornlmrdtfa mapping has been largely super-
seded by the work of the German Tend&guru Expedition and
some of the age determinations of fossils supplied to him,
led to confusion. Bernhardt believed that overstepping

Oenoaanisn was present in the ~erinea-bearing strata of the



iIlika:*olela Plateau and that the Oukonio beds (including ins
hew&la Sandstone) 9 anlea he named, wore a tttaigM sivf
Upper Cretaceous formation, Inis conception was amended by
ilsanlg (1914a) as discussed belew, -Jorih&rdtfa fossil
collections, especially those from the ”Tshlkotoha-Jachc"
ana from standi (both of 'ahion ware dated us Rdooonlan) are
iImportant,

Fraaa (1903a,b) visited the Mbsakuru area to Investigate
a report of fossil bones in the vioinity of Xahdeguru Hill,
about six miles south-west of “fcupaia in the area recently
napped. Apart from vortoorutc rouamia union ha nimaelf
deaciibod, he iaado collections of invertebrates uiilcu were
examined by Kreukel (1910a), particularly from £iong&la,
hikadi, Tendagura ana datapwa, all of whicu wore at tiic time
x'ogarded as Lower Cretaceous, fraae Xevisod Dornhanltl3
supposition that the oolites in the Out&puu areu represent the
sane horizon as the V hajocian oolites of the Ruva River area
in oast-oantral Tanganyika, His supposition that they are
Cretaceous, however, das been amended, and the strata placed
in the Upper Jurassic (Henni, 1914a, p*17). Fimas ii“vc the
sequence in the area ae follows 1

(8, Hewulu Sandstone

Terrestrial Upper Cactaceous (7# Red sandy marls
(b, dinosaur Rorisoa



(5# "mUrlrxe™nkalke 1L

?
? cenomarxlan (*4. Hiongala Beds

Marine (5. calcareous sandstone with
li mono.iian ( Trlaoniu schwecrzl
(2. Utandi Beds
(1. Xrl«;oala Seda

This sequence was very largely revised by llenrxig
(1914a, p.14) and for the most part, the stratigraphies!
terras used are superseded. The Trilr.onia Beds are equivalent
to the “Trip;onla smeei* Bed of the Tendaguru Series, which
is of Upper Jurassic age* The Bfcarxdi Beds, the *Calcareous
sandstone with Tri”onla achwarsl" and the Hiongala Beds have
all been linked under the name Trilr.onia schwarzl Bed in the
Lower Cretaceous part of the Tendaguru Series. The "Kerin*
eenkalkell has been shown by Hennig to include two very
different horizons, the Jurassic Kerlnea Bed of the Tendaguru
Series and iierinea-bearing listsstones of the Upper Aptian,
which Mttller (1900, p.571) described as Cenomanian. The
Dinosaur Horizon is equivalent to one or more of the three
Saurian Beds of the Tendaguru Series, which are Upper Jurassic
in age. It is suggested later (p.149) that further work is
likely to enable the subdivision of the Triconla achwarsl Bed
when revival of Fraaal terms Nlorxgala Beds and Ktandl Beds
may be convenient.

Also preceding the publication of the German Tendaguru
IXxpeditionla first major work (Branca et al* 1914), were papers

by acque and Erenkel (1909), Janensoh (1912a,b), Krenkel
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(1910b, 1911a), Hennig (1912a,b,c,dj 1913a,b,c), and Ct&ff
(1912a,b), all of which can be regarded as largely superseded*

Included in the first comprehensive aeries of publica-
tions relating to the demon Tend&guru Expedition wore general
accounts of the work done (Branca, 1914a,b,c, Janonsch, 1914a,
b,c,d, J&nensch and Hennig, 1914), and a discussion of the
georaorphology of the area (Staff, 1914a,b)*

Various fossil groups were described and, for conven-
ience, other work relatin»g to the fossil collectiorils of the
German Tendaguru Expedition is listed here along with .the
1914 publications, though some are mentioned more specifically

below

£SVERTEBRATA

Beurlen 1953 Crustacea
Bohm 3 Riedol 1935 Cephalopoda

Dietrich 1914 Gastropoda
1925a Cephalopoda (Mahokondo area)
1925b Foraminifera
1926a Corals
1933a CephanP_oda, Gastropoda,
i

Lameliibranchia

Pahrion 1937 Foraminfera

~ennig 1914b Cephalopoda, Lamellibranchla,
Gastropoda

1916a Lamellibranchia, Gaetroooda,
Brachlopoda

1916b lamellibranchia, Brachiopoda,
loraminifora

1937a Cephalopoda, Lamellibranchia,
Brachiopoda, Crustacea

J&nenech 1953 Crustacea



Lange

1014 Brachiopocia, Lauiellibranchia,
Annelids
1917 Lamellibranchia

Sicverta~boreck 1939 Crinoidea (Including a collection *ade

ZwiersyckKi

VSaiffiBHAXA
Brenca

oietrich

Henalg

J&nenscu

I4opoca
Pompeckj
Ltreiaae

Virchow

Plendiria
Ooth&n

by Professor Hmnlg in 1934)
1914 Cephalopoda

1911, 1914d, 1916a,bp (Heptilia)

1936b, 1937b (ftataaalia)

1914c (Pisces)

1915a, b. 1916c¢,dfe, 1924b, 1920,

1956 (Heptilia)

1914b, 192c, 1922, 1924, 192V25, 1925a,b,
1926, 1929a,b,c,d, 1931, 1932, 1933a,b,
1936a,b, 1947, 1950a,b,c (all Heptilia)
1916 (Heptilia)

1*21 (Heptilia)

1916 (Heptilia)

1919, 1921 (Reptilia).

1927 A conifer.

Janenach (1914c) did not regard the Makonde beds and

their equivalents as part of the Tendaguru Series, but in-

cluded the itakonce Beds and Kiturika Beds along with the

Tendaguru Series in the Lindi Formation, a term introduced by

aequo and hrenkel (1909). He discussed the origin of the

Saurian beds, showing that they are not entirely terrestrial,

since occasional marine invertebrates are associated with

skeletons of reptiles.
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Hennig (1914a) in his account of the stratigraphy of
th© Tendaguru Beds, emphasised their essential unity, holding
that there is no major break in th© sequence from the Lor/er
Saurian Bed to the Makonde/Xiturika Beds (so© Table 1). The
ro-dating of th© strata implied that the three previous
supposed transgression in the Jurassic, the Lovier Cretaceous
and the Upper Cretaceous, were not substantiated. It will
be shown later that certain horizons are, in fact, strongly
trausgreasive, though the dating of those is not as suggested
by the earlier authors. The ontire scries was regarded as
being essentially flat-lying and undisturbed, and faulting,
that Bomhardt (1900) had assured must exist, was thought to
be absent. O© only faulting suggested in the area was in-
voked to account for the occurrence of Lower Cretaceous strata
in tlie low-lying araa close to the Lbemlraru River. The

lonKala-ockolle™, supposed to be due to wtrap-doorw fault-
ing, is discussed later (p.ICO), and it is suggested that
the Lower cretaceous occurrences are susceptible to an
alternative explanation.

Since the earlier publications relating to th© work of
th© German Tendaguru iSxpeditiou, different opinions have been
advanced regarding details of succession and correlation
within the Tendaguru Series, Sohuchert (1913) summarised
(in English) the stratigraphical results of the expedition.
On account of the identity of dinosaurs in the Middle and

Upper Saurian Beds, ho suggested that both should be assigned
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to the Upper Jurassic, and considered that a break in the
sequence below the Trl onla sohwarsl lied was likely, and
another below the Middle Saurian Bed. He thought the German
work indicated that the Makonde Seda are an overlapping
fornation towards the sout: -west, and tiat in the Tendaguru
area at least, there is probably a break in sedimentation
below thou. Hennig (1918) gave a general account of the area
exa.id.ned by the German Tendaguru Expedition, and Arldt (1919)
and Heck (1924a,b) discussed ite work. Staff and Hennig
(1922) described aspects of the geomorphology of the region.

Dietrich (1925a, p,19) correlated with the Horinea
Bed, the oolites and calcareous sandstones near the Mandawa
River (see p .35, below) and also regarded the Middle Saurian
Bed as equivalent to the Septarian Marl (his "Perisphlnotes =
Aspldoceras - 3chlenten”) of the Mandewa-Mahokondo area which
provided a dating for the Middle Saurian Bed (Dietrich, ID25a,
p.22) as Middle - Upper Kim eridgian. She latter correlation
has been shown to be In error (Spath, 1927/1933, p.820;
Arkell, 1956, p.335).

Lull (1915), Mathew (1934) and Simpson (1926) discussed
the reptiles of the saurian beds of the Tendaguru Series in
relation to the forms occurring in North America and Simpson
pointed out that the faunas of the Middle and Upper Saurian
Beds are essentially identioal and agreed with Buckmanfs
suggestion (in Schuchert, 1918) that the Upper Saurian Bed
cannot be other than Upper Jurassic. Simpson (192b, 1933)
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discussed mammalian fossil remains from the Tentiaguru Beds.
Kitohin (1926, p.468) strongly criticised the age
Interpretations of the German Tend&guru Expedition in respect
of Jurassic Invertebrates determined by Eennig (1914Db),
Zwiergycki (1914) and Lange (1914), and upheld the previous
views of Muller (1900) and Krenkel (1910a) that the Trl, ,onia-
bearing beds of the Tendaguru Series are all Eeocomian (see
also Part 11, pp, 52*54 ). To account for what he considered
to be anomalous associations of lamelllboranchs and ammonites
in the "Triconla smeel” Bed Kitchin thought "It is evident
that something has gone seriously amiss either in the collect*
ing or the recording”. lie eug- ested that "the base of the
local marine Heocoalan strata rests Immediately upon a bed
of Mddle Xliomerldglan age, at some level in the series
situated just beneath the 'Upper Saurian Horizon', and that
the unconformity was not detected” by the later German authors.
The terms of Kitohin's criticism evoked spirited comment
from the German side (Hennig, 1927; Dietrich, 1927a).
Hennig expressed complete confidence in the view that there
was uninterrupted sedimentation in the Tendaguru area and
Dietrich proposed the following modification in dating the

various subdivisions of the Tendaguru Series:

Erlaonla schwarsi Bed Keocoml&n
Upper Saurian Bed Purbeckian * Partl&ndl&n
PTriconla smear' Bed Portlandian - Klxraeridgian

Middle Saurian Bed Kimmeridgian
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uerlnea Bed Kilmeridgian - Oxfordian

Lover Saurian Bed Callovian
Ifhese differ slightly from Dietrich's (1925a) datings whiofa
weret wlriconia smeeltt Bed « Upper Kimaerid™ian - Lover
Tithonian* Middle Saurian Bed - Middle-Upper Kirameridgian;
Perinea Bed - Lover-Middle Klmmeridgian (see also pp.26,56 )]

The Dinosaurs of the Tendaguru area were mentioned by
Hobley (1925) and Migeod (1927), and Parkinson (1928, 1950b)
gave some account of work done by the British Museum Tendaguru
Expedition of 1924-1929, but a complete description of the
collections made by this Expedition is not yet available.

Kitchln (1929) answered Hennlg's and Dietrich's
comment in detail. He again criticised the Berman assumption
that there is an unbroken succession, pointing out that there
vas no oert&In evidence of post-Middle Kintaeridgian Jurassic
ammonite faunas. He admitted that hie previous suggestion
(Kltohln, 1926, p«468), that an unconformity exists between
Lover Cretaceous and Kimmeridgian strata somewhere in the
"Trlr.onia aaeei” Bed could not bo upheld on account of the
evidence that the Kiddle and Upper Saurian Beds are very close
in age, but did not agree with Simpson (1926) that the Saurian
Beds are Jurassic. So convinced was he that the lamolllbraneh
fauna of the t#Triconia ameel” Bed is lover Cretaceous in a”e
by comparison with similar faunas in Cutoh and South Africa,
and that it is of a type that could not have survived unchanged

from th