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1. Introduction

Since the early 1930s, a number of geologists prospecting for diamonds in the
region of Singida in north-central Tanzania have reported the occurrence of
superbly preserved fossils in lake beds overlying kimberlite pipes (Teale, 1931,
1932; Eades and Reeve, 1938; Williams, 1939; Greenwood, 1960; Mannard,
1962; Greenwood and Patterson, 1967). The sediments containing the fossils
consist of shales and mudstones deposited in small crater lakes. These fossil
localities have never been the subject of detailed paleontological investigation.
As a consequence, in 1996 the senior author initiated excavations at the middle
Eocene locality of Mahenge, the most productive fossil-bearing locality in the
region (Greenwood, 1960; Mannard, 1962). The results of this expedition
confirm the exceptional productivity and scientific importance of this site, and
serve to highlight the paleontological potential of the region in general. A size-
able collection of fossil fishes, frogs, insects and plant remains was recovered.
The fossils are remarkably well-preserved and, in the case of vertebrates, are
generally represented by entire and articulated skeletons, occasionally pre-
serving details of their soft anatomy (Greenwood, 1960; this report).

Because paleontological sites with strictly continental sediments of Pale-
ogene age are almost entirely unknown in sub-Saharan Africa, Mahenge offers
a unique opportunity to document the diversity, biogeography and evolution-
ary history of the flora and fauna of Africa during this time period. The fact
that all of the vertebrates so far recovered from Mahenge are found nowhere
else, serves to emphasize just how little we know about Eocene African faunas.
Detailed systematic studies of the fauna and flora are still underway, but we
present here a preliminary synthesis of our findings to date.

2. History of Paleontological Research

Exploration of the region began in 1930 with the report that C. J. T. Boshoff, a
South African prospector, had discovered diamonds at Kiomboi on the Iramba
Plateau. There was a major influx of prospectors and geologists during the early
1930s, but interest waned with the discovery that all of the kimberlite occur-
rences were either barren or unprofitable. Nevertheless, at least one European
prospector, known only by his Kiswahili name of Bwana chimba panya (Mr.
digging rat), remained active during the late 1930s and 1940s, until he suc-
cumbed from malaria. During this period, Reeve (with the Geological Survey
of Tanganyika) apparently discovered a kimberlite occurrence in the vicinity
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Table 1. List of localities in the Singida Region that have vielded fossil remains

Localities Fossils Recovered References

Blangetti Silicified wood Mannard, 1962: 240

Kinginya Silicified wood Mannard, 1962: 167-169
Magoba Silicified wood Mannard, 1962: 117, Figure 36a
Magwe ya Ghana Silicified wood Mannard, 1962: 48

Mahenge Fishes, frogs, insects, fruits, Mannard, 1962: 244;

Maluga Kulamba

Minusi?

Munyu (Mtawira)

Pyamahumbe

Songeli (=Sungili)

leaves, & seeds

Silicified wood

Fishes

Plant stem and leaf
impressions & fragments

of large bone

Fishes, leaves, plant stems
& seeds

Stems, leaves, seeds, &
root casts

Greenwood, 1960; Greenwood
and Patterson, 1967; this report

Mannard, 1962: 205

Greenwood and Patterson, 1967
Teale, 1932; Mannard, 1962: 140,
Figurc 48a

This report

Teale, 1932; Mannard, 1962: 200,
this report
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of Mahenge (Williams, 1939), although no such occurrence is described by
Eades and Reeve (1938) or identified on their geological map. From 1953 to
1959, Williamson Diamond Limited, based at the productive kimberlite pipe
at Mwadui in Shinyanga Region, sponsored a major program of prospecting
in the Singida Region. A systematic survey was conducted from 1957-1959
by George Mannard, a Canadian geologist (known locally as dagandi in
Kinyiramba—the one who searches from place to place, Mannard, 1962).

The occurrence of fossil-bearing lake beds in the area was first noted by
Du Toit (Teale, 1931, 1932}, who recovered leaf impressions, stems, seeds and
pieces of a large bone at Songeli and Mtawira. Mannard (1962} subsequently
reported the occurrence of fossil leaves and silicified wood at six additional
localities (see Table 1 for a complete list of paleontological sites in the region),
and recovered a small collection of fossil fishes from Mahenge. The latter mate-
rial was sent to Humphrey Greenwood for study (at the Natural History
Museum, London), who later received additional fish specimens from the site
of Minusi. Greenwood (1960) and Greenwood and Patterson (1967) referred
these fish to Palaeodenticeps tanganikae, a new genus and species of clupeo-
morph belonging to the Denticipitidae; Singida jacksonoides, a new genus
and species of osteoglossomorph belonging to its own extinct family, the
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Singididae; and a genus of cichlid with affinities to Haplochromis, a taxon
widespread in East Africa today.

In 1994, TH and CPM made a brief excursion to the sites of Sungili,
Mtawira and Mahenge, and recovered fossil wood, leaves, root casts, and fishes.
This prompted a full-scale expedition to Mahenge during the summer of 1996,
in which over five hundred specimens were collected.

3. Research Area and Geological Context

The locality at Mahenge (4°47°38 S; 34°15°28 E) is situated 63km west of the
town of Singida in north-central Tanzania (Figures 1 and 2). The site is reached
by taking the Singida-Usule road westwards as far as Sepuka, and then divert-
ing along a small track to Mwaru. This latter village is usually identified on
maps as Mahenge, and is the source of the name given to the fossil locality by
Mannard (1962). However, the regional and district administrative officers in
Singida, as well as the local inhabitants, refer to the present-day village as
Mwaru. The locality is situated 0.4km south of the village, and is reached by
car via a forest trail that is used sporadically by trucks for transporting charcoal.

The Singida kimberlite field, with more than fifty kimberlite pipes and
dykes, is located on a broad peneplain, just to the south of the Iramba Plateau

r30°E

- E Singida
Tabora

L]
Dodoma

Indian
. Ocean

|30°E

FIGURE 1. Map showing the location of the research area in north-central Tanzania. See Figure
2 for detail of inset.
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FIGURE 2. Map of research area showing the main geographical features and the location of
known fossil localities, including Mahenge.

(Mannard, 1962). The latter represents a large tilted fault-block at the south-
western extremity of the Gregory Rift, with a maximum elevation of 1680m
above sea level (Teale, 1932; Eades, 1936). Steep fault-scarps border the
Wembere depression and Eyasi trough to the north and west, and the Mpura-
Durumo valley to the east. To the south, the plateau grades imperceptibly into
the peneplain. The combination of mature peneplanation and long-term tec-
tonic stability south of the Iramba Plateau has resulted in a topography of rel-
atively uniform relief, with elevations ranging from 1100m to 1500m, and
creating a gently undulating terrain. Outcrops of granite are common, forming
small inselbergs or craggy tors that rise above the level of the peneplain. The
most prominent granitic outcrop in the area is the Gila Hills, a table-topped
plateau located about 20km north of Mahenge (Figure 2).

The region is situated on the eastern margin of a vast tract of miombo
woodland which stretches as far west as Lake Tanganyika. This type of
woodland, dominated by several species of trees belonging to julbernardia,
Isoberlinia, and Brachystegia, is typical of the Central Plateau of Tanzania
(Gillman, 1949; Kingdon, 1974; Lind and Morrison, 1974). It is a dry, decidu-
ous woodland experiencing an annual precipitation of only 520 + 260mm,
with almost no rain occurring during the lengthy dry season from June to
November (Eades and Reeve, 1938). Owing to the irregular rainfall and the
low relief of the terrain, ephemeral streams and rivers in the area are dry
throughout most of the year. Dense vegetation covers much of the research
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area and this creates logistical problems for aerial reconnaissance and surface
exploration.

The region is sparsely populated. The low and unreliable rainfall is an
important factor; 800mm is generally considered the minimum to support
domestic livestock and intensive cultivation. In addition, tsetse flies (Glossina
spp.), important vectors of bovine trypanosomiasis or nagana, have prevented
people and their cattle from penetrating the densely wooded and bush-covered
areas to the south (Harrison et al., 1997). The Wanyiramba and Wanyituru, the
predominant tribal groups in the area, are small-scale agriculturalists and cattle
herders that generally live in cleared areas close to the margins of the wood-
land. As a consequence, few people, except itinerant woodcutters and char-
coal burners, are encountered in the remotest regions of the research area.

The basement rocks in the region are part of the Dodoman system, for-
merly referred to as the Lower Basement Complex (Stockley, 1935, 1943;
Grantham and Temperley, 1939; Teale and Oates, 1946; Quennell et al., 1956).
These rocks consist of a complex of pellitic schists, granitic gneisses and
migmatites, ranging in composition from potassic granite to diorite. Dykes and
veins of dolerite are common, and those of pegmatites, aplites, dolerite
and quartz occur locally (Teale, 1932; Eades and Reeve, 1938; Mannard, 1962).
An intrusive pegmatite dyke within the Dodoman has yielded a provisional
Sr-Rb date of 3.25 + 0.325 Ga (Quennell et al., 1956).

The Nyanzian system, formerly known as the Upper Basement Complex,
is inferred to be younger and superpositional to the Dodoman, but the nature
of the contact between the two systems is unknown because of the lack of per-
tinent outcrops. The Nyanzian system consists primarily of a series of volcanic
rocks, schists, and banded ironstones (Grace and Stockley, 1931; Eades, 1936;
Eades and Reeve, 1938; Williams and Eades, 1939; Grantham et al., 1945;
Stockley, 1947; Quennell et al., 1956; Borg, 1992; Walraven et al., 1994). The
most distinctive component of the Nyanzian is the Banded Ironstone Forma-
tion (BIF), with a U-Pb age of 2.7 Ga (Stockley, 1934; Borg, 1992; Walraven et
al., 1994), although outcrops in the Singida region are few (Eades, 1936; Eades
and Reeve, 1938). Micas from a pegmatite segregation in the Nyanzian granite
at Mwadui in Shinyanga Region have yielded K-Ar dates of 2,518 + 42Ma and
2,526 + 42Ma (Edwards and Howkins, 1966).

The Nyanzian was subject to several episodes of batholithic intrusion of
granitoid rocks, with a widespread event of migmatization occurring at
~2.4-2.6Ga (Old and Rex, 1971; Dodson et al., 1975; Cahen et al., 1984). The
resulting granitoid shield forms a significant component of the Tanzanian
craton (Kuntz, 1909; Eades, 1936; Wade, 1937; Stockley, 1948; Quennell et al.,
1956; Old and Rex, 1971; Dodson et al., 1975; Cahen et al., 1984; Walraven et
al., 1994). The Iramba Plateau and Singida peneplain straddle the divide
between the Nyanzian and Dodoman belts respectively (Mannard, 1962).

During the Cretaceous and early Tertiary, the basement rocks were dis-
rupted by the intrusion of a complex of kimberlite pipes (Williams, 1939;
Mannard, 1962). The kimberlite occurrences lie on a broad NNW-SSE zone orig-
inating at the southern shore of Lake Victoria (Dawson, 1970; Mitchell, 1986).
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FIGURE 3. Map showing the distribution of kimberlite occurrences (open circles) in northern
Tanzania in relation to the fault patterns, major volcanic centers, and the Manonga Valley (King,
1970; Harrison and Mbago, 1997).

This kimberlite province has been subdivided geographically into a number of
separate fields (Edwards and Howkins, 1966; Mitchell, 1986; Figure 3). The
largest of these is the Singida field, where more than fifty kimberlite bodies have
so far been identified (Mannard, 1962). The Singida field appears to be part of a
much larger kimberlite complex that also includes the Nzega, Shinyanga,
Iramba and Kimali fields to the east and north (Edwards and Howkins, 1966;
Mitchell, 1986). The present-day geographical separation of these fields may
have been exaggerated, in part, by subsequent geological events. As can be seen
in Figure 3, the kimberlite fields are located around the margins of the Manonga
Valley and Wembere depression (Harrison & Mbago, 1997; Verniers, 1997). The
thick series of late Miocene and Pliocene terrestrial and lacustrine sediments
deposited in these basins may have obscured kimberlite outcrops in the central
part of the province. However, individual fields are defined as geographically
and genetically closely related groups of kimberlites of similar age, usually
located within a 50km diameter (Mitchell, 1986). The wide distribution (the
main occurrences are spread over an area exceeding 200km in diameter), dif-
ferent ages (at least for occurrences in the Singida, Shinyanga and Nzega fields—
see dating below), and geochemistry of the kimberlites in the different clusters
support the recognition of separate fields.
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This sequence of geological events, comprising different episodes of kim-
berlite intrusion during the late Mesozoic and early Tertiary, warping of the
basement complex to produce the Manonga Basin in the late Miocene and early
Pliocene, and subsequent convergence of the Eyasi and Wembere grabens at
the center of the Manonga Basin to form a triple junction, are not coinciden-
tal. It points to a long-term susceptibility to tectonic instability in this region
of the craton, and indicates that the intrusion of the kimberlites is directly
related to epeirogenic movements along fractures or lines of weakness in the
basement at great depth, possibly coinciding with the contact zone between
the Dodoman and Nyanzian belts (Williams, 1939; Dawson, 1970; Mitchell,
1986). Increased activity of the African superplume at ~45Ma could well be
implicated in the intrusion of these kimberlites (Kerr, 1999; Haggerty, 1999).

Preliminary geological research at Mahenge suggests that the structure of
the kimberlite pipe and the nature of the associated sediments conform closely
to those described for similar occurrences in other parts of Africa (e.g., Edwards
and Howkins, 1966; Hawthorne, 1975; Smith, 1986; Rayner et al., 1991). Based
on these data, and on studies of modern crater lakes, it is possible to recon-
struct the general events that contributed to the formation of the crater and
sedimentary sequence at Mahenge (Figure 4).

As kimberlites intruded through the basement rock and pierced the crustal
layer the rising magma came into contact with permeating surface water to
produce a violently explosive phreatomagmatic eruption (Lorenz, 1973; Scarth,
1994). As the conduit penetrated to the surface it shattered the surrounding
country rock. Subsequent explosions further weakened the walls of the conduit,
and these collapsed inwards to form a trumpet-shaped diatreme. Eventually, the
throat of the diatreme became choked with coarse breccia composed of large
blocks of shattered granite and lava, with massive, poorly-stratified pyroclastic
kimberlite filling the interstices (Edwards and Howkins, 1966; Hawthorne,
1975). Close to the surface, the pyroclastic kimberlite is leached and oxidized
to form a soft, friable, cream-colored “yellow ground” (Mannard, 1962). The
edge of the crater is defined by a breccia collar, composed of fractured blocks of
granite, that are exposed in the Luwala River, a small stream that crosses the
center of the pipe from northeast to southwest. Based on test pits and from the
location of the breccia collar, it is possible to reconstruct the crater as being
roughly circular in outline, with a maximum diameter of 550m (Figure 5).

The initial explosive events would have been short-lived, probably lasting
no more than a few days, because of the lack of availability of water (Scarth,
1994). At the surface, the diatreme formed a crater bounded by steep-sided walls
of exposed country rock. Minor eruptions later produce fine-grained pyroclas-
tic kimberlites deposited as a series of well-stratified tuffs, up to 1m in thick-
ness, in and around the crater (Mannard, 1962; Hawthorne, 1975). These
accumulated to form a low tuff cone, probably less than 10m in height, around
the rim of the crater. The primary tuffs typically contain pyrope (i.e., red mag-
nesium garnet or “Cape ruby”), magnesian ilmenite, dark green diopside,
olivine (generally altered to serpentine) and zircon (Teale, 1932; Hawthorne,
1975). The presence of this assemblage of minerals can be used as an aid to
locating subsurface kimberlites.
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FIGURE 4. Schematic section (not to scale) through an idealized kimberlite pipe to illustrate the
main geological features (after Mannard, 1962; Hawthorne, 1975; Smith, 1986). (1) shattered base-
ment rock; (2) intrusive kimberlite—mostly “yellow ground” consisting of leached and oxidized
primary kimberlite; rarely less oxidized “blue ground” and hardebank; (3) pyroclastic kimberlite
and breccia—massive to crudely stratified pyroclastic kimberlite with shattered and permeated
blocks of basement rock; (4) stratified kimberlite tuffs—alternating beds of coarse- to fine-grained
tuffs; (5) sedimentary tuffaceous beds at the edge of the lake—silts, sands and poorly-sorted boul-
dery conglomerates with much granitic detritus; (6) sedimentary tuffaceous beds at the center of
the lake—well-stratified microlaminated mudstones and shales containing well-preserved fossils;
(7) silicified sedimentary beds and crater wall—alteration of sedimentary beds by chalcedonic
silica and silicification of granite due to hydrothermal activity; (8) mbuga clay and loam—super-
ficial layer comprising dark gray mbuga clay and sandy loams.

After cessation of volcanic activity, the crater filled with water from local
run-off to produce a shallow crater lake or maar (Lorenz, 1973). The crater lake
at Mahenge occupies a roughly circular area with a maximum diameter of
370m (Mannard, 1962; Harrison, unpublished data; Figure 5). The inner scree
slope of the tuff cone would have been relatively steep, probably resulting in
a restricted shoreline (Edwards and Howkins, 1966; Smith, 1986). Material
eroding from the tuff cone was washed into the lake by means of slumping and
heavy seasonal rains, and these formed a series of sedimentary tuffaceous beds
(Mannard, 1962; Smith, 1986; see Figure 4). In the center of the lake, the sed-
iments produced well-stratified microlaminated mudstones and shales that
grade laterally into coarser siltstones and sandstones located closer to the
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