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CHAPTER 5 —~ STRUCTURE AND SURFACE

5.1 PHYSIOGRAPHY

The physiography of Central Mocambique comprises a stepped topography
rising inland to the Eastern Great Escarpment_some 250 km from a low coastline
which is fronted by a broad shallov;/ continental shelf of 120 km width. Almost bi-
secting this plan on a N—S rectilinear curve is the southern end of the Great Rift Val-
ley system of Africa, the Urema Trough, which extends south of the Niassa-Chire
Trough for 280 km from the Zambeze-Chire junction to the sea at Beira and Sofala.
At its southern end the Rift bifurcates just south of the main road and rail route which
traverses the Rift floor to Beira. The western branch forms the Buzi Trough which in
turn is linked to the Limpopo Trough and the Lebombo monocline in the south. The
eastern branch joins the fracture system of the Mocambique Channel down the conti-
nental shelf front of the Southern Coast as evinced by the seismo-tectonic record
(Fig5h.1 and 5.2).

The Urema Trough is bounded on the east by a remnant seaward inclined block
of Cretaceous and Tertiary sediments, forming the Cheringoma Plateau. This block
formed the coast plain to the Midlands, with which it forms and even convex profile,
prior to the downthrow of a40 km broad strip of land by rifting which formed the Urema
Trough. The western side is formed by midlands of Precambrian migmatitic gneiss
which rise inland to the base of the N—S trending Great Escarpment at 600 to 900 m
altitude. The midland zone of Central Mocambique is also known as the Manhica Plat-
form (Wellington 1955). The Great Escarpment rises abruptly from the midlands in
rugged and precipitous scenery to over 2 000 m elevation. The crest is relatively nar-
row and descends more gently west of Inyanga to meet the Interior Continental Pla-
teau of Rhodesia at 1 800 m descending gently westwards to 1 200 m towards the
Kalahari Basin in the centre of the subcontinent. In contrast the southern sector of the
Great Escarpment, from Vumba to Mt Selinda, descends steeply on the west to the

deep N—S valley gouged out by the Sabi River.

The Great Escarpment on the Mocambique-Rhodesia frontier is composed
chiefly of Precambian metamorphosed sediments, chiefly quartzites of the Frontier

Formation, Umkondo schists and quartzites, small areas of Manhica talc schists,

~ chlorite schists, quartzites, serpentines, banded ironstones and green stones. In the

central part these metamorphic outcrops are interrupted by granite-gneiss of the

Basement Complex. The Frontier Formation forming the escarpment crest was over-
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thrust along a N—S fracture by Precambrian earth movements from the east. This frac-
ture line extends for more than 300 km between latitudes 19° and 20°, interrupted at
both ends by the transverse fractures of the Lower Zambeze in the north and the obli-
que fracture of the Buzi Trough in the south (Teale & Wilson 1915).

The broad coast plain of southern Mocambique is linked to the Zambeze and
Niassa lowlands by the southern end of the Rift Valley and the low flat coastal margin
of the Cheringoma Plateau. The plains of the seaward margin are formed in part by the
Zambeze Delta alluvium which together form a NE trending shoreline, the delta front
alone comprising nearly 250 km in length. South of Beira the coast changes to a S
trend, the indent forming the Bight of Sofala. At this point the sea is only 155 km

from the Chimanimani Massif of the Great Escarpment.

The geology of Central Mocambigue is complex providing a great heterogenity
of rock structure and textures, many of which have undergone repeated tectonic frac-
tures and earth movements since the Precambrian. Major dislocations and warping
occurred with the breakup of Gondwanaland in the Jura-Cretaceous, followed by mo-
derate movements in the later Cretaceous and Miocene, culminating in the early Pleis-
tocene in a major episode of uplift and warping. The uplift formed the rim of the es-
carpment zone and elevated the interior plains of a continental plateau. The coast
margins of the subcontinent were tilted downward to the sea with the formation of the
Mocambique Channel and contemporaneous Rift Valley faulting on the crests of the
downbent crust (Dixey 1955, 1956; King 1962).

The result of these tectonic movements was to impose a strongly developed
fracture system on the landscape which controlled hydrographic development and thus
the main lines of erosion and deposition by water. Close to the escarpment the fracture
lines are chiefly N—S, and at right angles to this in the north is the E-W fracture line
of the Kafue and Mid-Zambeze. The remainder of the country is dominated by strong-
ly developed NE—SW and NW-—SE tectonic lines superimposed on the older N—S lines
(Teale & Wilson 1915): well illustrated by the trends of the coastline, Rift Valley,
Midland drainage and especially the Lower Zambeze, Pungue and Buzi Rivers. These
tectonic lines accord with the major fracture system of the continent (see Furon 1963,
Fig 3). Sets of faults and fractures oblique to these,on NNE—SSW and NNW-SSE
trends, are responsible for the Urema Trough and adjacent highground on eitherside,

exemplified by the dyke swarms north and south of Gorongosa Mountain and the

Inhaminga fault.

The physiography of the Gorongosa ecosystem is boldly defined by the 40 km
broad Rift Valley trough, the sloping sides of which are formed by 300 m high pla-
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teaux, and the isolated massif of Gorongosa Mountain which rises abruptly from the
crest of the western side to over 1 800 m. These features clearly divide the ecosystem

into four physiographic units:

==l

Gorongosa Mountain

(

(2) Midlands (Barué or Manhica Platform)
(3) Rift Valley

(4) Cheringoma Coast Plateau

The ecosystem, defined by the limits of the Urema catchment basin, is 7 850
kmZ. If the entire mountain and the south bank of the Nhampaza River is included, as
suggested for the new park boundaries (Tinley 1969), the area is 8 200 kmZ. Within
these latter limits the mountain massif comprises 550 km?2 (7% of the area), the Mid-
lands 2 100 km2 (26% ), the Rift Valley 3 650 km?2 (45% ), and the Riftward catch-
ment of the Cheringoma Plateau 1 900 kmZ2 (23% ). Separated into altitudinal limits
these features comprise: mountainland 550 kmZ2 (7% ) between 600 m and 1 863 m,
midlands 4 000 kmZ (49% ) between 100 and 600 m, and lowlands 3 650 km2 (45% )
less than 100 m (Fig 5.3).

GORONGOSA MOUNTAIN

The oval mountain massif rises in bold and picturesque scenery to over 1 200 m
above the surrounding Midlands. The eastern precipitous escarpment is formed by bare
granite bornhardts interspersed with forested ravines whilst the steep western flanks
are deeply ribbed by radial drainage. The NE and S flanks have been breached by deep-
ly incised headward erosion of the Vundudzi and Nhandare Rivers respectively. The

western rim of the mountain remains unbreached.

Four main rivers, the Nhandare, Chitunga, Muera and Vundudzi, drain the
massif in an annular pattern,contributed to by lesser streams in a radial pattern. The
first two of these rivers join below the mountain and flow south along a strongly de-
veloped N—S fracture line in the Midlands to join the Pungue River. The latter two
flow east and traverse the Rift Valley floor to the Urema Lake. The Nhandare and
Vundudzi Rivers rise on the western rim of the mountain and traverse the entire sum-
mit area southward in deep V-shaped valleys below the 1 400 m contour. Above this
contour the catchments are of open-concave to polyconcave relief. These upper valley
areas have tightly meandered stream courses separated from the lower gorges by nick-
points with falls or rapids between the 800 and 1 000 m contours. The drainage density

on the mountain is high to very high.
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PLATE + GORONGOSA MOUNTAIN LANDSCAPE

(A) Gogogo summit area, the highest point {1863 m} against the skyline on the extreme left. Light areas are (B)

montane grassiand and/or rock outcrops. Dark fine textured canopy in foreground is Philippia benguellensis
fynbos thicket surrounded by rain forest canopy.

The western rim looking toward the SE — source of the perennial Vundudzi (valley on left), Nhandare (valley on
right) and Muera (foreground slopes). Vundudzi flows SE then turns east (left) into a second catchment basin

below the line of cloud on its way to the Urema Lake. Note beheadment of Vundudzi and Nhandare headwaters
by Muera.

(C} The seasonal tarn or pan on the plateau bench below Zombue summit in the centre of the massif.
Montane grassiand surrounded by rain forest and Widdringtonia nodiflora woodland (slopes on
left of bench).

(D) Eastern escarpment of mountain with bare rockfaces of exfoliating granite and rain forest in the ravines.



o

E'E UNIVERSITEIT YAN PRETORIA
Q UNIVERSITY OF PRETORIA
M YUNIBESITHI YA PRETORIA

The drainage of the summit area is aligned along the major N—S and E—W
fractures in the mountain,and these form a zigzag pattern in the Vundudzi Valley on
the eastern side where different sets intersect. Although the mountain drainage is con-
trolled by the weak lines of the fracture system, both first and second order streams
can either be meandered or coarsely reticulate. The streams rising on the NE and W of

the mountain have etched deep amphitheatre catchments into the outer slopes.

The deeply incised drainage on the south and east of the mountain and the
persistence of an unbreached divide forming a rim on its western side indicates that the
upper mountain drainage was initiated on a planation surface inclined to the SE, and
the south and east were possibly more easily erodable due to the well developed frac-
tures. The cross-fracture system appears to have been a major factor facilitating river
capture of one of the upper Nhandare valleys by the Vundudzi,which drains to the

Urema Lake on the Rift Valley floor.

The valiey capture point lies close to the main Nhandare Valley and is sepa-
rated by a narrow saddle. The Vundudzi has thus effictively eaten back into the overall
oval of the mountain to form an assymetric figure of eight shape, and comprises an
upper catchment above 1 200 m and a lower basin between 500 and 1 200 m. Viewed
from the SW or NE the massif has a higher western block with steep scarp faces. A
similar shape and proportion is replicated by the higher pluton of Mlanje Mountain in
Malawi (see Dixey 1927, Fig 7).

Although rapids are abundant there are only three major falls on the mountain.
Two of the highest, some 100 m in height, occur on the Murombodzi stream at the
900 m contour and at the 700 m contour and are associated with a broad bench or
step formed on the gabbro outcropping on the SW of the massif. A series of falls occur
in close sequence on the Vundudzi River near the 1 000 m contour in the ravine just

below the site of river capture.

Viewed from the Rift Valley (Fig 5.4) the mountain top comprises three main
summit areas above 1 700 m on the western block, attaining 1 863 m at the highest
point of Gogogo Peak in the SW. The largest summit area above 1 700 (4 km2) is
that in the SW which has the second highest peak Nhandohue(l 858)m at its southern
end. The second highest summit area is Zombue (1 845 m) followed by the northern-
most peak of Inhantete (1 762 m) overlooking the Nhandue River valley. The summit
areas are grasslands on gently undulating to steeply rounded slopes with small areas of
flat ground. Large, deeply fissured granite outcrops occur on the summits, supporting
thicket, forest or patches of arborescent strelitzia. Springs, bogs and oozes are common

on the summit areas, and one isolated seasonal tarn occurs on the plateau spur east of
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Zombue summit. The eastern block nearest the Rift Valley is surmounted by the
forest-covered Nhansocossa Peak of 1478 m height. The remnants of related planation
surfaces on the mountain summits correspond to Gondwana and Post-Gondwana
bevels,and the disposition of lower summit bevels and benches on the flanks of the
mountain is shown in Fig 5.7. The most important benches or steps occur between
800 and 1200 m (Figs 5.3 and 5.13).

Although the scarp faces are erosional and not due to recent faulting, earth
tremors are frequent (Fig 5.2). Only one area of vertical cliffs occurs, on the NW cor-
ner of the massif which appear to be used for nesting by birds of prey, and possibly
vultures, as evinced by the white streaked cliff faces. The greater part of the mountain
is covered in rain forest and this clothes the magnificent deep gorges cut by the Nhan-
dare and Vundudze Rivers on the south and east flanks. The Vundudzi River forms a

second deep gorge where it leaves the mountain and enters the Midlands near Cavalo.

MIDLANDS

The Midlands which begin abruptly in the east at the fall line against the Rift
Valley, and rises inland westwards to the Great Escarpment, is a maturely dissected
former planation surface. Remnants of the former southeast inclined surface is shown
by the accordance of the interfluves and relic dambo (mature) drainage not yet in-
cised by the lesser tributaries of the main rivers. Deep, steeply sloping V-shaped valleys

alternate with narrow steeply rounded interfluves.

The fall line is delimited by an abrupt,or gradual,drop to the Rift floor. In parts
the crystalline hills rise to over 300 m within 2 km of the Rift floor which is at 80 m,
eg. near Rerembe where the Mucodza River meets the Rift. In general the rise is much
less abrupt attaining 300 to 400 m altitude over a 5 to 10 km distance as exemplified
by the rise to the N—S interfluve separating the Nhandare Valley from Riftward drain-

age south of Gorongosa Mountain.

The Midlands have been gouged out along two sets of strongly developed frac-
ture lines SE-NW and N-=S, thus the deeply cut valley and spur topography trends
along these lines. Although the lesser tributaries of first, second and third order gene-
rally show a dendritic pattern, all orders including the Pungue, Nhandare and Nhandue
Rivers have incised meanders and river capture has probably been of common occur-
rence (eg. Nhandue drainage). In many parts these meanders may be superimposed
from the original planation surface, but in others,meanders appear to have been formed
by intersecting sets of opposing fracture lines. The Midlands has a high to very high

drainage density.
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PLATE 2 MIDLAND INSELBERG & HILL MIOMBO LANDSCAPE

{A) Mhanda Inselberg (1423 m) surrounded by a sea of
Midland hitl-miombo savanna. Mesic forest forming
an apron around the outcrop base is a typical feature.
Light areas in the miombo are relic dambos, incised
and being invaded by savanna trees. Clumps are termi-
taria thickets. The dambo areas are remnants of the
Midland late tertiary planation surface.

(B) Dry forest on the sands of an aggraded valley floor
in dry Julbernardia — Pterocarpus brenanii miombo
northwest of Gorongosa Mountain (Nhamacapinda
River).
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The deepest gorges in the system area are formed by the Nhandare and Pungue
Rivers at their confluence. The Nhandare joins the Pungue along a major N—S fracture
parallel to the Rift line nearby. The perennial Nhandare River which drains the south-
west part of Gorongosa Mountain is joined from the west by a large ‘sand river,
the Vunduzi (not to be confused with the Vundudzi draining the eastern sector of
Gorongosa Mountain to the Rift Valley), which rises on the Midlands and is thus a
‘sand river, strongly seasonal in flow. The Nhandue and Nhamapaza are the other two
large ‘sand rivers, which rise on the Midlands and drain into the Rift. The Nhandue
reaches the Urema Lake, and thus the Pungue, only during the rains. The seasonal
Nhamapaza River has a wide braided riverbed which traverses the Rift Valley maintain-
ing a SE course to meet the Zangue, a small tightly meandering subsequent course
draining the Urema Trough north towards the Zambeze River. In the northwest of the
system is a broad N—S valley formed by the Muche River which meets the Nhandue at
the Rift junction. This valley appears to be a major fault related to the Rift disloca-
tions. A range of rounded lava hills known as Panda mark the confluence area of the
Muche and Nhandue. In the northwest of the system the large tributaries of both the
Nhandue and Nhamapaza are also ‘sand rivers’. All the rivers entering the Rift from
inland across the crystalline Midlands are rejuvenated in their lower courses and descend
to the Rift through deep rocky gorges over rock bars, rapids and small falls, and flood
to over 10 m in their gorge tracts. However, those rivers such as the Nhamapaza which
enter the Rift across the Continental Cretaceous meet the floor in broad valleys with

braided courses.

Rising above the Midland interfluves are many inselbergs of various dimensions
(Fig 5.5). Only Mhanda (1 423 m), which lies 50 km northwest of Gorongosa Moun-
tain, and Cudzo (805 m), 20 km southwest of the massif, are of large size. These,and
the smaller koppies west of the mountain,are exfoliated domes of granite cores also
known as Bornhardts. Those in the eastern quadrant from the mountain are either
composed of quartz breccia (Siciri, Xivulo), trachyte (Bunga trio and Panda) or basalt
(Cuncue). Extending for nearly 30 km north of Gorongosa Mountain, like root out-
growths, is a series of four parallel ridges formed by composite dykes of granophyre
and dolerite. The east and west faces of these ridges support different woody plant
cover. Less conspicuous are dyks of granophyre forming outcrops and interfluve sur-
faces southwest of the mountain. Lying 40 km SW of the park are the Xiluvo Insel-

bergs formed by the breached rim of a carbonatite volcano now covered in forest.
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RIFT VALLEY

The Urema Trough sector of the Great Rift Valley is shallow with relatively
low sloped sides, unlike northern sectors of the Rift which have high and steep escarp-
ment sides. The width of the Rift here averages 40 km, the same order of width record-
ed throughout the Rift system and is indicative of the thickness of the continental
crust below the trough (Holmes 1965: 1 061). The Urema Lake and its outlet at the
Pungue forms the lowest part of the Rift occurring within the study area, this is ap-
proximately 12 m above sea level. The margins of the lake are at the 15 m contour and
from this basin the contours of the valley floor rise to 80 m at the margins. South of
the Zambeze River the Rift Valley is faulted on both sides in a rectilinear curve begin-
ning with a NNE—SSW trend and changing to N—S near the Pungue River and thence

NW—SE where it bifurcates and joins the Mocambique Channel.

The western faults probably predate Juarassic times and have been refractured
along the same lines. In contrast the eastern faults are much younger, of Tertiary age,
and these resulted in a stepped downthrow of strataon the inface of the Cheringoma
block. The western side of the Rift is eroded to a gentler slope than that on the eastern
Cheringoma side where there are geologically recent fault line scarps, particularly near

Inhaminga.

The even seaward dip of the Continental Cretaceous north of the Nhamapaza
River implies that the fractures shown on maps are without throw, the dip of strata
continuing beneath the Rift Valley alluvium and faulted with displacement only on the
inface of the Cheringoma noted above; ie. single sided (trap) block faulting on the
Cheringoma side only. This Cretaceous {Ksm) and associated Stormberg Basalt is total-
ly absent on the western side of the Rift between the Nhandue River and Vila Machado
in the south. This and the occurrence of the small horst inlier of Precambrian meta-
morphic rock in the southwest of the system suggest that this sector underwent trough

faulting (see Section 5.2).

A three to five degree seaward dip is typical of the whole region,including the
Karroo and Precambrian below the Meso-tertiary cover (data from explanatory notes
of Geological Sheets of Mocambique 1:250 000, 1968). The original incline between
the Midlands, the remnant Cheringoma block and the lip of the continental shelf has
been maintained, despite the large scale trough faulting of the Rift which separated
the inland and coastal areas. As the Buzi block shows a similar profile relationship
with its immediate hinterland, it is probable that they are islanded remnants left behind
by a general widespread lowering of the continental margins, and not uplifted blocks

as usually defined (eg. Wellington 1955, Flores 1964 et. al.); an interpretation agreed
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with by Professor L.C. King (pers. com. 1977). These releases of crustal tensions ap-
pear to have resulted from the gigantic downbowing of the faulted syncline forming
the strait between Mocambique and Madagascar (Dixey 1956) (see Section 5.3). The
seismic map of Mocambique shows the repeated occurrence of earth tremors recorded

along the fracture line of the Rift (Fig 5.2).

Additional evidence that the eastern edge of the crystalline Midlands was fault-
ed in pre-Jurassic time is shown by the extended consequent drainage, now dislocated,
of the major rivers on a SE trend across the original single coast plain. This major plain
was formed by the present Rift Valley floor together with the backslope of the Che-
ringoma cuesta. The extended consequent drainage on the SE fracture line has been
maintained only by the Zambeze River. With separation of the Cheringoma sector of
the coast plain by downthrow of the Rift trough, the other rivers were severed in the mid-
dle and formed subsequent drainage on the Rift floor. A singular feature of the Rift
drainage pointed out by Mouta (1957) is the continued SE trend of all the major rivers
crossing the Rift floor from inland, as well as the Urema Lake which lies on the same
axis. Thus despite the large series of alluvial fans and shifting river courses,formed du-
ring accumulation of sediment, the shallowness of the underlying hardrock fracture
system and its seaward dip continued to be an underlying control of drainage develop-
ment. Due to these influences the Rift floor is assymetrical in profile with the lowest
basins of the subsequent drainage closer to the foot of the Cheringoma inface. The
incline from these basins up to the 100 m contour is over 20 km long on the western

side and half, or less than half, this distance on the Cheringoma side.

With separation of the Cheringoma from the immediate hinterland,the behead-
ed consequent rivers became re-consequent, or resequent, on the seaward slope. If the
inland SE drainage patterns are followed seaward the original extended consequent
drainage can be paired. For example the Nhamapaza with the Mupa, Nhandue and
Vundudzi with the Chinizuia, Corone with the Sambazo, and the Pungue with the

Sangussi.

A diversity of sediments have been deposited in the Rift, but generally the
sandier detritus have formed alluvial fans of all dimensions whilst the finest sediments
gave rise to slacks and basins (Fig 6. 3 ). These basins are extremely flat with gently
inclined margins and they occur as a necklace along the length of the Rift floor, pinch-
ed off at various intervals by the fan sand deposits which have grown out from both
sides of the Rift. The close juxtaposition of two of these fans built by the Nhamapaza
River from the west and the Mazamba River from the Cheringoma Plateau forms the

divide at 59 m altitude between the Pungue and Zambeze drainage on the Rift floor.
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This site is on the Tengane dambo in the NE of the ecosystem. Where the Urema
Trough meets the Zambeze River the altitude is about 25 m, at a distance of 170 km

from the Zambeze mouth. The Rift Valley floor has a low drainage density.

Both perennial and seasonal streams which traverse the Rift floor are tightly
meandered. The Mucombezi, Vundudzi, and Mucodza Rivers which flow into the
Urema Lake have incised their courses from 7 to 10 m below the floodplain surfaces
from which they originated. The Vundudzi and Urema Rivers in particular have incised
deeply through massive alluvial deposits. The Urema River is now underfit as it no
longer forms part of the course of the Pungue River, and only during exceptional flood
years is a bankfull condition reached when Pungue waters dam up the Urema's flow at

their confluence.

Formed at the head of the Urema Lake is an extensive converging delta built by
the confluence of deposits from the Nhandue-Mucombeze, Vundudzi,and Mucodza
Rivers. This type of delta, as opposed to the diverging delta type typical of certain river
mouths where they meet the sea, is replicated in larger scale across the continent by
the Upper Niger, Chad, Kunene-Kuvelai in Ovamboland where it meets the Etosha
Basin, and the Okovango where it abuts on the Makarikari Basin. In Mocambique the
largest partial endoreic basin is represented by Banhine in Gazaland. Banhine is sur-
rounded on its northern quadrant by an extensive converging delta of the fossil Save
drainage, formed prior to its capture by headward erosion of direct drainage to the sea.
This sequence is again replicated by river capture of the Kunene from Atlantic drainage
which resulted in the major hydrology responsible for the formation of the Ovambo
Delta, the Etosha Pan and its overflow to the Okovango River via the Omuramba
Omaheke (pers. data). The junction of this Omaramba with the Okovango River is
60 km west of Rundu,just upriver from the village of Mawewe. The evolution of such
alluvial processes as they pertain specifically to the Gorongosa ecosystem will be dealt

with in Chapter 6.

Unique on the floor of the Urema Trough are two outcrops, or inliers, on the
SW side between the Vundudzi and Pungue Rivers. One, Xivulo,is a small inselberg of
165 m height formed by quartz breccia. The other, a low rounded horst block rising to
78 m, is of Precambrian igmatitic gneiss with dykes of granophyre (Gorongosa granite)
and dolerite. Immediately east of this isolated block with parallel N—S faults is a major
fracture line (Fig 5.8) on the Rift floor made conspicuous by the N—S drainage and
series of small pans which formed part of the Pungue’s original river course (Fig6 3 ).
This N=S fracture reappears to form the Muche valley in the NW of the park. Apart
from these two outcrops the remainder of the Rift Valley floor south of the Zambeze

River is composed entirely of alluvial deposits.
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Due to their flat open nature the floodplains of the Rift floor emphasize the
physiographic importance of termite hills in the landscape. These hills are especially
conspicuous on ‘open floodplain areas where their bare conical shapes dominate the re-
lief. In other areas the hills are covered in tall dense thicket which form islands in a sea
of seasonally flooded grasslands. Most of the termite hills average 3 m in height with a
diameter of 20 m,and these conical surfaces produced by biotic activity have enormous
influence on the appearance and dynamics of plainsland. The highest density of termi-
taria occur on levees and splay deposits or on convex surfaces of the plains (see Section
6.3).

CHERINGOMA PLATEAU

As the plateau is in fact a cuesta in profile with a slight tilt of 3 to 5° to the
SE, this has profound influences on the rate and degree of erosion and depositional
processes resulting in quite different physiography on the Riftward inface and the sea-
ward backslope. They are thus discussed separately. The Cheringoma’s surface has been
eroded mainly from two sides, by Riftward and seaward drainage, which now meet
along a narrow N—S watershed formed by erosion of the inface scarp. As scarps retreat
by erosion the crest moves in the direction in which the strata dip. This phenomenon
is known as homoclinal shifting of watersheds (King 1963: 62). The significance of the

reduction in catchment area by this and other processes is dealt with in Chapter 6.

Erosion, especially of the Riftward slopes, has been greatest in the central and
southern part of the block. Thus the oldest intact surfaces remaining are most exten-
sive in the north of the cuesta, the Inhamitanga area, and on the seaward interfluves.
Three areas above the 300 m contour remain. The largest is in the Inhaminga area with
the highest point of 379 m on a sand rise close to the cliffed scarp overlooking the Rift
Valley. The other areas above 300 m are small and occur on the watershed south of

Inhaminga near Cundue.

Piercing the Cretaceous and Tertiary deposits are two isolated volcanic necks of
basalt, the larger of which form the Gadjiua Hills of 346 m altitude near the Cundue

ravine. Both occur on the heavily faulted inface of the cuesta.

Riftward slopes

The inface rises in a series of steps related to the alternation of hard and soft
strata and their differential erosion. The rise from the Rift is generally steep at first,

then flattening out with much gentler rise between steps. The central part is charac-
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terised by deep cliff sided ravines incised more than 100 m deep into the softer, Cre-
taceous, Grudja Formation. The dense system of parallel, oblique,and normal faults
and fractures characteristic of the inface has greatly favoured erosion processes. Five
streams have cut these canyons which are either narrow (Muanza) or wide (Nhandindi-
Nhamfici), and headward erosion stops abruptly at nickpoints in the harder sandstone
exposed at the surface. The most spectular ravines have been cut by the Mazamba and
Cundue streams. The yellowish-white calcareous sandstone cliffs, formed by the
Cheringoma Formation, weather in a similar manner to the Cave Sandstone in the
Drakensberg; by basal sapping. Erosion is along the strongly jointed and fractured lines
of weakness where subterranean limestone weathering also occurs. Truncation of the
strata overlying the Cheringoma Formation has given rise to extensive tablelands with

skeletal soils and conspicuous jointing.

All the present day streams of the Riftward drainage are small and the majority
are perennial, if only in their central courses. Where they meet the footslopes there is
no running surface water as this disappears into sands. The streams pass through the
stepped topography by means of falls and rapids separated by long pools. Where the
Riftward streams meet the alluvial toeslope, an apron of coalesced alluvial fans have
been built out onto the Rift floor with the sediments derived from erosion of the
inface (Fig 6.3).

Headward erosion of the northern and central Riftward slopes is damped by
exposure of hard calcareous sandstone strata, but the southern sector has no such
barrier and active slump and donga erosion of deeply weathered argillaceous sandstone of

the Mazamba Formation is occurring, especially conspicuous in the Musapasso stream.

The crest of the cuesta comprises deep red sandy latosols alternating with
high watertable pallid to white sands. Dambo remnants form the headwater catchments
of most of the Riftward drainage, others have been eliminated by headward incision
which has reached the divide itself. The drainage density of the Riftward slopes is

medium to high.

Seaward slopes

The resequent drainage of the Cheringoma Coast is now composite in nature
due to truncation of the overlying sands over the major part of the central and upper
catchment. Thus an original coarse-grained parallel and rectangular drainage related to
the cross-fracture system of the cuesta is typical of the main rivers and the dambo
drainage on the remaining areas of sands,and this has been replaced by a fine-grained

dentritic drainage on exhumed sandy clays. The main rivers such as the Mupa,
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(B) Massive limestone cliffs of the Cundue Ravine immediately north of the Gadjiua Hills. High torest in
the ravines and dense scrub-thicket above the cliffs.

(A

Obligue air view of the forested Maciguadzi Ravine looking
NE with the Gadjiua Hills formed by volcanic plugs of
nepheline basalt on the crest of the Cheringoma Plateau.
Limestone cliffs in right foreground.

(C) The Cundue and Maciguadzi Ravines from the air with the
Gadjiua Hills on the right (east) and Rift Valley floodplains
on the left (west). Note, (1) forested ravines, (2) closed
savanna-thicket mosaic on incised fan aprons in front of
the ravines, (3) relic ‘mesa grasslands’ on impervious
glauconttic clays (top centre of photo) being replaced by forest,
(4) present aggraded floodplain now incised of Cundue stream
(and cultivated), (5) white patches around the hills are cul-
tivation clearings, (6) sparse savanna cover on stripped
horizontal limestone strata between the two ravines.
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Chinizuia and Sambazo have broadly meandered courses deeply incised into the middle
to upper dipslope. These fifth order rivers also have wide braided channels enlarging

by lateral erosion.

Where the underlying clays, formed by deeply weathered calcicargillaceous
sandstones of the Mazamba Formation, have been exposed the headwater tributaries
are deeply incised giving rise to a highly eroded polyconvex landscape, replicating the
situation in the Musapasso River and other Riftward drainage to the south. Rapid
erosion of these friable clays has resulted in numerous river captures and beheading of
drainage as streams cut back laterally in the upper reaches. Thus a large part of the
dambo drainage on the remaining duplex sands is in the process of extinction due to

drying out and nickpoint migration from the coast.

An unique feature of the dambo drainage on the eluvial sands of the seaward
slopes are the large numbers of oval pans originating from the broader and deeper per-
manent vlei areas in the dambos. The largest area of these pans is in the
north of the cuesta between Inhamitanga and Marromeu. This area has also the largest
areic sand area on the Cheringoma. Similar pan systems in Mocambique occur near the
coast in the extreme north, inland of Mocimboa da Praia, and near Dombe below the
Chimanimani mountains. In all three areas the oval pans occur on duplex sands. Else-
where in the subcontinent similar pans occur;in the southern Kalahari (Kalahari Bult),
eastern Transvaal, Western Orange Free State and northern Cape (Wellington 1955,
Boocock & Van Straten 1962, Grove 1969, De Bruiyn (1971).

Complementary to the massive erosion of the coast plateau hinterland by the
main rivers, is the apron of coalesced alluvial fans formed between the 100 m contour
and the alluvial front of the Zambeze Delta flood plains. Some of these fans measure
25 to 30 km in length {apex to front), and the abandoned aggraded distributaries are
indicated by forest cover. The intervening slacks form part of a younger dambo system

of drainage with oval pans and vleis.

The wearing back of the major river valleys has eliminated the overlying duplex
sands on some interfluves resulting in a rounded eroded topography, but in other situ-
ations the sands form valley-side scarps. In the latter situation interfluves remain flat

to faintly undulating with dambo drainage.

The dipslope drainage patterns meet a longitudinal floodplain meander drain-
age abruptly near the coast. The complex of distributary meander belts, meander cut-
offs, meander scrolls,and swamp slacks extend in a narrowing front from its origin at

the Zambeze River to half the length of the Cheringoma Coast, ie. petering out near
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the Chinizuia River mouth. The larger resequent rivers have crossed this alluvial plain

to form estuarine deltas covered in mangroves.

The Cheringoma Coast is classified as a barrier and swamp coast with estuarine
deltas and linear beaches (Tinley 1971). Although the Cheringoma block was islanded
in the Plio-Pleistocene, it is essentially a coastline of submergence (vide Holmes 1965:
828). The shallow and broad continental shelf extends to 120 km off the present coast-
line, and the continental slope descends abruptly at the 100 m isobath to over 2 000
m depth (see Tinley 1971b, Fig 6.). Recent research on this shelf has shown the exis-
tence of dune rock near the break in slope,thus the 120 km now under water was part
of the Cheringoma land mass and the edge of the shelf was the old coastline. Continued
coastal erosion is shown by truncated estuaries with new sand spits and active beach

erosion (Tinley 197 1b).

The estuary deltas are formed by fluvio-marine processes and these are protect-
ed by sand spitsat their mouths. Only at the actual river or distributary mouths is there
accretion of sediments. The linear beaches show two upper berms related to a equinox
spring tide bevel and normal high tide bevel. In profile, the beaches show a steep upper
slope and a long shallow lower slope. Separating the beach from the alluvial plains is a
narrow barrier of low dunes of parabolic and hummock form. The highest attain only
14 m altitude as compared to the high parabolic dunes of the southern Mocambique
Plain which attain 187 m at their highest (St Lucia Lighthouse). The parabolic dunes
are formed by southerly gale winds. Near the Nhandaze and Mungari distributary
mouths of the Zambeze Delta are large areas of alternating dune and slack relief which
occur in parallel or curved lines empathetic with the shape of the coast. The largest
parallel dune area extends 5 km inland from the beach, and older groups,now isolated,
occur nearly 30 km inland from the delta coast. The inland groups are separated by
slack vlei areas or mangrove swamps. The Zambeze Delta is of the arcuate type and
three large distributaries are active all year — the Chinde, Cuama and Mucelo. The

Cuama is actually a continuation of the main Zambeze course.

As in the Rift Valley, termite hills are a major feature of the Cheringoma coast
plains. The hills formed here are much broader than those on the Rift floor and their
influence on geomorphology, hydrology and ecology is considerable (see Sections
5.7 and 6.3).
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PLATE 4 ALLUVIAL FANS & ESTUARINE MANGROVE FORESTS OF THE CHERINGOMA COAST
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Aggraded distnbutary courses (convex surfaces) colonized by miombo and evergreen forest
alternating with acid dambo grass siacks on duplex podsolized sands. The existing perennial
‘blackwate:’ streams have incised the slacks and these cuts are colonized by various kinds of
nygrophilous torest. White dots are ‘drowned’ and eroded termitaria, dark dots are living
termitaria covered in thicket.

(B)

Southern tip of Zambeze Delta organic alluvial clays interposed between the estuarine mangroves (right)
and the duplex sand fans of the dipslope rivers (left) . White patches are salinas. Receding coastline
clearly illustrated by truncated estuary mouth and mangrove creeks.
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5.2 GENESIS OF THE PRESENT LANDSCAPE

Except where otherwise indicated this section is derived almost entirely from
King (1962). Many of the regional and local events are fitted to his treatment by re-
ference to the Mocambique 1:250.000 geological sheets revised in 1968 and the 1: 2
million map of the entire territory (Oberholzer 1968).

The implications of these landscape changes on the climate and its reciprocal

role are personal interpretations except where otherwise noted.

Central Mocambique, in keeping with the remainder of the east coast of Africa
(King 1972a, 1972b), took part in the diastrophic, sedimentary and volcanic history
of the Gondwana super-continent. In the early Jurassic, basalt lavas, extruded from
fissure swarms, formed vast lava plains blanketing the low relief formed by Karroo

desertic formations.

The denudation and sedimentary processes, aided in part by the above horizon-
tal structural control, cut across many geological formations and by the end of the
Jurassic had reduced the landscape to a vast planation surface. Today the remnants of
this Jurassic planation (‘Gondwana’) form the accordant summits of the highest parts
of Africa’s mountains and represent the oldest extant planations in the modern land-
scape (King 1962).

At the end of the Jurassic and in the early Cretaceous the incredible breakup
of Gondwanaland took place, separating the southern continents and giving birth to
new coastlines. The desertic continental climate of the super-continent was concur-
rently transformed to marine, coastal and interior climatic systems as the ocean areas
grew in dimension between the separating continents. The first marine deposits of the
Indian and Atlantic Oceans were laid down along the new outlines forming the African

continent.

In Kenya, Tanzania and on the west of Madagascar, Permian marine deposits
overlie the tillite and coal measures of the Karroo (Furon 1963), indicating that split-
ting of continental masses with marine transgressions took place from the north, in a
gulf or a possible proto-Mocambique Channel. For this reason many authorities (Du
Toit 1973, King 1962, Hallam 1973) suggest that Madagascar lay against East Africa
and not Mocambique, as present outlines would suggest, having moved south to its
present position. On the other hand Wellington, (1955: 460—473) supported more
recently by Flores (1970), suggests that Madagascar fitted against Mocambique if the
Jurassic volcanics on both sides are matched. In addition the presence of Tertiary

volcanics on the Mocambique coast are matched on the west coast of Madagascar,
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and are absent from the East African coast. Wellington also points out that the Pre-
Cambrian metamorphic rocks of Cap St Andre of NW Madagascar fits into the Lower
Zambeze trough ("'Lupata Gulf”) where similar rocks would fit on either side. The sec-
tor where Cap St Andre would have fitted,is now occupied by Cretaceous alkaline lavas
at the tip and a large area of Continental Cretaceous sediments 3 000 m thick. The SE
part of this extraordinary thick deposit is now faulted by the Urema Trough and enters
the Gorongosa region in the north. Flores (1970) fits Madagascar in a lower position
with Cap St Andre against the Bight of Sofala (see Section 5.3).

The outpouring of early Jurassic volcanics was related to the increasing crustal
tension which led to the final dismemberment of Gondwanaland; the lava emissions
occurring along many fissures related to the main fracture system of the continent such
as those of the Lebombo and Buzi, and between Lupata and Gorongosa which formed
the edges of the Cretaceous sea. Prior to the Gondwana breakup there were also post-

Karroo troughs formed in the Luangua, Mid and Lower Zambeze,and the Limpopo.

Wellington (1955: 460—473) suggests that prior to the break up of Gondwana-
land the drainage derived from the land mass east of the present coast (Madagascar in
his thesis) and flowed westward along the Middle Zambeze and Limpopo into an in-
terior continental basin as far as the Congo and Orange river areas. It is also possible
that these sediments filled the west branch of the southern end of the Rift Valley, lying
beneath the Okovango deita front if it was faulted down in post-Karroo times. The
break up of Gondwanaland truncated these drainage systems and downward bowing
of the coastal margins reversed the drainage and initiated headward erosion toward
the interior from the new ocean base level. This new cycle of erosion (Post Gondwana),
which began dissection of the Gondwana planation surface,formed broad open valleys
towards the crest of the convex warp and completely stripped off the remainder closer
to the Cretaceous coast line by headward retreat of giant erosion scarps (eg. Figs 10 —
13 in King 1972a). King (1962: 158) reckons that the rate of retreat of such continen-
tal erosion scarps is about 30 cm in a 100 years, as evidenced by the Great Escarpment

in Southern Africa and other parts of the world.

It was probably during the break up of Gondwanaland or just before,in the late
Jurassic, that the younger syenite and granite intrusions (plutons) were emplaced which
today form the island massifs of Mlange in Malawi (Dixey 1927) and Gorongosa,
Morrumbala, Derre and Chiperoni in Central Mocambique (Oberholzer 1968). The last
three inselbergs occur in the Zambezia District against the Chire Trough. Depending
on the time of their emplacement,their summits were bevelled either by the last part
of the Gondwana planation just before break up of the continents, or by the Post-

Gondwana erosion of the early Cretaceous.
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In the Late Cretaceous further uplift with outward tilting of east and west
coasts was repeated which initiated a fresh cycle of erosion lasting until the mid-Ter-
tiary (Oligocene). This cycle of planation, the ‘African’, reduced the whole continent
to an extremely smooth plain the remnants of which today form the South African
Highveld, the watershed of Rhodesia and the Serengeti Plains amongst other areas (see
King 1962, Fig 119). In Central Mocambique remnants of the 'African’ surface are
found on the highest slopes of the interfluves joining the base of the great escarpment.
The most extensive is that of the Chimoio interfluve between the Pungue and Revue

valleys which leads up to the saddle in the escarpment at Umtali.

At the end of the Oligocene and in the late Miocene,moderate uplift created
fresh base levels for a late Tertiary dicyclic erosion cycle which cut back widely spaced
broad valleys into the extremely smooth ‘African’ landscape left as remnants on the
interfluves. By the end of the Tertiary, therefore,the greater part of Africa was reduced
to a rolling lowland with vast plains and widespread formation of duricrusts indicating
a phase of extreme stability in the landscape. To accentuate the far reaching effects of
the coming diastrophism of the Plio-Pleistocene, it is important to emphasize that the
lowland form of the subcontinent at the end of the Tertiary meant the Interior was

~only 300—500 m above sea level {(King 1962: 243).

The importance of these events, culminating in the late Tertiary duricrusted
plains of continental dimensions, implies seasonal waterlogging on a vast scale which
has important biogeographic implications as judged by present day spatial control of
grass and woody vegetation by soil moisture balance. These aspects will be dealt with
in Sections 5.7; 5.8 and Chapters 6 and 8.

If climatic patterns were similar to today over the 'low’ southern Africa in the
late Tertiary, the high rainfall (> 1000 mm) would have been confined to oro-
graphic lines and to an extremely narrow belt along the coast, with isohyets de-
creasing parallel to the coast inland to less than 400 mm in 300 mm judging by the
present Mocambique Plain area of Gazaland. The interior of the subcontinent would
have been desertic with vast playas of alluvium, and islands of marshes and savanna
strips extending along drainage lines. Judging by today’s desert grassland substrate,
a greater part of the continent could have been desert grassland where a sandy veneer
covered the plains. In such circumstances it would have been possible for Pliocene
gazelles, ancestral to the springbok,to have occurred from the Karroo to the Sahara

(Pliocene fossil Antidorcas occur in the Marghreb; Cooke 1964).

This monotonous, and probably arid landscape, was drastically changed in the

Plio-Pleistocene by large scale land undulations and faulting. Intense upwarping ele-
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vated the interior to a plateau between 1200 and 1 500 m and at the same time tilted
the coastal margins strongly downward toward the ocean basins. These large crustal
convexo-concave arches, called cymotogenes (King 1962 — the ‘undulating ogeny’),

tilted the coastal hinterland upward and depressed the continental shelf zone.

Reference to King's (1962) Fig 77 shows the outline of the cymatogenic arch
through central Mocambique, from the Gondwana level at 2 400 m on the Frontier sum-
mits of Inyanga to the same surface found in boreholes at 2 000 m below sea level at
Inharrime forming the floor on which Cretaceous sediments accumulated. Where pre-
vious coastlines lay close to the hingeline of the arch, little change occurred(as on the
Natal Coast), but where the hingeline of the upwarp lay offshore broad coastal plains
were added to the continent,as in southern Mocambique. Maximal uparching occurred
inland as a rim over 2 000 m high, parallel to the coast and varying from 100 to 200 km
distance from it. The uplifted and inclined planation surfaces of the late Tertiary then
provided ideal conditions for massive headward and downward erosion by rivers, car-
ving out great gorges, with rapids and waterfalls marking the inland invasion of erosion
cycles. This marked diastrophic alteration took place slowly enough for the meander-
ing drainage lines of the late Tertiary planation surface to incise their old age form

downward as they carved out youthful valleys in the slowly arching landscape.

Where faulting took place,as in the Rift Valley, dislocations were rapid. Judg-
ing from the presence of Mio-Pliocene littoral and fluvial sediments on the crest of the
Cheringoma Plateau, when the sea level of that time was 300 m higher than the pre-
sent, the cuesta was left as a relic by the receding sea level and downfaulting of the
Urema Trough associated with the sinking of the remainder of the Mocambique Plain
in the early Pleistocene. Relatively fresh fault scarps and ravines face the Urema
Trough, and the SE incline of the seaward plains enhanced headward erosion and in-
cision of the fan distributaries formed originally by the inland rivers prior to rifting.
The rifting on the western side of the Urema Trough was probably repeated along old
fault lines of the Gondwana break up and earlier fractures. The western side of the Rift

Valley is thus deeply eroded in comparison to the Cheringoma side.

As the rift valleys were trough faulted on the crests of tensional uparching, the
old sedimentary formations would show least dip close to these dislocations. The upper
Karroo sandstones, outcropping beneath Stormberg basalts in a narrow belt entering
the NW corner of the Gorongosa region,are only slightly inclined to the east and the
overlying basalt flows are inclined to the SW (Real 1966). However, cross faulting is
abundant close to the Rift dislocations and the above disposal of strata may have no
signfficant relation to the Plio-Pleistocene diastrophism. The younger granite plutons

and the granite-gneiss cores which today form the inselbergs of the Manhica Platform
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would have been exposed first by the Post-Gondwana and early Tertiary erosion and

planation.

At the end of the Tertiary the vast ‘low’ continental plain was deformed into
an undulation by the Plio-Pleistocene land movements which bowed the coastlands
downward as the hinterland was uparched to over 2 000 m, raising the continental in-
terior to between 1 200 and 1 500 m. This change from a low continental plain with
high rainfall probably confined to the coast (judging by the Mocambique Plain) with
a desertic interior, to an interior plateau with a rim of over 2 000 m meant that a
change in rainfall regimen to two highs (of about 2 000 mm ?) must have occurred.
One associated with the coast as before, and the other with the orographic line formed
by the rim. A high rainfall belt along the rim would then have carried the precipitation
tail-off deeper into the interior than was possible from the coast, changing these lands

from desert to savanna.

The massive erosion, consequent of this arching,gouged deep valleys with plana-
tion remnants of various dimensions left on the interfluve spurs, and reduced that vast
rim catchment to relics. These landscape changes alone can account for the changes in
climate, with rainfall highs confined to orographic remnants and low precipitation in
the valleys and plains areas. In addition to river capture effects, these landscape pro-
cesses alone can account for the underfit nature of most present day rivers relative to

the size of the valleys they have carved in the past.

Headward erosion of the great escarpment from inland would have also been
given greater impetus during and after uparching. The continental interior was depres-
sed relative to the rim and became filled with further sediments. Over this vast network
of marshlands,which could have stretched from Bushmanland to the Sudan river, cap-
ture and draining of marshes by headward erosion would have begun their separation

and contraction in the earliest Pleistocene.

Although climatic changes related to glaciation or to long term oscillations of
the westerlies and intertropical front are important, it seems to have been underesti-
mated that the geomorphic processes associated with diastrophism alone be responsible
for leaving a similar fossil record. Nickpoint breaching of wetlands can convert large
areas of alluvium to aridisols as exemplified by northern Botswana where mopane sa-
vanna covers ‘‘fossil”’ flood plain surfaces. Such changes would have left a pluvial and
interpluvial record from changes in drainage and runoff due to uplift and subsequent

reduction of relief alone without requiring any change in climate.

In sum, the Plio-Pleistocene deformations of the Tertiary landscape and conse-
qguent erosion and sedimentation is chiefly responsible for the face of modern Africa

(King 1962),including its climatic and biome patterns.
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5.3 MOCAMBIQUE AND MADAGASCAR

The presence of Madagascar island, lying 400 km offshore at the closest point,
and extending almost the full length of the Mocambique Coast, requires further expla-
nation to elucidate landscape evolution and biogeographic relations in central Mocam-
bique. Particularly as the position of Madagscar in the fit of Gondwana landmasses
against the east coast of Africa has remained the most enigmatic part (Tarling 1971,

Hallam 1973),giving rise to three contrasting theories.

The theory followed in this work is Dixey's (1956) interpretation of the
geosynclinal nature of the Mocambique Channel and the permanence of Madagascar in
its present or near-present position. Using new data,three recent publications augment
this interpretation (Flower & Strong 1969, Darracott 1974, Kutina 1975). The other
theories fit Madagascar either against the East African coast (Du Toit 1937, King 1962,
Smith & Hallam 1970), or against Mocambique,in Gondwanaland times (Wellington
1955, Flores 1970, Wright & McCurry 1970). The biogeographic complications these
theories raise is well exemplified by recent attempts to determine the possible posi-
tion(s) of Madagascar relative to the mainland on the basis of its floral affinities (Wiid
1975, Pbes 1975).

Kutina's {1975) studies of Madagascar support the suggestion by Fisher et a/
(1967) and Fourmarier (1967) that the submarine Mascarene Plateau and Madagascar
represent the uppermost remnants of a foundered or subsiding continental crust. This
means a continuous area of Precambrian basement existed between the Mid-Oceanic
Ridge and the present coast of Africa, of which the granitic Seychelles Islands repre-
sent the easternmost exposures. Darracott (1974) shows that the Mocambigque geosyn-
cline and Madagascar submarine ridge are probably all composed of thinned continen-
tal or transition crust. The existance of the Mocambique geosyncline, the complex
horst of Madagascar, and the submerged Mascarene Plateau are obstacles to the deriva-
tion of India from eastern Madagascar as propounded by Smith & Hallam (1970) for
example, and contradict the available evidence from the floor of the Mocambique
geosyncline (Darracott 1974). These data point rather to India’s origin on a separate
plate in the central part of the Indian Ocean from between the Chagos fracture zone
and Ninetyeast Ridge (McKenzie & Sclater 1971, Kutina 1975).

The fracture system of Madagascar and the mainland are identical, and this,
with stratigraphic similarities, is the major aid to the theory of Madagascar’s origin
against Mocambique. However, the intersection of these fractures and their exaggera-
tion by downwarping and faulting has given rise to the sympathetic zigzag strike of

Africa’s east coast and the west coast of Madagascar. In addition the continuation of
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major fractures is expressed by bathymetric contours in the Mocambique Channel
(Fig 5.6). The most conspicuous of these is the continuation of the N—S strike of the
northern Mocambique Coast southwards as the Zambeze Canyon (see Green 1972,
Fig 12; Flores 1970, Fig 8). This canyon is separated by an oblique NNW—SSE rise
above the 1 000 m isobath, which is the shallowest continuous link between the main-
land and Madagascar at present. This rise marks the submarine divide between the
Mocambique Basin in the south,into which the Zambeze Canyon empties, and the

small Comoro Abyssal Plain immediately south of the islands.

Further evidence from this submarine ridge seems to be crucial for determining
whether it lagged behind in the geosynclinal downwarping thus representing the last
part of the geosyncline to be submerged. The Comoro Islands of volcanic origin rise
from isolated 1 000 m deep platforms and are judged to be of Miocene age (Saint-Ours
1956, Besairie 1960). Completion of the separation of Madagascar from the mainland
is judged to be at the Cretaceous-Tertiary time boundary 60 million years ago. Thus
the relationship between the Mocambique mainland and Madagascar Island would seem
to have been a gradual and continued sinking of the channel floor with intermittent
faulting, possibly resulting in a gradually narrowing isthmus which remained into the
Tertiary before final submergence, and ‘stepping-stones’ formed by the Comoro Archi-
pelago in the middle to late Tertiary between the northermost coasts of Mocambique

and Madagascar.
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5.4 PLANATION SURFACES

Section 5.2 outlined the possible changes in landscape responsible
for the present day appearance of Central Mocambique. All denudational and aggra-
dational surfaces are represented in the Gorongosa system (Fig 5.7). Dixey’s (eg. 1956)
work, King’s morphologic map of Africa (1962, Fig 119), and Real (1966, Fig 1) who
followed King's older work, provide a guide to differentiating the various surfaces. The
surfaces are separated on the basis of landform development assisted by contour inter-
vals, since surfaces of the same age on upwarped continental margins are tilted lower
seaward and higher inland. As in other parts of Africa the oldest land surfaces in the
present-day landscape are the planation remnants on the highest summits and water-
sheds. In the study area these Juro-Cretaceous bevels are confined to Gorongosa Moun-

tain.

The African (Early Tertiary) planation surfaces survive only as steplike benches
on the lower crests and sides of Gorongosa Mountain and elsewhere in the study area
have been totally eliminated by erosion. Remnants of this surface occur again to the
west on the highest parts of the midland interfluves which merge into the base of the

Great Escarpment.

The accordant interfluve crests of the western midlands, deeply incised by the
Congo Cycle, and the remnant flat crest along the top of the Cheringoma Plateau are
Post-African (Late Tertiary) planation surfaces. The Post-African surface is interrupted
by the Rift Valley whose floor is composed of Pleistocene (scarp alluvial fans) to re-
cent sediments. Sediments of similar age form the plains of the Cheringoma Coast, the
delta plains of the Zambeze, and the confluence of the Pungue and Buzi Rivers in the
Bight of Sofala.

The sediments of the Mazamba Formation forming the Cheringoma crest are
littoral facies at their base passing upward into continental fluvial fan material. The
final sedimentary phase is probably due to coalescence of alluvial fans of the Zambeze
and Pungue Rivers and the lesser rivers between them such as the Nhandue and Nhama-
paza prior to rifting. This drainage was severed in the Early Pleistocene by downfault-
ing of the Urema Trough, resulting in reversed drainage on the inland side of the Che-
ringoma and beheading of the seaward drainage. The original seaward distributaries
formed by the rivers from the hinterland became the main lines of river downcutting
due to the 3—6° seaward incline, causing drainage rejuvenation superimposing the
original distributary meanders. From their /in situ exposure to eluvial pedogenic pro-

cesses, a leached sand surface of almost pure quartz was formed with an impermeable
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iron-rich clay subsoil (C horizon) (data from Geological Sheet Sul—E—36/X of Mocam:-
bique, 1968). The development of such a profile ensures maximal capture of the rela-
tively high rainfall,caused by proximity to the land-sea junction and a 300 m rise above
sea level. Thus a highly efficient aquifer was formed which provides a perennial high
watertable flow. The sediments derived from active headward and valley incision were
deposited as a broad plain of coalescing alluvial fan distributaries along the entire sea-
ward margin of the now isolated plateau. The differentiation of the surfaces on the
Cheringoma Plateau is a personal interpretation derived from ground and air study,
based on the assumption that the Plateau was exposed to aerial weathering in the Plio-

Pleistocene by a retreating (dropping) sea level.

Cutting back from the Rift Valley, the Congo Cycle has gouged deep gorges and
valleys far into the Midlands and into the foot of Gorongosa Mountian. Deep ravines
of the same cycle have cut back from the Rift into the western fault scarps of the
Cheringoma Plateau. In the northern and southern sectors of the Plateau the Congo
Cycle has consumed the Pliocene denudational surface and is now actively eroding
back directly into the remnants of the Pliocence aggradational surface. On the seaward
slope of the Plateau Late Tertiary denudational surfaces remain as interfluve fingers

which extend seaward from the watershed.

IVERSITEIT YAN PRETORIA
IVERSITY OF PRETORIA
NIBESITHI YA PRETORIA

26
5.5 GEOLOGY

The geology of the Gorongosa region is complex,but clearly defined (Figs 5.8
and 5.9). The Rift Valley plains of recent alluvia separate a western midland of Pre-
Cambrian metamorphic crystalline rocks from an eastern cuesta block of Cretaceous to
Recent sediments forming the Cheringoma Plateau. The crystalline rocks are intruded
by a double igneous pluton, dyke swarms and volcanic necks of Jurassic to late Ter-
tiary age, and these with granite-gneiss bornhardts form the isolated peaks, mountains
and ridges on the Midlands. The eastern sediments are pierced by only two small

Nephaline Basalt necks of Pliocene agé.

The following data is obtained from Real (1966) and the geological maps of
Mocambique at a scale of 1: 2560.000 (1968) and their accompanying explanatory
notes (Geological Sheets Sul—E—36/R,Q,X,Z).

PRE-CAMBRAIN (Age > 570 m.y. BP)

The metamorphic crystalline Pre-Cambrian basement forming the midlands and
western edge of the Urema Trough,are granitic and migmatitic gneisses. These meta-
morphic rocks belong to the Barué Formation and are the oldest in the region. Abut-
ting on the southwest of the study area,against the junction of the Pungue River with
the Rift is a large isolated outcrop of similarly aged metamorphics of the Manica Sys-
tem. This oval shaped area of gneisses mixed with hornblendes, pyroxenes, quartzites
and schists is pierced through at the centre by a carbonatite volcano of Cretaceous age.
An island of Precambrian with intruded Gorongosa granite, gabbro and trachyte occurs
as a small horst,or foundered remnant,on the floor of the Rift Valley in the southwest

of the park.

The Béarue Formation breaks down chiefly into sands of fine to coarse texture,
but the associated mica contributes to the formation of layer-silicate clays such as

montmorillonite. The crystalline midlands are cut by abundant dyke swarms of dole-

_rite, granophyre, quartz, pegmatite and the double pluton of gabbro pierced by micro-

pegmatite granite which forms Gorongosa Mountain. The dyke swarms are aligned
chiefly in a N—S rectilinear curve parallel to the Rift Valley fractures. Cores of granite-
gneiss form domed or bornhardt inselbergs of various dimensions south and west of
Gorongosa Mountain. The highest of these, Mhanda, rises over 800 m from a flat inter-
fluve to 1 423 m, midway between Gorongosa and the Great Escarpment. The dykes

of basic rocks and areas of heavy mafic mineral content (eg. biotite) weather into
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loamy textured latosols, providing the only fertile soils in the midlands. The geology
of the other dykes add to the predominantly sandy soils and sediments derived from

the crystalline basement.
TRIASSIC TO JURASSIC (Age: Karroo between 160 and 225 m.y.)

Karroo

The Karroo is represented by a narrow longitudinal area in the northwest of the
region comprising sandstone, basalt and rhyolite. The acid lava peters out just north of
the study area,and all three components of the Stormberg Series lie at the junction of
the crystalline basement with the Cretaceous sediments along the major tectonic line
of the Rift Valley and Lower Zambeze trough. A gap of 125 km on the western side of
the Rift occurs,between their occurrence in the northwest of the region and the reap-

pearance of Karroo basalts in the south on the Buzi River fracture line.

The surface of the Karroo series forms low undulating terrain sloping evenly
eastward from the crystalline surface to the Cretaceous sediments. The sandstone
weathers into sands,and the feldspars produce sandy clay or clays, and latosols and

gritty clays are derived from the basalts.

Gorongosa Igneous Complex (l_ate Jurassic)

The sequence of basic and acid plutonic intrusion, forming Gorongosa Moun-
tain,is judged to be of late Jurassic age to possibly early Cretaceous (Oberholzer 1968).
The first intrusion was of gabbros and the contact with the crystalline gneisses pro-
duced pyroxene and amphibolite hornfels. The succeeding micropegmatite granite
pluton, which forms the major body of the mountain, produced quartzitic hornfels on
its contact with the Precambrian gneisses. Dyke swarms of dolerite and granophyre,as-
sociated with the main intrusions and having the same composition as them, pierced
the surrounding gneisses on a north-south trend along the older lines of foliation or

weakness in the crystalline rocks.

Latosols, gritty ferromagnesium-rich loamy clays are derived from the gabbros
on the southwest slopes of the mountain. The central acid granite pluton produces
mainly sandy and light ortho-ferrallitic soils, and humus-rich podsols with pipe drain-

age on the mountain summits.
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UPPER JURASSIC TO CRETACEOUS (Lupata Series)

Upper Lupata Sandstone

These are Post-Karroo red sandstones and mudstones cemented by argillaceous-
calcareous and tuffaceous material. This polygenic sandstone also contains fragments
of most of the surrounding intrusive rocks,and in its upper beds are intercalated tuffs
and ignimbrites. Red sandy clays and clays are produced from the weathered products

with a calcium-rich subsoil.
Alkaline Lavas (Age: 131 m.y.)

Occurring as volcanic necks exemplified by the trio of Bunga Inselbergs or as
fissure flows (Panda Ridge), these trachytes and phonolites are confined to the central
western junction of the Rift Valley with the crystalline midlands immediately east of

Gorongosa Mountain.

Twenty five kilometres southwest of the ecosystem on the edge of the Rift is
Mt. Xiluvo, a Carbonatite volcanic neck with ring structure, containing calcite in the
centre and volcanic breccias in the outer ring. The present day appearance is a breached

volcanic crater covered in forest.

Cutting through all the above formations was a hydrothermal phase resulting
in brecciated quartz dykes. One forms a small inselberg on the western margin of the

Rift floor in the park known as Xivulo (not to be confused with Xiluvo above).

Continental Cretaceous (Lower to Mid-Cretaceous)

The oldest Cretaceous sediments are of continental origin, largely unfossilife-
rous and little stratified they attain a thickness of 3 000 m. These calcareous sand-
stones are known as the Sena Formation and are mainly of Albian to Senonian Age
(Mid-Cretaceous). At the bottom, plant remains and scales of fish and arthropods with
calcareous schists have been encountered (Real 1966: 69). The top of the formation
passes without break into marine fossiliferous strata of the next formation. The Sena
Formation comprises coarse to medium arcosic sandstone,cemented by calcic-argilla-
ceous material, of beige, yellow grey or sometimes reddish colours. The main area of
Sena (Ksc) calcareous sandstones is in north of the region, reappearing on the east side
of the Rift on the inland side of the Cheringoma Plateau. Weathered products are sand

and calcareous sandy clays.
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Marine Cretaceous (Senonian to lowest Eocene)

Known as the Grudja Formation (Ksm}, its initial strata on the previous forma-
tion is indicated by the presence of Lophé (Alectryonia) ungulata shell fossils in a ma-
trix of yellowish-green glauconite sandstone. Interbedded are highly fossiliferous arena-
ceous marls and limestone, the whole formation attaining about 200 m thickness.
Other fossils include Ostrea, Cardium, Cardita and fragments of /noceramus (Real
1966: 70). Higher in the formation, fossils of Gryphea, Viniella, Baculites and bryo-
zoans, teeth of fish and ostracods appear. At its uppermost it passes without discor-
dance into Eocene sediments characterised by the abundance of Nummulites formini-

fera.
TERTIARY SEDIMENTS AND VOLCANICS

Cheringoma Formation (TTi) (Age: 54 m.y.)

Eocene fossiliferous sediments of the Cheringoma Formation comprise a neri-
tic, warm water facies of white to pinkish calcareous limestone of about 70 m thick-
ness. This formation is characterised by the abundance of foraminiferan fossils (Num-
mulites). The sandstone weathers into overhangs and caves, and forms sheer cliffs in

the deep ravines of the Riftward drainage from the Cheringoma Plateau.

Mazamba Formation (TTS) (Age: between 7 and 26 m.y.)

Mazamba Miocene (TTSI) to probably pliocene (TTS2) sediments are repre-
sented by the medium to coarse reddish sandstones of about 130 m thickness appear-
ing discordantly over the Cheringoma Formation. The sediments are at first littoral and
fossiliferous, grading upward to yellowish-grey unfossiliferous sandstone of continen-

tal deltaic origin.

The lower member (TTSI) of the Mazamba Formation comprises red and pur-
plish medium grained sandstones with argillaceous cement and coarse bedding con-
taining small gasteropods and lamellibranchs. The upper component (TTS2) is a coarse
to medium arcosic sandstone with conglomerate horizons, cemented by calcic-argil-
laceous material, and locally by silica. This sandstone is red with grey or yellow bands,
and the weathered conglomerates form a gibber surface in some areas, for example in
the southeast of the study region near Semacueza. The conglomerate is composed of
coarse and large river worn pebbles derived from formations now west of the Rift Val-

ley including granite, gneiss, quartz and basalt. Cherts of white, grey or red colour out-
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crop on the plateau, related to the rise of siliceous water through fractures during

faulting silicifying the lime and sandstones of the Tertiary sediments.

Tertiary Volcanics

Piercing the above sedimentary strata in the central western part of the plateau
is a volcanic neck of nepheline basalt. This Pliocene intrusion is today a low rounded
inselberg rising to 345 m, its summit at about the same level as the highest plateau,

remnant near Inhaminga which attains 379 m above sea level.

QUATERNARY TO RECENT (Age: c. 3 m.y. to Recent)

Weathering and eluviation of the Mazamba Formation during the Pleistocene
resulted in the formation of two pedogenic units on the Cheringoma Plateau. Upper
siliceous sands (QP1) forming beige pinkish-yellow, orange or deep red (oxisol) per-
meable sands. The pallid sands have an impermeable mottled clay horizon-at about
100—150 cm depth and support forest whilst the deeper chroma without such a hori-
zon support miombo savanna. The impermeable horizon belongs to the second unit
(QP2) underlying the first at various depths or typically near the surface in the dam-
bos and drainage lines. The lower unit is much richer in iron oxides and clay forming

high watertable areas covered in grasslands.

The Rift Valley surface is a mosaic of recent argillaceous and arenaceous allu-
vium, with fine black hydromorphic silty clays in the lower parts. Alluvial fans occur
at the foot of both sides of the Rift Valley, and on the eastern side have coalesced la-
terally to form an apron at the break in slope. The fans on the western side appear to
be older than those on the Cheringoma side, related to possible differences in age of
faulting and dislocation on either side. The alluvial fans are all clearly demarcated in
the field or on air photographs by their cover of tall thicket or dry forest. Dry forest
is typical on the sandier deposits which are however underlain by a compact imper-

vious gravelly-clay.

On the Cheringoma Coast several kinds of dunes occur along a linear coastline
interrupted at intervals by extensive estuaries of mangrove swamps. Low dunes of pa-
rabolic, blowout and parallel (swash bank) form occur. The parallel dunes with alter-
nating vlei troughs are confined to the Zambeze delta areas where aggredation has
been rapid. Between the dunes and estuarine swamps of the littoral and the sediment
of the Cheringoma Plateau is a vast mosaic of freshwater and brack marshes and allu-

via of the southern sector of the Zambeze Delta.
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On the gentle seaward slope of the Cheringoma Plateau, between the Zambeze
and Chiniziua rivers,is an extensive series of oval pans surrounded by forest. These pans
have a similar genesis to those in central South Africa and will be treated with other

fluvial processes under the following chapter.
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56 HYDROGRAPHY

Marine and terrestrial waters meet and alternate intimately, with the seasons,
and the tides, over a broad ecotone formed by the overlap of shallow seas with low
coast plains in Central Mocambique. The littoral here is classified as a swamp and bar-
rier coast dominated by the arcuate delta of the Zambeze in the north, and numerous

estarine deltas separated at intervals by long, linear, sandy beaches (Tinley 1971).

During the summer rains, vast areas of the coast plains are flooded behind low
barrier dunes, leaching out much of the saline deposits of the previous dry season. In
the winter dry season, these flats are invaded in large part by seawater at the surface,
and in the subsoil, when high spring tides of 6,4 m amplitude have maximal reach. The
high tidal regime is also responsible for damming up terrestrial waters, which together

with the seawater, have strong scouring effects on outgoing tides.

To emphasize the breadth of this land-sea junction still further, the Urema
Lake on the floor of the Rift Valley is more than 100 km in a straight line from the
sea, and its bed is only about 12 m above mean sea level. On such flat ground a multi-

tude of small and large habitat changes can be expected over extensive areas, wrought

.merely by changes in degree of waterlogging, and fresh or salt water influences.

DRAINAGE

Contributing to this intimate junction of terrestrial and marine ecosystems are
six drainage systems derived from: (1) the continental interior (the Zambeze and to
a lesser extent the Save), (2) the Great Escarpment ( the Pungue and Buzi perennial
rivers), (3) the Midlands (Manhica Platform) (seasonal ‘'sand rivers’ as exemplified by
the Nhandue and Nhamapaza which enter the Gorongosa region), (4) isolated mas-
sifs, — (a) the radial perennial stream flow from Gorongosa Mountain, and (b) the
perennial streams off the dipslope and scarpslope of the Cheringoma cuesta, (5) a lake
system — the Urema Lake which is the sole example from Central Mocambique, and
(6) swamps, marshes and dambos of alluvial plains and drainage lines in plainsland
(Fig 5.10). Cutting across this seaward drainage at right angles is the Rift Valley which
in the past (early to mid Pleistocene ?) linked Zambeze and Lake Niassa waters (Chire)
with the Pungue, and Buzi Rivers,and possibly the Save. This link was severed by the
confluence of two alluvial fans which built out from opposingsides of the Rift — formed
by the Nhamapaza from the Midlands in the west, and the Mazamba from the Cheringoma
Plateau. The divide occurs at the neck of the Tengane tando (fig 6.3), at an altitude of

59 m, and where the Rift Valley crosses the Zambeze River it is 25 m above sea level.
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During the rains, however, the series of shallowly flooded tandos at different (stepped)
levels on the Rift floor, linked by small channels, would still allow barbel Clarias ga-

riepinus and perhaps other fish to move across the divide between the two basins.

Thus high floods almost surround the Cheringoma Plateau entering the sea at
the Zambeze Delta and between Beira and Sofala in the south. It will be remembered
from the previous section that the Cheringoma seaward streams began as the fan
distributaries of the rivers from the west on a broad land-sea junction before the Rift
was downfaulted. This drainage was then truncated and a new Riftward drainage
initiated from both sides of the trough. Though greatly depleted by this beheadment of
large rivers, a seaward flow on the Cheringoma was maintained and Riftward drainage
fed by the high watertable duplex sand aquifer along the crest and dipslope of the
cuesta. This aquifer was formed by weathering and eluviation of the surface Plio-
Pleistocene sediments resulting in a loose sand surface with an impermeable illuvial clay
subsoil. Runoff is consequently almost nil and the catch and release action of such a
duplex sponge surface acts as an efficient aquifer, and is responsible for the high
watertable sands here and of most of the Mocambique coast. Many of these extremely
feached acid sands with an impermeable iron saturated pan horizon are tropical pod-

sols.
WATER TYPES

Three main types of water can be distinquished in the Gorongosa region (Fig
5.10), similar to that described by Sioli (1975: 200) for the Amazon Basin. These are:

{1 Whitewaters: loamy turbid water of yellowish-ochre colour with extremely
low transparency, and a pH of 6 at the height of the dry season (9 October 1971). The
Urema Lake on the Rift floor, its outflow,the Urema River,and the Pungue River be-
low its confluence with the Urema are the only examples in the region. Where the
Urema white waters meet the clear water of the Pungue they remain distinct for a
considerable distance. Derived from fine defloculated clays and silts of the shallow lake
bed.

(2) Clearwaters: |impid pale green colour, highly transparent in the dry season,
with a pH of between 5,5 and 6. The rivers which rise on the continental interior (eg.
Zambeze), the Great Escarpment (eg. Pungue), Midlands (eg. Nyamapaza) and Goron-
gosa Mountain (eg. Vundudzi) belong to this water type. The regional waters of this
type derive mostly from mountain and deeply dissected landscapes of crystalline rocks.
On Gorongosa Mountain the Vundudzi stream has a pH of 5 and after traversing part
of the Rift floor becomes é pH of 6. The Mucodza stream from the mountain has a pH

of 7 where it crosses the Rift floor.

(3) Blackwaters:  water the colour of tea at different strengths, from
light to dark. Transparent,with a pH of 4,0 to 5,5. Waters derived from leached pallid
sands with an impervious subsurface horizon (many are tropical podsols) on a subdued
cuesta landscape eg. the Cheringoma Plateau. Clearwaters and blackwaters are low in
suspended matter, although the latter contains myriads of fine organic particles. The
occurrence and significance of blackwaters elsewhere in the tropics is discussed in de-
tail by Janzen (1974).

A fourth water type of minor importance in the region are two perennial ther-
mal springs. The one in a stream which flows into the Pungue River immediately west
of the park’s southwest boundary below the Bue Maria ridge. The other near the
middle of the Rift floor east of the Bunga Inselbergs, which maintains a permanent
pan little used by wildlife.

The lithologic, topographic,and soil conditions in the headwaters of the limpid
waters types determines their characteristics. The whitewater, however, is due to the
confluence of acid streams from Gorongosa Mountain which flow through saline verti-
sols into the shallow montmorillonite clay bed of the Urema Lake causing chemical
defloculation of the fine clay micelles. Wind waves assist in maintaining a high load of
suspended matter by churning up the bottom, but is not the primary cause of the
whitewater condition. In the Amazon, whitewater results in a similar way where clear-
water from the high Andes passes through the coalesced alluvial fan deposits at their
base (Sioli 1975 203).

The most striking change in water characteristics is displayed by some of the
Riftward draining streams which rise on the Cheringoma Plateau. The Mutsambidzi
stream originates from high watertable sands where dambo waters have a pH between
4 and 5. In its midcourse the drainage passes through limestone sediments which
changes the waters to an alkalinity of pH 8, high enough for halophytes to occur and
light deposits of calcareous tufa. This change occurs over a relatively short distance of
several kilometers and is confined to the stream as the adjacent soils, even those on the

limestones, are acid in reaction.

At the height of the dry season in the pre-rain spring torrid season (October
1971) the water temperatures of all samples in the Rift and adjacent uplands below
the 200 m contour was between 27 and 29° C, whilst on Gorongosa Mountain above

the 1 000 m contour a forest stream measured 18° C.

AQUIFERS

There are two major aquifers in the Gorongosa region, one on either side of
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the Rift Valley, which are responsible for through-the-year flow of water (Fig 5.11).
The most important of these quite different aquifer typesis Gorongosa Mountain whose
isolated high relief triggers its own orographic rain regime releasing perennial flows, one
of which traverses the heart of the park across the Rift Valley. The mountain catch-
ment is approximately 600 kmZ2. The other important aquifer is the crest area of the
Cheringoma Plateau where a sand mantie overlies impervious clays absorbing almost all
rainfall and releasing it in streams seawards and Riftwards. These streams, however, do
not reach the Rift floor in the dry season, but disappear into their sandy beds and allu-
vial fans where the scarp slopes meet the Rift floor. They, therefore, do not contribute
to the surface water resource of the Rift Valley, remaining available at the surface only
on the slopes of the Plateau itself. The effective catchment zone on the crest of the pla-

teau, left by headward erosion from both sides, is a linear area of 120 x 25 km (ie.
¢ 3000 km2).

High watertabie sands and ‘blackwaters’ occur south of the study area on the
Mocambique Coast Plain to where it ends at Mtunzini on the Natal Coast. They re-
appear again in patches southwards along the coast where pallid duplex sands occur,
and extensively again on the southern and southwestern Cape coasts and mountain-
lands. Yet in-depth studies of high watertable sands in southern Africa appears to be
confined to that by Van Wyk (1963) in northern Natal and Zululand, and by Henzen
(1973)in his monumental study of the Cape Flats sandveld aquifer.

The largest perennial river in the system is the Pungue,but because of its posi-
tion on the southern boundary limit of the park this river only sustains life contiguous
to it in that part — wildlife on the left (north) bank and tribespeople on the right
(south) bank. The drainage of the Gorongosa region forms part of the Pungue hydro-

graphic basin which is about 29 500 kmZ in extent.

In the north of the park is a small but important perennial surface water in the
lower course of the Muche River. This occurs despite the Muche having a catchment in
the crystalline gneiss of the Midlands which are extremely poor aquifers. The reason
for this surface water seems to be due to the extensive sandy infill of the broad lower
Muche Valley (see Fig 5.8) which acts as a sump in a similar manner to the duplex
sands of the Cheringoma Plateau, trapping runoff from the sides as well as the direct

rainfall.

The phreatic watertable in the Rift Valley floor lies at about 8 m below the
surface (at Chitengo Camp), implying that an impervious stratum occurs below that
level. Replenishment of this water must be from the edges of the trough where the
alluvia thin off against the old land rocks as most of the surface soils, including the

sands, of the Rift floor are impervious to percolation beyond 1 m depth. As the deep
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cracking vertisols of the floodplains and slack-basins are underlain in many areas by
sand however, an important recharge of this sump probably occurs at the time of

flooding before the clays swell and seal off further downward movement of water.

DRAINAGE REGIMENS

The perennial surface water of the Gorongosa region is laid out in a N-shaped
pattern linked together at the base by the Pungue River (Fig 5.11). Lying at the centre
of this pattern is the Urema Lake, which is the intermediate recipient of almost the
whole region’s drainage, which then passes on down the Urema River to the Pungue.
The Pungue in the south and the seasonal Nyamapaza River in the north, both flow
away from the Urema catchment due to their intervening bar deposits which now act
as interfluves on the Rift floor isolating the Urema catchment. The central position of
the Urema Lake in the floor of the Rift Valley thus makes it an effective local base
level of primary importance to which all erosional and depositional processes are even-
tually related. This fundamental position of the Urema will only be replaced by the
Pungue when either the convexity forming the critical height at its outlet is incised suf-

ficiently to drain the lake, or when the lake is filled with sediment.

Urema Catchment

The Rift Valley is a flood plain ecosystem reliant on both the amount and dis-
tribution of rain in the Urema catchment as well as that in the Rift Valley itself. The
changes in this inpui are clearly displayed by the extension and contraction of the lake
waters across the surrounding plains. During maximal flooding the Urema Lake ex-
pands from a dry season minimum of 10 km2 to about 200 kmZ area. In the ten sum-
mers between 1966 and 1976 four maximal floods have been experienced (66/67,
69/70, 73/74, 75/76) and six low to medium floods. The area of slack floodplains at
the confluence of the Pungue and Urema Rivers, known as Dingedinge, expands from
nil, at the height of the dry season,to 120 kmZ2 under flood waters (Fig 5.11). Whereas
Gorongosa Mountain is the most important perennial resource, in flood periods the
Nhandue River which rises in the western crystalline Midlands and the Pungue River
also play important roles. During high flooding the Pungue waters effectively dam up
the outflow from the Urema catchment thus favouring increased deposition of sediments
and the preservation of the critical height at the outlet of the Urema. The Nhandue,
like the Nhamapaza, is a broad ‘sand river’ whose flow rises and falls in empathy with
every rainfall change. By contrast the Pungue, Gorongosa Mountain,and Cheringoma

catchments provide a more sustained high water regime during the rains. At the same
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time the differential amounts and distribution of rain in the various parts of the catch-
ments can result in large discrepencies in timing of floods from different directio.ns
which has enormous consequences on changes and direction of fluvial processes. Maxi-
mal floods are typically recorded in January and February at the culmination of these
differential inputs. For example, if the Cheringoma Plateau experiences a succession of
heavy afternoon cumulonimbus thunderstorm rains which develop into light stratus
rain over the remainder of the region at night, the plateau streams come down in flood
while other drainage stays at low flow. Under such conditions the Muaredzi stream
which joins the Urema River at the lake's outlet floods into the lake and only when
the lake waters have reached sufficient height to cross the sill formed by the Muaredzi

alluvial plug do the waters reverse and flow back down the Urema River.

The flood waters from the mountain are relatively ‘clean’ but where they meet
the runoff from the heavily cultivated, dissected Midlands they acquire a heavy load

of red loam and sand from erosion.

The Nhandue which has the largest catchment (c. 3 700 km2) of all the streams
entering the Urema basin carries the largest quantities of sandy sediments during
floods. Depending on the level of the Urema Lake,these flood waters are responsible
for the cut and redeposition of Rift Valley alluvia in the central sector of the Rift

floor.

The Muera River which rises on the western rim of Gorongosa Mountain,direct-
ly opposite the source of the Vundudzi and Nhandare Rivers, flows north into the
Nhandue River. Together with streams from the northern slopes of the Mountain, the
Nhandue River is kept wet at the surface all the way to where it meets the Rift Valley
near the Muche River confluence. Above and below this sector, the Nhandue is a dry
'sand river’ with water available to elephant and man below the sand, its depth depen-

dent on the distribution of the rains and the severity of the dry season.

If Gorongosa Mountain waters flood before those of the surrounding areas, this
causes the rise and partial flooding of the Urema Lake. Thus when large scale floods enter
from the Nhandue or push back from the Pungue their erosional impact is buffered by
the already flooded plains and deposition of sediments occurs as distributary fans back
from the lake. The effectivity of fluvial processes during floods are thus dependent
not only on the break in slope, but also on the prior degree of flooding or saturation.
The consequences of the differential timing of flood events in the landscape develop-
ment of the Rift Valley are dealt with below where the processes at work in each

topographic unit are detgailed (Ch. 6).
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Between the Nhamapaza and Nhandue Rivers on the Rift floor is a narrow deep
creek, known as the Lunga, of an abandoned former Nhandue — Nhamapaza river bed,
which usually holds water throughout the dry season. Similar semi-perennial waters
occur in cut-off riverbeds of the Pungue in the south of the park west of Chitengo

Camp, and in the southeast between the Pungue and Urema Rivers.

As indicated in Fig 5.11the Riftward draining Cheringoma streams are only
perennial in their middle courses. Those of the seaward drainage are perennial closer
to the coast,due to the general high watertable regime throughout their course,and
are more seasonal at the surface in the mid and upper reaches of the larger rivers

which are actively dissecting their catchments back and downwards.

At the driest period of the year the Urema Lake shrinks to an area of about
10 km?2, twenty times smaller than its maximal flood area. The total seasonally inun-
dated area of the Rift floor sector which falls within the Gorongosa ecosystem is
clearly demarcated by the distribution of the grasslands, the flood edge of present
regimes is indicated by the relatively sharp tree-line junction of the savannas and

other woody cover.

Dry season flow measurements

Although no figures are available on flood volumes or summer flows of the
more important rivers and streams involved in the Gorongosa ecosystem, measure-
ments were made at the height of the dry season (October) in 1971. These figures
highlight how the entire ecosystem hangs on the slender thread of the perennial flow
from Gorongosa Mountain which, because of its smallness, can easily be destroyed or
altered to a seasonal flow by damage to the mountain’s sponge cover of rain forest and

grasstand.

The Vundudzi Stream,which traverses the Rift floor and is the only perennial
surface flow contributing to the Urema Lake and its overflow down the Urema River,
was supplying only 0,6m3/sec (21 ft3/sec) at the driest time. At the same time a vo-
lume of 0,2 m3/sec of water left the lake’s outlet, three times less than the input. The
other mountain stream, the Mucodza, which contributes directly to the Rift floor
provides a surface flow of 0,02 m3/sec to its mid-course marshy delta and only half
this amount is released below the marsh. Its waters therefore do not reach the Urema

L ake during the height of the dry season.

At the same time,the Pungue River flow was about 16,5 m3/sec as measured
above rapids 2 km above its confluence with the Nhandare River. Near this confluence

the Nhandare River, born on the southwestern sector of Gorongosa Mountain, had a
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volume of 1 m3/sec. No measurement was made of the Muera Stream off the north-
western part of Gorongosa Mountain which keeps the Nhandue River bed moist down
to the edge of the Rift floor.

Rift and Cheringoma drainage towards the Zambeze

The section of the Rift Valley north of the Urema catchment is drained by the
Macua, alias Zangue, which meets the Zambeze River opposite its confluence with the
Chire River. The Chire drains Lake Niassa. Almost all the Zambeze-ward drainage en-
tering this sector of the Rift Valley are seasonal, large ‘sand rivers' rising mostly on the
extensive area of friable Continental Cretaceous calcareous sandstones west of the

Rift.

Of these the largest is the Nhamapaza River whose fossil bar deposits form the
northern boundary of the ecosystem on the Rift floor. It is a‘sand river’for its entire
length to where it joins the Zangue, but its subsurface water is much deeper and thus

less easily available to elephant and man.

During exceptionally high floods, as in the summer of 1958, the Zambeze
waters pushed back up the Rift Valley both ways, north up the Chire into Malawi and
south flooding Dimba Marsh. Such floods also inundated more than 18 000 km2 of
delta grasslands, and swept large numbers of buffalo and waterbuck out to sea (Tinley
1969). Thus in the recent past vast areas of alluvial grasslands of the Urema and Chire
Troughs were all affected periodically by the additional flooding of Zambeze waters.
The summer of 1958 was the last time the Zambeze was able to flood large areas of
the central lowlands of Mocambique, as soon after this the Kariba Dam was completed.
In addition to the effects of the dam,the flooding in the delta had been confined most-
ly to the main rivercourse by a series of dykes erected by the Sena Sugar Company to
protect settlements and plantations. This' reduced flooding has dried out the rich aliu-
vial soils and they have become alkaline or saline. As alluvial grasslands are maintained
solely by seasonal flooding,the removal of this periodic phenomenon has released the
invasion of savanna and forest which will in time eliminate the pure grass habitat.

The key to the survival of the Zambeze delta grasslands now lies almost entire-
ly with the high watertable runoff from the sandy dipslope of the Cheringoma cuesta
abutting them. But these nutrient-deficient (Janzen 1974) peaty blackwaters carry no
silt and the flooding is ‘clean’. The southern sector of the delta includes the Marromeu
Buffalo Reserve and the tapering end of the alluvial grasslands which enter the present
study’s montane to mangrove transect. The advent of a second gigantic water storage

scheme on theMiddle Zambeze at Caborabassa means that the southern delta alluvial
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grasslands are increasingly dependent on flooding from the Cheringoma Plateau. As
saline waters spread far into these grasslands during high tides and encroach from the
subsoil, the possibility of freshwater marshes being replaced by saline grasslands is very
real. In addition, the entire Mocambique Coast is at present being eroded and sea inva-
sion of mangrove swamps is common on the central coast. Only at the actual distribu-
tory mouths of the delta is there accretion of sediments. On such a low fragile coast,
the balance between erosion and deposition is delicate and the effects of the large dams
on reducing the supply of sand during floods for the maintenance of this delicately
poised coastline is an unknown factor (Tinley 197 1b).

SEASONAL PANS

A feature of the Rift Valley is the myriads of small seasonal rainfilled pans.
These are in addition to the numbers of much larger cut-off courses, slacks,and other
past drainage depressions which also hold water for varying periods. Some of the pans
are deep enough to hold water until July, but the reliability of these surface water
islands is totally dependent on the distribution and amount of rainfall. Late rains re-
sult in longer lasting supplies, and midsummer droughts, or general<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>