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Abstract

A gedimmic relraction analysis was camed outl on dats acquined on an 8.5 km profile at Lake Mgami, MW Botswana, to determine the
slrusctune and strtigraphy wndelying the ke The sciank spresd compnasd & 48-channe scimagraph with a 25 aomeciver and souro
apacing. The setimic sowrce compr sed 10 hammer blows on an auwminwm plate, Trom which 2 vertical stack ws reconded. The data were
proceasd with WinSisam™ version 10 program using the intercepl tme method. A total feld magnetic survy was ako carried out aleng
the same line.

The seismic nelmction pood e shows alow velocity ayer (4001600 mf) extending from the swrface &t the southern end of e Bne toa
maximum depth of 30 m in the middle of the profille, refuming to 2 depth of 20m fiom 45 km o the northem end of the Ene. The low
vl city layer conass of the unconsolidated sedimentsand is wndelan by more compact and satrated mater ia] with sbamnic velocties of
1803400 :Il.'l.ll:i. Tlis matenal s i lepl;'lﬂl Loy Coampr T e~ o Tl |_'.- comsobidated sndstone. The base of these sands edniss, howey o,
conld only be mapped ne the southern end of the ne out o 2 km, High selamie velocity socks (3800-5000 m /), interpreted to b
weatheied 1o fesh bassment, weis mapped bedow the s datones at the southern sid of the lie.

The magnetic profile shows a2 high at the beginndng of the line which progresively declines 1o a low at 3 km, The field strength
incnz e rapidly over the next 1.5 km o reach 2 platese lowel 21 4.5 km. The magnetic kigh &t the beginning of the e cormes pomds
to shallow batement which i mapped in the relaction prodile The magnetic low 21 3 km & indicative of 2 thickened sediment secti on
al this lodation,

The sowthern end of the Bne with kgl setmic vebecities compriss basement mocks located in the Teotwall bleck of the Kunyers Bar-
der Fault of the Okavangs Rl The step-wise dewnthown hanging wallbleck cons sts of the low Lo intemediate velocity bagn depesils
in the nodthern eart of the ool

Kepwords Lake Mgami; Okavango rift Stratigraphy; Sesmic velocity; MMagnetic profike

1. Inirselctinm Angola in the morth and splay s mto a bird-foot delta wupon

enterimg the rift hasim, with a subtle gradient of 123600

The northeast trending Okavango rift (Reeves, 1972),
covering some 36000 km™ in northwestern Botswanma, &
part of the southwestern branch of the East African Rift
Systemn (EARS) (Modisi et al., 2000; Fig. 1). It occupies a
subtle topegraphic depression with a relied of less than
100m. The (¥kavanga River within this rift fows from
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(MoCarthy et al, 1993 ). The delta terminates in the south-
cast against scamps of the northeast trending Bunyen= and
Thamalakane faults (Fig. 2). Relief con the fault scarps is
only a few meters and upto 25m at Lake Mgami. Remote
senzing and high resolution geophyacs ame the main tools
that have been wsed to map the geological structure of
the Ykavango rift (Grreemwood and Carrathers, 1973;
Scholz, 1973 Hutchins et al, 1976 Hutchins et al., 1977,
Mallick et al., 1981; Laktsang, 199 5). Geological mapping
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Fig. . Map of the East African Rift System. The inset i a map of Africa
showing the position of the Okavanga Rift Basin in Mortheest Botsaan
imadified from Modisiet al,, 2000).

Fig. 2. Landsat Thematic Mapper image shoming the main faults of the
Dlavango Rift Basin.

iz inhibited by the mantling wunconsolidated Kalahari
Crroup sediments.,

Motwithstanding the results, little is known about the
sedimeent infill within the delta in terms of the geometry

and detailed stratigraphy. Cenozoic deposits are character-
ized by a variety of continental sedimentary deposits con-
siging of unconsolidated sand, sandstones, siltstomes,
minor clay, calkerete and diatomaceous carth. Depositicmal
environments include acolian, pan, and fAuvio-lacustrine,
The vertical, lateral, and temporal variation of these depos-
its in northwest Botawana is poorly understood due to the
lack of outcrop, unavailability of core samples, and other
pertinent intormation. Climatic conditions and changes in
both space and time have played a significant role i con-
trolling the deposition of the sediments. The EARS tran-
scemds a variety of climatic areas, mcluding very dry and
arid environments at Atar, through subtropical and tropi-
cal regions in East and Central Africa, and semi-arid to
arid regions in its southwestern branch at the Okavango
Delta and beyond mto Mamibia. Comparative studies of
the embryonic Okavango rift with the more mature ritts
in East and Centml Africa are necessary in order to under-
stand the inherent processes, mechamisms, dynamics, and
their mplications on the physical environment. The ok
aof geological structures and the influence of tectonics on
the deposition of the sediments is also a knowledge gap
that needs to he filled.

During this study, shallow seianic refraction and mag-
netic surveys were undertaken to determine the structure
and shallow stmtigraphy at the southeastern edge of Lake
Mgami, MNorthwest Botswana. The obhjective was to com-
pare the results with those obtained from the interpretation
aof acromagnetic data, in order to determine vertical Faul
displacement at the border fault of the Okavango basin.
Creological mapping, pit logging, and shallow seismic sur-
voys, wem undertaken to establish the lithostratigraphy
and geological structures of the rocks within and adjacent
to the Okavango Dielta,

2. Geological setting

Mesoproterozoic rocks amr exposed in wolated outcrops
along the southeastern fank of Lake M gami and further to
the cast=sputh-cast at the kgwebe Hills (Fig. 3). The meta-
voleanic rocks torming the K gwebe Formation ocourin the
core of anticlines with northeast trending shallow plunging
told axes (Schwartz and Akanyang, 1994). The Ghanz
Giroup consists of Folded metasediments and minor meeta-
voleanics (Thomas, 1973; Modie, 19%; Akanyang, 19497).
These Mesoproterceoic rocks display a strongly develo ped
steep foliation, trending 607, and medium to low grade
metamaorphism (Schwartz and Akanyang, 1994).

Uncontormably overlying the hasement are Palacozoic
to Mesozoke clastic sedimentary rocks belonging to the
Karoo Supergroup (Smith, 1984). These rocks consist of
conglomerates and gritty to coarse-grained sandstomes.
Compositions range from impure sandstones, calcareous
sandstones, to quartz aremites. Jurassic basaltic mocks are
interpreted from acromagnetic anomaly patterns (Modisi,
2000, Dalerite dykes trend WN110® and were mapped
mainly from acromagnetic anomalies,
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Fig. B {ealogical structure underlying the Lake Mgami area derived from
high resaohiion aeromagnetic data. Mote the prevalence of NE-SW
trend ing fauhs parallel 1o the major rift bounding faulss, the Kunyere and
the Thamalkane. The owutlne of Lake Mgami, which is fiself 2 magnetic
anomaly, & shaam in hachure The seimic and magnete Hme i aks
shomm.

Exposures of dolerites show a medium gramed basic
rock consisting of plagioclase with intergranular augite
and minor amounts of opague minerals. These intrusive
rocks have been dated wsing the U ar/™Ar method at 178
to 179 Ma in the Francistown area, turther to the cast
alomg the strike of the dykes (LeCiall et al, 2002), The
dykes torm a west-northwest swarm, 70 km wide, with a
dyke spacing of about 2.3 km, as mapped with high msol-
tion acromagnetic data (Modisi, 20000, Kalhar Group
sediments consist of unconsolidated to semi-consolidated
sedimnentary deposits. The top 3.8m of the unconsolidated
sedimnents are described in Fig, 4. Acolian deposition is evi-
denced by Fossil dune morphologies to the south and north
of Lake Mgami and to the west and cast of the Okavango

(Grghiclog  Description
Sand, gras roots, humke sol calerete nodeles {10 )

Drark becrwnipray dessicated clay, compact (75 cm}
Fliori zomial by-l ayored disiomsccows carth gray, vory lght in weight (5 and

Drarfc becwwmsgray dewsicated clay (1% cm)
Hirizomtalby-layvered distomscoowss sarth {15 em)

Firee: il with soscd cante (45 em) with disperied calerde nodules

Verv Bne-gramed sili wish casis, grading io compact clayslt

Dramp siki

Fig. 4. Dwetadled log description for a pit excavated on the bed of Lake
Mgami. The lacation of the pit & shown on the seismic profile in Fig. Sa.

Dielta. Within the rift basin, deposits are fuvial and include
sand, silt and clayey sands. Sand, mud, and diatomaceous
carth deposits ocour in the fluvico-lacustrine enviromment of
the Lake Mgami arca. Omnm the scarps of the Kunyere Fault
alomg the edge of Lake Mgami, cakrete deposts am
exposed. These caleretes probahly resulted fromalternating
wet and dry periods and fHuctuations of the water tahle.

3. Seismic refraction aml magnetic profiles

Seismic data were recorded along a south-north profile
across the southern edge of Lake Mgami (Fig. 3). The
ohjective was to map the stratigraphy comprising the lake
sodiments and the basement structum using seismic netloc-
ton profiling. However, the field conditions and available
instrumentation only allowed the recording of data which
were found to be inadequate for seismic reflection process-
ing. These data, nevertheless, were of sutficient quality for
seismic refraction inversion since they showed clearly visi-
ble first breaks. These data were thus processed for seismic
refraction profiing which produced the profile (Fig. 5a)
discussed in this paper.

Seismic data were acguired with a 48 channel Bison™
S0A signal enhancement digital seismograph and 48 high
resolution Mark Products geophones, along a south to
narth line laid out perpendicular to the edge of the lake.
The 4% single goophoncs (no groups) were planted at
S.5m intervals, The source of scismic energy usad m this
survey was a 14 lb steel hammer hitting on an aluminum
plate, The hammer source 15 particularly anited for high
resolution seistic work since it produces a wide bandwidth
of frequencies (Sheriff and Creldart, 1995). Although a sur-
tace source was not ideal, it was Found at the beginning of
the survey that the surface clay layer, which was decoupled

-

Fig. 5 {a} An mierpreted sesmic refraction profile across Lake Mgami
rumning 3-M fram Batlhatlogo to just south of Sehitea village. The profike
consists of 203 m of unconsalidated hiebhed cly deposits underlain by
consalidated sandstone. () Total field magnetic profile recarded alo ngside
the seismic refraction profile. Mote the pick in the profile from 0-2.5km
and the low at 2 km, fallowed by the platean at 45 2 5km.
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trom the underlying material, prevented penetration of the
seismic energy from a Betsy seismic gun. The acquisition
geametTy adapdead in this survey was snch that all the 48
geophones were planted and the source was fired at every
geophone from 1 to 48, and there was no roll-along. This
geometry is suitablz for reflzction surveys when there is lit-
tle labour available to mowve the geophones, but a large
number of recording channels is available. In this case a
reasonable amount of fold can still be attained for stacking.
The shot-point was fired 10 times at each receiver and the
records stacked vertically. After complete recording of one
spread, the entire set-up was moved forward and the
recording process repeated. This was continued  until
B35 km of line was recorded covering the southern edge
of Lake Mgami towards the north.

During refraction processing, 9 shots were chosen at
every Gth station (47.5m) on each spread. The density of
the shots was chosen to mcmease the accuracy of mapping
in e Fuhed geas, Oualy two spieadk woe coabied in
cach mn due to limitations in software capahility, so that
the total spread lergth was 893 m. The data were nspected
and edited for bad traces using the commercial sofbware
package Winsiam™ wversion 10 (W _Creosoft, 20045, after
which the first breaks were picked mteractively on the
scroen. The first breaks were imeerted for interpretation
using the intercept time method described in Redpath
{1973).

In addition to the seismic refraction survey, a total ficld
magnetic profile was recorded along the same transect
using a CGiSM-19™ proton precession magnetometer, The
ohjective of the magnetic survey was to map basement
structure to corroborate the observations made on the seis-
mic profile. The deta were recorded at 20m intervals in a
south to north direction.

4. Resulis

The seismic refaction and magnetic profiles are pre-
sented in Fig. 5. The scismic refraction profile shows a
low velacity layer (400-1 600 my/s) extending from the sur-
tace at the southem end of the line to a maximum depth
of 30 m in the mddle of the profle (0-4.5 km), and return-
ing to a constant but shallower depth of 20 m from 4.5 km
to the northern end of the line, The low velocity layer i
underlain by more compact and saturated material with
setemic velocities of 1600-3600 my's. Also, very high seismic
velocity rocks (3600-5000m5) were mapped below the
sandstones at the southern end of the line.

The magnetic profile in Fig. 5b shows a magnetic high at
the heginming af the line, which progressively declines tnoa
magnetic low at 3cm. The ficld strength increases rapidly
over the next 1.5 km to reach a platean level at 4.5 k.

5. Interpretation

The low velocity layer (4-1600m/5 is interpreted to
comprize unsaturated and unconsolidated lake bed sedi-

ments such as hlack clay which was ohseved on the lake
surface, and silt, sand, clay and diatvmaceous ecarth
ahsereed inoa pit lngoed near the hegmning of the line
(Fig. 5a).

The material underlying the low wvelocity layer i inter-
preted to comprise semi- to fully consolidated sandstone,
Consolidated sandstones have been mapped in the vicinity
af the seismic line. The base of these sandstones, however,
could only be mapped near the southern end of the line out
to 2km, where they are lost in a downward trend. The
rocks helow the sandstones are intempreted to be basement,
which is hmtaposed against the sediments by faulting on
the sputhern edge of Lake Mgami.

The abrupt increase or decrease in thicmess of the lake
bed sediments was used to infer fault lomtions along the
seismic profile. Eight such faults were identified and are
indicated in Fig. 3a. These faults are high angle and pro-
gressively displace the hasement dowmward from the south
endd of e live out w2 ko, aller whiel the deplacens ol
direction is reversad, thus forming a small graben on the
lake-bed, in which the sediments have become thickened.
Fault plane solutions computed by Schaolz ( 1973) indicate
that the Kunyere border fault, which ckarly affocts the
rocks near the beginming of the line, dips at 607 to the
northwest, Evidence of extensive faulting is abundantly
shown by the acromagnetic data interpretation shown in
Fig. 3.

The magnetic high at the beginning of the line, (Fig. 5h)
in the magnetic profile, corresponds to skallow basement,
which iz mapped in the refraction profile. The magnetic
low at 3 km is indicative of a thickened sediment section
at this location. This finding & corroborated by the seismic
refraction profile as the middle of the small “graben”. An
estimate of the depth to basement wing the straight-slope
method described in BRam Babu et al. (1986) gives
~A) m. Indeed, Creenwood and Carruthers ( 1973) inter-
preted ~300m of Karoo age sediments at Lake Magmi
trom scismic refraction data, and Laletszng ( 19935} inter-
preted ~300m of Karoo sandstone from seismic reflection
data to the north of the Kunyere Fault near Maun. The
plateau at the northern end of the line corresponds to
reduced sediment thickness, which iz ako indicated by
the refraction survey.

. Conclusions

The seismic refraction profile shows thet Lake ™ gami is
underlain by a thin layer {2030 m) of scdiments resting
on faulted basement and more competen: sediments. The
imvestigatinn has estahlished clearly that the Konyere
Fault comprizes a fault zone with a number of synthetic
taults. The antithetic taults are small in scale and occur
towards the centre of Lake Mgami. The problems experi-
cnoed with recording seismic mfection data at Lake
Mgami have shown that in the future one requims deep
shot haoles to place the source below the eopansive surface
clay layer.
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