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ABSTRACT

The Late Proterozoic Kuiseb Formation within the western Khomas Trough of the southern Damara Orogen comprises a considerable
thickness of intercalated metamorphic psammites (metagreywackes) and pelites. Prominent lithological markers of great lateral extent
are represented by (1) a graphitic schist, up to 60 m thick, in the centre of the Khomas Trough and (2) the metabasic rocks within the
Matchless Amphibolite Belt in the south. Minor lithologies are thin graphitic schists, quartzitic schists, calc-silicate-rich units, scapolite-
bearing schists and minor amphibolite. A prominent linear zone of discordant scapolite replacement occurs in the northern part of the
Khomas Trough. The regional structural pattern is characterized by four phases of deformation with corresponding tight to isoclinal and
open folds. Zones of high and low strain express the distinct heterogeneity of the structural regime. The metamorphic grade increases
from lower amphibolite facies conditions at the southern margin of the Khomas Trough to upper amphibolite facies in the north. De-
spite the deformation and metamorphism, original bedding and sedimentary structures such as graded bedding, cross-lamination, scour
surfaces, load structures, flute casts and rip-up clasts are preserved. Palacocurrents indicate sediment transport towards the south-west.
The organization of major parts of the sedimentary sequence into cyclic successions and the depositional character of the Kuiseb schists
imply deposition by turbidity currents within a submarine elongate fan system of considerable extent. A major sediment source is indi-

cated towards the eastern end of the Khomas Trough.

1. INTRODUCTION

The Late Proterozoic Kuiseb Formation in the South-
ern Zone (or Khomas Trough, Fig. 1) of the inland
branch of the Damara Orogen represents the uppermost
stratigraphic unit of the Swakop Group and comprises
a considerable thickness of intercalated metamorphic
psammites and pelites as well as the narrow, 350 km
long Matchless Amphibolite Belt. The southern margin
ofthe Southern Zone is characterized by intensive thrust-
ing (Hoffmann, 1983; Miller and Hoffmann, 1981). To-
wards the north, facies relationships with lithological
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Fig. 1: Simplified geological map of the Central Khomas
Trough (or Southem Zone) showing location of the study
strip.

units of the Central Zone are largely obscured by the in-
trusion of the late tectonic Donkerhoek Granite (Miller,
1983), but interfingering of the Kuiseb schists with the
turbiditic carbonates of the Tinkas Formation (Porada,
1983) and the shelf carbonates of the Karibib Forma-
tion (Martin, 1983) has been recognized.

Pioneering work on the Kuiseb Formation in the
Southern Zone was carried out by Gevers (1963) and
Martin (1965). Structural studies were undertaken by
Hélbich (1977), Blaine (1977), Sawyer (1981, 1983)
and Miller (1979). A study of the lithostratigraphy of
the Swakop Group in the Southern Margin Thrust Belt
(Fig. 2) was undertaken by Hoffmann (1983). Blaine
(1977) and Miller et al. (1983) have interpreted parts
of the Kuiseb schists as possible fore-arc basin depos-
its. Metamorphic studies by Hoffer (1977, 1983) and
Sawyer (1981) indicate that the metamorphic grade
increases from upper greenschist facies conditions in
the Southern Margin Thrust Belt to upper amphibolite
facies conditions in the Southern Zone.

Detailed geological studies have been undertaken in
order to characterize the tectonics and the sedimenta-
tion of the Kuiseb Formation in the Southern Zone. The
investigated area is a north-south trending, 80 km long
river section (Kaan, Koam and Amsas rivers) through
the Khomas Hochland, about 120 km west of Windhoek
(Fig. 1).

Preliminary results of these structural and sedimento-
logical studies are presented here.

2. LITHOLOGY

The Kuiseb Formation comprises metasedimentary
rocks, together with metavolcanic and metagabbroic
rocks of the Matchless Amphibolite Belt. The predomi-
nant rock types encountered are metapsammites (with
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Fig. 2: Lithostratigraphy of the Southern Zone and the adjacent Southern Margin Thrust Belt (after Hoffmann, 1983) and

Central Zone (after SACS, 1980).

intercalated layers and spindles of calc-silicates and
quartzites in parts of the sequence), metasiltstones and
metapelites (subsequently referred to as psammites,
siltstones and pelites). Graphitic pelites and scapolite-
bearing schists occur in various parts of the traverse

(Fig. 3).
2.1 Psammite

The psammites range in thickness from a few centi-
metres to about 5 m and are light to grey, fine- to me-
dium-grained, mineralogically uniform quartz-plagi-
oclase-mica schists. They occur as either single massive
layers with sharp base and top contacts or they grade
upward from quartz-rich compositions at the base into
mica-rich compositions at the top. Bedding and graded
units are widespread and parts of the sequence even
have cross-lamination and scour surfaces preserved.

2.2 Siltstone and pelite

Siltstones and pelitic schists range in bed thickness
from 1 cm up to more than 10m. They show a variation
in their mineralogical composition but are mainly mica-
quartz-plagioclase schists. Garnet, staurolite, kyanite,
andalusite, sillimanite and chlorite are present depend-
ing on composition and metamorphic grade.

2.3 Graphitic schist

Units of schist with a high graphite content and a
thickness up to 60 m are developed within the traverse.
The thickest of these graphitic pelites crops out on the
farm Kaan 309; other units occur close to the contact

38

l\ﬁ?ﬂNl :f/

Ot prngue B - ‘.'_ncmmz
T A
zms-'--{ k4 \; ol
\/pxﬁ%é .

T C—

== ROAD

o i
RO
RN ME
souTHt EAMPHIBOLITE
G GRAPHITE SCHIST

n THRUZ]

4] Inkm

— S SCAPOLITE SCHIST™
— B - 1
EXPLANATION
+POLES T0 5, O BOLES 18 5, & POLES 10 5y o POLLS TO 5y opos To g,
& MULS 10 5, ANIAL PLASE & POLES 10 S5p ANML PLAME w POLES 70 5y adiAL SLame
@ ry FOLD AXS ® Fy FOUD A © Fy FOLD ANIS

Fig. 3: Map of the study strip showing lithological marker
units, structural domains A-E and associated structural
fabric data. For details see text.



with the Matchless amphibolite on the farm Kobos 305
(Fig. 3).

2.4 Scapolite schist

Scapolite-bearing schists are a remarkable feature in
the Khomas Trough. The scapolite is widespread in a
variety of lithologies such as psammites, pelites, calc-
silicates and amphibolites. However, the most striking
scapolite schist crops out with a thickness of more than
200 m on the farm Dagbreek 365 (Fig. 3). Mapping
showed discordant scapolitization of the predominantly
pelitic schists. The scapolite occurs as aggregates on the
centimetre scale and typically overgrows any structural
fabric. Furthermore, extremely scapolite- and calc-sili-
cate-rich pelitic schists are situated along the southern
border of the farm Keises 312 (Fig.3).
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Fig. 4: Landsat image of the Central Khomas Trough showing marker units. Note lateral extent. Study strip is indicated by
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2.5 Calc-silicate rocks, carbonate-rich and quartzitic
rocks

Three different rock types occur as layers and spin-
dles throughout the traverse and have been described
by Porada (1973). In the first type 0,5 m thick calc-sili-
cate rocks are composed of quartz, plagioclase, garnet,
hornblende, diopside, ziosite, calcite, scapolite and epi-
dote. A second type is carbonate-rich (greater than 20 %
calcite) and also comprises quartz, plagioclase, biotite,
muscovite and garnet whereas a third, quartzitic type
is uniformly composed of quartz, plagioclase, large bi-
otite grains and muscovite.

2.6 Metavolcanics and metagabbroic rocks

The Matchless Amphibolite Belt outcrops as amphi-

dashed line. MA = Matchless amphibolite, G = graphite schist, S = scapolite schists (reproduced with permission of the

Satellite Applications Centre of the CSIR).
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bolitic and metagabbroic rocks on the farm Kobos 305
(Fig. 3). Two types of amphibolite are distinguished; a
banded, carbonate-rich type and a massive, dark-green,
epidote-rich type. The latter contains pillow structures
and is associated with volcanic breccias. The mineral-
ogy of both types of amphibolite comprises plagioclase,
hornblende, calcite, biotite, quartz, scapolite and epi-
dote. The Matchless amphibolite in this area consists
of two main units separated by approximately 20 m of
schists. Graded bedding within these schists indicates
that the amphibolite is not overturned as could be shown
for other parts of the Khomas Trough (Killick, 1983;
Preussinger, 1987; Klemd ef al., 1988). A second, trem-
olitic amphibolite is situated in the footwall of the 60 m
thick graphite schist on the farm Kaan 309 (Fig. 3).

2.7 Marker lithologies

The Matchless amphibolite has long been recognized
as an important stratigraphic marker in the Khomas
Trough. Other markers which have been discerned dur-
ing this study are the 60 m thick graphite schist on the
farm Kaan 309 and the scapolite-rich successions on
the farms Dagbreek 365 and Keises 312 (Fig. 1), both
of which can be traced on the Landsat image over at
least a hundred kilometres (Fig. 4).

3. STRUCTURAL DOMAINS AND DEFORMA-
TION PHASES

3.1 Structural domains

With the exception of the southernmost part of the
traverse, sedimentary layers, both graded and ungraded,
are well preserved and therefore provide a good strati-
graphic control in delineating fold structures. Major
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changes in fabric development, which sometimes coin-
cide with a change in fold morphology, allow the recog-
nition of five structural zones which are shown in Figs
3 and 5. These zones are referred to as ‘domains’ in this
paper to avoid confusion with other terminology associ-
ated with the Damara Sequence. Each of these domains
will be described in detail in the next section and phas-
es of deformation will be interpreted in the subsequent
section.

3.2 Description of structural domains

Domains C and 0 contain two penetrative cleavages
which are overprinted by a third penetrative cleavage
in domain 0 (Fig. 3). In both domains open asymmet-
ric folds are apparent with a vergence to the south-east
(Fig. 6). These folds are minor structures on the limbs
of major synclinoria whose complementary anticlinoria
have been structurally eliminated (Fig. 5). The southern
part of domain C is characterized by the transition from
open to isoclinal folding with associated downward fac-
ing folds and minor thrusting. The downward facing is
recognized from the overturned aspect of graded units
with respect to the axial planar cleavage of the isoclinal
folds developed in this area. This is the first time that
such downward facing structures have been identified
in the Khomas Trough.

The fold style in domains C and 0 contrasts with fold
styles in domains A and B to the south and domain E to
the north. Domain A is dominated by an intense compos-
ite cleavage accompanied by only small scale intrafolial
folds (Fig. 7) and a late phase crenulation cleavage. Do-
main B is characterized by tight to isoclinal folds and
two penetrative cleavages which are also overprinted
by a later crenulation cleavage. Domain E contains tight
isoclinal folds with subvertical axial planes. Downward
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Fig. 5: Structural profile across the western Khomas Trough showing s, form lines, D2 fabric and inferred thrust zones. Domain
boundaries are based on changes in fabric development. Notice the progressive steepening of the s; axial planes

northwards.
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Fig. 6: Open asymmetric SE verging F. fold in psammitic

schists in domain C. Bedding is demarcated by dashed
lines. Height of scale is 1,7 m. Farm Kaan 309.

facing structures have been identified. The two penetra-
tive cleavages and the overprinting crenulation cleav-
age in this domain have an easterly strike which is in
contrast to the north-easterly strike within the other do-
mains (Fig. 3). In the northernmost part of domain E
upright isoclinal folds occur with steeply inclined limbs
and cleavages. These may be related to characteristic
structures of the Okahandja Lineament Zone described
by Miller (1979).

3.3 Deformation phases

Four phases of deformation have been identified with-
in the study area. The second phase of deformation (D)
is a structural event of regional importance. Fabrics as-
sociated with the D, event are developed throughout the
Khomas Trough. In the investigated area it is charac-
teristic that D, D, and D, fabrics are only recognizable
in parts of the section. The deformation events will be
described in their inferred chronological order.

3.3.1 D, Deformation

Where the earliest recognized fabric occurs, it strikes
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Fig. 7: Early intrafolial folds within an sq, 1, - composite fabric
in pelitic schist. Domain A, farm Usambara 304.

Fig. 8: S; metamorphic banding cleavage deformed by small-
scale tight Fy; folds in psammitic schist. Note the
deformed calc-silicate spindle in sz on the right hand side
(indicated by arrow). Domain E, farm Keises 312,

050°-060° and dips moderately (30°-40°) towards the
north-west. In the southernmost part of the traverse s,
forms part of the composite s, |, , fabric and is only
preserved in the fold hinges of isoclinal F, folds. Within
domain C (Fig. 3) s, is a metamorphic banding cleav-
age which is almost as strong as the s, metamorphic
banding cleavage in this area. Further north the relic
nature of s in domain D is expressed by its exclusive
preservation in F, and F, fold hinges. Although there is
some evidence for F| intrafolial folds, it is not yet clear
if s, is developed in domain E.

F, folds are difficult to detect because of the strong
overprint by the s, foliation. Only minor-scale tight to
isoclinal folds could be observed in the central part of
the traverse (Fig. 3).

3.3.2 D, Deformation

The D, phase of deformation is of regional impor-
tance within the Khomas Trough and represents the
only deformation with consistent characteristics over
large parts of the Southern Zone. Its s, fabric therefore
forms an excellent marker to correlate older and young-
er fabrics. The medium-to large-scale folds are a result
of this deformational event.

The major feature of D, is the steeply north-west dip-
ping s, metamorphic banding cleavage (Figs 3 and 8).
The strong, penetrative nature of this fabric is defined
by parallel orientation of biotite grains. Sillimanite
knots are orientated within s, in the northern part. Calc-
silicate spindles and amphibolite grains in the vicinity
of the Matchless amphibolite are mainly orientated in
the s, fabric as well. In the southern part of the traverse
(domain A) s, forms part of the composite s, , , fab-
ric.

The s, fabric is axial planar to F, folds which range
from open or closed in the central parts (domains C
and D) to tight and isoclinal in the north (domain E)
and south (domains A and B; Fig. 5). Tight to isocli-
nal F, folds with a wavelength of approximately 10m
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in domain B and in the southern parts of domain C have
north-westerly dipping axial planes and north-easterly
and south-westerly plunging fold axes. On the farm
Bergkrans 370 there is strong evidence from graded
bedding that these folds are downward facing as de-
scribed previously.

Further north the style of folding changes on the farm
Kaan Dam 411 where medium- to large-scale asymmet-
ric open folds build up major synformal and antiformal
structures (Fig. 5). Interference patterns between F1 and
F2 folds are present at different localities. A long, shal-
low dipping limb and a short, steeply inclined and in
parts slightly overturned limb is the characteristic shape
of these folds (Fig. 6). This wide zone of open fold-
ing continues up to the northernmost parts of domain
D. Strongly isoclinal folding on the 5-10 m scale and
east-south-eastward plunging fold axes characterize do-
main E in the north of the traverse (Fig. 3). The plung-
ing nature of these folds contrasts sharply with those of
other domains. Downward facing F, folds are again ap-
parent within this domain. Finally the s, fabric follows
the general trend of rotation of structural features in the
aureole of the Donkerhoek Granite.

3.3.3 D, Deformation

The third phase of deformation is indicated by the
presence of an s, crenulation cleavage (Fig. 3) and lo-
cally developed asymmetric kinks in domains A and B
and a penetrative s, cleavage in domains D and E. A
third phase of deformation could not be discerned in
domain C (Fig. 3). The correlation of the D, deforma-
tion phases in the southern and the northern parts of the
traverse is therefore tenuous.

In domains A and B the s, crenulation cleavage dips
40-80° north-west and changes in strike northwards
from north-north-east (010°-020°) to north-east (060°)
(Fig. 3). Near the Matchless amphibolite in the northern
part of domain B the orientation of the fabric changes to
a north-east strike (060°) and a nearly vertical dip. It is
notable that the crenulation cleavage is intensely devel-
oped in this area. Some of the minor scale F, folds have
south-easterly dipping axial planes (Fig. 3).

The main feature of the third deformation in domains
D and E is an s, penetrative cleavage which strikes
towards the north-north-east (030°) and dips 20-30°
north-west (Fig. 3). Although distributed throughout
the area, the D, deformation is apparent especially in
pelitic successions such as the scapolite schists on the
farms Dagbreek 365 and Keises 312 (Fig. 9). In these
particular areas a distinct mineral reorientation of silli-
manite knots, biotite aggregates and staurolite porphy-
roblasts occurs. The s, biotite fabric is characteristically
deformed by F, folds (Fig. 10) and cut by schistosity
planes which are locally developed as shear planes.
Open and recumbent F, folds with shallow north-west-
erly dipping axial planes are evident in domain D (Fig.
3). Northwards into domain E, F, folds become isoclinal
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Fig. 9: S; metamorphic banding superimposed by intense s,
spaced fabric in the high strain zone of the scapolite
schiston farm Dagbreek 365.
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Fig. 10: Typical minor F; fold in domain E. Cale-silicate layers
within the s, tabric are deformed about F; folds. Notice
minor shear plane parallel to the axial plane of the fold
(indicated) on the right hand side. Farm Keises 312.
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with steep attitudes. This coincides with the changing
geometry of F, folds in this area. The rotation of fabrics
close to the Donkerhoek Granite affects D, structures as
well (Fig. 3).

3.3.4 D, Deformation

A fourth phase of deformation becomes discernible
close to the Donkerhoek Granite. The major feature
of D, is the almost east-south-east striking and nearly
vertical dipping crenulation cleavage (Fig. 3); locally
kinking occurs. Sillimanite knots are reorientated into
S, close to the Donkerhoek Granite. The fact that it is
more intense as one approaches the granite suggests
that this deformational event might be attributed to the
emplacement of this large batholith.

3.4 Thrusting

Field evidence indicates the presence of major struc-
tural discontinuities within the Kuiseb schists. These
are marked by: (1) more intense overprinting of D, and
D, fabrics by the third deformational event; (2) their as-
sociation with the upright to overturned limbs of major



Fig. 11: Tight to isoclinal SE verging F; fold associated with
a thrust zone (indicated by dashed line). The
complementary anticline is sheared out. The outcrop is
situated in the upright limb of the major syncline of
domain C in Fig. 5. Height of scale is 1,8m. Farm
Tsawisis 308.

open fold structures representing sheared out anticlino-
ria; (3) associated thrusts in some cases; (4) their posi-
tion in pelitic successions; and (5) discordant scapolite
replacement in the northern part of the traverse. On the
farms Bergkrans 370, Tsawisis 308 and Kaan 309 minor
thrusts are recognizable by the displacement of layers
and the sheared out limbs of isoclinal D, folds (Fig. 11).
Occasionally downward facing folds are also developed
adjacent to these discontinuities which are furthermore
characteristic zones of high strain. The position of the
major thrusts in association with sheared out antiformal
limbs and the minor thrusts strongly suggest that the
discontinuities are in fact thrust zones as shown in Fig.
5. The association of these structures with F, folds infer
a syn- to post-D, age of thrusting.

4. SEDIMENTOLOGY

No detailed work has been undertaken so far on the
sedimentology of the Kuiseb schists in the Khomas
Trough which have been repeatedly referred to as a mo-
notonous sequence of pelitic, semi-pelitic and psammit-
ic schists. Sedimentological investigations within the
metasediments of the Kuiseb Formation are seriously
hampered by the combined effects of considerable de-
formation and amphibolite facies metamorphism. How-
ever, the common recognition of graded beds as well as
the presence of sedimentary structures within domains
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C and D has confirmed the widespread preservation of
original bedding (Fig. 12).

Sedimentological studies in the Kuiseb schists are
based on detailed measured sections on a variety of
scales from centimetres upward. Major sedimentary cy-
cles are indicated in the field by pronounced changes in
the topography which can easily be resolved on aerial
photographs and the Landsat image of the area (Fig.
4). The position of these cycles within the traverse is
shown in Fig. 13.

4.1 Sedimentary facies

The major attributes used to define facies in the
Kuiseb schists are the lateral and vertical bed thickness
distribution of psammites and pelites, variations in the
psammite/pelite ratio and sedimentary structures.

Four basic facies classes were recognized within
the Khomas Trough on the basis of the characteristics
shown in Fig. 14.

Measured section data showed that bed thicknesses
may be defined according to the scheme by Mutti and
Ricci Lucchi (1975) with very thick beds greater than
100 cm; thick beds, 40-100 cm; medium beds, 10-40cm;
and thin beds 1-10cm.

4.1.1 Facies class 1

The commonly sharp based psammites of facies class
1 are mostly structureless but may be plane-laminated
or cross-laminated (Figs. 15 and 16). Amalgamation is
quite common in very thick layers. Graded layering is
rare or absent. Further sedimentary structures noted are
flute casts (Fig. 16), rip-up clasts, load casts, ball-and-
pillow structures, flame structures, ‘sandstone’ dykes
and scour features. Channelling was observed only in
the northern part of the study area on a small scale (up
to 3 m deep). Where sedimentary structures can be rec-
ognized this facies class is organized into partial Bouma
sequences, usually starting with a Ta unit.

A few measurements of trough cross-stratification
and flute casts indicate palacocurrent directions ranging
between 230° and 250°.

4.1.2 Facies class 2

Interbedded psammite-pelite couplets of facies class
2 show a wide range of psammite/pelite ratios from> 10
:1to 1:10. Generally, graded layering is the most strik-
ing characteristic of this facies. Sedimentary structures
preserved are flute casts, rip-up clasts, load casts (Fig.
17) and scour features.

4.1.3 Facies class 3
The fine-laminated siltstone facies occurs only in the

central and northern parts of the traverse. It consists of
up to 5 m thick sedimentary units which are built up



Fig. 12: Overturned graded psammite/pelite couplets in
facies class 2 turbidites showing Bouma divisions A, B
and D. Notice the calc-silicate composition at the base of

the psammitic layers. Domain B, farm Okasume 304.

B gk e A e MARKERS SEDM
S / Y

o=
<eises 317
=

|
I
!
|
|
|
|
f

t— GRAPHITE —
SCHIST

Taswsis
08

Vo
\

- MATCHLESS —
AMPHIBOLITE

"

== ROAD

.

= =i A

. RO

A THERN M
50U A AMPHIBOLITE

i i G GRAPHITE SCHIST

—_— S SCAPOLITE SCHIST

must BEL

Fig. 13: Map of the study area showing the positi
sedimentary cycles in relation to marker uni
not recognizable in the southern part because
transposition and depositional palaeoenvirc
details see text).

Four basic facies classes were recognized
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Fig. 15: Trough cross-lamination (Bouma C division) in a
facies class 1 turbidite. Coin is 2,5cm in diameter. Farm
Dagbreek 365.

Fig. 16: Trough cross-lamination (Bouma C division) and
flute casts (above the scale) in facies class 1 turbidite.
Farm Dagbreek 365.

by thin-bedded (<10 cm), graded and ungraded silt and
pelite beds. The horizontally bedded layers show some
small scale scour features. The siltstone/pelite ratio
commonly ranges from 3 : 1to2: 3.

4.1.4 Faciesclass 4
Facies class 4 comprises pelitic layers ranging from

several centimetres to tens of metres. The layers are
structureless in most cases but lamination may be de-

Fig. 17: Overturned load structures in facies class 2 turbidite.
Farm Kaan 309.
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Fig. 18: Overturned graded siltstone/pelite couplets in facies
class 4 turbidites. Notice the selective development of
sillimanite in pelite-rich layers, Farm Keises 312,

veloped locally. Some of the pelitic layers are charac-
terized by siltstone/pelite gradations with ratios of gen-
erally less than 1:3 (Fig. 18).

4.2 Interpretation of sedimentary facies and
palaeoenvironment

The predominance of graded beds in large parts of the
sequence, the presence of Bouma divisions and the al-
ternation of distinct facies classes imply that the meta-
sediments of the Kuiseb Formation have been deposited
by turbidity currents. The facies described here com-
pare with those defined by Pickering et al. (1986) and
Mutti and Ricei Lucchi (1975) as shown in Fig. 14.

Our sedimentological studies in the western Khomas
Trough show that the vertical arrangement of facies
defines nested thinning and thickening upward cycles
(Fig. 19) in major parts of the sequence (Fig. 13). Al-
though there is a considerable amount of internal fold-
ing within these cycles, sequential lithofacies changes
are obvious and can easily be traced laterally on all
scales. Therefore the cycles may be regarded as coher-
ent stratigraphic units extending over more than 100 km
as recognized on the Landsat image (Fig. 4).

The organization into cyclic and non-cyclic succes-
sions on a variety of scales reflects progradational and
retrogradational character. These, together with the dif-
ferent facies classes described above, indicate that the
Kuiseb schists have been deposited within a submarine
fan system. The lateral extent of major sedimentation
units together with the uniformity of lithologies and
the lack of coarse-grained material strongly suggest a
mixed-sediment elongate fan system as defined by Nel-
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Fig. 19: Minor scale (3m) thickening-upward cycle in facies
class 1 turbidites. Farm Tsawisis 308.

son and Nilsen (1984).

Elongate submarine fans differ from small-scale ra-
dial fans, in that they are generally characterized by a
major sediment source. It is characteristic for most of
the large deep-sea fan systems which are fed by a ma-
jor river source that fine- to medium-grained sands and
large amounts of mud are transported over several hun-
dreds of kilometres parallel to the basin axis. It is typi-
cal for example in the Astoria fan off the Oregon shelf
(Nelson, 1984) that sand is being transported efficiently
by turbidity currents into the outer fan and even abyssal
plains of the basin. The elongate shape of the fan is built
up by extensive distributary-channel systems through
which the sand-load is funnelled to the outer parts of
the fan. The sand/mud ratio therefore increases charac-
teristically downfan.

In comparison with modern and ancient deep-sea fan
systems (Mutti and Ricci Lucchi, 1975; Nelson and
Nilsen, 1984; Pickering et al., 1986), the partly chan-
nellized and pelite-rich sequences which build up nest-
ed thinning-upward cycles in the northern part of the
traverse (Fig. 13) could be referred to the middle-fan
area of an idealized fan system. The major thinning-
upward cycle containing nested minor scale thicken-
ing-upward cycles north of the scapolite schist (Fig.
13) is interpreted as the transition from middle-fan to
outer-fan deposition. Further south the wide zone of
nested thickening-upward cycles with high psammite/
pelite ratios on the one hand and pelite-rich sequences
on the other hand, can be related to deposition on the
outer-fan, probably comprising mainly suprafan-lobe
deposits (facies class 1 and 2 turbidites) characterized
by great lateral extent and uniform palaeocurrent direc-
tions. Overbank deposits in this part of the fan are thin-
bedded facies class 1, 3 and 4 turbidites and interchan-
nel and fan fringe areas facies class 3 (Nelson et al.,
1978).

Basin plain deposits are developed south of the
Matchless amphibolite where the metasediments are
largely characterized by a lack of cyclicity, a high pelite
content and a reduced layer thickness (Fig. 13).
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5. CONCLUSIONS

Enough evidence is so far available from the Kuiseb
Formation to give an initial appraisal of the deposi-
tional palacoenvironment and structural history of the
Khomas Trough.

The interpretation of the Kuiseb schists as the de-
posits of an elongate deep-sea fan system is indicated
by the sedimentary facies and the great lateral extent
of large scale sedimentary cycles which can be traced
for more than 100 km along the Khomas Trough. The
relative uniformity in lithology and grain size (i.e. no
conglomeratic material) implies a rather consistent
source area through space and time for the bulk of the
Kuiseb schists. Palacocurrents indicate that the major
sediment source was situated towards the eastern end
of the trough. With regard to the overall tectono-sedi-
mentary setting it is more likely that the Kuiseb schists
were deposited within an open ocean than within a re-
stricted basin setting. The latter would differ and would
be characterized by a large number of closely situated
source areas which provide coarse-grained sediments.
This setting inhibits a wide sediment dispersal and the
development of elongate shapes (Normark and Piper,
1983).

The deformation events documented in this paper
record the closure history of this open basin. The large
scale open asymmetric D, folds in the middle of the
Khomas Trough which consistently verge towards the
south-east contrast with tight to isoclinal folds devel-
oped along the margins to the north and the south. These
fold styles together with the recognized thrusts indicate
that the submarine fan sediments were telescoped dur-
ing this closing phase. The progressive closure of the
basin is recorded by successive deformational events
D, D, and D,. The D, phase of deformation may prob-
ably be attributed to the late-tectonic emplacement of
the Donkerhoek Granite.
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