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Abstract

The Late Ordovician to Early Cretaceous Sekondian Group of southern Ghana is made up of seven major sedimentary
formations. One important feature of the Sekondian Group is the abundance of fairly fresh plagioclase in the lowest two
formations, i.e., the Ajua Shale and Elmina Sandstone, and at the uppermost formation (i.e., Essikado Sandstone); but a
virtual absence throughout the rest of the Group. The basal part of the Sekondian Group has been interpreted as of glacial
origin whereas the upper formations are thought to have formed in a warmer stage. The abundant plagioclase in the lowest
two formations could, therefore, be due to less pervasive chemical weathering rather than erosion of a distinct source. In
this paper, geochemical data for fine-grained sedimentary rocks of the Ajua Shale and the Takoradi Shale (that overlie the
Elmina Sandstone) formations are used to investigate the influence of palacoweathering on the composition of the Se-
kondian Group.

The concentrations of the transition trace metals Cr, Ni, V, and Cu, and Cr/V-, Zr/Y-, and Ba/Co-ratios are similar in the
samples from both formations and suggest that they were largely derived from the granitoids that intrude the Birimian su-
pracrastal rocks. However, the Takoradi Shale samples are enriched in Rb, Cs, Th, U, and Nb relative to the Ajua Shale
samples, and this may be related to differences in the degree of weathering in the source rocks. The Takoradi Shale sam-
ples are characterized by high chemical index of alteration (CIA) values and Rb/Sr ratios (CIA > 75; Rb/Sr > 1) indicating
high degrees of weathering of their source rocks. In contrast, the Ajua Shale samples have low CIA values and Rb/Sr ratios
(CIA < 62; Rb/Sr < 0.5) that indicate low degrees of weathering of their source. The tectonic setting at the time of deposi-
tion of both formations was passive margin suggesting that the change in paleoclimatic conditions rather than erosion rates
played a more dominant role in the observed compositional changes in these shales.

1 Introduction
and alkaline earth elements) are rapidly removed

during chemical weathering, and thus can be used
to monitor the degree of chemical weathering in
source regions at the time of deposition (Nesbitt
and Young, 1982, 1984). Paleoweathering in the
source area, therefore, is one of the most important
processes affecting the composition of sedimentary
rocks. In fact, the effect of paleoclimate and pale-
oweathering conditions often go underappreciated
when interpreting the provenance and tectonic

Studies of the geochemistry of clastic sedimentary
rocks have revealed that their chemical composi-
tions are closely related to their provenance and
the tectonic setting at the time of their deposition.
As a consequence, researchers have developed
discrimination diagrams for the identification of
provenance and tectonic settings, some of which
rely heavily on the so-called mobile elements such
as the alkalis and the alkaline earths (e.g., Bhatia,

1983; Roser and Korsch, 1986; 1988). However,
prior to the deposition of clastic sediments, the
concentrations of mobile elements may be signifi-
cantly modified by processes such as chemical
weathering in the source area and during transport,
and diagenesis (Johnsson, 1993). Accordingly,
provenance studies are now concentrated on the
use of immobile elements such as the high-field
strength, the rare earths, and the first transition
metals because these elements are transported
quantitatively from the source to the sedimentary
basin and thus reflect the composition of the
source rocks (Taylor and McLennan, 1985;
McLennan, 1989).

However mobile elements are still useful in prove-
nance studies because these elements (e.g., alkali
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settings of sedimentary rocks (Fedo ef al., 1997).

An excellent opportunity where the effect of pale-
oweathering on the sediment composition may be
evaluated is provided by the Late Ordovician to
Early Cretaceous Sekondian Group of southern
Ghana (Fig. 1), which is made up of seven major
sedimentary successions. An important feature of
the Sekondian Group is the abundance of fairly
fresh feldspar in the two basal formations, i.e., the
Ajua Shale and Elmina Sandstone, and at the up-
permost formation; and absence of significant
amounts in the other sedimentary units. Crow
(1952) has suggested that the Ajua Shale and
Elmina Sandstone were deposited under cold and
dry climatic conditions, respectively, whereas the
upper units were deposited under warm and humid
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Fig. 1 Simplified Geological Map of the Se-
kondian Group in the Sekondi-
Takoradi Area, Ghana (after Atta-
Peters, 2000). Sampled Localities are
shown by Asteriks

climatic conditions. Previous provenance study on
these sedimentary rocks used immobile trace ele-
ments and Nd-isotopes to infer that the rocks were
derived from granitic and metasedimentary rocks
of Palaeoproterozoic age (Asiedu et al., 2005).
This paper focuses on mobile elements to investi-
gate the control of paleoclimate and paleoweather-
ing on the sediment composition of the Ajua Shale
and the Takoradi Shale overlying the Elmina Sand-
stone (Fig. 2).

2 Geological Background
2.1 The Sekondian Group

The Late Ordovician to Early Cretaceous Se-
kondian Group crops out along the western and
central coast of Ghana (Fig. 1). It is a 1.2 km-thick
sandstone and shale dominated succession, but
also includes coarse breccias and conglomerates.
The rocks are extensively faulted and virtually
unmetamorphosed. The stratigraphic units of the
Sekondian Group are shown in Figure 2, which
also depicts the units that were sampled for this
study (i.e., Ajua Shale and Takoradi Shale). The
Sekondian Group rest with a profound unconform-
ity on granitic rocks of the Palacoproterozoic
Birimian Supergroup. Provenance studies suggest
that the sedimentary rocks of the Sekondian Group
were largely derived from the Birimian granitoids
(Asiedu et al., 2005). On the basis of Palacon-
tological evidence, sedimentary textures and sedi-
mentary structures, the environment of deposition
of the Group has been interpreted as non-marine to
coastal marine (Crow, 1952; Atta-Peters, 1999,
2000; Asiedu et al., 2000). MicroPalaeontological
data indicate deposition from Late Ordovician to
Early Cretaceous (Fig. 2; Mensah, 1973; Béar and
Riegel, 1980; Atta-Peters, 2000) and that it broadly
correlates with the formations of the Maranhao
Basin of Brazil (Bar and Riegel, 1980).

Fig. 2 (a) Stratigraphic Column of the Sekondian Group in Southern Ghana (after Bar and Riegel, 1980).
Asteriks show Stratigraphic Levels from which the Samples were collected. (b). Measured Strati-
graphic Sections of the Sampled Localities shown in Fig. 1 Adjacent Numbers Represent Samples
collected for Geochemical Analyses.
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The Ajua Shale is about 60 meters thick and forms
the basal formation of the Sekondian Group. It rest
directly on the underlying crystalline rocks. Typi-
cally, the formation is composed of dark gray
varved shales with alternating laminations of fine
and coarse material and with beds of sandstone.
Rock fragments of boulder to pebble size are scat-
tered throughout (Fig. 3a). Feldspar crystals are
abundant in the coarse laminations and in the sand-
stone.

The Takoradi Shale is typically composed of hard,
compact, black or dark gray fissile shale or sandy
shale, rich in organic matter. The base of the for-
mation consists of alternating succession of thin-
bedded micaceous sandstone and gray shales. Py-
rite occurs either as microscopic disseminations or
as spherical nodules up to about 3 cm in diameter.
Towards the top of the formation are large dis-
coidal nodules of compact, finely granular, gray
siderite or clay ironstone (Fig. 3b). The total thick-
ness of the Takoradi Shale is about 200 m.

Fig. 3 (a) Photograph of an Qutcrop of the Ajua
Shale Formation in Asemkaw Beach that
Shows a Large Isolated Granitoid Clast (ca.
1 m across) in Finely Bedded Shale

Fig. 3 (b) Photograph of the Takoradi Shale
Formation in Essipon Beach that shows
Finely Bedded Shale with Siderite Nodules
(indicated by x)

2.2 Possible Source Rocks

Paleocurrent directions for most of the formations
of the Sekondian Group are southeasterly (Crow,

1952) and Nd-isotope model ages range from 1.6
to 2.3 Ga (Asiedu et al., 2005), suggesting the
Early Proterozoic basement rocks of Ghana as the
probable source. The Early Proterozoic basement
rocks of Ghana consist of Birimian and Tarkwaian
rocks of the West African Craton and the Da-
homeyan Formation of the Pan-African mobile
belt. The Birimian crust of Ghana comprises
metavolcanic belts and intervening sedimentary
basins. The sedimentary basins consist of dacitic
volcaniclastics, wackes and argillites whereas the
volcanic belts consist predominantly of metamor-
phosed tholeiitic lavas and minor volcanoclastics.
Both belts and basins are extensively intruded by
various generations of granitoids of Early Protero-
zoic in age. The Tarkwaian Group represents the
erosional products of the Birimian crust. The Da-
homeyan formation, which appears to be Birimian
rocks mobilised during the Pan African orogeny
(Affaton et al., 1980), is composed of granitic and
mafic gneisses, schists, and migmatites.

Various types of Palacoproterozoic granitoids oc-
cur in Ghana. They include Cape Coast-type grani-
toids, Dixcove-type granitoids and Winneba-type
granitoids, all within the Birimian terrane, and the
granitic gneisses of the Dahomeyan Formation.
The Cape Coast- and Dixcove-type granitods con-
sist mostly of tonalities, trondhjemites and grano-
diorites while the Winneba-type granitoids are
granodiorites and granites (Leube et al., 1990).

3 Paleoclimatology

Palacontological data on the Sekondian Group
indicate a Late Ordovician age for the Ajua Shale
(Bar and Riegel, 1980) and a Late Devonian to
Early Carboniferous age for the Takoradi Shale
(Crow, 1952; Mensah, 1973; Atta-Peters, 1996,
1999). The Sekondian Group is located in the West
Africa segment of the Gondwanan supercontinent
(Fig. 4). Paleomagnetic and biogeographic data
show that during the Late Ordovician the Gond-
wanan supercontinent was located in high south-
erly paleolatitudes, with North Africa situated on
the south magnetic pole (Fig. 4). The paleo-
reconstructions suggest that the Ajua Shale was
deposited under glacial conditions. Field evidence
also supports deposition of the Ajua Shale under
low-temperature conditions. The thick series of
alternating coarse and fine laminations of the Ajua
Shale are highly suggestive of glacial varves. In
addition, the occurrence of poorly-sorted angular
boulders and pebbles (dropstones?) in otherwise
laminated to finely bedded sedimentary rocks also
support a glacial origin. One objection to the gla-
cial origin for the Ajua Shale is the absence of
tillites and striations on boulders.

Paleomagnetic data for the Devonian of Gondwana
are numerous but contradictory enough to give rise
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to diverging interpretations regarding the latitu-
dinal position of this continent (Robardet, 2003).
On the contrary, lithological indicators of paleocli-
mate and paleobiogeographical data are in perfect
agreement and place the West Africa segment of
Gondwana in temperate latitudes during the Late
Devonian (Fig. 4). The Takoradi Shale is charac-
terised by black carbonaceous (mostly composed
of plant tissue; Crow, 1952) and pyritic shale con-
taining large discoidal nodules of grey siderite or
clay ironstone. The latter provides evidence of
post-glacial conditions under low pH and negative

Fig. 4 Late Ordovician and Late Devonian Pa
leogeography of the Present day Peri-
Atlantic Regions showing the position of
Ghana relative to the South Pole
(indicated by asterik). The Map is based
on Paleoclimatic and Paleobiogeographi
cal Data (after Robardet, 2003). Abbre-
viations: L, Laurentia; B, Baltica; G,
Gondwana; Ar, Armorica; Av, Avalonia

Eh conditions. This requires a warm temperate
climate to sustain a continuous influx of humic
acids to maintain the reducing conditions
(Wopfner, 2002). A warm paleoclimate for the
Takoradi Shale is further supported by the pres-
ence of abundant pteridophytic spores that suggest
deposition in a warm humid freshwater or marsh
environment (Atta-Peters and Annan-Yorke,
2003).

4 Analytical Method

The samples were collected from outcrops exposed
along the beach in the Sekondi-Takoradi area
where the rocks are relatively fresh (Fig. 1). The
Ajua Shale samples were collected from the towns
of Asemkaw and Ajua whereas the Takoradi Shale
samples were collected from Takoradi and be-
tween Essikado and Essipon (Figs. 1 and 2). The
samples were washed thoroughly with distilled
water to remove residue of seawater and then
trimmed to remove material showing evidence of
‘recent’ chemical weathering.

Fifteen representative fine-grained samples, six
from the Ajua Shale and nine from the Takoradi
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Shale, were selected for major- and trace-element
analyses. The samples were pulverised to approxi-
mately 200 mesh. Nine of the samples were ana-
lyzed for major and selected trace elements by X-
ray fluorescence (XRF) at the Geological Survey
of Bavaria, Munich and the data is reported in
Asiedu et al. (2005). Detection limits is 0.2% for
Na and Mg, and 0.1% or less for the other major
elements. Detection limits is 50 ppm for Ba, 15
ppm for Rb, and 10 ppm or less for the other trace
elements. The rest of the samples were analyzed
for major and trace elements by Activation Labo-
ratory Ltd., Ontario, Canada by ICP-MS. Detailed
analytical procedures are described in Asiedu et al.
(2000). In both laboratories standard and duplicate
analyses were carried out in order to check that
precision and accuracy were within acceptable
limits.

5 Results

The major- and trace-element concentrations of the
analysed samples are listed in Table 1. As we do
not have sufficient geochemical data on detrital
sediments from the Phanerozoic and Precambrian
rocks of Ghana, a comparison of our data set is
made against available standards, such as post-
Archaean Australian average shale (PAAS) and
average upper continental crust estimate (UCC)
(Table 1; Condie, 1993). Using the geochemical
classification diagram of Herron (1988) the ana-
lysed samples from both formations can be broadly
classified as shales; an exception is Sample
TSHOS5, which plots astride the boundary between
wacke and arkose and Sample TSHO04 showing
affinity with Fe-shale (Fig. 5). Significant chemi-
cal differences exist between the two formations.
The Ajua Shale samples have higher Fe,O; + MgO
and lower TiO, concentrations, higher SiO,/Al,04
ratios, and lower K,0/Na,O ratios than the Ta-
koradi Shale samples (Table 1; Fig. 6). One of the
Takoradi Shale samples, i.e. TSHO04 has high
Fe,O3 and LOI (Table 1), apparently due to the
abundance of disseminated pyrite in it. The CaO
contents are low in samples from both formations.
The Takoradi Shale samples are closer to PAAS in
their major-element compositions than the Ajua
Shale samples (Fig. 7).

The Takoradi Shale samples are characterised by
higher abundances of high-field strength elements
(HFSE) than those of the Ajua Shale and PAAS
(Table 1; Fig. 8). The transition trace metal con-
centrations for both formations are similar and
lower than in PAAS but broadly higher than in
UCC (Fig. 8).

6 Discussion

6.1 Paleoweathering Conditions
Sedimentary rocks sensu stricto are composed
merely of weathering products and reflect the com-
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position of weathering profiles, rather than bed-
rock (Lahtinen, 2000). Alteration of igneous rocks
during weathering results in the depletion of alkali
and alkaline earths and preferential enrichment of
Al O; in sediments. Therefore, weathering histo-
ries of source areas may be evaluated by examin-
ing the concentrations of alkali and alkaline earth
elements in sediments (Wronkiewicz and Condie,
1987). The bulk chemical changes that take place
during chemical weathering have been used to
quantify the weathering history of sedimentary
rocks, primarily to understand paleoclimatic condi-
tions (Nesbitt and Young, 1982, 1984). The chemi-
cal index of alteration [CIA = Al,O; “ 100 / (Al,04
+ CaO* + Na,O + Na,0), where CaO*

2
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Fig. 5 Geochemical Classification of the Sam-
ples from the Ajua Shale and Takoradi
Shale Formations according to their SiO,/
AL O; and Fe,03/K,0 Ratios (diagram from
Herron, 1988)
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Fig. 6 K,0/Na,O versus SiO,/Al,O; Diagram
for the Samples from Ajua Shale and Ta-
koradi Shale Formations. Plotted for com-
parison are Post-Archean Australian Shale
(PAAS) and Upper Continental Crust
(UCC) (from Condie, 1993)
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Fig. 7 PAAS-Normalized Major Element Pat-
terns for the Average Shale Samples from
the Ajua Shale and Takoradi Shale Forma-
tions. PAAS = Post-Archaean shale
(Condie, 1993)
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Fig. 8 PAAS-Normalised Trace Element Pat-
terns for the Average Shale Samples from
the Ajua Shale and Takoradi Shale Forma-
tions. PAAS = Post-Archaean shale
(Condie, 1993)

represents CaO in silicate phases only; Nesbitt and
Young, 1982] has been established as an indicator
of the degree of weathering of sediment source
area. The CIA values of the Ajua Shale samples
(Table 1) are intermediate between those of un-
weathered igneous rocks (CIA < 50) and typical
shales (CIA = 70-75; McLennan et al., 1993), sug-
gesting that the source areas for these sediments
had been only little weathered. In contrast, the
Takoradi Shale samples have CIA values > 75
suggesting intense weathering of their source. The
CIA may also be shown in Al,O;—CaO* + Na,O—
K,0 (A—CN-K) compositional diagram where the
data for Ajua Shale plot between the feldspar tie
line and average shale (Fig. 9). This behavior may
be interpreted as evidence for low degrees of
weathering of their source. In contrast, the samples
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from the Takoradi Shale plot between the average
composition of shale and illite, consistent with a
pervasive weathering of their source (Fig. 9). In-
tense chemical weathering of the source area of the
Takoradi Shale is further supported by the high
values of their plagioclase index of alteration [PIA
> 90, where PIA = 100 " (AL,0; — K,0) / (ALL,O; +
CaO* + Na,O — K,0); Fedo et al., 1995]. In con-
trast, the Ajua Shale samples have PIA values
ranging from 50 to 65 (Table 1) consistent with
subordinate chemical weathering of their source.

Differences in trace element ratios are also helpful
for monitoring weathering histories (McLennan et
al., 1995). The Rb/Sr ratios generally increase with
increasing degrees of weathering because during
weathering Rb is preferably incorporated into clay
minerals whereas Sr is leached. Consequently sedi-
ment derived from sources that were significantly
affected by chemical weathering, as in the case in
most cratonally derived post-Archean sediments,
have Rb/Sr ratios greater than one (McLennan et
al., 1995). The Rb/Sr ratios of the Takoradi Shale
samples are mostly >1 (Table 1) supporting the
other evidence for pervasively weathered sources
whereas the Ajua Shale samples have ratios < 0.5
(Table 1) suggesting moderately weathered
sources.

A

Kaolinite
Advanced weathering trend
Jor average granite

Smectite

Plagioclase

T X avg. granodiorite
typical igneous fgi I;:a‘;:::z
compositions o

@ Takoradi Shale
O Ajua Shale
V¥ ucc
4 PAAS

CN K

Fig. 9 Ternary plot of A-CN-K for the Sam-
ples from the Ajua Shale and Takoradi
Shale Formations. The Compositions of
Major Minerals and Typical Rock Types
are also Plotted for Comparison. Explana-
tions: A, ALLO3; CN, CaO* + Na,O (where
CaO* = Ca0 in silicate phase); K, K;O;
after Nesbitt and Young (1982). UCC, up-
per Continental Crust; PAAS, Post-
Archaean Australian Shale; Average Gran-
ite; Average Tonalite; Average Granodio-
rite (from Condie, 1993)
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A potential problem in using geochemical indices
to constrain palaecoclimates of shales is that of re-
cycling of previously weathered detritus (Condie
et al., 2001). The shales of the Ajua Shale forma-
tion are associated with sandstones rich in fresh
feldspar and poor in sedimentary rock fragments.
The effect of recycling of older components in the
Ajua Shale Formation is, therefore, most probably
minimal. In contrast, the shales of the Takoradi
Shale formation are associated with moderately- to
well-sorted quartz arenites (Asiedu et al., 2000)
and recycling cannot be ruled out, though unlikely
since the quartz grains are generally angular in
shape (Asiedu et al., 2000). Another test of the
maturity of the analyzed samples is the Index of
Compositional Variability [ICV = (ALL,O; + K,0 +
Na,0 + CaO+MgO+TiO,)/Al,05; Cox et al.,
1995]. Immature first cycle shales with a high per-
centage of non-clay silicate minerals will produce
ICV values of >1 whereas more mature mudrocks
with mostly clay minerals ought to have lower
ICV values of <1 (Cox et al., 1995). The Ajua
Shale samples have ICV values between 1.1 and
1.3 suggesting that they are compositionally imma-
ture. In contrast, the Takoradi Shale samples have
average ICV value of 0.66 (range 0.47-0.86), sug-
gesting that the shales are compositionally mature
and, therefore, were likely dominated by recycling.
However, ICV values of <1 have been observed in
some first cycle materials that were intensely
weathered (Cullers and Podkovyrov, 2000).

6.2 Provenance

The chemical compositions of shales can be used
to constrain their primary detrital mineralogy (Cox
et al., 1995). One approach involves the use of the
ratio of K,O/ALO5 (Cox et al., 1995) suggesting
how much alkali feldspar versus plagioclase and
clay minerals may have been present in the origi-
nal shale (Cox et al., 1995). Shales samples with
K,0/AlL,05 ratios > 0.5 suggest a significant quan-
tity of alkali feldspar relative to other minerals in
the original shales; those with K,O/Al,O; ratios <
0.4 suggest minimal alkali feldspars in the original
shale (Cox et al., 1995). The K,O/AL,O5 ratios of
the Ajua Shale samples range from 0.12 to 0.16
(average = 0.14) and those of the Takoradi Shale
samples range from 0.14 to 0.23 (average = 0.17),
suggesting only small amounts of alkali feldspar in
the original shale.

A number of studies have demonstrated that the
immobile HFSE as well as transition metals repre-
sent useful geochemical tools to place constraints
on the composition of the provenance of sediments
(e.g., Taylor and McLennan, 1985; Bhatia and
Crook, 1986; McLennan, 1989). Elements concen-
trated in mafic rocks (e.g., Sc, Cr, Ni, Co, V) and
elements concentrated in felsic rocks (e.g., La, Zr,
Th), have been used for inferring provenance and
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tectonic setting determinations of mudrocks (e.g.,
Cullers, 2000). Compared to PAAS the Ajua Shale
and the Takoradi Shale samples show slight en-
richment of HFSE relative to the transition metals
suggesting that the sediments were derived from a
predominantly felsic source (Fig. 8). However, for
both of the studied formations Ni positively corre-
lates with other ferromagnesian trace elements
such as Cr, Co, V and Cu (not shown) suggesting
small contribution from a mafic source.

Elemental ratios such as Cr/V, Zr/Y, and Ba/Co
are considered to be least susceptible to modifica-
tion by secondary processes (Wronkiewicz and
Condie, 1987; Cullers et al., 1988) and are, there-
fore, critical of provenance studies particularly in
cases where trace element fractionation by source
area weathering is suspected. It can be seen that
the Cr/V, Zr/Y, and Ba/Co ratios are not drasti-
cally different between the Ajua Shale (Cr/V, 0.59
—0.75; Zr/Y, 5.0-10.1; Ba/Co, 15.2-53.4) and the
Takoradi Shale (Cr/V, 0.51-0.83; Zr/Y, 4.7-8.4;
Ba/Co, 18.3-48.2) samples suggesting that they
were derived predominantly from the same source
terrane. Moreover, these ratios are fairly similar to
those observed in the Birimian granitoids but sig-
nificantly different from those of the Birimian vol-
canics (Leube et al., 1990). Furthermore, the
Birimian volcanic and sedimentary rocks generally
exhibit significantly lower Zr and Th concentra-
tions, and higher Cr, Ni, and V concentrations
(Sylvester and Attoh, 1992; than the samples of the
Takoradi Shale and Ajua Shale. Nd-isotopic stud-
ies indicate that the shales of both formations were
derived from Palaeoproterozoic sources (Asiedu et
al., 2005). Measured 143Nd/144Nd values of sam-
ples from the Ajua Shale and the Takoradi Shale
(Asiedu et al., 2005) are similar to 143Nd/144Nd
values reported for the Birimian rocks (Taylor et
al., 1992). However, the 147Sm/144Nd values of
the Ajua Shale and Takoradi Shale formations are
significantly lower than those of the Birimian vol-
canics but similar to the Birimian granitoids and
the sediments (Taylor et al, 1992; Asiedu et al.,
2005).

If the assumption is correct that both the Ajua
Shale and Takoradi Shale samples were derived
from the same sources then there is the need to
explain the significant differences in their LILE
and HFSE abundances (Table 1; Fig. 8). Chemical
weathering processes may decouple trace elements
that behave coherently in igneous rocks. For exam-
ple, Rb, Cs, Ba, Th, U, Ta, Nb, and REEs tend to
be fixed in clays and sedimentary rocks with high
proportion of clays from weathering tends to be
enriched in these elements (Feng et al., 1993).
According to the CIA values, the intensity of
chemical weathering or alteration in the prove-
nance area of the Ajua Shale was less than in that
of the Takoradi Shale. Thus the latter should con-
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tain less lithic fragments and more clay minerals.
The higher concentrations of Rb, Cs, Th, U, and
Nb, in Takoradi Shale samples than those of the
Ajua Shale samples are consistent with different
extents of weathering in their source areas. The
enrichment of LILE and HFSE in the Takoradi
Shale samples relative to those of the the Ajua
Shale samples could therefore be explained by
changes in provenance weathering rather than sig-
nificant changes in provenance bedrock composi-
tions.

6.3 Palaeoclimate versus Tectonic Setting Con-
trol on Shale Composition

Apart from palaeoclimate the degree of source area
weathering is also related to erosion, which is high
in tectonically active areas. Chemical weathering
tends to be less intense in tectonically active areas,
where rapid uplift maintains steep slopes that work
to reduce the time rocks are exposed to weathering
and thus inhibiting extensive weathering even in
high rainfall tropical conditions (Johnsson, 1993).
For example, recent erosional products from vol-
canic islands in equatorial regions of the southwest
Pacific Ocean have CIA values that average about
55 (McLennan ef al., 1993).

Sedimentary rocks with low CIA and high ICV
values (CIA < 60; ICV > 1) are mainly derived
from active arc settings whereas those with high
CIA and low ICV values (CIA > 75; ICV < 1) are
derived from passive margins and cratons (Gao
and Wedephol, 1995; Cullers and Podkovyrov,
2000). Accordingly, the samples from the Ajua
Shale Formation (CIA, 57-59; ICV, 1.08 — 1.27)
may have been deposited under tectonically active
settings where rapid uplift maintained steep slopes
whereas the Takoradi Shale samples (CIA, 76-85;
ICV, 0.47 — 0.86) may have been deposited in cra-
ton of quiescent environment where slopes were
gentler/flat. However, the general lack of Phanero-
zoic volcanic rocks in West Africa and the absence
of volcanic fragments in the analyzed samples do
not support the active margin interpretation for the
Ajua Shale Formation. Moreover, there is no direct
field evidence to support the occurrence of tectonic
uplifts in southern Ghana during the early Palaco-
zoic times; the age of the numerous faulting ob-
served in the study area (Fig. 1) Jurassic (Crow,
1952) and is most probably related to the com-
mencement of the rift between South America and
the African continent in Aptian to Albian times
(Attoh et al., 2004). It therefore appears most
likely that paleoclimate rather than high rates of
erosion played a dominant role in producing im-
mature detrital materials for the Ajua Shale Forma-
tion. The arc signatures observed in the geochem-
istry of Ajua Shale samples may, therefore, reflect
the bedrock compositions of their dominant source
rocks (i.e., Birimian granitoids) that show juvenile
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features (Doumbia et al., 1998) whereas the Ta-
koradi Shale samples were predominantly derived
from the intensely weathered profile of these
granitoids. Thus the higher compositional maturity
of the Takoradi Shale samples relative to the Ajua
Shale samples reflect the increase in the intensity
of paleoweathering conditions that is dominantly
the result of change in paleoclimatic conditions,
i.e., from cold to tropical humid climate.

7 Conclusions

The geochemical features of shale samples from
the Ajua Shale and the Takoradi Shale formations
suggest their derivation from a provenance com-
prised dominantly of felsic rocks with only a mi-
nor component of mafic rocks. The inferred source
lithology of these sediments favors the Palacopro-
terozoic granitoid complex of the Birimian Super-
group as being their main source. The samples of
the Takoradi Shale formation are characterised by
high CIA and PIA values, and high Rb/Sr ratios
that suggest pervasively weathered sources. In
contrast, low CIA and PIA values, A-CN-K rela-
tionships, and low Rb/Sr ratios in shales of the
Ajua Shale formation are consistent with little
weathered sources, supporting a high latitude loca-
tion of the West African segment of Gondwana
during the Late Ordovician. It may be concluded
that the geochemistry of fine-grained siliclastic
materials can contribute to solving problems re-
lated to paleoclimatology and provenance.
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