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Abstract

The Nyanzian System lavas of western Kenya are believed to be the oldest rocks of the Tanzanian Craton.
Intrusive age relationships suggest an age > 2850 Ma although direct attempts at dating the Nyanzian have pro-
duced disparate results. Our study involves a suite of samples collected from the Nyanzian basalts, pillow basalts,
andesites and rhyolites from sixteen sites in western Kenya. These rocks yield a tilt-corrected paleomagnetic pole
at 14°N, 150°E (K=59,dp=5°, dm="7°). This pole is constrained to be older than the first (D1) deformation
(>2472130 Ma) by positive fold, conglomerate and reversal tests. Analysis of the paleomagnetic data base for
three African cratonic nuclei (Tanzanian, Kaapvaal /Zimbabwe and West Africa) for the time period from 2.0 Ga
to 3.0 Ga demonstrates a paucity of well-dated poles, although there are several poles from the Kaapvaal/Zim-
babwe and Tanzanian Cratons which allow ‘“‘spot-readings” of their relative positions. We demonstrate, based on
these data, that the Kaapvaal/Zimbabwe and Tanzanian Cratons were drifting independently at ~2875 Ma, ~2700
Ma and ~ 2450 Ma. This independent motion of the Tanzanian and Kaapvaal/Zimbabwe Cratons indicates that
previously proposed models involving African cratonic coherence can no longer be considered valid for the time
period from 2850 to 2500 Ma.

1. Introduction ever, recent works by Symons (1991) and Hale
(1991) have demonstrated the efficacy of ap-
proaching the problem on a smaller scale (i.e.
motions between individual nuclei). In addi-
tion, questions regarding the exact nature of the
Earth’s early magnetic field may be revealed
through paleomagnetic investigations (e.g. na-
ture of reversals). In this paper, we (1) report
on an investigation of the Nyanzian System of
western Kenya and (2) analyze previously pub-
lished paleomagnetic data from three African
maddressz Department of Geography and Geology, cratonic nuclei (Fig. 1a, Tanzanian, Kaapvaal/

Indiana State University, Terre Haute, IN 47809, USA, Fax Zimbabwe anq West Africa). o
812-237-8029. The Tanzanian Craton of East Africa is com-

One of the salient problems in modern geology
remains the characterization of Archean and Pa-
leoproterozoic tectonics. The nature and style of
tectonism during the Earth’s infancy may one day
be elucidated by a set of high-quality paleomag-
netic data. Defining Archean-Paleoproterozoic
apparent polar wander paths is difficult given the
paucity of data from different continents; how-
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posed principally of Archean-age rocks sur-
rounded by a series of Proterozoic-age ‘“mobile
belts”. These mobile belts are: the Mozambique
Belt to the east (500-800 Ma), the Ubendian
Belt to the south-southwest (1800-2100 Ma),
and the Kibaran Belt to the west-northwest
(1100-1400 Ma). These belts effectively isolate
the Tanzanian Craton from other Archean nu-
clei that constitute the larger Congo Craton (Fig.
1b). The Tanzanian Craton is composed of gran-
itic rocks, schist belts, greenstone belts and
younger cover rocks. The two oldest units are the
Dodoman System of Tanzania (Quennell, 1956)
and the Nyanzian System of Kenya, Tanzania
and Uganda. The Dodoman System has not been
clearly defined because only a single Rb-Sr
whole-rock age of 2573 +34 Ma (Wendt et al.,
1972) on an orthogneiss is available. Cahen et
al. (1984) considered this age to represent a
younger limit to the Dodoman metamorphism.
The Nyanzian System consists of a succession
composed of, from top to bottom: a greywacke
and andesitic volcanic group with abundant
banded iron formations; an intermediate group
composed of rhyolites with intercalated tuffs and
agglomerates and a basal unit composed of mafic
volcanic rocks (pillow lavas and flows) with
some (rare) banded ironstones (Shackleton,
1946). The total thickness of the Nyanzian Sys-
tem has been estimated at 7500 m (Grantham,
1945).

The Kavirondian System unconformably ov-
erlies the Nyanzian rocks and is composed of
pelitic rocks, arkoses and conglomerates. Nei-
ther the Kavirondian nor the Nyanzian Systems
are well-dated; in fact, the published ages for the
Nyanzian rocks were reported by Yanagi and
Suwa (1981) as 2710+ 340 Ma (Rb-Sr whole
rock) and 2380+ 250 Ma (Rb-Sr, Bell and Dod-
son, 1981). These ages only roughly overlap and
the large errors associated with the ages suggest
that neither can be considered reliable. The ages
of these two systems are better bracketed by ages
of granitic intrusions into these units. Definite
post-Kavirondian granites yield ages of 2472 + 30
Ma (Rb-Sr whole-rock ages from the Mumias
granite of Kenya and the Buteba granite of
Uganda by Cahen et al. (1984) and 2420+ 60

Ma (Wanjare granite, Yanagi and Suwa, 1981).
Dodson et al. (1975) obtained a whole-rock is-
ochron (Rb-Sr) for the Migori granite (Kenya)
that yielded an age of 2739+ 111 Ma. The Mi-
gori granite intrudes the Nyanzian System but
does not intrude the Kavirondian thus bracket-
ing the age of the Kavirondian between ~ 2450
and ~2750 Ma. Despite this, Ichang’i and
MacLean (1991) place the age of the Nyanzian
System between 2800 and as young as 2600 Ma.
In contrast, Cahen et al. (1984) interpreted all
the ages as indicating a ~ 2850 Ma younger limit
for the Nyanzian System., Coomer and Robert-
son (1974) published Pb-Pb ages on sulfides
produced during gold mineralization in the
Nyanzian greenstones, giving an age of
2700+ 150 Ma. This age is broadly coeval with
the age determination on the Migori granite. We
take the estimate of Cahen et al. (1984) for the
lower limit of the age for the Nyanzian System as
the most appropriate. Several authors noted the
age disparity between the Nyanzian greenstone
belt and the older (> 3.3 Ga) greenstone belts of
the Kaapvaal/Zimbabwe Craton (Dodson et al.,
1975; Davis and Condie, 1977; Cahen et al.,
1984).

2. Structural and metamorphic history

Saggerson (1952) and Huddleston (1951)
agreed with previous workers (e.g. Pulfrey, 1945)
that the Nyanzian System of western Kenya ex-
perienced two episodes of folding. The first epi-
sode (D1) was post-Nyanzian ( <2850Ma) and
pre-Kavirondian (>2472 Ma) and the second
episode (D2) of folding is post-Kavirondian but
older than post-Kavirondian granites and thus
also > 2472 Ma. In the northern Kisumu district
(Fig. 2A) the D1 episode is dominated by steeply
dipping limbs ( > 50°) and NE-SW strikes. This
D1 folding episode is more complex in the
southern Kisumu and Kisii districts (Figs. 2A,
2B) where the limb dips remain steep but strikes
are more likely to trend NW-SE. The D2 created
more open folds (dips of limbs typically 30°~
40°) with E-W trending fold axes. Penetrative
deformation (shearing) is prominent near the
contacts of granitic intrusions but is absent else-
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where in the Nyanzian and Kavirondian rocks
(Huddleston, 1951).

The Nyanzian System has been affected by low-
grade metamorphism typical of greenstone belts
(i.e. greenschist and lower) except near contacts
with granitic or doleritic intrusions where the
grade is higher. In these cases, the thermal au-
reole extends only a short distance beyond the
intrusive contact (Huddleston, 1951; Saggerson,
1952; Ichang’i and MacLean, 1991). Higher
grades of metamorphism are also observed in
rocks near the boundary with the Pan-African-
age Mozambique Belt (Sanders, 1965).

3. Paleomagnetism of the Nyanzian System

A total of 111 samples were collected from 16
sites in western Kenya (Nyanzian rhyolites, ba-
salts, pillow basalts and andesites). Most sam-
ples were drilled in the field using a conventional
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gasoline-powered drill with the exception of Site
16 where specimens were drilled in the labora-
tory from oriented hand samples. Drilled sam-
ples were oriented using magnetic compass and
inclinometer with sample intensities too low to
influence compass readings. Outcrop locations in
western Kenya are limited due to intense weath-
ering; however, suitable outcrops with variable
bedding corrections were found in roadcuts,
mines and quarries (for sites and bedding ori-
entation see Figs. 2A, 2B). A total of sixteen
samples of Nyanzian clasts were collected from
a Kavirondian conglomerate at Site 7 for a con-
glomerate test.

The intensities of the natural remanent mag-
netization (NRM) range between 10~“and 1 A/
m as measured on either an ScT cryogenic mag-
netometer or a Schonstedt spinner magnetome-
ter. Thermal and alternating field (AF) demag-
netization carried out on a pilot selection of
samples proved to be of equal value and yielded
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Fig. 2. (A) Geologic sketch map of the Kisumu district (W Kenya) showing locations of paleomagnetic sampling sites and
bedding orientation. Modified from Saggerson, 1952. (Sites 1, 10, 11 and 12 fall outside published geologic maps and these are
located approximately 15 km west of the location shown). Site 9 is located near the contact with the Mozambique Belt (approx-
imately 25 km north of the location shown on map). (B) Geologic sketch map of the Kisii district (W Kenya) showing paleo-
magnetic sampling sites and bedding orientations. Modified from Huddleston, 1949,

similar results; nevertheless, most samples were
treated thermally because complete decay of the
NRM could be achieved. Demagnetization re-
sults were plotted in orthogonal vector diagrams
(Zijderveld, 1967), and linear trajectories were
used to determine directions of magnetic com-
ponents, through principal component analysis
comprising generally three measurements or
more (Kirschvink, 1980). The orthogonal vec-
tor plots typically revealed a single-component
magnetization with a very narrow unblocking

range between 550° and 590°C or coercivities
greater than 100 mT (Figs. 3 and 4). In all cases
the characteristic direction was isolated by 500°C
and the NRM has decayed linearly to the origin
by 590°C suggesting that single-domain magne-
tite is the carrier of the remanence. Isothermal
remanence acquisition (IRM) studies show sat-
uration of samples by 0.3 tesla (T) typical of
magnetite (Fig. 5b). In addition, the AF coer-
civity of a 0.1 T anhysteretic remanent magneti-
zation (ARM) is stronger than the AF coercivity
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Fig. 3. (a) Typical orthogonal vector plot (in-situ) of a Nyanzian basalt sample showing the near univectorial decay of the NRM
(Site 10). (b) Orthogonal vector plot (in-situ) of a Nyanzian rhyolite sample showing a very small (random) overprint and
linear decay of the NRM (Site 8). (c) Orthogonal vector plot (in-situ) of a Nyanzian andesite sample showing univectorial
decay of the NRM (Site 15). (d) Combined AF and thermal orthogonal vector plot (in-situ) of a rhyolite sample demonstrating

the incomplete decay of the NRM using peak AF field of 100 mT.

ofa 0.1 T IRM (Fig. 5¢) indicative of single-do-
main (or pseudo single-domain) grains (John-
son et al., 1975). Several samples, usually those
with weaker NRM intensities, show two compo-
nents of magnetization (Fig. 4b). The lower
temperature component is removed by 300°C;
the in-situ directions generally correspond to the
local present-day magnetic field direction, and
are thus likely to be a viscous overprint of recent
origin. A number of samples showed a very soft
component of magnetization removed by 400°C,
that is random, and no coherent signal above

400°C (Figs. 6a, 6b). Samples that displayed this
type of behavior were found (a) near contacts
with granitic bodies (Site 12), or (b) near the
contact with the Mozambique Belt (Site 9) and
these sites were rejected. One site (Site 16)
showed univectorial decay similar to that of typ-
ical Nyanzian materials; however, the within-site
grouping was random at the 95% confidence level
(using the criteria of Irving, 1964) and the site
mean was rejected from the overall analysis (Fig.
6¢). Orthogonal vector plots of Site-13 samples
(sheared rhyolites) show a univectorial decay
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Fig. 4. (a), (b) Orthogonal vector plots (in-situ) of Nyanzian rhyolite samples from Site 5 showing two-component magneti-
zations, the first removed representing a contaminated present-day field overprint. (¢) Combined AF and thermal orthogonal
vector plot (in-situ) of a Nyanzian basalt sample (Site 1) showing incomplete decay of the NRM using peak AF field of 100

mT.

towards the origin and an excellent within-site
grouping; however, neither the in-situ nor the tilt-
corrected directions correspond to the character-
istic direction seen in the well-grouped Nyanzian
sites and this site was also rejected from the mean
(Fig. 6d).

The characteristic directions isolated in eleven
of the sixteen sites (68/95 samples) reveal both
polarities: either D=9°, [=—64° or D=195°,
I=+51° (in-situ) and D=72°, I=—46° or
D=257°, I=+39° (tilt-corrected). The com-
bined in-situ mean is calculated at D=15°,
I=—-61° (k=11, ays=15°) and the tilt-cor-
rected mean D=74°, [=-43° (k=46
0gs=6°). The mean of the directions shows an
increase in the Fisher precision parameter k

(Fisher, 1953) and a decrease in the ogs angie
after tilt-correction indicating that the character-
istic remanence was acquired prior to folding
(Table 1; Fig. 7). The fold test is significant at
the 95% confidence level according to Mc-
Elhinny (1964), and the McFadden (1990) fold
test statistic £ demonstrates that the hypothesis
which assumes that the magnetization was ac-
quired in-situ can be rejected at the 99% confi-
dence level. This positive fold test does rely
heavily on the results from Sites 6 and 15, which
have dips in opposite directions from those of the
other sites which all have similar bedding correc-
tions (Table 1). Still, we have no a priori reason
to reject these two sites and can thus consider the
magnetization to be pre-folding.
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Clasts of Nyanzian materials found in the Ka-
virondian conglomerate show similar demagne-
tization behavior to parent materials as well as
similar NRM intensities. Samples that show two
components have a soft component that is re-
moved by 500°C or 40 mT that yields an in-situ
mean D=349°, I=—1° (k=35, ag5=24°) cor-
responding to the local present-day field direc-
tion for this site. The mean direction for the
higher unblocking temperature component from
these clasts yields an in-situ direction of
D=259°,I=+39° (k=1.4, 0g5=58°, R=5.13;
see Table 1 and Fig. 8). The in-situ direction for
these clasts is random at the 95% confidence level
using the Irving (1964) criterion (Rys=6.40 for
n=16), yielding a positive conglomerate test.
These results demonstrate that the magnetiza-
tion of the Nyanzian rocks is pre-Kavirondian
(>2450Ma).

McFadden and McElhinny (1990) have pro-
posed a revised reversal test. Assuming that the
normal polarity mean direction for the Nyan-
zian rocks is D=9°, I= —64° (in-situ) and the
reverse polarity mean is D=195°, I=+51° (in-
situ ), the reversal test for these means is incon-
clusive. The tilt-corrected normal polarity mean
direction is D=72°, I=—46° (k-normal=55)
and the reverse polarity mean is D=257°,
I=+39° (k-reverse=65). The tilt-corrected di-

-rections pass the common kappa test and the an-

gle between the normal and reverse directions is
7¢ (the critical angle y,=12.2°). This resultsin
a positive reversal classification of R,..

The mean directions of each site, their associ-
ated statistical parameters, and the calculated
pole positions are given in Table 1 along with-the
grand mean of all sites and the resultant paleo-
pole. The calculated paleopole for the Nyanzian
Systemis 14°N, 150°E (n=11,K=56, Ags=6°,
dp=5°, dm=7°, tilt-corrected ). The age of this

Fig. 5. (a) Unblocking temperature curves for typical sam-
ples of Nyanzian basalt, rhyolite and andesite samples. (b)
Isothermal Remanence Acquisition (IRM) curves for typi-
cal samples of Nyanzian basalt, rhyolite and andesite sam-
ples. (c) Response of typical Nyanzian materials with IRM
(0.1 T) and ARM (0.1 T) to AF demagnetization indicating
single to pseudo-single domain magnetic carriers.
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Fig. 6. Orthogonal vector plots (in-situ) of selected samples rejected in this study. (a) Basalt near granite-pegmatite contact at
Site 12. (b) Andesite sample near the contact with Mozambique metamorphic belt at Site 9. (¢) Andesite sample showing near
univectorial decay but random, within-site grouping at Site 16. (d) Sheared rhyolite sample showing univectorial decay of a

hematite-carried remanence at Site 13.

paleopole is at least older than the deformation
of the Nyanzian System (i.e. older than 2472 + 30
Ma) as constrained by the positive fold and con-
glomerate tests.

4. Interpretation of results

With the exception of the Cunene anorthosite
pole (Angola, Piper, 1974), all paleomagnetic
results for the Congo Craton in the time period
from 2000 to 3000 Ma are derived from units in
the Tanzanian Craton. The most likely age for
the “welding” of the Zambia and Tanzania nu-

clei to the Angola, Kasai and Gabon-Congo nu-
clei of west Congo is a Kibaran-age event
( ~ 1300 Ma; Clifford, 1971; Rumvegeri, 1991),
and it is therefore preferable to treat the Tanza-
nian Craton as a separate block. One of the poles
from the Tanzanian Craton, the Oldoinyo gneiss
pole (Mauritsch and Pondaga, 1985), is poorly
dated and based on only five samples from one
site (Q=1). Therefore, the Oldoinyo Gneiss pole
will not be used in the analysis below.

The Mumias granite (2472 + 30 Ma, Dodson
et al., 1975, recalculated using Rb-Sr decay con-
stant of 1.42x 10~ !! by Cahen et al., 1984) and
the post-Kavirondian granites (2420*60 Ma,
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Table |

Paleomagnetic results

Site Lithology Strike/dip  n/N In-situ

1

l Basalt 210753 181
2 Rhyolite 225745 6/6 013
Rhyolite 210/43 4/4 o3
4 Rhyolite 212/50 /10 358
3 Rhyolite 195/46 S5 356
6 Rhyolite 160/60 6/6 230
7 Conglomerate 110/34 16/16 {259
8 Rhyolite 230/42 S/6 010
9 Andesite 280/41 ®/8 .

1o Basalt 210/55 177 193

11 Basalt 210/53 376 204

12 Metabasalt 210/53 0/5

13 Sheared rhyolite 178/70 3/5 {182

14 Basalt 235/60 4/5 200

15 Andesite 110/70 10710 [22

16 Andesite 100/70 578 (097

Site means (in-situ ) N=11/16 015

Site means (tilt-corrected ) N=11/16

VGP

Tilt~corrected k (¥ye
H D {
+32 253 +44 88 b 150N 33
- 46 068 —50 31 i 19N i
-34 073 -44 427 - 1SN isl
- 57 077 -51 172 FEN s
- 64 068 47 82 PN, g7
74 077 - 45 179 5 12N s
+39) - - i hh Cong. test
s2 076 - 58 RITEE TIPN Ted4E
- - - - See text
+ 53 253 +37 24 42 16°S. 326 1
b3 253 + 20 49 10 1678, 37+ F
- - See text
+08) (180 +04) 16 14 See tent
+47 271 +435 1 30 00"N, 3%
~~~~~ 44 069 24 56 7 205N 1 F
+33) (133 +13) 2 72 See texi
—0] i i 66 N, Jis L
074  —43 56 14°N, IS E

Notes. Directions in parentheses have not been included in the overall mean directions. Strike convention uses left-hand rule. #/
N=number of samples used/samples in site; D =declination in degrees; /= inclination in degrees; k = Fisher precision parameter:

tvgs = 95% confidence cone; VGP = virtual geomagnetic pole.

Yanagi and Suwa, 1981, Wanjare granite ) yield
paleomagnetic poles which are not significantly
different from each other (Patel, 1989). These
poles (41°N, 263°E post-Kavirondian pole;
61°N, 211°E Mumias pole) are both post-Ka-
virondian in age. Patel (1989) also noted that of
the three “post-Kavirondian” granites he sam-
pled (Wanjare, Kitere and Kilgoris), only the
Wanjare granite has been directly dated and that
perhaps the Kitere and Kilgoris granites may be
of different ages. Indeed, the Wanjare granite
virtual geomagnetic pole (60°N, 246°E,
dp=13°, dm=20°) lies much closer to the Mu-
mias pole (Patel and Raja, 1979) at 61°N, 211°E
(dp=12°,dm=18°), in keeping with the coeval
ages of these two granites. The post-Nyanzian
Migori granite (2739+ 111 Ma, Cahen et al.,
1984) yields a paleomagnetic pole at 72°N,
336°E (dp=6°, dm=12°, Patel, 1989), al-
though this body may well have been tilted dur-
ing D1 or D2. The gabbro at Garauja-Basotu
(Krs et al., 1983) gives a tilt-corrected pole at

27°S, 341°E, very close to the tilt-corrected
Nyanzian pole. The Garauja gabbro pole is esti-
mated at 2600 Ma; however, as with all dvkes/
mafic intrusions into the Tanzanian Craton this
age is poorly constrained. The in-situ pole for the
gabbro at Garauja-Basotu falls at 18°N, 348°E.
This in-situ pole lies adjacent to younger poles
from the Tanzanian Craton (Kisii lavas pole,
Brock et al., 1972) and away from the Nyanzian
in-situ pole such that it is difficult to constrain
the age of this body to within less than 300 Ma,
The Nyanzian System paleopole falls at 14°N,
150°E (dp=5°, dm=7°) and i1s significantly
different from both the post-Nyanzian granite
and post-Kavirondian granite poles. The in-situ
Nyanzian pole (46°N, 198°E, 445=15") does
fall near the post-Kavirondian granite poles. De-
spite the similarity of this in-situ Nyanzian pole
to the post-Kavirondian poles, we maintain that
only the tilt-corrected Nyanzian pole is correct
and likely results from a primary magnetization
on the basis of the following arguments. The
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Fig. 8. (a) Stereoplot of all components isolated in clasts of Nyanzian materials found in the Kavirondian conglomerate. (b)
Orthogonal vector plot of a Nyanzian basalt clast taken from the Kavirondian conglomerate at Site 7. (¢) Orthogonal vector plot
of a Nyanzian rhyolite clast taken from the Kavirondian conglomerate at Site 7.

Nyanzian lavas pass a fold test, conglomerate test
and reversal test (tilt-corrected) which, when
taken together, indicate a magnetization ac-
quired prior to D1, Kavirondian deposition and
D2 folding (2472 < D2 < Kavirondian <
D1(?) < 2739 Ma < D1(?) < Nyanzian). The
samples from the Kavirondian conglomerate
were collected in the vicinity of the Wanjare
granite (Site 7), yet the rocks show none of the
typical penetrative deformation (shearing), nor
does the calculated mean (D=259°, I=+39°,
random at 95% confidence level) fall close to the
Wanjare mean (D=2342°, I=—46°). Finally, the
post-Nyanzian granite pole is significantly dif-
ferent from the post-Kavirondian poles suggest-

ing that it was not reset by post-Kavirondian
intrusion.

When trying to interpret Archean paleomag-
netic data on a global basis a number of practical
problems arise that are magnified when review-
ing the African paleomagnetic data. Table 2 lists
all African paleopoles that fall in the range 2000~
3000 Ma along with their “quality-factor” Q (see
Van der Voo, 1990 for a complete discussion ). It
is clear from this compilation that most of the
African Archean~Paleoproterozoic data are of
“low-quality” (Q@-mean=2.5; compare to the
Phanerozoic Q-mean=4.5 for Europe and North
America). The mean Q of 2.5 matches the mean
Q reported by us for these three nuclei in the later
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Table 2

Paleomagnetic poles from Africa in the age range 2000-3000 Ma

Pole name Age range Q-factor Py, Pigng dp dm  Reference

Kalahari Craton

Palabora Igneous Complex 1 1900-2100 2 35 45 7 11 Morgan and Briden, 1981

Palabora Igneous Complex 11 1900-2100 4 4 356 9 11 Morgan and Briden, 1981

Limpopo metamorphics 1900-2100 4 26 22 8 10  Morgan and Briden, 1981

Marico River 1000-2500 1 15 300 6 11 Evans, 1967

Orange River lavas 1960-2070 2 19 254 18 22 Piper, 1975

Bushveld main zone 2038-2062 4 20 33 6 7 Hattingh, 1986

Bushveld gabbro 2038-2062 3 23 36 12 12 Gough and Van Niekirk,
1959

Merensky reef 2038-2062 2 40 47 8 13 Hattingh, 1986

Transvaal lavas 2150-2350 3 40 194 28 28 Briden, 1976

Gaberones granite 2780-2830 4 35 104 16 16 Evans, 1967

Modipe gabbro 2340-2810 3 33 211 11 11 Evans and McElhinny, 1966

Great Dike mean 2444-2476 3 21 58 6 6 Jonesetal, 1976

Mbanane pluton 2682-2692 4 20 106 4 7 Layer et al., 1989

Ventersdorp lavas 2683-2915 1 55 175 22 22 Jones et al., 1967

Usushwana Complex 2835-2915 3 9 347 8 8 Layer et al., 1988

Congo Craton

Cunene anorthosite 1900-2700 2 -3 255 15 22 Piper, 1974

Oldoinyo gneiss 1600-2500 1 62 151 5 9 Mauritsch and Pondaga, 1985

Post-Kavirondian granites 2350-2500 3 41 263 15 23 Patel, 1989

Garauja gabbro (TC) 2400-2600 2 27 161 7 9 Krs et al., 1983

Garauja gabbro (IS) —18 168 7 9 Krsetal., 1983

Mumias granite 2426-2526 3 61 211 12 18 Patel and Raja, 1979

Post-Nyanzian granites 2600-2850 2 72 336 6 12 Patel, 1989

Nyanzian System lavas (TC) > 2850 5 14 150 5 7 This study

Nyanzian System lavas (IS) 4 46 198 This study

West African Craton

Nimba-Harper A 1892-2056 3 18 269 16 21 Onstott and Dorbor, 1987

Ecglab plutons E 1920-2074 2 6 270 8 11 Lassere et al., 1970

Obuasi Dike 2000-2200 2 56 249 6 11 Piper and Lomax, 1973

Tarkwa dolerite 2000-2200 2 53 216 11 17  Piper and Lomax, 1973

Obuasi greenstone 2150-2250 0 50 282 11 21 Piper and Lomax, 1973

Notes. Q-value based on the total number of specific requirements (as set forth in Van der Voo, 1990) a particular pole meets.
These requirements are: (a) well-determined age 4% or 40 Ma whichever is lower; (b) number of samples > 24, precision
parameter k> 10, ag5< 16; (¢) adequate demagnetization using vector subtraction or principal component analysis; (d) field
tests such as fold, contact and conglomerates; (e) structural control; (f) presence of reversals; and (g) no suspicion of remag-
netization. For a more detailed discussion see Van der Voo, 1990. TC =tilt-corrected; IS=in-situ.

Proterozoic (Van der Voo and Meert, 1991). In
that paper we concluded that reconstructions in-
volving the cratonic nuclei of Africa were untest-
able for the time period 1100-550 Ma given the
low @ and, perhaps more significantly, the lack
of well-defined ages for the more reliable paleo-
magnetic poles. These same problems exist for
the Archean-Paleoproterozoic data from Africa

given in Table 2. There are, however, several well-
dated poles that allow “spot-readings” of the rel-
ative positions of the Tanzanian and Kaapvaal/
Zimbabwe Cratons. Fig. 9 shows all the paleo-
magnetic poles (Q>2) determined on rocks in
the Tanzanian Craton and the associated errors
(dp, dm) along with the four well-dated poles
from the Kaapvaal/Zimbabwe Craton that
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Fig. Y. Plot of all paleomagnetic poles from the Tanzanian Craton (3> 2) with their error ellipses and four of the more reliable
paleomagnetic poles from the Kaapvaal Craton which have concordant ages with the Tanzanian Craton poles (some poles are

inverted for convenience in plotting ).

match the time periods of well-dated poles from
the Tanzanian Craton. The West African data set
is, at present, too meager and of the wrong age
range for viable testing of relative positions.

It is practically impossible to construct any sort
of apparent polar wander path (APWP) for
either craton since the time gap between succes-
sive poles is on the order of 100 Ma. Neverthe-
less, comparisons between individual poles sug-
gest that it is more likely that the Tanzanian and
Kaapvaal/Zimbabwe Cratons moved indepen-
dently during the time period from 2875 to 2420
Ma than that they drifted together in the same
relative position as today’s. The Nyanzian (tilt-
corrected pole) is constrained to be older than

~ 2850 Ma by intrusive relationships (Dodson
et al., 1975; Cahen et al., 1984) and positive field
tests (e.g. conglomerate and fold tests). The age
constraints placed on the Nyanzian greenstone
belt place it close to the age of the Usushwana
Complex (2875 Ma) and the Gaberones granite
(2800 Ma). The paleomagnetic poles for the
Nyanzian System and the two poles from the Ka-
apvaal Craton are more than 28° apart and their
error ellipses do not overlap. If the age of the
Nyanzian System is indeed close to the estimates
provided by several authors (Cahen et al., 1984),
then the paleopoles imply that these two cratons
were drifting independently at that time (2800~
2875 Ma). Similarly, the Mbanane pluton (2686
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Ma) and the post-Nyanzian granites (2710 Ma)
poles are 80° apart suggesting that the cratons
continued to drift independently. Finally we note
that the Great Dike mean result (2450 Ma) lies
some 75° away from similar age poles in the
Tanzanian Craton (Mumias granite and post-
Kavirondian granites mean pole at 54°N,
243°E). While there are certainly some prob-
lems with the preceding interpretation (mainly
uncertainty in the exact age of the Nyanzian Sys-
tem) it is evident that any supercontinent hy-
pothesis (e.g. Piper, 1987) fails to explain the
disparity of paleomagnetic results from these two
nuclei. The best that can be said about such re-
constructions is that the lack of a high-quality
African data base for the time period of 2000-
3000 Ma precludes a resolution about Africa’s
tectonic evolution at this time.

5. Conclusions

The Nyanzian System lavas ( > 2850 Ma) yield
a tilt-corrected pole at 14°N, 150°E (dp=5°,
dm=7°) that passes a fold, conglomerate and
reversal test (tilt-corrected) indicating the Ar-
chean (and likely) primary nature of this mag-
netization. The compiled paleomagnetic data
base for the three cratonic nuclei that constitute
the core of the present-day African continent
(Congo, Kaapvaal/Zimbabwe and West Africa)
are, at present, of insufficiently high quality to
allow construction of meaningful apparent polar
wander paths or the testing of long-lived super-
continent models. Two of the cratons (Tanza-
nian and Kaapvaal/Zimbabwe) do have several
well-dated poles of similar age which allows lim-
ited testing of cratonic coherence for these two
nuclei. The similar age poles for these nuclei
demonstrate (albeit in preliminary fashion) that
the Tanzanian and Kaapvaal/Zimbabwe Cra-
tons were drifting independently at ~2850 Ma,
~2700 Ma and ~ 2500 Ma. On the basis of these
conclusions, the supercontinent model of Piper
(1987) can no longer involve a coherent African
continent for the time period from 2900 to 2500
Ma.
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Appendix-—Age of the Nyanzian pole

The original paper for the Nyanzian rocks was written prior
to the acquisition of *°Ar/3°Ar data from the Nyanzian ba-
salts. We report herein the results of those studies that con-
strain the age of the Nyanzian pole and allow us to make a
more definitive test of the relationship between the Congo
(Tanzanian) and Kaapvaal cratons in the Late Archean.

“©Ar/3°Ar results

Samples of Nyanzian basalt were collected from Sites 11
and 14 (see map in original paper) for age determination.
These basalts are very fine-grained; however, a few samples
contained hornblendes as replacement minerals that were in
the size range 100-125 um. These hornblendes were sepa-
rated, purified and irradiated at the University of Michigan’s
Ford-Phoenix Reactor. Following irradiation, the samples
were stepwise treated using an Ar-laser system and the argon
isotopic ratios (40-36) were measured on a MAP-215 mass
spectrometer operating in static mode. Neutron flux gra-
dients were monitored with MMhb-1 (Alexander et al., 1978)
using an age of 520.4 Ma, Samples consisted of 4-5 grains of
hornblende during the initial runs and single grain replicates
were outgassed in three steps to determine any grain-to-grain
variability. Analytical data for three samples are given in Ta-
ble A-1.

Fig. A-1 shows typical stepwise outgassing spectra for sam-
ples from site 11 (Fig. A-1a) and Site 14 (Figs. A-1¢,A-l¢e)
along with their associated Ca/K ratios. Plateau ages 7, were
determined when = 50% of the gas was released over two suc-
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Table A-1

Analytical data for three samples
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4OAr/¥PAr Ca/¥K %Total *°Ar %Atmos Apparent age
Sample 11-1, hornblende, J=7.41541x10-?

1.26888x 10+ 295185 1.61 60.41 1196+ 113
2.63092x10+2 9.26134 1.37 33.84 1952+163
3.87957x10*? 9.30909 18.91 1.97 2444+ 19
4.53156x10%2 9.56099 53.01 0.77 265710
4.63750x 10+2 11.74260 25.10 1.77 2689+ 10
Total gas age 2601 * 16; Plateau age 2672+ 32 Ma

Sample 14-1, hornblende, J=7.47571 x 10~

8.11622x%10 2.70538 2.07 52.90 850+ 22
1.28411x10+2 6.53701 1.82 2542 1206+23
3.93446x10*2 10.9914 5.29 1.96 2463+ 18
4.52970%x 10%2 9.67883 16.73 0.58 2656 £09
4,55498 %10+ 9.14881 36.71 0.39 266305
4,61690x10+2 9.27706 3.44 0.97 2682+ 14
4.63125x10+2 9.06297 12.84 0.54 2686110
4.62282x 102 10.0897 4.19 [.15 2684+ 13
460728 x10+2 11.0703 16.91 1.30 2679407
Total gas age 2617 + 8; Plateau age 2670+ 10 Ma

Sample 14-2, hornblende, J=7.47571x 10~

8.96652x 10 4.76266 2.89 47.11 919£20
2.96697 x 10+? 10.2924 3.64 4.35 2099 + 20
4,53359x10%2 9.41532 33.12 0.50 2657%03
4.52224x10%2 9.20509 9.65 0.87 2654+ 11
4.60385x10%2 9.08253 9.26 0.79 2678+13
4.62659%10%2 10.0775 23.51 0.47 2685104
4.60501x10%2 11.0743 17.93 1.37 2678 +07

Total gas age 2619+ 7; plateau age 2683 + 4 Ma

Apparent age errors are reported as 1¢. All other errors are reported as 20. Errors associated with the irradiation parameter J are

less than 0.5%.

cessive steps with overlapping ages (using 2o errors; all er-
rors reported here are 2a). Preferred ages 7, are used when
less than 50% of the gas was released with overlapping ages.
Total gas ages are given in Table A-1. Platteau ages are
2672+ 32 Ma for sample 11-1, 2670+ 10 Ma for sample 14-
1 (split 1) and 2683 =4 Ma for sample 14-1 (split 2). Rep-
licates of samples from Site 11 show large variability and faited
to yield plateau ages although the more radiogenic release ages
are compatible with the above results (2678 1+ 15 Ma over
20% of the gas) and one sample yielded an isochron age of
2696+ 14 Ma (MSWD=1.11). A single-grain replicate from
Site 14 gave an age of 2670+ 24 Ma over 51% of the gas. We
also note that samples 11-1 (Fig. A-1a) and 14-1 (Fig. A-1c)
show ages (T) of 2689+ 20 Ma and 2682t 4 Ma, respec-
tively, over their final release stteps. Collectively, we con-

sider these ages to indicate an age between 2670 and 2690
Ma for the Nyanzian pole.

Discussion

Coomer and Robertson (1974) conducted Pb—Pb studies
on sulfides formed during mineralization associated with the
intrusion of the Migori granite into the Nyanzian basalt and
determined an age of 27001 150 Ma. Yanagi and Suwa
(1981) computed a Rb~Sr whole-rock age for the Nyanzian
basalts of 27101 340 Ma. The Migori granite was dated at
27391111 Ma by Dodson et al. (1975). These ages are
broadly coeval with out *°Ar/%*Ar ages and suggest that the
hornblendes formed during hydrothermal alteration of the
Nyanzian System associated with the intrusion of the Migori
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granites. This alteration chemically reset the original mag-
netization in the Nyanzian rocks and the age of 2670-2690
Ma for the Nyanzian rocks is considered to date the remag-
netization. Field tests constrain the age of the paleomagnetic
pole to be older than D1 and the Kavirondian conglomerate
(=2470 Ma, see text). Since boulders of the Migori granite
are found in the Kavirondian conglomerate we consider D1
to be younger than the intrusion of the Migori granite but
older than the Kavirondian conglomerate. Therefore, D1 is
older than 2470 but younger than 2690 Ma. Because the D1
is younger than the Migori granite the post-Nyanzian gran-
ites pole (Patel, 1989; see Table 2) is no longer considered
to accurately reflect the position of the Tanzanian craton be-
cause it was tilted during subsequent deformation.

The Mbanane pluton pole reported by Layer ct al. (1989;
see Table 2) has an age of 2685+ 5 Ma allowing for an ap-
proximate comparison between the paleopositions of the
Congo (Tanzanian) and Kaapvaal cratons. The ages of the
Mbanane pole and the Nyanzian pole roughly overlap after
recalibration of the Nyanzian ages to the 3gr-standard used
by Layer et al. (1989). This results in a slightly lower age
estimate for the Nyanzian between 2650 and 2670 Ma. The
poles for these two cratons are 42" apart (see Fig. 9), al-
though the paleolatitudinal separation between the two cra-
tons is similar to the present-day separation. Thus, we cannot
conclusively state that the two cratons were drifting indepen-
dently during this interval, based on these paleomagnetic data.
We do note that a reconstruction such as that used by Piper
(1987) requires coeval poles to fall in the same location. This
criterion is not met by our data.
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