(NASA-CR-153260) ON THE ORIGIN OF THE

R77=-25703
BANGUI MAGHNETIC ANOMALY, CEHNTRLL AFRICAN
EMPIRE {Johns Hopkins Univ.}) 63 p HC AQ4/MF
201 CSCi (8¥X Unclas
c3/46 31738

ON THE ORIGIN OF THE
BANGUI MAGNETIC ANOMALY

CENTRAL AFRICAN EMPIRE

by

Bruce D. Marsh
Department of Earth and Planetary Sciences
The Johns Hopkins University

Baltimore, Maryland 21218

Submitted to the National Aeronautics and Space Administration Center

under Grant <E$-5090 to The Johns Hopkins University.

NG

JUN 197;7
RECEIVED

NASA.ST! FACILIY. >

‘—  INPUT BRANCH o,
: N

N
AR

ol




PREFACE.

In 1973 Regan, Cain, and Davis recoénized a large magnetic anomaly
in satellite magnetometer data over the Central African Eﬁpire in centrél
Africa. They named this anomaly the Bangui magnetic anomaly due to its
location near the capital city of Bangui, C.A.E.  Because large crustal
magnefic anomalies are uncommon, the origin of this anom;iy has provoked

some interest and hence this report.

',/

During January of 1976 Regan and I visited the area of the anomaly to
make ground magnetic measurements, geologic.obsefvétions, and in-situ
- magnetic susceptibility measurements. Some réck.samples were:also collected
and chemiéally analyzed. BApproximately two wéeks were sp;nt in the C.A.E.
performing field investigations; samples collected during the trip are on
file at the Johns Hopkins University and the U; S. Géological Survey.

our ﬁork in the C.A.E. was greatly facilitated by the gracious hospitality
bestowed upon us by ﬁis Excellency Jean Bedel Bokassa, 3mpero£ for Life
of the Central African Empire. Members. of his cabinet were aiéo particularly
helpful. L i

The Office de la Recherche Scientifique et Technique Outre Mer éORSTOM)'
under the local guidance of Mon.‘Pierre Morgues was essential in expésing
us to the geological and geophysical nature of the C.A.E.; their continual
support has made this study possible. J. Vassal and R. Godivier kindif
supplied the writer with a preliminary report on the‘ground-ﬁagnetic SUrVey.
Y. Boulvert most grac%ousiy gave the writer a prelimina¥y copy of his new
detailed geologic map of the C.A.E. P. Morgues supplied a preliminary
version of the Bouguer gravity map of the C.A.E. This repo;ﬁ relies heavily
on this work and this éupport is sincerely appreciated. -

This work has benefited greatly from numgroﬁs di;cussions and computations
with Robert D. Regan. fThe financial support of the National Aeronautics and

Space Administration via the Geophysics Branch has made this study possible.
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PHYSICAT, NATURE COF AFRICA

.Geology
Africa has been a continent since the early Preeambrian.

Excepting limited marine transgressions in the Meéozoic Africa has
been land since the 6rdovician. During much of its‘early histo;y it
-was also a land area. FPhysiographically Africa today is largely a
series of flat drainage basins connected by local plaéeaus,'some of’
which reach an eleyation of over 2,000 m. “The great Bast Africén rift
system dominates eastern Africa gnd the high relief is coﬁmgﬁly
controlled by near-vertical faulting.

) Geologically Africa contains two large cratonic éreas, one
covering néafly all of south Africa and the other in the‘nowthwestern
part of the continent, many large sedimentary basins, and é significant
amount of recent volcanism along the East African Rif? andiin,north—
central Africa. Between the large sedimentary basins (Figure 1) are
exposures of smaller basins, like the Obangui basin of the'céntral
African Empire (C.A.E.) and their generally gfénulitic Bésement rocks.

Seven major orogenic events have heen recorded_in Africa's rocks.

i. 3000 m.y. ago

2. 2500-2800 m.y.a., Shamv;an

3. 1850 = 230
4., 131060 + 200 , Kibaran
5. 550 + 100 ; Damaran--Katangan or Pan African

6. mid-Paleczoic—~early Mesozoic, Acadian or Hercynian

7. Alpine
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Figure 1. Major basins and tectonic-physiographic provinces of
(from Holmes, 1965).
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The geographic extent of these events is outlined in Figure 2 from

Clifford (1970). The Central African Empire, in concert with most of

the continent, suffered extensively from the Kibaran and Pan African
events (Cahen and Snelling, 1966). Africa is rather unique in that s o
contains at least eight nucleii of very old crust (Figure 2). These

_ nucleii, which include, for example, the Barberton Mountain Land of the
eastern Transvaal, exhibit rocks and metamorphic events which are 253
billion years old or older (Clifford, 1970). Another unique feature of
this ancient continent is the Great Dike of Rhodesia, a 480 by about

6 km, northerly trending, ancient (72,500 million years), basic intrusive
(e.g., Bichan, 1970). The intrusion and extrusion of basic and often ultra
basic rocks was not an uncommon event in the early Precambrian of Africa.

Mineral Resources. In general Africa's mineral resources occur in two

distinct age-structural units. The younger orogens contain principally

copper, lead, zinc, cobalt, beryllium, tin, tungsten, niobium and

tantalum. The older cratonic areas contain principally gold, diamonds,

chromium, asbestos and iron ore (Clifford, 1966; 1971). The younger
orogens are those orogenic events listed already which are younger than
about 1100 million years (i.e. 4 to 7 above). The older cratons are
those events prior to 1100 m.y. The areas of younger orogens principally
border the cratons. And where the craton is nearby, alluvial deposits
of craton-like mineral deposits are commonly found. The Central African
Empire borders the Congo Basin craton, and it could possess mineral
deposits of both types. A substantial iron ore deposit is known as are
large alluvial deposits of diamond in the C.A.E. Judging from Clifford's

analysis this region may contain other important deposits.
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Figure 2. Simplified map of the major structural-orogenic provinces of Africa.

(from Clifford, 1970).




To gain a feeling for the importance of various African mineral

deposits the following table is given (Clifford, 1971).

African Mineral Production

Percent of World Production

gineral African Production - {excepting U.S5.5.R.)
asbestos 300,000 tons (t} . 20
chromite 650,000 t ) 44
cobalt 11,000 & . ) 73
copper 1,000,000 ¢ 27
diamonds 26,000,600 carats '94
gold . 700 t 69
iron ore 9,000,000 t . 4
lead 200,000 t 3
tin 19,000 ¢ 13.
tungsten 1,500 & 5
(as of 1957)

" zinc 260,000 t 3

Gecphysics

Gravity: A general free—air gravity anomaly map of Africa is shown in
Figure 3 (Marsh and Marsh, 1976). The most apparent correlation is '
between the Congc Basin and the large negative gravity anomaly in this
region. _The east African Rift system shows as a slight posiéive, butb

due to the.elevation of this area it will produce a lérge negative Bougue;
anomaly. In general there is not a close correlatiom bétween the gravity

and the geology.
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Figure 3. Free air gravity map of Africa based on a combination of satellite
and ground measurements (from Maxrsh and Marsh, 1976); units are m@Gals.



‘Magnetics. 'The satellite total field magnetic anomaly map is shown in
Pigure 4.(Regan and others, 1975). It was calculated by removing a
geomagnetic field model of the 13th degree and order. This anomalous
field is not at a constant elevation (A500-750 ﬁm), but at these altitudes
the fieid is slowly varying enough so as to make this ﬁéfﬁable altitude
relatively.unimportant. The largest anémaly (&-107) is located over
ceﬁzral Africa near the city of Bangmi. in the»gentralhAfrican Empire
(Regan aﬁd others, 1973). This-anomaly, the Béhgui Anomaly, would be a
positive if it occqrred in northern latitudes; it lies‘near the geo-
nagnetic equator. Areas of generally positive anomalies are found in’
the northwestern and southern p;rts of the continent. These anomalies
corralate well with the cratonic shields. Agd the'area of the Congo

Basin may similarly be reflected by these anomalies.
. J

Heat Flow. A map of the probable heat flow'in Africa is shown in ‘
Pigure 5 (Chapman and Pollack, 1975; Gass and others, 1977). Although
over a good part of Africa there aré few heat flowjmeasurements, Chapman
and Pollack have used a correlation between geology and heat‘flow to
predict values in areas of no data (! H.F.U. . 40 mi mfz). Africa showg
high heat flows near the East African Rift System and low he;t flows in
its remaining more tectonically ancient parts. In the intexpretation of
large crustal magnétic anomalies, like the Bangui Anomaly, it is obviou§ly
important to know the limit of magﬁetization which i; largely controlled
by temperaturé.

Crustal temperature can be calculated if the surfa¢é‘heat flow and
the magnitude and distribution of heat production is known. The surface:

heat flow in the C.A.E. is assumed to be that given by Chapman and Pollack.
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Figure 4. Total field satellite magnetic map of Africa (from Regan et. al,
1975); units are gammas.



The surface heat production Ean be estimated by assuming the upper crust
to he granitic and ;f Precambrian age wherenpon its heat production is
about 500 cal km“3 s_l or less {e.g. Handbook of Geoéheﬁistry)u fhe
distribution of crustal heat source is ;ssuged to aecay with depth as ‘
eHBZ, where-B is the reciprocal depth where the surface ﬁgat production
dies to e“l of its surface value (e.g. Roy, Blackwell, and'Decker; l§72).:

The steady~state conduction equation describes the crustal geotherm;

2

&t _ _ -BZ
Ke@gz = B¢

(a)

Where K_ is thermal conductivity, A is heat production, and Z is depth.

The boundary conditions are

T=0at Z2=20 (B)

!
N

(ar/..)
_dZ z=0 i c )

where g is the surface heat flow. Integrating (a) twice gives

i

KcT=— +C.Z2+C {c)

applying (b) to {(c) ‘the constants at integration are found to be

C

1 =97y

(a@)

I

n/_2

€ B

Substituting (d) into (¢) gives the desired result.

A

~BZ Z )
T = (L-e )y +— {g~-2a/)} (e)
KCBZ Kc B
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Figure 5. Regional heat flow in mWatts m (40 mW m "W L HP.H.) £from Gass,
Pollack and others, 1977.
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Figure 6. Estimated crustal temperatures beneath the Central African Empire.
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For A = 500 cal km > s ~ (v 2 x 107 ergs em > s %) and K = 3.338 x 10°

ery cm—l s deg"l the curves in Figure © were caiculated using ecuation

(e). The most realistic curve is probably that where B = 1071 ana

g = 1.1 H.F.U. in which case the Curie point or limit of ferromagnetism

is probably about 40 km, but this depends critically on the exact composition
of the magnetite in the lower crust.

A similar calculation can be carried out to determine the depth at
which the mantle solidus is exceeded. This has been done by Chapman and
Pollack (1977) and this depth gives an estimate of the thickness of the
lithosphere. Their map of lithosphere thiékness is showﬁ in FPigure 7a.

As expected, the lithosphere thickness in the tectonically ancient areas

of Africa is generally greater than about 200 km.

l
Seismology. The distribution of larger earthguakes in Africa is shown

in Figure 8. They are centered mostly along or near the Egst African
rift system. BAlthough no earthquakes are shown within,theEC.A.E., some
ware felt there in 1975 and 1976 (personal communication, P. Morgues,
ORSTOM). Because of the paucity of earthguakes and seismograph statioms
over most of Africa litile is known about its crustal structure. Suxface
wave studies, however, have delineated the general structure and thickness
of the lithosphere. This data is reviewed by Gass and others (1977) and
Figqure 7b which shows 1ithospherié thickness ag adapted from this paper.
Lithospheric thickness is defined as the depih to the low-velocity zone
or, similarly, the dep%h where the mantle begins to melt. That is, it

is the depth to a critical isotherm. ILithospheric thickness as computed

using heat flow and surface heat production (Chapman and Pollack, 1977)
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Distribution of earthguake epicenters in Africa (from worldwide
map published by U. S. Gzological Survey, 1974? .



is shown in Figure 7a. These two independent estimates indeed give

similar results which attest to the veraéity of the ‘predicted values

of heat flow over much of Africa.

Summary

African geology is largely dominated by 1a£ge e#panses of stable
‘craton with many 1argé sedimentary basins s;rrounded by'Precambrian'
rocks of wﬁich some form nucleii of some of the oldest rocké on-Earth;
little has happened tectonically to Africa‘sinée the late Precambrién
excepting scattered volcanism in the noréh'ana widespread volcqnism
and faunlting associated with the extensive Eést African rift éystem.
" The gravity and magnetic fields, for the most part, reflect these
features., Surface heat flow does too, and in noﬁtecténic .regions
the lithosphere is abnormally thick (v 200 km) and the C?;ie goint
deep (v 40 km)}. Earthquakes are generally confiﬁed to the area of the
East African rift system. The Central African Eﬁpire. conﬂaining the
Bangui magnetic anomaly, lies between the'Congo Basin to the south ana
_ the Chad Basiﬁ to the nérth. Its rocks are largely of Precambrian age

{>v 600 million vears) and volcanic activity has been extinct for about

600 million years.



GENERAL GEOCLOGY OF THE CENTRAL AFRICAN EMPIRE

INTRODUCTION

The oldest rocks in this area are generally referred to aé the
basal complex. It,'fér the most part, is comprised of migmatite%,
charnokites, metadiabases, and metasediments. Proceeding uéwards
in the section siliceocus sediments become increasingly abundant.
Thesza sadiments locally form basins which in turn comprise a much
larger basin or, perﬁaps, synclinorium. The basin deposits
are intruded by diabase and granitic‘rocks which have an age of
about 530 million years. The principal interest here is in the struc—
tural and chemical nature of the above units which can be used to
construct a geological and geophysical model to explain the Bangu;
magnetic anomaly. Thus it is necessary and highly desirable to
gxamine these units and their relations across the C.A.E. in some

detail.
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BASEMENT

A great deal of work in this region has been carried out by

Cerard (1958), Gerard eand Gerard (1952; 1954). The rocks most Frequently

studied belong mostly inthe Lower PreCambrian and these are dom%nantly-
metasediments, This se;tion rests on the Ybasal comﬁlex“ of which_
this parégraph is concerned. The basal cmmpleX'h;s béen infrequently
studied due to its complexity and poor e¥posure, In the Baidou basin |
of West Bangassou the once sedimentary rocks‘are-élmost exclusively
crystalline schists rich in silica and aluminum wifh_subordinate
c31Cﬁmégnesian (dolomitic) horizons. Often these rockg are found in
the granulite facies and as banded biotite*muscovité gﬁéisg_
Nearby to the southeast in the M'Bemou basin (Mestr;ud,‘1953) the
compiex is formed almost completely by metabasalﬁs; the dominant
rock tyée is an anphibole pyroxenite Qith, garnet, plégioclase, and,
oddly enough, quartz. If the appearance of quartz is any indication,
these rocks are nearly in the eclogite facie;, althopgh the presence
of feldspar would indicate possibly a transition from gramulite to
eclogite. The above area (Baidop basin)} boxders the magnetic-aﬁomaly-
on the southeast. To the north of the Baidou basin, in the map area.
of Yalinga-west (see Figure 9) are found a group of highly ﬁeta;
morohosed sediments. Specimens 13 and 14-were colleéted in this

locality (see Figure 4h for sample locatiorig); tHese show a quartz~riéh,
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puscovite, biotite, magnetite, and garnet-bearing schist which is in
places mylonitic. The trend of the lineations in éhis area are noch;
eastward with a steep dip to the north. This oriéﬁtation ie typical
of the bagal complex. In the éestern part of the C.A.E. Gerard and
Gerard (1952) have described a highly metamorphoéed‘séquénce'of
sediments and lavas which are now schigts,'gnei;ses, orthogneisses,
annd migmatites. The orthogneisses include tw; large‘masses of
charnokite which show little sign of migmatization.

Charnokitic granites near Siﬁut and Kaga Baﬁdero were inspected
.on the field trip._ One sample (#10) consists of large (il ﬁm) clean
garnets set in 3 mass of quartez, plggioc}ase, and microcline.
Magnetite, biotite and xenotine (YPO,) make up the remaindér of the .
rock. Whole-rock chemical analyses of three so—called charnokites
are given below. Sample #10 contains a surprisingly large%amount

of iron for its silica content.
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Sample No. ;ji_ _ji_ _10
sio, ~75.8 75.8 ' 71.5
Ti0, . .14 17 .65

- B1,0, 13.6  14.2 _13.2
Fe,0, " .30 .50 1.5
FeO 1.20 .64 5.9
Mno .00 .01 11
MgO . .38 .37 | i.é
cao .90 1.30 © 1.0

- Na,0 2.5 - 2.5 1.4
K,0 5.7 4.8 _ - 3.6
L .04 .04 . .08
H, O+ .50 - .53 .40
H, 0~ 211 .18 .10
co, .08 .09 .03

In summary, the basement rocks in the C.A.E. are chiefly made
up of highly metamorphosed basic and intermediate composition igneous

rocks and siliceous sedimentaxry rocks.
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OUBANGUL BASIN

/ For our purposes the rocks lying above the basal complex can be divided

into the Lower, Upper, and Middle Precambrian. The Lower Precémbrian

rocks of which the basal complex is a part make up some 75% of the Précaﬁﬁrian
exposures., A principal occurance of these rocks is in the central
C.A. E.in an area %eferred to as the Oubangui Basin (Labrousse,
1972). This large sedimentary basin containg a number of smaller

or loecal basins éome of which are the Bangoui Kettle, Kotto, Baidou,
and M'Bomou basin in the eastern or southeastern part of ;h?

Oubangui Basin; the Ombella, Koma, and the Ouaka basin ig:the.central
part of the larger basin; and the M'Poko and Lobaye basin in the
western part of the Oubangui basin. Judging from the published
accounts of the rocks in these smallex basin, and a field txip
through the center of the Oubangui Basin the xocks are not
sufficently different to warrant separate detailed descriptions, but
;n overall description of this uni£ is desirable. The rocks of the
M'Poko basin which is north-northwest of the capital city of Bangui

has been well documanted by Gerard and Gerard (op.cit).
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The M'Poko system consists of quartzites, schists, and meta-
volcanic rocks. The system has been subdivided into three series
which previously had two sets of names, one set used in the-western
Berberati area and another set used in the eastern Berberati area.
These two sets'hhve been combined {see Haughton, 1963, p._é9) into
the following seriés (from top (3) to bottom (1))

3. M'Bi and Nola series
2. Pama and Bon€ series

1. Lin and KadefY series

The Lin and Kadel series is the oldest, it rests unconformably

. - |
upon the basement complex and it is almost wholly made up of light-

colored quartzites with small patches of schist.

. 1
The Pama and Boné series rests conformably on the above

and whexe the lowest series i1s absent it rests orn the basement
complex, This series, unlike the lowest series, is almost eﬁtirely
schist with small bands of clean quartzite. -The schists commonly
contain biotite, muscovite, and large garnets.

The youngest M'Bi-Wola series is dominantly fine-grained

quartzite in onme locality (M'Bi), while the Nola beds are almost
exclusively made up of metadiabase of the anphibolite facies. Some

tuffaceous schists and quartzites are also present,
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The Middle Precambrian rocks of the Lobaye ba;in lie uncon-—
formably upon those of the M'Poko basin. The Lobaye rocks are mostly
quartzitic sandstones containing lenses of conglomerate and shale.—
Numerous outcrops of diabase also occur inm this area, and although
at first glaﬁce they appear intrusive it has been suggested that some
ma& be lava flows. The Lobayé ;edimentary rocks are the least
metamorphosed of all the sedimentary units visited, élthough_the
diabase unité are uéually-intensely chloritized, Thé-diabase obtained
by the author from this area contains plagioclase, clinopyro%eﬁe,
orthopyroxene, magnetite, chlorite, and serpent&ne. ‘The large
pyroxene and magnetite (v4 mm) form peculiar optically-

continuous patches where all perimeters are sure and straight. 5These
‘minerals are also quite fresh whereas other primary igneous hinerals
have been largely altered to 10# temperature equivalenté: A chemical

analysis of this sample #18 is given below; it is an alkali basalt.
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Sample #18 -~ Alkali Rasalt {(Diabage)

(wts)
si0, £7.9
Ti0, ‘ 2.1
aL0. 7 13.8
Fe203 . 3.7
Feo 11.2
Mno .12
MgO ‘ 7.4
cao ‘_ 7.2
Na20 . é.O
K,0 1.2
P_0, .29
B0+ 2.7
H,0- .29
co, .01

Upsex Precambrian rocks in the Eentral C.A.E. are principally
represented by a series of voluminous and heterogeneous granitic intrusives.
A large batholith-like body lies in the area of Sibut and strikes N-NW,
and a similax body parallels the Sibut infrusive some 150 km to the east.
Both %ntrusives must cut all the units of the Cubangui basin. These young
intrusives largely consist of granite (see analyses below), although it
is reported that more basic rocks also occur within these bodies (Pouit,
13595. Thin sections from samples of the intrusive taken by the authox
near Bembi reveal perthitic microcline, plaéioclase, qdér£z, muscovite,
biotite, chlorite, and tiny zircons. It igs clear that this rock has bheen

hydrothermally altered under near-surface conditions. A chemical analysis

of this sample and some of the heterogeneous granite near Sibut are given

below.



Sample #11 #2 (Pouit) #3 (Pouit) #4 (Pouit)

sio, - 76.1 : 69.15 C 4670 49.50
Ti0, .09 0.60 1.20 307
M0, 140 14.05 15.72 14.02
Fe 0, .59 2.14 3.13 . 0 . 2.92
FeO 24 2.95 11.59 " 14.21
M0 .00 0.27 0.23 . 0.22
MgO .15 1.56 . 7.90 3,15
Ca0 53 - 2.36 10.62 8.97
NaZO' 3.5 - 4.66 1.92 - T2.20
K,0 5.3 1.54 0.28 -+ . 0.42
P,0s o4 0.20 0.14 ©0.49
HyO+ 11 dgnitiop s " 0. | o.17
HZO—' .08

co?_‘ .01

TOTAL 99.83 . 99.84 99.4T
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The large intrusive near Bakala shows no sign of deformation
or metgmorphism. It appears, therefore, as one of the youngest units
in the éentral C.A.E. It is sometimes réported that the intensely
metamorphosed banded iron formation; (see below) are genétically
associated with these bodies, due to theix great difference in'age
this is an unlikely genetic association. Samples 3 aﬁd.é‘from Poui;
{1959, p. 49) contain extraordinary amoﬁnts of irén, abgut 14.7% and
17.1%, respectively. Typical tholeiitic-ocean fidge—basalts and
alkali basalts contain about 9 to il% (wé) totai iron. In some
areas like Iceland,'however,'ths basalts are commonly more iron rich.
Tcelandie lavas possessing a silica content similar to analyses
3 and £ above contain about 11 to 14% (ﬁt) total iron (Caryichael,,
1964). If the majority of the iron was held by magnetite,‘ﬁhich is
indeed likely, the volume percent magnetite could be 3-5% which would '

. i

imply a2 magnetic susceptibility of about 10"2 {cgs) (Grant and West;
1965, p. 368). Rocks with this susceptibility are UncommOn. .

Cohen and Snelling (1966) having obtained radiometric ages on a
good many of these intrusives and associated units show that most of
the agss cluster about 650~500 million yvears which places them in the
Late Precamprian or Early Paleozoic. (See the section cn Geochronology

for a discussion of these results).
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The remaining rocks, some diamondiferous gravels in the extreme
western and northeastérn parts of the C.,AE. and the fa}eozoic
sediments of the Chad basin to the north, form onl& young super-
ficial deposits and hence are of little interest to the explanation

of the magnetic anomaly.
BANDED IRON FORMATION

Between Bakala and Ippy (near 6°N, 21°E) a large amount of
banded iron formation crops out along the roa@side. Andat a short
di;tance beygnd the road is a large hill (& 500m) which consists
dominantly of Specularité. This unit strikes about N-NW and dips
steeply to the east. It seems to be intimately associated”with the
clean guff to white gquartzites so common to the O;bangui ﬁasin. The
exact stratigraphic relationéhip between the iron formation and the
quartzite, however, was not established. The hand sample is red with
distinct white bands of quartz; the outcrop is laminated on a scale
of about 5-10 cm., The iron formation is made up mostly of coarse rec¢rystallized
chert grains (v.8 mm) and finer grains of magnetite and hegatiteh
Limonite and stilpnomelane ( ?) are also present im trace ;mounts.
The thickness of ore layers of pure quartz grains range from 4 mm to

gbout 1 mm. The ore is usnally confined to individual layers

having similar thicknesses. The grains of quartz are blocky and the
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shape of the magnetite grains is irreguiar. The rock has been
intensely metamorphosed and.shows small- folds.

James (1955) has shown that the grain size of guartz is a good
indicator of metamorphic grade in iron formétioﬁs.‘ From-this criteria
this Afriéan iron formation repreéénts the highest grade of ‘metamorphism

’}as delineated by James (p. 1475). For a chemical anglysis and a

general discussion of this formation see the Ffollowing section on

Geology of Economic Interest.

Magnetic Susceptibility Measurementé

‘ At eaéh outcrop visited-in the C.A.E. the magﬁetic_susceptibility
was measured with a Bison Susceptibility bridge poésessing an external
coil. The coil is about 20 cm in diameter and when placed on the
outcrop it samples a spherical area with a diameter of aﬁo;t é meter
_ ox so. Dpe to poor exposure and high degree of weathering fresh
surfaces could not be sampled. So these'measurements are at best
minimum estimates. The charnokitic rocks were highly variable and
their susceptibility usualiy varies in an ﬁnpredictable fashion over

the outcrop. All the measurements taken are given in the following

table.
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MEASURED MAGNETIC SUSCEPTIBILITIES

: 6
(in c.g.s. wits x 10 )

STOP NO. AVE. MAX. MIN, ¥O. OF  ROCK TYPE . " CHEMICAL
MEASUREMENTS . ANATYSTS
1 888 1960 20 6 " granite K ves $£1
{,2 661 900 470 1z - charnokite | ) ?es #2
3 55 160 0 7 gr;ﬁite : _no
4 40 100 10 .6 quartzite " no
5 30 70 0 5 _quaftzite no
Ba - 25 58 0 ) 4 s mica-schist _ . na
6 © 1860 4090 526 10 ) charnokite ’ no
7 1587 327¢ 300 28 .. charnokite - X yes 7
8 27 - 50 i0 3 guartzite g no
9. 65 100 50 (3 cha;nokite no
' 10 40 : 7@ 0 6 " charnokite - ves #10
11 35 60 22 16 _ granite - . yes #11
12 8603 23050 2855 T 7 iron formation .  yes #12
13 - .
No measurements -~ instrument -broken
14
15 59 .85 40 6 ‘ diabase : no
16 57 72 a9 4 diabase . no
17 59 70 39 4 © diabage {weathered) no
17 471 570 285 4 . diabase (semifresh) . no

18 1588 1970 1195 . 5 diabase - (freshest) - yes %18
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Geology of Economic Interest

Diamonds

Diamondiferous sedimentary deposits reside iﬂ the eastern and western
regions of the C. A. E. Heavy mineral separates from these sedimentslhave
produced magnesium—rich olivine (v Fogo) and orthopyroxene (Vv Enss)q.
These compositions sre characteristic of ultramatic nodules of mantle
‘material commonly brought to the surfacé withinhkimberiite pipes. ‘fTheir
association with diemond is well-known and characteristic of the imbortant
diamond deposits in the Unioh of South Africa. ﬁven though no Eiﬁberlite
or dizmond pipe has ever been found in the C. A. E. théy must surely exist in this

J
general region. The extensive covexr of laterite and poor outcrbp coverage
Precludes détailed geologic loéationing of such structures. A low-level

|
regional aeromagnetic survey may discover the ultimate sources of the

diamonds. There are probably several or more kimbertite pipes which may

occur near thé margin of the Oubangi basin.
Iron Ore

An apparently substantial deposit of iron ore lies in the region of
of Bembi. It is an iron formation of sedimentary origin which is a
classic example of the well-known banded-iron-formations (BIF). BIF which

occur sclely within Precambrian terranes are usually about 2.2 billion
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yvears 01ld (Goldich, 1973: Economic Geoclogy, V. 68, p.'1126—ll34). The

C. A. E. deposit could also be of this age. Perhaps the most impo?tant and
well known deppsit of BIF occurs in the Lake Superior region of North America.
It has been in this region wﬁere extensive reseaxch ias_been dope on BIF.

The BIF of the Lzke Supexior region has been the prinéipal source of iron

/7
ore for the free world (Sims, 1976; Economic Geology, V. 71, pp. 1092-1127).

BIF usually occur as long and narrow trough-like deposits. The exact
origin of these deposits remains as one of the most' evasive problems in
geoloéy: No adegquate explanatiop for their existence has yet been given.'
The deposits axre ggnerally of about 50 to 600 m in thickness and are gpparently of
both marine and estuarine or fresh water origin. _Iﬁ soﬁe areas, fo£ example
the Marquette iron range in northexn Michigan, the iron formation is intimately
associated with tholeiitic volcanic rocks. These basaltslare areglly extensive’
and in part represent sub@arine eruptions. In other'areas of.BIF the assoclated
formations are marked by a conspicuous absence of any volcanic‘rocks. “This
seems to be the case in the Central African Empire. Almost universially BIF
are in close association with thick seguences of guartzites. Often these
qﬁartzites are so neaxly pure SiO, that they are of economic interest fér
nmaking brick and fiberglass. In t£e C. A. E. a thick wh%te quartzitg is

associated with the BIF. Although it is not certain, this formation is likely '
to be of commercial guality.
BIF occur in four principal facies, silicate, oxide, .carbonate, and

sulphide. A chemical analyses typical of each facies is given in the following

table along with-'an analysis of the C. A. E. iron formation.
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Banded Iron Pormation Facies

C. A. E. Oxide Carbonate Silicate  Sulphide
si0, 40.9 40.1 26,97 - ©51.18 36.67
Ti0, .05 - - ' .51 .39
AL0_ 1.30 . .8 1.30 11.95 " 6.90
Fe203 53.3 50.1 2.31 8.09 -
FeO .84 1.6 39,77 12.15 " 2.35
MnO .01 .2 © .29 2.71 " .002
MgO .01l 2.0 £ 1.99 . 2.42 .65
Ca0 .00 1.4 .66 .12 0 . 13
Na 0 .20 - 2,12 .26
. .09 : .
K0 .02 - 1.86 - 1.81
).
PO, i .16 .07 .03 .54 - _ .20
H, O+ 1.7 - .51 1.19 © 1.25
H,0- .21 - .10 .07 .55
o, .01 2.6 - 26.20 © 3.70 -
98.8 98,88
38.7 Fesy
2.60 S04
7.60 C

(analyses from Stanton, 1972; Ore Petrology, McGraw-Hill}
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It is clear from these analyses and the petrographié description
given earlier in this report that the C. A. E, BIF belong teo the oxide ox
hematite facies.  1In fact the indiscriminate C. A. E. sample‘ghalyzeq
shows that this formation is indeed of economic grade and it shogld be ’
further investigated.

Judging from the areal extent of the magnetic anomaly associated with
the C. A. E. iron formation the iron formation occupies‘about 3,000
sguare km neaxr Bembi, This is ofan extent similar to the very importanf

iron rarges in northern Michigan, U.S.A.~

STRUCTURAL GEQLOGY -

In short, the oldest rocks exhibit a general strike of between about
N 20°E and N 40°E while the voungest rocks, the majdr intrusivés, strike
nearly perpendicular to the earlier tren&. In most instances ﬁhe‘oldest
rocks are tightly folded and show steep dips. !

In the northeastern C.A.E. along the border of Sudan the NE structural
trend is obvious from the general geologic map of the C.A.E. (Figﬁre 9}. In the
north—-central Oubangi basin, the quartzites are strongly folded along a roughly
north-south axis with near vertical dips. |

-In the ‘northern most part of Zaire, south of Rafai (5°N, 24°E) in the
C.Aa.BE., Cohen (1954, p. 192) has presented a N-$ structural profile.

He shows the Bondo granite dipping northward under the C.A.E. Ab0vé the

granite are the basin-filling guartzites and schists with secondary basic

intrusives. This structure probabhly
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represents the beginning of the Baidou and M’Bc;ndou Basins, however, '
the occurrance of extensive migmatites and other high grade
metamorphic rocks in an east-west band between Grimari and Bambari
may indicate the northern limit of these basins and the shallowing
of the regional CQubangiibasin. North of the Grimari-Bambari
migmatite band the q;lartzites of the presu;;naﬁly M'Poko formation
begzin again; this marks the beginning of the cent.ral Qubangi be;.sin
w%u'_ch continues northward for an additional 150 km. The band of
migmatites seems surely to' have some structural significance for the
magnetic anomaly ends abrubtly at this feature.
. ‘To the west the Oubangui basin may be terminated by the young
heterogeneous granite and the massive charnokites. These Tatter
rocks, which have been described glready and are ‘of a high metamofphic
grade (granulitic in places), may -have -once _been q:ui:lie dez;-.jp; sez;.ted'.
Thus they may represent the basement formation of the Oubangui basin
— the commonly close proximity qf the mica schists which presumably
undarlies the extepnsive exposed quartzites may also attes.tg to the
challowing of the Oubangui basin in this regiom.

In 'sum, it seems reasonable from the geology that the best -
preszrved and perhaps deepest part of the _Ouba;ngui basin-excluding
the areas southwest of Bangui ~ is in the region inmﬁediately north

of the Grimari-Bambari migmatite band.
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GEOCHRON&LOGY‘

Cahen and Snelling (1966) list 50 radiometric age determinations for
the C.A.E.; for completeness these are listed below.“ Nearly all the
determinations were by the Rb-Sr method. The oldgst age is 1960 million
yvears and the youngest is 510 million years of which there are two. Most
of the ages are in the interval from about_SOO to 650 ﬁillion years which
shé;s the strong effect of the Pan Affican orogeny in tﬁis reéion. The
dated samples belong mostly to the Lower Precambrian and they have béen
catagorized by Cahen and Snelling into migmatitic and metamorphic basement
(group I), heterogeneous metasgmatic granites. (group IT}, and inﬁrgsive
granites (group II¥). The group to which each specimen belongs is' indicated
in tﬁe table. A map showing the distribution.of'some of the ages is shown
in Figqure 10. (Cahen and Snelling, 1966). The young ages of‘many‘of the
granites which are hardly deformed stronglf implies ﬁhat is wgé these
rocks which were emplaced during the Pan-African orogeny. The large bodies
of hetercogeneous granites near Sibut and Bakala are surely of éhis type,
and their invasion also probably marks the general time:of extensive heating

of the crust. This heating probably homogenized much of the crust which

now glves young ages.
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You Za=zie 1 oo :E.chgzra.zgr.ayn:.c T Locality fnh“vr} 3_3:51_.1
s i Gounda granite (II) Bongo mass:if, C.A.E. 600+30 -
2 Xara cnaznockitic gneiss (I) Bongo masaif, C.A.E. 655+30
3 Xara charnocratic gneiss (X) Bongo massif, CLA.E. 37330
< Yara charneckitle gneiss (I) Bongo massif, C.A.E. " 6810+50
5 Gneissic enclave (II) Cuange massif, C.A.E. 960+40
-1 Granizae (ZI fuango massif, C.A-E. | 385430
7 Cuarwz-diorite (II) Zouringi~Grelind)i massif, C.A.Z. 510+30
21 Biokita Granita {IX) Zou=ingi-Grelindji massafs C.A.E- B3550
& i = Secoatrts b Zouringi-Grelindji nassif, C.A.E- Rl
101 3ionica Dchoto grapitse (II) Bangoyan massif, C.ALE. 600330
111 3iazize Pzcmatite (IX), same outcrep | Dangoran massif, C.A.E. 610+20

as ma. 33 R . ’ 4

12] 3ionits Grerssic enclave (I1), same Bangoran massif, C.A.E. 590£30

adtores as ao. 53 -

131 Bintics l'Sele granofiorita {IL}, Bangoran massif, C.A.E. - - 560+40

same outcrop as no. 53
141§ otk Gzeigsie enclave (IX), same Bangoran massif, C.A.E. 595£20
suberor as no. 33 .

151 3iotize Zcussomali granite, hetero~ Goussomall massrf, C.A.E. 515420

ganesus faces (IE)

i3t zioziz= | Gneissic enclave (IT}, same Goussorali rassif, C.A.E. 535+20

{ ontizco =3 =0. 538
7 ! sermavaze (21}, se=2 outcrop | Gousscmali massif, C.A.E. 755+30
5 =3 =G. 38 -
-] Goussczalr granite, homo- Goussomaly massif, C.A.E, 540510
seneous fadiss {II) 2

e Manece cramtue (I1) Mange massif, C.A.E. ] 540-20

20 : Socaranga acoeganeous Decavenga-Bouar massif, C.2.E. 515+5
cranizs {I3I i

21 Socarenga DSTErcgsnecus Bocaranga-Beuar massif. C.A-E. 640230
gramte (IX), same outecrop
es ao. 63 -

22 Tlamprosnyraic® enclave (II), | Bocaranga-Bouar massif, C.R.E. 615-30
saDe gubtcrory as no. 63

2z Migmarita (3) Becaranga-Bovar massif, C.A.E. { 570330
24 Sovkac2 homogenegus cranite Bocaranga-Bouvar massif, C.A-E, 520415 . °

{IIZ
= Zouwsy granite {II} Bocaranga-Bouwar passif C.A.S. 53a-10

25 Zenda gneiss (I} Bocaranga-Bouar massif, C.A.E. 510+35

27 Tast-tactenoc porshyritic g_uandja—!);allé.— C.A.E. 89512y, H 53019
granite (ITI) 22°48'E. i

23] 2iotize Sotohie (Scaoza) granate (I1) Bohcho or Bohobo, C.A.E. a1 T §565+1L

¥, 20°18'8.

2e| 3iczizs Miczatite, Sasexent Complex Gaoboudo Village, C.A.E. 62265, 58027

[ &3] 21936°E,
2 Greiss, Baserent Conplex {I) Bria ferzry, G.A.E, &% 22° ) 60018
. QOtE.

31 Granitazed basement (I) Quandja~Kotto massif, C.A.E. 610+30

a2 Coaissre snclave, Sawe Duandja-Kokto massif. C.A.E. 610%50
onicxen (2)

33 Mus fuandia granite (IX) Quandja~Kotto masszf. C.A.E. 805+5D
33 3 S=me granite {II) Guandja~Kotto massis, C.A.E, 6l5-15
35 3 Zobto gnaliss () . grandja~¥otto massif, C.ALE. 810+40
38 3= = |- ¥otto gneiss (5} Quandia~¥otto massif, C.A.E. 615+50
1 e 2 if:ga::a gznite (111} D121l rassif, C.A.E. 550+30
pod B :"-aga. granite (IIX) Djalle mass:®, C.A.E. ) 1020+ 200

3| x Wdeve granzte {IIY), same D12lld massif, C.A.E. 1i00+20 =

. o 28 nc. 32 - -

39| 3iotiza e gramire (IIT) Dielid massif, ¢.a.E. s5-10

o] oTERe Jjalie gramila (IIX) p3alld massif, C.R.E. - h180+70

42 | Bzgziza Djalle gramte (IIT), sarme Djallé massif, C.A.Z. 500+20 -

3 a5 no, 33 -

:i ::';Z;’:‘;Z r_‘;iii?f‘ E::’ \ Surjouwx massif, C.ALE. 500212
bl D FEFALEOtLe enclave (IT) Quijoux mass:f, C.A.E. $35+30

= :_‘o_':.'_“" i‘.‘.c:.af.‘_te f:) Quirjoux massaf, C.A.E. 370+40D

-:o e tC:a 1t2 () Ruijoux massif, C.A.E. . 875430

'_.'3 ) 4 Ouijoux massyf, C_A_E. 590550

o gress (1) Quijoux massif, C.A.E. 1960579

s gneiss (I}, same nijouwx massif CLALE. 59520 -

= : e 25 no. 38 t

20 {2iguize Porzayritic granite (IX) Quandga-\ra_l:aga, C.A.E. g%5ar S3gey

N 22748'= - -
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TOPOGRAPHY, ISOTASY, AND CRUSTAL THICKNESS

Topography: The land of the C.A.E, is quite flat, its gean
elevation is about 550 meters with deviations qf.i 156 m
from this datum. The area of main concern, the Oubanggi Bésin, is a flat basin~
like feature with a mean elevation of about 450 m. .It,islremarﬁably'
flat except for an occasional hill of charﬁokite, quértzité,—or

granite.

The great age of the crust in this area démands'that any isostatic
adjustﬁents necéssary to achieve hydrostatic equilibrium should have
occurred, Even for deformation of a material possessing ; ?ield
" stress, over long times the rock will deform sao as to minimi%e this yield
stress, and the dominant mode of deformation ﬁill be by diffusion creeé
which has all the characteristics of a Newtomian fluid.

Isostasy: If the crust here were of uniform demsity and isostatic
equilibrium p?evails, the surface topography should réflect £he topo-
“graphy of the Mohorovivic discontinuity. Judging from the distribution
of rocks on the surface, it is unlikely, however, that the crust is of
uniform density. Hypersthene-bearing granulites show é'densi;y range
of 2.67 to 3.10 g em 2 with a mean of 2.93-g —— (Dobrin, 1976;

p. 458). -Around the margins of the Oubangui Basin ﬁhefe the magsivé‘

charnokites (granulites) appear it is likely that the mean density of .

the crust could be 3.0 to 3.1 g cm'3; this is significantly higher
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_than the value of 2.67 commonly usgd as in Bougner cérrection as the
average density of continental crust. Since the quartziées and guartz--
mica schists which make up the Oubangui Basin possess a density of

about 2.65 and 2.8 g cm“3{ raspectively, it ;s possibié thaf mean density
of the uppermost part of the crust iﬁ this xegion is leés than that where
there is no basin. Yet, as will be seen later, a significént negative
Bougner gravity anomaly‘exists in.the central C.A.E.

Crustal Thickness: If it could be ascertained that the ecrust

were actually of 2 uniform thickness over the C.AE., using the above
densities and the condition of isostatic equilibrium a prgﬁable‘
density variation within the lower crust might be dgauced.
Unfortunately there exists almost no seismic data on the crustal
thickness in this region of Africa. A value of 41 km is gfven by,
Cummings and Shiller (1971) in their global erustal isopach\map.

' Holmes (1965, p. 928) shows a value of-about 38 or 39 km er the
crustal thickness in a profile through the area of ﬁhe Congo craton.
Without more detailed information on the wvariation in crustal
thickness in Central Africa it is difficult to construct densit§
progiles of the crust.  Nevertheless the well-determined Bougner
gravity field in the C.A.E. ig‘of great help in determining the

variation in crustal demsity.
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GENERAL GEQOPHYSICS AND CRUSTAL STRUCTURE OF THE C.A.E.

INTRODUCTION AND SURMARY

The yocks of the C.AE. are ancient, little has happened
tectonically in this area since the late Precambrian: fhe erust,
. then, should be in a state which is close to hydrostétic equilibzrium
yét a significant pegative Bougner gravity anomaly exists d;er the -
Oubangui Basin which is correlative with the magnetic anomaly. The
crustal thickness is probably within about 5 km of being uniform. The

2, The éeology

heat flow is probably low at about 40 milliwatts per m
cutlined alrezdy and the observed geophysical features cofre}ate quite
closelv. These features imply that the Bgngui magnetic anomaly can be
separated into two parts, a.principal part over the Oubangui{Basin and

a2 secondary part which has its origin to the southwest of the_capiﬁél

of Bangui. The gravity anomaly and the magnetic anomaly could have a similar
éource which is principally in the lower ome half of the crust. fhe low
heat ilow estimates impiy temperature low enough to allow“rocks‘at

this depth to be megnetic. The formation of the Oubangui Basin and the source

the anomalies can be explained by a basic intrxusion into the base

Hh

0

+h

of the crust. The following will supply the background information

nacessary to support these assertions.
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MAGNETIC FIELD ANOMALY

The large magnetlc anomaly over the Central African Emplre shown in

3|
m

igqure £ was also outlined in the ground-based data of Godiver and "Le Donche

(19553). This latter survey measured the horizontal and vertlcal components

of the geomagnetic field and declination at 142 locations with the ‘C.A.E.
'Theﬁianomoly map ~  was acguired by subtraction of a second-order
raegionzl field model. o ’ . If their data is reduced

. using =2 13th degree and order field model, the map éﬂowﬁ in éigure 11 is
Zound (R=gan 1976}. These ground measurements ;erify the existence of a
iarge magnetic anomaly in this regioﬂ. The PROGECT magnet aeromagnetic
measursmants (Stockard, 1971) through this region are shown in Figure 12.
Turthear ¢round measurements made during the Jahuary 1976-fieia trip to |
the Oubzngui Basin area has enabled the anomaly to be defined even more
clsarly s shown in Figure 13. These measurenents show thattthe anomaly

is comprised of three parts. The principal ‘part centeréa over the Oubangui
: I

asin and smaller lobes to the northwest and southwest. The 200y contour

w

(Zigurs 13) clearly closes about the Cubangui Basin separating the éingle

large znomaly proposed initially into three parts.

e
[t

=1

he main anomaly over the Basin correlates well with the large negative
Sougner gravity anomaly in this region- The anomaly lobes to the southwest

nd northwast, however, correlate more closely w1th,p051t1ve {relative}.

H]
b

J

_J

ner gravity anomalies. These gravity anomalies seem fo be associated

with thez band of charnokitic rocks bordering the Oﬁbéngui Basin on tﬁe west

and northwast. The magnetic anomalies here are probably due tp the edge

affect produced between the sedimentary bééin and the charnckitic basement

rock. Eence the E-W aeromagnetic profile'is_probablg measuring an edge effect in

traversing Zrom the charnckites into the thick section of sediments of the

161

aove Basin {(Pigure 9 and 12).
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BOUGNER GRAVITY FIELD

A Bougner gravity anomaly map of th,e C.A.E. is shown in Figure'
A4. The map was sr.;pplied by Mon. Morgues‘ of ORSTOM in Bangui.,
Central African Empire. The map was made fron; hundreds of
observations of the gravitational. field mostly along roads with a
station spacing of about 2 km. A second—degree .regioflal field
was removed from the data by Morgues. S
The gravity values are all negative with a range of _%bouﬁ 100
m Gals; a typical value is about ~70 m. Gals. The magnei;ic. anomaiy
map correlates with the gravity map d;'.fferently in the two regioﬁs of
interest. About 100 km west of Bangui the large magnetic }iow falls:
near a large posii‘:]'_ve (relative) gravity anomaly, in the .are.a of the
Qubangui Basin the large negative magnetic anomaly falls near the most
magnetic part of the Bougner gravity field. These features are shown i‘n‘Fiéure 15
which are profiles of the gravitational and magnetic fields along the o
Proj'ect Magnet Flight lines. Other than the distinct low ovér the
Oubangui Basin and the large .high (xelative) which begin's west of
Bangul and continues north, fading ocut for a shoxt dis:tance and wrap-

ing  around the north edge of the Oubangui Basin, the map is

rather featureless.
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A worldwide correlation between crustal thickness and the
magnitude of the Bougner anomaly (see Nettleton, 1976, ‘p. 288)
indicates for gravity values at -50 to —100 m Gals that the crustal

thickness in the C.A.E. should be about 45 to 50 km.

33
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Gross Characteristics of the Anomaly Source

Magnetic Evidence

» It is instructive to comsider a simple model of the ;nomaly go as to
deduce order of magnitude estimates of .its size, bulk iptensity of
‘magnetization, and depth. The nearness of the anomaly.to the maénétic
equator and fhe roughly circular form of the anomaly suégéstg a horizontally
polarized sphere as an instructive model. '

The magnetiq attraction of a horizontally polarized dipole can Ee fo;nd

from its gravitational potential (¢) by use of Poisson's Theorem

H, = -1 3% ‘
G i ()

where H; is the component of the anomaly in the directiom i, I is the intensity
of magnetization, p is density and G is the universal gravitational constant.

The gravitational potential is given by

6= oM =%FR3pG. (2)
T —

‘ L
(x2 + 22)2
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where R is the radius of the body, p is its density, x is the spatial
coordinate 2long the earth'ssurface measured from the perpendicular bisector

from the sphere centex, and z is the depth to the center of the body.

2 2, T
I I O N T (3)
((x/z)% +1)5/2

Ix z

-and evidently

B, =¥ | o(x/2)? <1

z3

bl B (4)
(xf)? +1)/2 | i

where % is the volume of the ano%aly—causing spheré. Tﬁis £esplt gives tﬁe
horizontal component of the anomaly caused by horizontal induced magnetization .,
Since I = X Hcosi, where AK is the difference in apparent magnetic éqgcepitibility
between the bhody and the country rock, H is the total £ield strength, and i

is the inclination of the inducing fieid which is‘zero here, upoﬁ substitution

{&) becomes



2(x/2)2 -1

(/)2 +1)°

/2

-4 AKH (_I_{_)B

V AK H
H = 3K
% -4
Notice that at x = 0
g - VARH _
x 3 3

a

.det R/z = N and note that since N < 1 (6) becomes

A lower-bound on AX is easily found to be (N < 1)

~AK > (

3
4

W) |

H
X

H

)

r -

(5)

~(e)

- {7

(8}
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Since the total field is nearly horizontal the anomaly amplitude (-1800y) is
aporoximately Hx and the total field stremgth (34000Y) is approximately H,

-

then

AK > .0126 e

where the units are eggs. If ¥ is nat unity, but instread the body is. ;ay,
twice as deep as its radius AK > .10. Even the lower estimate given by (9)
representé a susceptibility contrast which is much large£ than that normally
encountered in geophysical exploration and oceén magnetic surveys{ but if

the body can be brought closer to the surface this iower bound can be reduced.

Hence it is worthwhile to consider the less physically imagidab}e instance of

a horizontal dipole of length % and strength m® over the midpoint of the dipole

n

—m ' - (10)

where r is the distance from the surface midpoint (x = 0) to the end of the
dipole. 1If ¢ is the depth to the dipole then

o= ome [ a2+ (Mpt1TY2

. (1)
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The strength of the dipole is given by m = IV which upon assuming a cylindrical

. . 2 . .
volume for V, becomes mt = AK Hecosi 7 R %, with i = 0 (I1) becomes

= 2. -3/2
H = —-AKHwRYE L
% L1 [55] ] (12)
d3
Letting R/d = n and &/d =P (12) becomes
H = =-AKH7TP n [ 14 5 ]
* (13)
'
Since n <1 but £ is poéitive but unbounded
i ) 2 -3/2
H <-AKH71P [ 1+ [—2—] 7
X . ) (14)

(14) cannot be further reduced with considering the dimensions of the actual
anomaly. The anomaly is about 100 ¥Km long while the depth to the Curie point

is probably not greater than about 50 Km, hence P ~ 2.
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B < 2,22 AKH
X

(15)-

or

AR > -.45 H_
— (16)
H -

Again with Hx = ~180CY and H = 34000y

AK > .0238,

i
f

If P = 1 them AK > .0233, and if P = 3 AK > .098; the results are not
particularly sensitive toP. In sum, with these simplé models of a horizontal
polarize& sphere and cyiinder the anomalous susceptibility must be greater
than about .0l (Cgs) to cause an induced anomaly of -1800Y in an inducing
fiéld of 34,000¥. This lower bound is, however, seemingly unrealistic from
everyday experience.

If the very local naxinum of‘léOOY measured an the ground is ignored and
the amplitude (1000y) measured aeromagnetically is used %n the abové'calculations,
the following results are ogtained. .

' Sphexe model: AK > ,007
Horizontal Dipole model: AR > .013

This estimate will probably satisfy the more regional requirements.



Depth to the Body:

A rather simple upper bound on the depth to the center of an anomalously
magnetized sphere is apparent from (4) by noting its 2zeros are

given by

or the depth is given by

(17)

The anomaly is roughly 100 Km across from north to south, x is ithen 50 Km.and
the maximum depth to the model body is fouad 70 km. This estimate is completely
dependent on the body being a sphere and proper identification of the ocuter
edge or zeros of the anomaly.

A perhaps more accurate depth estimate comes %rom considering the
variation of the anomaly amplitude with height.® At x = 0, (6) gives}upon

differentiation with respect to z

it

n I -—
oz zl(. —_
z

3V AK R A —3 HX . (18)
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The anomaly amplitude as obserwved by the PrOJect Magnet proflle, which dld

not actually cross the anomaly at x = 0, is about -1000y at a height of about

2 km above ground. The anomaly on the ground beneath the project magnet

profile has an amplitude of about -1300v, thus

BHX - AHX - —3Hx . (19)
oz Az H
and the depth is
) -'
Z = - 3Az Eﬁfj- '(20)
s
with Az -= 2 km, and AHX = 300y. The depth is
z = 26 km

{21)

This result being much more sensitive than the previous estimate {17) can .

be regarded as quite accurate.

S



Size of the Body:

A rather simple means to estimate the volume of the anomalous body is
to assume a model and estimate its dipole moment. From the dipole moment

can be recovered a probable. volume. Equation (10) gives the dipole moment

s

as «
* (22)

which for a dipole depth of 30 Xm and a length of 100 Km and H_ = -1800v,

8
M= 3.6'x 101 , €.g.s.

(23)

Noting that M = AK Vol. H, where AK is the susceptibility différence, Vol.
is the body volume, and H is the total field sﬁrength.(-3& oe), from (23)

1
Vol. = 1.06 x 10 ?

(24}'
A '

Inserting the previously derived estimates of AK v .015, {(24)-gives the
anomalous volume as,
20
Vol. v 7 x 10 cm

25
or s s (25)
Vol. v 7 x 10 Km
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To gain some feeling for this volume estimate, picture a disk of thickness
50 Km and radius of 67 Km which has an equivalent volume. The volume of
anomzlously magnetic rockneeded tosatisfy the anomaly.is not small. The

spherical -model gives a similar result since it too is essentially a dipole.

Graé&ty Evidence:

The large negative Bouguer gravity anomaly which-appears in the area of
the magnetic anomaly can also be used to estimate the mass deficiency
associated with the anomaly. Considering their clqse coffelation it seems
reasonable to expect a similar cause for each. In the gr;vity case, however,
only the volume of the mass deficiency can be determined with any certain?y.-

Poisson's equation

2 -
V ¢ =4upG =V * ¢ .
©(26).
can be integrated using Gauss' “Theorem in the form
R a5 = (?7 "R dv
s v . (27)

Where A is any vector field. 1In the present instance we replace A by g in

(27) to obtain

004
fa?
wi
It
<y
G b

o dv -
(28)
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but using Poisson's equation (26)

V.Zav= | 4mc dv (29)-

or finally
.I/ —
g «ds = 470G Ap dvw
(30)

where now p has been replaced by the more appropriate anomalous density

Ap. Thg above relation states that if the component of § normal to a surface .

8. which encloses the anomalous mass is integrated over § the re;u1£ will give
~ the mass deficiency or excess which is represented by the integral om the

right in (30). This relation can be further reduced by imagipiﬁg S to be a

spherical surface enclosing the anomalous mass M and by bregking this sphere

.
T

into an upper (top) and lower (lowexr) hemisphere.
T -48§ = [g-ds+ Vg -d5 = 4o
(31)
s top lower

If the radius (R) of the lower hemispherical surface is allowed  to get very

large then g will be sufficiently normal to S everywhere whence
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- - -/\.
- df = \g - nada

—g3 A _ = .
1g11n1c058dA = lcldA (32)

lower L L L

where n is a unit normal to S and dA is a differential surface area. But

furtherr-ore

gl = 18l = e
m RZ (33)

Putting (33) into (32) gives

g - ds =@ -2
jg s —é dA = GM 2mrR” = M Zr
R :

then (31) bacomes

- dg§ = 2wGM (34)

0g
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which is the desiréd result. To evaluate (34) the surface S, which is
arbitrary, is chosen to be the earth's surface and, since_the measured gravity
component is ﬁearly normal everywhere to the earth's surface, the
volume under the two~dimensional plot of gravity versus distanée gives(S&).

# In the Bangui region the anomaly can be adequately appgoximated by a
hemigpherical ellipscid with semi-axis of 80 mgal length of 500 Km, and 306

Km, whose volume gives for (34)

20 T
M~ 6 x 10 grams (35
The anomalous mass is given by Ap Vel., and letting Ap = ~0.6, say at worst,
3
the anomalous volume is ’
21 3

Vol. & 10 cm

orxr

6 3
Vol. = 10 Em .

This result based on only the gravity anomaly is. svrprisingly similar to the

magnetic estimate given already (eq. 25).
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Effective Density Contrast:

The broad nature of the anomaly relative to its gource suggests an
anomaly model in the form of a pile of disks. The actual computation shows

clearly, however, the attraction to be nearly identical to the Bouguer

s
s

attraction of an infinite slab. The attraction of laterally imfinite slab

of anomalous density Ap and thickness h is

Ag, = 2 fp Gh, . (373
37)-

-8 3 -1 -2
where ¢ is the universal gravitational constant (6.67 x 10 ecm g s J.

The observed anomaly is zbout -80 m Gals relative to the surrounding regiom,.’

hence the density contrast is

Ap = A : ‘
? Sy /2nCh (38)

or

Ap = ~1,91 - (39)
h .

where h is now given in kilometers. The effective source thicknéss surely
lies in the range 5 — 40 ¥m and then the density contrast lies iIm the

range

- ,5 < Ap < = .05, . (40)

. -3 . . . ’ - -
and -.2 g em - might be a fair estimate of the effective density contrast.
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Conclusions
~OICLUSIOnS

The anomaly-causing body probably lies at a depth of about 25 - 70 Km

with an apparent susceptibility contrast of .01 = .02 (egs), a dipole

6 3

18
moment of abeut 3.5 x 10 , a volume of about 10  Km~, and an effective °

denéity contrast of -.05 to ~.5 g em™3.

The volume satisfies both magnetic
and gravity constraints, This apparent susceptibility contrast is. atypical

of normally-encountered rocks.

Anomaly Source Characteristics

Parameter Method and Assumptions
Volume = 7 x 10° Ka® dipole moment and suscept. est.
= 106 Km3 Gauss's Theorem and g;avity anomaly
Depth = < 70 Km ) induced mag., sphere ’
= 26 Km vertical derivative of mag. anomaly
Suscept. comtrast = > .0126 induced mag., séhere at depth = radius
= > ,0238 hor. dipole, depth = A 1engtﬁ
dipole moment = 3.6 x 10'8 (c.g.s), horizontal dipo;e
mass deficiency = 6x 1020 g Gauss's Theorem _
density contrast = -.05 to ;.5 Bouguer effect (g éme)
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- Cause of the Anomaly

The close spatial correlation between the Bouguer gravitational field,

the magnetic anomaly, and the }arge éubangﬁ_sedihentary basin suggests the )
csuse of these anomalous fields is asgociated with basin development. The
sedimentary basin is the surface manifestation of a deeper, large-scale
orogenic development. A dense basic intrusion rising from the mantle_ané
penetrating the lower crust, eventually stopping due to loss of budyancy,
and then upon cooling sinking slightly again would be refiected at the
surface by formation of a sedimentary basin. Mbre‘quantitativély; the hot
intrusion will rise into the crust until its hydrostatic head or buoyancy
is lost, it %ill then cool and become denser and sink some distance until it
encounters a wall rock density similar to itself. The sinking Yistance can
be roughly estimated by assuming an increase in c;ustal density with depéh
which obeys dp/dz = x, say, where p is density, z is depth (Km)éand x is
some comstant, x is probably of the order .5/40 to .3/40. The intrustidén in -
cooling by about 1000°C undergoes a density increase of about Ap = p— p
{1-aAT), where p is the initial intrusive demsity at its highest point in the
crust, o is éhe coefficient of thermal expansion, and AT is the change in

. -3 -5 -1
temperature upon cooling. For p=v3.00gem , ¢ =3 x 10 deg , and
AT = ~1000 deg, ‘

Ap = p - p (1-gAT) = ~.09

(41)
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and by using the previous relation for density variation in the crust

dp = Az v Ap = Az
X x
(42)
the sinking distance is
~Az v 8 — 13 Km
-(43)

depending on the exact choice of x. This result completeiy ignores the
effect of the root of the sinking intrusion being iﬁcreasingly supported
by the underlying denser mantle during cooling-and isostatic adjgstment;‘f
it is an upper bound.

The sinking of the intrusive will cause the crust to be warped downward
regardless of whether it behaves elastically or viscously. Tﬁe elastic
case is easily modeled by.loading a thin plate which for the large mass
involved here is suffiecient to cause a deflection oé at least several
kilometers {(e.g. Heiskanen and Vening Meinesz, 1958, p. 346). fhe viscous
case is less clear perhaps but it can be easily seen by consiéering the
stream lines about a moving body, say a spﬂére, sinking iﬁ a'still fluid.
Below the body the £luid is bunched up or ﬁushed outward and above the body
it is drawn down. During draw-down of the surfacg a basin forms catching

sediments. ~ The sinking distance (43) is an upper bound on the basin depth;

more probably the basin is only a fraction of this estimate (i.el 4 - 10 km).
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v

The density of the basin sediments will be somewhat less than that of the
surrounding crustal rock from which they were derived. This density
'differencé is probably no greater thaﬁ 0.1 g cm >. The Bouguer attraction due
to 7 Xm of sediments with dp = ~0.1 is about -30 mgls. Substrating this
from the main anomaly we are left with a gravity anomaly of about -530 mgls
to explain., From (39) an effective source density contrasé is.~1.2/h, where
h is the source thickness, assuming an infinite slab model. -If the céust;
inclusive of the intrusion, were of uniform density, the-pegative Bouguer
anomaly corrected for the sedimentary basin wogld arise solely fram,the ToOot
~of the intrusive protruding into the mantle, Th; root peed not be very ’
thick, for if the intrusion is of basic or ultra-basic composition, which.is
guite likely, its deﬁsity contrast may be about -0.2 g cmf3, wheﬁce a 6 Km
thick slab will produce a —-50 mgl anomaly., If the part of the iPtrusive
- within the crust is denser than the average crust - it is-certaigly not—
lighter since it wogld not have sunk to form the basin - the root thickness:

-must be even greater. There is little sign, however, that an extensive root

exists below the basin. The area should be close té isostatic equilibrium,

yet the low elevation(v 450 m) and flat topography (i_% 100 m) clearly .

reflects no great Moho topoéraphy either, Thus most of the intrusive

probably lies within the lower crust with a subordinate part acting as é

root within tﬁe mantle; the crustal intrusive mass is probably slightly

denser than the crust. Since the overall gravity anomaly is negative and the crustal
intrusive probably produces a small éositive anomaly the roo£ and/or the basin

st either be thicker or less demnse than previously estimated. If the

intrusive mass is roughly in isostatic equilibrium than the ratio of the
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thickness of the crustal intrusive (hc) to the mantle root (hy ) is given
- (44)

b
%-:_C r_b_ "Apm
m Ap c
respectively, the intrusive density contrast with the

For the probable values of Apm = -0,25 to .35 and

and Ap are,
c

mantle and the crust.
v 5 =~ T7h .
c m
following model approximately matches the observed gravity ancmaly.
three circular disks portraying the sedimentary basin, the crustal

K :

The 1
ntrusive, and the root with thicknesses of, respectively, 10, 25, and iO‘km,

Consider
top of each disk lies, respectively, at 0, 15, and 40 ¥m below thé surface

the
have the same radius of 225 km; the density contrasts are -.15, 0.1, ~-.25 g
The anomaly caused by this simplistic model is about -75

and

_3 .
, respectively.
zodel, only the extent of the middle, lower crustal, disk is significant in

c
Is. The lateral extent of the upper and lower disk is insensitive to the

the calculacion. This rude model satisfies isostatic, mass, and geological

constraints.
The absolute density of the intrusion is probably about 3.00 near its top

and about 3.15 near its botktom. If so, it is probably gabbroié to ultra-basic

in ceomposition; its highly magnetic character is consistent with this identi-
fication. This basic intrusion has the gualities of a large diapir which

aving risen out of the mantle has become ‘encumbered in the lower crust. Its

he!

gross structure is probably much like a lacolith with a mushroom-shaped head

and a thin tail extending more deeply into the mantle; this is speculation.
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The abrupt truncgtion of the magnetic but not the gravity ancmaly near Grimari
may indicate the upper intrusion morphology to be controlled by some local
crustal structure. The appearance of magmatites near Grimari may jindicate .
local shallowing of the basin and the absenée of extensive intrusive at depth.’
A possible difficulty with this model may a?ise if the broadly basaltic
intrﬁsive is in the eclogite metamorphic facies near-the base-of the crust.
Eclogite is the high pressure equivalent of basalt. If so, the magnetite will
break down to form rutile and an iron component in garnet (see e.qg. Rinéwood,
-1975) rendering the eclogite nonferromagnetic. This trans?tion is univariant
with pressure and temperature and at any temperature it takes place over a
pressure range of about 15 kb or about 40 km. The geothefﬁs estimated for
tha C.A.E. (Figure 6) suggest the base of the intrusive here may.be in the

midst of this transition, hence it is likely that the rock is ferromagnetic.

Surficial Geological Evidence

H

The lower metam9rphic rocks of the Oubangui Basin, especiaily those
cropping cut in the western part of the basin, commonly contain metabasalits. .
Thase basic lavas may Se the surface expression of the infrusién. A less
direct expression of the intrusive may be the undiscovered kimberlite pipes
which surely exist in this region. Diamondiferous gravels exist in some
abundance on the lateral boundaries of the Oubangui Basin. :Heavf minerals
separated from these gravels show very magnesian oli&ine (%Fogz); ortho-
pyroxene (@Engsl},and pvrope-rich garnet whichare characteristic of kimberlite
pipes. These pipes which have vented at the earth'g surface coﬁld be related-

to the massive intrusion lying deeper within the crust.
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Meteoritic Source

Grean (1975)‘has suggested a buried meteoxrite as a sourc; for the magnetic
anomaly. Although such a source may create a sufficiently large magnetic
anomaly, its large negative buofancy would cause‘it to élowly.sink ?owardé
thé-core. The anomalous mass determined from the Bougner gravité field
indicates not a mass excess but a mass deficiency assoéiated with the magnetic
anomaly. This seems unlikely if a meteorite were the souxce. Nevértﬁeless
if the volume associated with the magnetic ancmaly is given a meteorite density‘
and this negative buoyancy is eguated to the shear stress on its edges,

assuming it %o be a sphere, its descent velocity is

e 3
"~ Grau ] - (45)

21 3 - . L.q
For M ~+ 10 7, g= 10 cm § 2, a which is the body radius of 10" cm, and the

24 -1 -1 -9
crustal wviscoslity, p = 10 g cm s , the body would sink at about 5 x 10

- 16 t .
cm s l. In the course of one billion vears ( 3 x 10 8} it would sink more

than 1,000 kxm and would now be wholly within the core. A meteorite is

considersd an unlikely source of the magnetic anomaly.
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Exatta

The word charnockite has been misspelled throughout.



