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GEOLOGY OF TILE GBANKA QUADRANGLE, LIBERIA 

by 

E. R. Force, U. S. Geological Survey, and 
J. D. N. Dunbar, Liberian Geological Survey 

INTRODUCTION 

As part of a program undertaken cooperatively by the Liberian 

Geological Survey (LGS) and the U. S. Geological Survey (USGS), under 

the sponsorship of the Government of Liberia and the Agency for Inter-

national Development, U. S. Department of State, Liberia was mapped by 

geologic and geophysical methods during the period 1965 to 1972. The 

resulting geologic and geophysical maps are published in ten folios, 

each covering one quadrangle (see index map). 

Systematic synthesis of the geology of the Gbanka quadrangle was 

bep,un in 1970 and included field data as shown in the source diagram. 

Outcrop information but not interpretation from Offerberg and Tremaine 

(1961) was used and is the most abundant source of data. Photogeologic 

mapping and interpretation of airborne magnetic and radiometric maps 

(Behrendt and Wotorson, 1974a, b) are integral to the interpretations 

shown here. 

Altitude in the Gbanka quadrangle ranges from about 50 m to about 

500 m. The St. John River drains most of the quadrangle and separates 

forest to the southeast from areas mostly under cultivation in small 

upland farms to the northwest. Numerous discrete hills and ranges 

remain forested. 



Approximately 40 towns have populations over 200. The main road 

to the interior passes through the larger towns of Gbanka and Totota. 

Dry-season roads extend along a railroad by which iron ore is hauled 

from the Nimba mine toward the port of Buchanan. The total length of 

all roads is about 400 km. 

ROCKS 

The Gbanka quadrangle, like most of Liberia, is underlain by 

crystalline rocks forming part of the Guinean Shield. Various types 

of leucocratic gneiss underlie more than 90 percent of the area. While 

and Lee (1969-1970) and Hurley and others (1971) show an age province 

boundary through the southwest corner of the quadrangle which separates 

the Liberian province (e.a. 2700 n.y.) to the northeast from the Pan-

African province (e.a. 550 m.y.) to the southwest. 

Swarms of diabase dikes cross the quadrangle from northwest to 

southeast. 

The following discussion of rock types implies no stratigraphic 

relationships. Units that are appropriately characterized by the same 

symbol but which differ distinctively in some aspects are distinguished 

by subscripts. Surficial and residual deposits, which commonly obscure 

bedrock, are not mapped separately. 

Metamorphic rocks 

In the overall Liberian geologic mapping program, igneous nomen-

clature was used for classification of gneisses where appropriate. 

The terms leucocratic and melanocratic gneiss are a separate terminology 

based on gross color index, used for rocks in which variability is high 
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or for which our knowledge is poor. Offerberg and Tremaine (1961) 

attempted to use a textural classification of gneiss with mixed success; 

lack of correlation between their units classified by texture and those 

based on mineralogy was a major factor in our widespread mapping of 

undivided units. 

Granitic gneiss 

A large area of low relief surrounding a range of hills, possibly 

block faulted, is underlain by massive granitic gneiss (gng1). Exposure 

is poor, except along the St. John River. Magnetic relief is very low, 

and the contrast with the higher magnetic relief of surrounding gneisses 

was used as one criterion for mapping the boundary between them. 

Surprisingly, the radiometric pattern is not distinctive, considering 

the high potassium feldspar content of the fresh rock. A smaller area 

of gng1 to the north is identified and delineated mainly on magnetic 

and photogeologic extrapolation of control in the Monrovia quadrangle 

(Thorman, 1974). The granitic gneiss probably was formed by slight meta-

morphism of a granitic intrusive rock. 

Leucocratic gneiss 

Most of the bedrock in the quadrangle is mapped as leucocratic 

gneiss. In addition to undivided leucocratic gneiss, four varieties are 

mapped. 

Undivided leucocratic gneiss (gnl) is shown where gneisses are 

dominantly quartzo-fedspathic but otherwise variable, or in areas where 

our knowledge of the mineralogy is too poor to subdiv;de the unit. The 
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undivided leucocratic gneiss contains rocks shown by Offerberg and 

Tremaine (1961) as "injection," "augen," and "slur" gneiss. Small 

bodies of amphibolite are very common within the unit, and other rock 

types are locally present. Leucocratic gneiss underlies large areas of 

low relief, as it is one of the least resistant rocks within the quad-

rangle. Exposures are few except along rivers, and because of differ-

ential weathering tend to underrepresent the proportion of leucocratic 

gneiss present. Magnetic patterns of leucocratic gneiss are variable, 

in accordance with the variable nature of the unit, but many small linear 

anomalies are probably due to associated amphibolite. The unit probably 

includes metasedimentary rocks, as well as metamorphosed and (or) sheared 

igneous rocks. 

Unit gnl i, limited to the southwestern part of the quadrangle, is 

restricted predominantly to gneiss of quartz dioritic to granodioritic 

composition and includes some amphibolite and other rock types. Kyanite 

and muscovite gneisses (gn12) also occur in the southwestern part of the 

quadrangle. Kyanite is present mostly in the western part of the north-

trending map unit. The pattern shown is based mostly on outcrops and 

trends observed in the adjacent Monrovia quadrangle traced photogeologically 

into Gbanka quadrangle. The aluminous composition of the unit makes a 

metasedimentary origin likely. Unit gn13 is distinguished from undivided 

leucocratic gneiss primarily on the basis of more subdued magnetic 

anomalies and a characteristic radiometric pattern (Thorman, 1974). Horn-
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blende gneiss (gn14) is mapped in several elongate belts. Subordinate 

rock types within this unit are amphibolite and locally hornblende 

granite. Topography over the unit is distinctive, having a ribbed 

appearance on aerial photographs that is due to the higher resistance 

of amphibolites within the gneiss. Magnetic anomalies are similar to 

those associated with amphibolites. 

Melanocratic gneiss 

Offerberg and Tremaine (1961) report amphibolite and hypersthene-

plagioclase gneiss (gnm) forming Guo Mountain (Miatro). 

Composite gneiss units 

Three map units consist of assemblages of rock types in which 

gneisses predominate. In unit gni, granitic gneiss contains small 

bodies of itabirite and amphibolite unmappable at scale 1:250,000; 

most are in adjacent quadrangles. Unit gn2 consists of hornblende-

plagioclase amphibolite and leucocratic gneiss; the amphibolite is 

common and may locally be more abundant than leucocratic gneiss. The 

unit stands out as a ridge and has high magnetic relief. Unit gn3 

consists mostly of leucocratic gneiss but also includes small bodies of 

itabirite, quartzite, schist, and amphibolite, indiv'dual bands of which 

are too thin to map separately and are normally too discontinuous to 

show as marker beds. The unit can be distinguished on aerial photo-

graphs from other gneiss units by resistant "rits" parallel to fcliation, 

and on magnetic maps by its relatively high-gradient magnetic pattern. 

The contact relations of the known metasedimentary rocks and their 



internal structure are not known, but the thickness of individual 

bands is at most a hundred meters. The metasedimentary layers are 

probably refractory remnants left undigested by anatexis, and if so, 

imply a metasedimentary origin of the whole map unit. 

Migmatite 

As isolated outcrops, migmatite is common in leucocratic gneiss 

terrane but is mapped as a separate unit (mi) only in an area south of 

the St. John River, based largely on observations of Offerberg and 

Tremaine (1961). Topographic relief over the migmatite is greater than 

over leucocratic gneiss; inspection of aerial photographs suggests the 

presence of numerous small folds. Magnetic and radiometric patterns 

were not useful in delineating the unit. The migmatite probably repre-

sents leucocratic gneiss which has undergone partial anatexis and, if so, 

has no stratigraphic significance. 

Schist 

A unit of schist (s) is shown in the southeastern part of the 

quadrangle. The boundaries of the unit are drawn roughly along a prom-
, 

inent east-west magnetic anomaly (see Behrendt and Wotorson, in press a); 

within the unit quartz-mica schist, locally garnetiferous, appears to be 

predominant; amphibolitic schist and itabirite are associated. Topographic 

relief is low, except for small hills elongate east-west, probably formed of 

itabirite. Contacts with gneiss are concordant and gradational, the musco-

vite content decreasing from schist into gneiss. The unit clearly is of meta-

sedimentary-metavolcanic origin, and adjacent muscovite gneisses are 

probably part of the same depositional sequence. 



Quartzite 

Quartzite (0 is common in other map units, particularly assoc-

iated with amphibolitic schist, but is mapped separately only along the 

southern edge of a topographic high in the southeastern part of the quad-

rangle, where it appears to be protecting gneiss to the north from 

erosion by south-flowing streams. Quartzite is concordant to foliation 

of adjacent gneiss. Magnetic anomalies, high over the quartzite, are 

probably due to the associated iron-formation. The unit is metasedimen-

tary. 

Amphibolite 

Offerberg and Tremaine•s (1961) single "amphibolite" unit contains 

two distinct types of assemblages. One is hornblende-plagioclase 

amphibolite in gneiss terrane and is the unit here mapped as amphibolite 

(am). The other assemblage is included in composite unit "z" (see below). 

Amphibolite (am) as small bodies is common in all the gneiss map 

units; where amphibolite is mapped separately, subordinate leucocratic 

gneiss is common within the unit. Normally, quartzite, schist, and 

itabirite are not present. Amphibolite stands up above surrounding, less 

resistant leucocratic gneiss as small hills; the bases of these hills 

were taken as the boundaries of amphibolite in photogeologic interpreta-

tion. Of the few field observations of amphibolite-leucocratic gneiss 

contacts, most are of small unmapped amphibolite bodies along rivers. 

Here, the contacts are sharp and concordant. Magnetic anomalies of as 

much as 1,000 gammas are typical of amphibolites. 
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The hornblende-plagioclase amphibolites are probably metamorphosed 

mafic intrusives and volcanic material. Offerberg and Tremaine (1961) 

refer to several amphibolites in the south-cent:al part of the quad-

rangle which have relict igneous textures. Amphibolites that contain 

minor garnet and quartz may be impure pyrociastic deposits. 

Iron-formation, oxide facies 

Itabirite (it) forms a central spine in many of the ranges of 

hills, but is mappable in only a few. Magnetic anomalies are quite 

large (see Behrendt and Wotorson, in press, a). The itabirite is of 

metasedimentary origin. 

Composite unit 

The composite unit (z) is an assemblage of interlayered amphibolite 

(types distinct from those in the amphibolite map unit), quartzite, 

schist, and iron-formation in which amphibolite is apparently predominant, 

and may be actinolite schist, or hornblende-plagioclase-p,arnet-quartz 

rock. The unit forms the slopes of most of the higher ridges and ranges 

of hills. Hillside exposure is usually good but locally obscured by 

lateritic cappings. Contacts with gneiss were observed at several places 

but were sheared; grossly, the rocks are concordant with adjacent gneisses. 

Magnetic anomalies up to a thousand gammas are common over the unit, and 

radiometric values are low. The assemblage is metasedimentary-meta-

volcanic. 

Igneous rocks 

Charnockite 

In the southwest part of the quadrangle, a charnockite (ch) stock 

is mapped. Besides the predominant coarse massive hypersthene granite, 



Hypabyssal igneous rocks 

Diabase (Jd) forms northwest-trending dikes which are as much as 

30 m thick. Dikes thicker than 10 m have central zones approaching 

gabbroic texture. Where observed, chill zones are very thin and contacts 

are vertical. The dikes form long narrow ridges easily traceable on 

aerial photographs; associated negative magnetic anomalies are accurate 

predictors of dike location. (Where photogeologic and magnetic data 

together indicate the existence and location of diabase dikes, they are 

mapped as though observed.) In two localities, diabase plugs are mapped 

on the basis of photogeology only. 

Diabase is much more resistant than gneiss wallrock and weathers 

into spheroidal boulders. The diabase is considered Jurassic in age 

on the basis of K-Ar dating and paleomagnetic studies, although the 

radiometric ages are not wholly in accord with one another (Gromm4 and 

Dalrymple, 1972). 

Age relations 

No stratigraphic relation among the metamorphic rocks can even be 

tentatively suggested. There is no compelling evidence that schists are 

younger than gneisses, as contacts observed were either sheared or 

gradational, and metamorphic grades and deformational history are similar. 

Photointerpretation of the Zezia Range area suggests a north-plunging 

synclinal structure at the south end of the range, but this may not 

indicate relative age, especially as minor structures in adjacent gneiss 

also plunge north at the north end of the range. 

10 



	

STRUCTURE 

Our knowledge of folding is limited. Lithologic units and foliation 

in gneiss are folded, commonly isoclinally. In most of the quadrangle, 

axial planes of flexures of the gneissic foliation trend rorthwest. 

It is possible that these flexures are genetically related to foliation 

that also trends northwest in the more recently metamorphosed Pan-African 

province to the southwest. 

The course of the St. John River follows the St. John fault 

system. In places, branches of the system separate schist and iron-

formation from gneiss. In the Kpoh Range, pegmatite and cassiterite-

bearing veins are associated with the faults. Faults generally 

parallel the strike of foliation in gneiss but locally transect it. 

Along the west margin of the Kpoh Range, leucocratic gneiss has strong 

subhorizontal lineation within about 1 km of the fault system. Another 

major set of faults truncates the St. John fault system on the south 

and separates the Pan-African province in the southwestern corner of the 

quadrangle from the Liberian province in the remainder of it. Foliation 

southwest of this fault set in the Pan-African province is locally 

oriented almost north-south, whereas that in the Liberian province is 

northeast-southwest. An intermediate zone of mixed foliations is bounded 

on both sides by northwest-trending shear zones. The southern shear 

zone, just south of Mt. Finley, is locally intruded by diabase and 

includes southwest-dipping mylonites. The intrusive charnockite straddles 

some of these mylonites and may itself have beer, locally sheared, pro-

ducing coarse augen gneiss. The northern shear zone, as interpreted 
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from aerial photographs, separates the zone of irregular foliation 

trends from more orderly northeast trends of the Liberian province. 

Yet other northwest-trending shear zones farther to the north truncate 

rock bodies, and in one place form the northern boundary of melano-

cratic pyroxene gneiss at Mt. Guo (Miatro). Such granulite facies rocks 

are elsewhere characteristic of the Pan-African province. 

The long, straight course of Zo Creek is controlled by a fracture 

which is believed to be part of a joint set rather than a fault. Closely 

spaced joints were observed by H. Bergmann (United Nations Mineral Survey) 

all along the creek. Neither field traverses nor magnetic data give 

evidence of offset. What appear in aerial photographs to be offsets of 

diabase dikes along the Zo Creek trend may instead be the effect of the 

joint set on the pattern of later intrusion. 

Fractures parallel to diabase dikes are common. In some areas, 

these appear to form geologic boundaries. Mylonite was observed on 

the trend which forms the Pan-African boundary. A fault with proto-

mylonite trends into a diabase dike in the southeastern part of the 

quadrangle. Along the Kpoh Range, the pattern of diabase dikes and 

faults parallel to them has contributed to the anomalous course of the 

St. John river which cuts back and forth through the range. 

Another set of fractures, based mostly on photogeology, trends 

north in the south-central part of the quadrangle. 
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METAMORPHISM 

Metamorphism of the amphibolite facies is predominant in the 

Gbanka quadrangle. In two areas, rocks of the granulite facies have 

been found; one is in hypersthene-plagioclase gneiss at Mt. Guo (Miatro) 

in the southwestern part of the quadrangle, and the other is in hypers-

thene-bearing quartz-garnet amphibolite near Zienzu in the northwestern 

part. 

MINERAL RESOURCES 

No mininr, is known to have been conducted in the quadrangle. At 

Green Hill typical gneiss has been quarried for railroad-bed material. 

Cassiterite-bearing granular veins occur with pegmatites along 

shear zones and in composite unit z in the southern part of the Kpoh 

Range. The pegmatite zone, the faults, and the host rocks extend far 

beyond the known cassiterite-bearing area. Offerberg and Tremaine 

(1961) show geochemical anomalies of tin in stream sediments near the 

northern part of the Kpoh Range. 
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