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A B S T R A C T

The geology and petrography of basement complex rocks in Damaga and environs were studied to
identify the underlying rock types and determine their spatial coverage and mineralogical character-
istics. Geological field mapping was conducted, fresh representative rock samples were collected
during the field exercise, and petrographic analysis was performed on selected samples using a
polarizing microscope. The major mapped rock units are granodiorite, phyllite, and amphibolite schist.
Granodiorite accounts for about 38% of the total lithology and is divided into two textural groups:
medium- to coarse-grained and porphyritic. It generally occurs as low-lying exposures and boulders.
Phyllite is characterized by the alignment of light and dark minerals and constitutes about 34% of the
total lithology, occurring mainly as low-lying outcrops exposed along river channels. Amphibolite
schist covers about 20% of the total lithology and occurs largely as flat-lying outcrops. Petrographic
investigations revealed that the mapped rocks are composed chiefly of felsic minerals, such as quartz,
muscovite and feldspars (plagioclase and orthoclase), mafic minerals (biotite and amphibole), and
minor opaque minerals. The minor lithologies, which account for 8%, consist of xenolith, aplite, and
quartz veins. Structural readings revealed a dominant NE–SW trend that is consistent with Pan-African
deformation.
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1. INTRODUCTION
The geological investigation of an area is a structured process
that delineates various litho-petrological units, including their
mineral composition, structures, and deformational dynamics [1].
This process can be achieved through field mapping to acquire
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the necessary data and produce a detailed geological map show-
ing the distribution and characteristics of the various rock units
underlying the area [2, 3]. The traverse mapping technique is an
effective method that complements and ensures the success of
field mapping activity [4]. This approach essentially records the
geology along predefined locations on a topographic base map
[4]. Petrographic studies involve the analysis of rock thin sec-
tions at the microscale with the aid of a polarizing microscope
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[5–8].
The Basement Complex of Nigeria, where the study area is lo-

cated, is part of the Pan-African mobile belt situated within the
West African and Congo cratons [9]. The Basement Complex
was affected by polyphase deformation, with the Pan-African
Orogeny recognized as the prominent event [10]. This sequence
of deformation led to episodes of recrystallization and signif-
icant intrusion of granitic rocks [10, 11]. The basement ge-
ology of Nigeria consists of four petro-lithological units: the
Migmatite-Gneiss Complex, Schist Belt (metasedimentary and
metavolcanic), Older Granites, and undeformed acid and basic
dykes [11]. The Migmatite-Gneiss Complex is strictly the Base-
ment Complex sensu stricto, covering slightly more than half
of the Nigerian Basement Complex [11–13]. It chiefly com-
prises schist, migmatite, gneiss, and granite-gneiss [11, 14, 15].
The Maru Schist Belt is one of the most prominent schist belts
[11]. Generally, theNigerian schist belts consist of upper Protero-
zoic supracrustal rocks that have been folded into the migmatite-
gneiss-quartzite complex [11, 16]. Phyllites, interlaminated
slates, banded iron formation, amphibolite schist, granodiorite,
granite, and gabbro are various litho-compositional units com-
mon in the schist belts [11, 17]. The Pan-African granitoids
of Ref. [13], commonly known as the Older Granite Suites,
host syngenetic rock units that are believed to have intruded the
Migmatite-Gneiss Complex and the schist belts [11, 18].
The northwestern portion of the Nigerian Basement Complex

has been the subject of several regional geological studies [19–
21]. However, these studies did not show the diversity of rock
units in the study area, which is critical for interpreting the petro-
genesis and evolution of the Basement Complex. Therefore, this
research aims to characterize the basement rocks in Damaga and
its environs through geological field mapping and petrographic
investigations. This research fills the existing gap in the diversity
of rocks around Damaga and environs, northwestern Nigeria.

1.1. STUDY AREA
The study area is located in the Maru district, Maru Local
Government Area of Zamfara State. It covers about 40 km2,
bounded by latitudes 12°19′45′′N to 12°23′00′′N and longitudes
006°20′30′′E to 006°23′00′′E (Figure 1) within the Federal Sur-
vey Map Sheet 53NW. Geologically, this area lies within the
Maru Schist Belt in the northwestern Basement Complex of
Nigeria (Figure 1). The Sokoto–Gusau road and other well-
established minor roads, which intersect the Maru Schist Belt,
facilitate access to the area.
The climate is typical of a tropical savanna pattern character-

ized by two distinct seasons: the rainy season starts in May and
lasts through October/November, while the dry season extends
from November through April. The vegetation is typical of trop-
ical savanna and consists of shrubs, thorny bushes, and grasses.
The area is characterized by hilly terrain with a few low, undulat-
ing topographic surfaces and a dendritic drainage pattern drained
by the River Sokoto and its seasonal tributaries (Figure 1).

2. MATERIALS AND METHODS
2.1. FIELD MAPPING
Detailed geological field mapping was carried out to systemati-
cally investigate the geology of the study area using a gridded to-

pographic map on a scale of 1:25,000, extracted from the Federal
Topographic Map of Nigeria, Sheet 53NW. The field mapping
exercise focused primarily on detailed on-site descriptions, in-
cluding mode of occurrence, structural analysis, and megascopic
examinations. Descriptions of the shapes, textures, and propor-
tions of individual mineral grains in hand samples were made
with the aid of a hand lens where applicable. A handheld Global
Positioning System (GPS) receiver was used to record outcrop co-
ordinates, and a Brunton compass was used to measure the strike
and dip of structural features. A measuring tape was used to mea-
sure rock dimensions.
Fresh representative rock samples were obtained from the stud-

ied outcrops during the field mapping with the aid of a geological
hammer. All sample locations were plotted on the base map, and
each collected sample was appropriately labeled with masking
tape and marker pens. Geological boundaries between distinct
rock units were also delineated accordingly. All other informa-
tion related to field observations was duly noted in the field note-
book. Figure 1 shows the locations of samples collected during
field mapping.

2.2. THIN-SECTION AND PETROGRAPHIC STUDIES
Representative samples of rocks in the area were selected for
thin sectioning and petrographic analysis. The rock thin sections
were prepared in line with the procedure of Ref. [23]. The proce-
dure involves cutting a hand specimen of about 0.1 m thickness
in a regular pattern using a diamond-coated blade. The cut hand
specimen, known as a rock slice, is then rubbed against an abra-
sive and glued onto a glass slide using an epoxy solution. The
other surface is then ground to a thickness of about 30 µm and
subsequently covered with a thin glass slip. This process pro-
duced the rock slides for petrographic analysis.
Petrographic analysis facilitates the study of rock constituents

at a fine scale [18]. In this study, the constituent minerals were
identified based on their optical properties under plain-polarized
light (PPL), including color, habit, pleochroism, and cleavage,
and cross-polarized light (XPL), including interference, color,
and extinction. These properties enable the accurate determina-
tion of rock mineralogy [18, 24]. Using a digital camera, the
photomicrographs of all samples were taken to obtain the per-
centages of each mineral constituent. The results of petrographic
investigations, together with field geological mapping data, were
used collectively to delineate the rock units underlying the area.

2.3. ROSE DIAGRAM AND MAP PRODUCTION
A rose diagram is a two-dimensional tool used to represent direc-
tional data visually [18, 25, 26]. The strike values of structures
were plotted using GeoRose software, from which the dominant
trends were identified. The geological map of the area was pro-
duced using a combination of Google Earth and Surfer 11 soft-
ware.

3. RESULTS AND DISCUSSION
3.1. DISTRIBUTION AND DESCRIPTION OF ROCK UNITS
Three main rock units underlie the study area: granodiorite, phyl-
lite, and amphibolite schist (Figure 2). Other lithologies, such
as aplite dyke, quartz veins, and xenolith, occur as intrusions,



Aliyu et al. / Terratmosphera 1 (2026) 378 3

Figure 1. Simplified geological map of Nigeria (modified from Ref. [22]), showing the location of the study area.

Figure 2. Geological map of Damaga and environs.

hydrothermal veins, and inclusions in the major rock units, re-
spectively. The following sections discuss detailed descriptions
of lithological characteristics, field occurrences, relationships
among the various rock units, and the physical properties of con-
stituent minerals.

3.1.1. Medium- to coarse-grained granodiorite

The medium- to coarse-grained granodiorite covers the southern
to somewhat northeastern portion of the study area, accounting
for about 20% of the total granodiorite lithology (Figure 3A). In

the field, most of the medium-grained granodiorite outcrops are
highly deformed and fractured, occurring as low-lying boulders
that trend northeast–southwest. In hand specimen, the medium-
grained granodiorite is a granular, holocrystalline rock domi-
nated by quartz, plagioclase feldspar, orthoclase feldspar, and bi-
otite (Figure 3B). Quartz appears glassy and rigid. Plagioclase
appears whitish, whereas orthoclase has shades of pink and red.
Biotite is black and crumbles into flakes when scratched. In gen-
eral, the sample is leucocratic, characterized by its sparkling ap-
pearance and distinctive mineral grains.

A massive, leucocratic aplite dyke intruded the medium- to
coarse-grained granodiorite at N12°21′38.5′′, E006°22′42.6′′

(Figure 3C). The aplite dyke is medium-grained, although rela-
tively finer than the host rock. The hand specimen showed the
dominance of plagioclase feldspar, with quartz and biotite occur-
ring in different dimensions (Figure 3D).

3.1.2. Porphyritic granodiorite
The porphyritic granodiorite covers the entire Lugga village (Fig-
ures 1 and 2). It dominantly appears as flat-lying outcrops and
medium-sized domes. At some locations, it occurs as boulders
and ridges trending in the N–S direction (Figure 3E). Most of
the mapped porphyritic granodiorite outcrops are also highly
weathered and fractured, contacting the amphibolite schist to-
ward Damaga to the south. The hand specimen is leucocratic,
holocrystalline, and porphyritic, with vitreous to pearly-lustrous
blocky albite grains of about 3–13 mm as phenocrysts sur-
rounded by quartz and biotite groundmass (Figure 3F).

3.1.3. Phyllite
The phyllite occurs as flat-lying outcrops, mostly exposed along
river channels, and varies in appearance from dark grey to yel-
lowish and, in some places, weathered brown (Figure 3G). In
most locations, phyllite outcrops are laminated, weakly foliated,
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Figure 3. Field occurrence and hand specimen of rock units: (A–B)medium- to coarse-grained granodiorite, (C–D) aplite dyke, (E–F) porphyritic granodiorite,
(G) phyllite, and (H–I) amphibolite schist.

Figure 4. QAP plot of granodiorite.

highly deformed, and tectonically inclined. Significant expo-
sures were mapped around the northwestern and southwestern
portions, where they underlie major localities such as Damaga,

Chika, Abungulu, and Tushe (Figures 1 and 2). In terms of over-
all lithology, phyllite covers about 34%. This rock unit is charac-
terized by a parallel alignment of light and dark minerals.

3.1.4. Amphibolite schist
Amphibolite schist occurs as low-lying outcrops and boulders
that are about 2 m above the ground in some locations (Fig-
ure 3H). It constitutes about 20% of the total lithology and cov-
ers the northeastern portion. The hand specimen is dark and has
a fine- to medium-grained texture (Figure 3I). It is highly dense
when lifted, probably because of the dominance of mafic miner-
als. The component grains are nearly equigranular and consist
of a wide range of greenish to dark brown minerals occurring
together with fine quartz.

3.2. PETROGRAPHIC AND OPTICAL CHARACTERISTICS OF
ROCK UNITS

This section presents the petrographic and optical characteristics
of constituent minerals found in rocks underlying the research
area. The proportions of each mineral component were deter-
mined by modal analysis (point counting), following the method-
ology of Ref. [27]. The modal mineral composition of granodior-
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Figure 5. Photomicrograph of rock thin section: (A-B) medium-coarse grained granodiorite (C-D) porphyritic granodiorite (E-F) phyllite (G-H) amphibolite
schist.

ite samples was plotted on the quartz–alkali feldspar–plagioclase
(QAP) diagram [28] for further classification (Figure 4). The
QAP diagram is primarily used to classify igneous rocks. There-

fore, phyllite and amphibolite schist were not considered for
QAP classification. Photomicrographs of the representative rock
units are shown in Figure 5A–H.
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Figure 6. Structural features in the study area: (A) fault, (A and B) quartz veins, (C and D) joints, and (E) xenolith.

From the petrographic examinations, the medium- to coarse-
grained granodiorite consists of quartz (44%), plagioclase (37%),
orthoclase (8%), biotite (9%), and opaque minerals (2%); por-
phyritic granodiorite contains quartz (43%), plagioclase (30%),
orthoclase (12%), and biotite (15%); phyllite is composed of
quartz (45%), muscovite (47%), and opaque minerals (8%);
and amphibolite schist includes quartz (30%), amphibole (horn-
blende) (50%), and muscovite (20%). These mineral grains are
predominantly euhedral to anhedral, reflecting differential crys-
tallization and spatial variability during the cooling and solidifi-
cation of magma, particularly in granodiorite. The quartz crys-
tals are colorless under PPL and XPL, possess very low relief, ex-
hibit first-order birefringence, lack cleavage and twinning, show
no pleochroism, and demonstrate undulose extinction. Plagio-
clase crystals are colorless under PPL and XPL. They exhibit low

relief, parallel extinction, and notable polysynthetic twinning in
medium- to coarse-grained granodiorite, whereas albite twinning
and oblique extinction are prominent in porphyritic granodiorite.
In medium- to coarse-grained granodiorite, orthoclase feldspar
appears bluish-pink under XPL, with significant variation in por-
phyritic granodiorite as a result of twinning and biotite inclusions.
The crystals are characterized by very low relief, Carlsbad twin-
ning, low birefringence (first order), and a patchy and thread-
like perthitic texture. Biotite under PPL and XPL ranges from
dark brown to brownish green and light brown to dark brown
in medium- to coarse-grained granodior-ite and porphyritic gra-
nodiorite, respectively. The crystals exhibit strong pleochroism,
have moderate relief, and display mica cleavage. The textural
relationships among the constituent minerals in granodiorite sug-
gest a low rate of cooling, confirming its plutonic origin. In
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Figure 7. Rose diagrams showing (A) joint trends in granodiorite and amphibolite schist, (B) quartz vein trends in granodiorite, and (C) joint trends in
phyllite.

the amphibolite schist, muscovite is greenish to pink in XPL. It
shows biotite inclusions, perfect cleavage, and strong pleochro-
ism. Amphibole is also characterized by intense pleochroism; it
appears dark to greenish brown under PPL and bluish green un-
der XPL. The presence of amphibole (hornblende) in the amphi-
bolite schist indicates medium-grade metamorphism typical of
lower amphibolite facies [29, 30]. The phyllite is characterized
by a fine-grained lepidoblastic texture, defined by the preferred
arrangement of muscovite (sericite), quartz, and opaque miner-
als. The muscovite grains in the phyllite are colorless under PPL
with parallel extinction under XPL, whereas opaque minerals are
dark-colored under PPL and XPL.

3.3. STRUCTURAL FEATURES
The structural features recorded in rocks of the study area con-
sist of quartz veins, faults, joints, and xenolith. The quartz veins
show variable thickness, ranging from a few centimeters to ap-
proximately 0.5 m (Figure 6A and B), and trend in the N–S direc-
tion. At one location (12°23′31.0′′N, 006°22′52.7′′E), the vein is
distinctly prominent andwell pronounced (Figure 6B). Generally,
quartz veins typically form by recrystallization of silicate miner-
als within fractures filled with hydrothermal fluid [31, 32]. Nor-
mal faults that are occasionally filled with silicate minerals are
prominent in the area (Figure 6A). However, some walls occur
as barren and open (Figure 6C and D). Joints in the area are pre-
dominantly tectonic, with a general NE–SW trend (Figure 7A–
C). A series of smooth and rough joint surfaces were mapped,
especially across granodiorite outcrops (Figure 6C). Within the
highly weathered phyllite exposures, sheet jointing is prominent
(Figure 6D). A basic, lensoidal xenolith of about 0.3 m length
occurred within the medium-grained granodiorite (Figure 6E).
Xenoliths are inclusions that represent pieces of older rock in-
corporated into crystallizing magma.

4. CONCLUSION
The geology and petrography of rocks in Damaga and its envi-
rons have been investigated. Field-lithological studies and pet-
rographic analysis of the constituent minerals established the
various rock types, their relationships, associated minerals, and
structural features in the study area. Three major rock units—

granodiorite, phyllite, and amphibolite schist—underlie the area.
The results of the petrographic analysis indicated that granodi-
orite is rich in quartz, feldspar (plagioclase and orthoclase), and
biotite. Phyllite is dominated by quartz and muscovite, while am-
phibole (hornblende), quartz, and muscovite constitute amphibo-
lite schist. The area records both igneous and low-grade meta-
morphic processes. Trends of structural readings in the area are
in line with the regional direction of structures conforming to the
Pan-African Orogeny.
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