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Conglomerate Ore 
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Abstract: Southern end of the Tarkwa syncline hosts auriferous quartz pebble conglomerates belonging to the Banket Series of the Tarkwaian Group. 

Though gold grade generally increases as size and volume of quartz pebbles increase, reconciliation and tonnage of ore zones A, B, C and D at Block 7 
and 8 Pit of the mine had progressed on assay grades with no connection to variation of textures. This paper identified the various ore textures in core of 
a borehole from Block 7 and 8 Pit and categorized the ore grades into low (0.5 to 1.0 g/t), medium (1.0 to 1.5 g/t), high (1.5 to 2.0 g/t) and very high 
(>2.0 g/t). This grade classification coincided with variation of textures in different ore zones such that generally, low grade ore had pebble sizes of 8.6 
mm to 29 mm, poorly packed, poorly sorted and sub-angular to sub-rounded. Medium and high grade ores had pebble sizes up to 31 mm; moderate to 
well sorted, may be rounded and well packed. Very high grade ore had restricted pebble size (an average of 13.4 mm or 24.2 mm) and may be well-
rounded. Though tonnage for Block 7 and 8 Pit were generally higher than mill head values, by using these classification, opt imum gold recovery could 
be achieved if medium and very high grade ores were blended as high grade ore is mined and treated separately. 
 
Index Terms: Textural classification, Gold grade, Ore blending, Conglomerate 

———————————————————— 

 

1 INTRODUCTION  
A mine located along the southern end of the Tarkwa 
Syncline in the Tarkwaian Group hosts gold mineralization 
in four reefs in the Banket Series where particulate, free 
milling gold is found within fine grained matrix around 
quartz pebbles. Generally, gold grade increases as size 
and volume of quartz pebbles increase. The mine produces 
a daily average grade of 1.55 g/t with discrepancies in 
tonnage between mine and plant values [1]. According to 
[2], the texture of ore which includes grain size, grain shape 
and fractures are used to target grinding size, grind-ability, 
the degree of liberation of target mineral and recovery in 
mines. Reconciliation according to [3] is the comparison of 
ore reserve model or grade control data with production 
figures from a treatment plant. This is done on a mine that 
employs model reconciliation using sub-blocked models 
with wireframes to predict model grade and tonnage to high 
degree of confidence [4]. Detailed reconciliation has been 
conducted by a neighboring mine on similar ores since 
2002, in an attempt to identify discrepancies in the resource 
estimation process [5]. Actual and modelled grades and 
tonnages conducted on the A, B, C, D, E, F and G reefs 
(zones) on the mine in Tarkwa show that increases in 
tonnages do not necessarily indicate decrease in grade and 
so the fall in grade was attributed to ore dilution [6]. The 
mine under study uses grade control, resource model and 
mill head for reconciliation but significant textural variation 
is discounted when grouping ore for evaluation of tonnage. 
This work identified various ore textures according to 
respective grades in core samples followed by 
reconciliation of tonnages based on projections using 
grades from geology section and mill head values from 
metallurgy section. Based on the findings, favorable blend 
factors which would achieve the target gold recovery were 
recommended. 
 
1.1 Location 
The mine is located at the outskirts of Tarkwa in the 
Western Region of Ghana, about 85 km north-west of 
Takoradi and 240 km west of Accra (Fig. 1). The relief of 
the area is characterized by series of undulating landscape 
with prominent ridges that are about 60 m to 80 m above 
mean sea level. The ridges form at areas occupied by 
blocks 1 to 6 (Ajopa), blocks 7 (Teberebie) and 8 

(Awunaben). Presently, blocks 1 to 4 have been mined to 
economic depths and the possibility of exploiting the 
remaining ore body by underground operation is being 
investigated [1]. 
 
1.2 Geological Setting  
The mine is located within the Tarkwaian Group which forms 
part of the West African Craton which is covered to a large 
extent, by the Birimian metavolcanic rocks and 
metasedimentary rocks (Fig. 1). The Birimian Supergroup, 
underlying the Tarkwaian Group consists of metamorphosed 
lava and pyroclastics which contain abundant greywacke, 
phyllites and intrusive rocks. The rocks which are greenish 
grey are deformed and metamorphosed to lower greenschist 
to lower amphibolite facies have notable gold mineralization 
associated with disseminated sulfides and quartz veins [7]. 
The Tarkwaian Group is subdivided into four main groups 
with the youngest at the top (Table 1). The basal Kawere 
conglomerate is characterized by polymictic, poorly sorted 
and matrix supported conglomerates which contain no 
economic gold mineralization (generally <50 ppb). Economic 
gold mineralization occurs in the Banket Series made up of 
an accumulation of coarse siliclastics composed of 
conglomerates, grits and quartzites which have undergone 
low-grade metamorphism with significant chlorite and 
sericite [7]. The entire Tarkwaian Group has been folded into 
a broad syncline which is locally referred to as Tarkwa 
syncline. The Banket is therefore gently folded into a 
syncline trending approximately east-west at Iduapriem, 
gradually changing to approximately north-south at Blocks 4, 
5 and towards Blocks 7 and 8 up to Mantraim [8]. The 
mineralized sedimentary sequence is known as the Banket 
Series. The Banket Reef Zone comprises a sequence of 
individual beds of quartz conglomerates, breccia 
conglomerates, meta-sandstones (metamorphosed to 
quartzites) and grits. All known gold mineralization is 
associated with the conglomerates, specifically, within the 
matrix that binds the pebbles together. The upper 
stratigraphic limit of this zone is marked by the hanging wall 
quartzite, siliceous and metamorphosed sandstones of buff 
color, which exhibits cross-bedding marked by mainly 
hematite. The hanging wall quartzite also contains 
interbedded thin discontinuous grit. Dolerite dykes and sills 
intruded complex deformed zones of the sedimentary 
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sequences. Alteration minerals associated with the 
Tarkwaian deposit are hematite, magnetite, ilmenite, pyrite, 
chalcopyrite, pyrrhotite, rutile, zircon, carbonate, sericite, 
epidote, tourmaline, chloritoid and traces of bornite [7]. 
 

1.3 Mining Blocks 
Gold mineralization occurs within eight specific areas on the 
mine; namely Block 1, Block 2, Block 3, Block 4, Block 5, 
Block 6 (Ajopa); Block 7 (Teberebie) and Block 8 
(Awunaben). In Block 1, the deposit comprises of a single 
composite of C and D reefs. At the eastern end of Block 2 
the single composite reef became multiple zones (A, B, C 

and D), which extend further west into Block 3 where there 
are up to four zones of mineralization. The A, B, C and D 
reefs also occur at Blocks 4, 5, 7 and 8. Though four zones 
are recognisable at Block 6 (Ajopa), only the B and C reefs 
are economical. The Banket is narrow and steep at 
Kotraverchy deposit in adjoining Goldfields Ghana Limited 
[9]. 
 
1.4 Grade Control 
Gold content in the banket is related to size and packing of 
quartz pebbles within the conglomerate  

 
TABLE 1 STRATIGRAPHY OF THE TARKWAIAN GROUP [10] 

 

Series Thickness (m) Composite Lithology 

Huni Sandstone 1370 Sandstone, grits, quartzite, phyllite (Dompim type) 

Tarkwa Phyllite 120 - 400 Phyllite, chlorite-sericite schists 

Banket 120 - 160 Quartzite, grits, breccia and banket conglomerates 

Kawere Conglomerate 250 - 700 Sandstone, quartzite, grits, and conglomerate 

 

 
 

Fig. 1. Geological Map of part of south west Ghana showing Iduapriem Mine (Modified after [8]) 
 

Unit That is, the bigger and/or more pebbles present, the 
higher the gold content. A mineralogical study indicated that 
grain size of native gold particles range between 0.002 mm 
and 0.500 mm and had average size of 0.13 mm. Gold was 
mostly concentrated in the basal 20 cm of the lowermost 

horizon [7]. Gold mineralization occurs within four specific 
reefs and is unrelated to metamorphic and hydrothermal 
alteration events. The recognised four reefs are A, B, C and 
D which are equivalent to Sub-basal, Basal (or Main), Middle 
and Breccia Reefs respectively in the Tarkwaian in general. 
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Mineralogical studies indicate that, the grain size of native 
particles range between 2 and 500 microns and average 130 
microns [7]. A three-dimensional Datamine solid wireframe 
grade control model was developed based on grade and 
geology and used for short-term mining and generation of 
bench ore block plans. 
 
1.5 Quartz Pebble Conglomerates, Textures and Gold 
Mineralization 
Gold deposits associated with quartz-pebble conglomerates 
supply more than fifty percent of the world’s gold [6]. Quartz 
pebble conglomerate deposits occur in Witwatersrand 
Supergroup of South Africa, Jacobina deposit of Brazil and 
Tarkwaian Group of Ghana. Textures vary from well-packed 
to clast-supported and matrix supported sandstone. The 
conglomerates are made of well sorted, rounded quartz 
pebble to cobble sizes with rare boulders and well packed 
with a sandy matrix containing some sericite. Pyrite is 
commonly found in the matrix as round granules or euhedral 
grains [11]. The lowermost Main Reef in the Witwatersrand 
Supergroup is generally poorly sorted conglomerate with 
pebbles up to 5 cm in diameter. There is a correlation 
between the degree of pebble sorting/packing and gold 
grade [12]. The best mineralization in the Jacobina deposit is 
found within the Main Reef in the second conglomerate 
zone, 150 m above the base and in two intervals. 
Mineralization is restricted to well sorted and packed, small 
to medium pebble sized conglomerates found in medium to 
small pebbly layer and has an average gold grade of 5.7 g/t 
[11]. At Tarkwa, the major producing ore unit is the Basal 
Reef which has a number of lesser conglomerate bands. 
The Basal Reef is the most persistent conglomerate bed in 
the Tarkwaian Group and it is the richest in gold content. 
Furthermore, it is generally better sorted than the other reefs 
and more uniform in thickness, composition, size and in 
distribution of pebbles [10]. The highest gold content is 
associated with well sorted, well packed, conglomerates 
which occur in thinner horizon and which are enriched with 
hematite [7]. The Basal Reef which yields gold grade greater 
than 2 g/t is overlain by the middle reef with grades between 
1.5 to 2 g/t [13]. 
 

2 METHODS USED  
 
2.1 Core logging, Sampling and Analysis 
Drilling was carried out in 3 benches (of 18 m). Sampling 
was conducted in A, B and C ore zones at Blocks 7 and 8 
Pit. Samples were placed in sample bags and labelled as A, 
B and C. Analysis was conducted using aqua regia digest 
with atomic absorption spectrometer (AAS) technique. 
Borehole number A10300-190 was logged from 8 m to 87 
m based on textures of quartz pebbles in conglomerate 
such as grain size, grain shape, sorting, packing, quartz 
pebble composition and matrix composition. Though ore on 
the mine was grouped into low grade (below 0.5 g/t); ore 
from 0.5 to 1.0 g/t for heap leach and ore which is greater 
than 1 g/t as high grade, for the purpose of this work which 
was aimed at providing more variation in ores, the assay 
results at various depths in the ore zone were regrouped 
into 0.5 to 1.0 g/t (low grade ore), 1.0 to 1.5 g/t (medium 
grade ore), 1.5 to 2.0 g/t (high grade ore) and greater than 
2.0 g/t (very high grade ore). The methods of gold 
extraction on the mine has been carbon in leach (CIL) and 

the heap leach technologies [1]. Ore grades and tonnages 
obtained for the month of September, 2013 from the 
Geology section were used in the study. 
 

3 Results and Discussions 
 

3.1 Low Grade Ore 
Low grade ore ranges between 0.5 to 1.0 g/t. In borehole 
number A10300-190, at Blocks 7 and 8 Pit, this occurs at a 
depth of 8 m in D zone (Fig. 2). The ore is very coarse 
grained with an average grain size of 8.6 mm, sub-angular, 
poorly sorted, poorly packed and immature. Pebbles are 
made up of reddish brown iron oxide stained quartz and 
milky quartz. The matrix comprises of medium grained 
quartz, chlorite, and iron oxide minerals along bedding and 
in alteration zones. Diagnostic features of this ore are the 
presence of hematite-rich layers along bedding and in 
alteration zones. Angular grains with average size of 8.6 
mm and high percentage of medium quartz grains in the 
matrix are common (Fig. 2). 
 

 
 

Fig. 2. Photograph of Low Grade Auriferous Quartz Pebble 
Conglomerate in D zone showing Sub-angular Milky Quartz 

Pebbles and Hematite Alteration 
 

Also, low grade ore at Block 7 and 8 Pit occurs at depths of 
34 m, 37 m, 47 m, 60 m and 63 m in B zone. The ores in 
the B zone are very coarse grained with an average grain 
size of 29 mm, sub-rounded, poorly sorted, poorly packed 
and immature. Pebbles are made up of milky quartz; while 
the matrix comprises mainly of quartz with minor chlorite 
and iron oxide minerals as alterations. A diagnostic feature 
of the B zone ore are milky quartz pebbles which are sub-
rounded. Lastly, low grade ore occurs at depths 71 m, 72 
m, 76 m, 79 m and 87.7 m in C zone. The ore in C zone is 
very coarse grained with an average grain size of 11.8 mm, 
sub-rounded, moderately sorted, poorly packed and 
immature. Pebble and breccia fragments were derived from 
quartz veins, while the matrix comprises of quartz, minor 
chlorite, carbonates, and hematite alterations (Fig. 2). A 
diagnostic feature of the ore at C zone are quartz pebbles 
which are sub-rounded with minor angular grains. 
 
3.2 Medium grade ore 
Medium grade ore ranges between 1 to 1.5 g/t at Block 7 
and 8 Pit, located at 17 m, 18 m, 73 m, 83 m and 86 m to 
88.4 m depths in C zone. It is very coarse grained with an 
average grain size of 12.6 mm, sub-rounded, moderately 
sorted and poorly packed. Quartz pebbles comprise of 
about 75 % milky quartz, 15 % glassy quartz and 10 % 
bluish quartz. These are iron oxide stained along grain 
boundaries with the matrix comprising of similar 
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composition and hematite richer (Fig. 3). Medium grade ore 
also occurs at 33 m, 35 to 36 m, and 61 to 62 m in B zone 
and is very coarse grained with an average grain size of 
28.4 mm, sub-rounded to rounded, well sorted and well 
packed. Pebbles are made up of glassy, milky and bluish 
varieties. The matrix comprises of quartz, plagioclase and 
iron oxide minerals. 
 

 
 

Fig. 3. Photograph of Medium Grade Auriferous Quartz 
Pebble Conglomerate in C Zone showing Breccia, Sub-

rounded Glassy, Milky and Bluish Quartz Pebbles 
 
3.3 High grade ore 
High grade ore ranges between 1.5 to 2.0 g/t and occurs at 
19 to 20 m, 82 m and 84.65 m in C zone. The ore is very 
coarse grained with an average grain size of 31 mm, sub-
rounded to rounded, well sorted and well packed. Pebbles 
are glassy and milky quartz with a matrix which comprises 
of quartz, chlorite and minor iron oxide minerals (Fig. 
4).High grade ore at Blocks 7 and 8 Pit also occurs at 
depths of 31 m, 40 m and 44 m in B zone. The ore in B 
zone is very coarse grained with an average grain size of 
27 mm, rounded, poorly sorted and poorly packed. Pebbles 
are made up of glassy and reddish-brown quartz while the 
matrix comprises dominantly of quartz with minor sericite. 
High grade ore which occurs at 52 m depth in the A zone is 
very coarse grained with an average grain size of 10.8 mm, 
sub-angular, well sorted and well packed with pebbles 
made up of milky quartz, while the matrix comprised of 
quartz, iron oxide-rich minerals along bedding and as 
pervasive alterations (Fig. 4). 
 

 
 

Fig. 4. Photograph of High Grade Auriferous Quartz Pebble 
Conglomerate in C zone showing Sub-rounded, Rounded 
and Well Packed Glassy, Milky and Bluish Quartz Pebbles 

 
3.4 Very high grade ore 
Very high grade ore is greater than 2.0 g/t. At Block 7 and 8 
Pit, it occurs at depths of 16 m, 74 m, 77 to 78 m and 81 m 
in C zone. The C zone conglomerate is very coarse grained 
with an average grain size of 13.4 mm, sub-rounded, poorly 
sorted and poorly packed. Pebbles are made up of glassy 

quartz vein and milky quartz vein. The matrix comprises of 
quartz, chlorite, silica and minerals rich in iron oxide 
minerals. Diagnostic features are sub-rounded, poorly 
sorted pebbles with high quartz and iron oxide minerals in 
the matrix (Fig. 5). Very high grade ore in B zone occurs at 
depths of 32 m, 41 to 43 m and 45 to 46 m. It is very coarse 
grained with an average grain size of 24.2 mm, well 
rounded, poorly sorted and poorly packed. Pebbles are 
made up of milky quartz with matrix made up of quartz, 
sericite and iron oxide rich mineral alterations. 
3.5 Tonnages 
Tonnages of low grade ore, medium grade ore, high grade 
ore and very high grade ore for Block 7 and 8 Pit in 
September, 2013 are shown in Table 2. A graph of the 
distribution of conglomerates with  
 

 
 

Fig. 5. Photograph of Very High Grade Auriferous Quartz 
Pebble Conglomerate in the C Zone showing Sub-rounded 

and Poorly Sorted Milky Quartz Pebbles 
 
grades and tonnages is shown in Fig. 6 in which high grade 
ore corresponds to the highest tonnage and low grade ore 
gives the least tonnage. Medium grade ore yields tonnage 
greater than very high grade ore with a difference of 4304 
tons. Tonnages based on ore grades from Geology and 
Metallurgy sections are shown in Table 3. A graphical 
representation of variation in tonnages between Geology 
and Metallurgy sections are shown in Fig. 7. Table 3 and 
Fig. 7 show that with the exception of higher tonnages of 
medium grade ore recorded from Geology section than 
Metallurgical section, the Metallurgy section recorded 
greater tonnages of high and very high grade ores. Usually 
low grade ore was stockpiled and documented only at 
Geology section. Medium grade ore from Geology section 
was higher by 26416.3 tonnes (81 %). Tonnages of high 
grade ore from both Geology and Metallurgy sections were 
high but slightly lower from the Geology section where a 
difference of 39194.4 tonnes (-55.67 %) occurred. 
Tonnages of very high grade ore from both sections, though 
lower than that for high grade ore, for Geology section it 
was lower by 16344.5 tonnes (-57.74 %). 
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TABLE 2 GOLD GRADES AND TONNAGES OF VARIOUS CATEGORIES OF ORE ZONES/REEFS AT BLOCK 7 AND 8 PIT 
 

Category of Ore Zone Depth (m) Zone/Reef 
Assay grade 
( g/t) 

Tonnage 

 8 D 0.75 

 
 
4749 

Low (0.5 - 1.0 g/t) 34-47 B 0.59-0.70 

 60-63 B 0.67-0.69 

  71-87.7 C 0.65-0.84 

 17-18 C 1.02-1.06 

 
 
32612 

Medium (1.0 - 1.5 g/t) 33-36 B 1.03-1.24 

  61-62 B 1.26-1.41 

  73-88.4 C 1.07-1.73 

 19-20 C 1.65-1.99 

 
 
70399 

  31-44 B 1.51-1.88 

High (1.5 - 2.0 g/t) 52 A 1.59 

  59 B 1.92 

  82-84.65 C 1.73-1.74 

 16 C 8.38 

 
8308 

Very High (> 2.0 g/t) 32-46 B 2.19-5.10 

  74-81 C 2.85-3.76 

 

 
 

Fig. 6. Graph showing distribution of Ore Grades and Tonnages in Block 7 and 8 Pit for September 2013 
 

TABLE 3 RECONCILIATION OF TONNAGES FROM 
GEOLOGY AND METALLURGY SECTIONS IN TONNES 

 
Section  Medium High Very high 

Geology Tonnages 32612 70399 28308 

Metallurgy 
Tonnages 

6195.7 109593.4 44652.5 

 

4 CONCLUSION 
From the study it is concluded that at Block 7 and 8 Pit and 
borehole A10300-190 with low grade ore has pebble sizes 
ranging from 8.6 mm to 29 mm and poorly packed, poorly 

sorted, sub-angular to sub-rounded. For medium and high 
grade ore, pebble sizes are up to 31 mm, moderate to well 
sorted with occasional rounded and well packed pebbles. 
Very high grade ore has restricted pebble size of about 13.4 
mm or 24.2 mm and may be well-rounded. Though there is 
a huge difference in tonnage of medium grade ore, 
calculated at Geology and Metallurgy sections, tonnages of 
high grade ore are approximately equal to the sum of the 
medium and very high grade ore and so could be blended 
and treated to yield 121840 tonnes. High grade ore which 
could yield 109593.4 tonnes should be treated separately. 
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Fig. 7. Graph showing Tonnages from Geology and Metallurgy sections for September 2013 in Block 7 and 8 Pit 
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