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ABSTRACT. This paper presents a new geological map for the area around Bottom Leinster (including the 

newly identified Bottom Leinster Inlier) on the north-eastern margin of the Clarendon Block and shows part of 

the northern Wag Water Belt (parish of St Mary, Jamaica). This allows a study of the flooding of the Clarendon 

Block during the early Paleogene. The northern part of the area shows rocks belonging to the succession 

deposited in the Wag Water Belt that includes the Wag Water and Richmond formations. The southern part of 

the map shows the northern part of the Above Rocks and the Bottom Leinster inliers, together with mid 

Paleogene rocks that overlie the rocks exposed in the inliers. Around the Bottom Leinster Inlier (composed of 

granodiorite), the late Paleogene rocks consists of the thin Bottom Leinster Limestone (new name) and rocks 

attributed to the Wag Water Formation. The Bottom Leinster Limestone consists of grey micritic limestone 

which is locally bioclastic. The fauna of Larger Benthic Foraminifers consists of Tremastegina cf. lopeztrigoi, 

Helicostegina gyralis and Eoconuloides wellsi, which indicate a late Ypresian age. This represents the first 

identified marine transgression onto the Clarendon Block. The Wag Water Formation consists of immature, 

conglomerates with angular clasts on the edge of the Wag Water Belt (interpreted as talus deposits) and 

sandstones with pebble conglomerates with rounded clasts on the Clarendon Block (interpreted as fluviatile 

deposits). The Bottom Leinster Limestone is also found as a thin unit within the conglomerates of Wag Water 

Formation of the Wag Water Belt. An assessment of the ages of the Wag Water and Richmond formations, using 

the Bottom Leinster Limestone as a datum indicates a diachronous relationship, with the conglomerates of the 

Wag Water Formation deposited on the edge of the Wag Water Trough, and shales and sandstones of the 

Richmond Formation deposited within the main part of the trough itself. These results also demonstrate 

transgressions onto the northern edge of the Clarendon Block during the late Ypresian (Bottom Leinster 

Limestone) and early Lutetian (Stettin Limestone). 
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1. INTRODUCTION 

 

In the late Cretaceous to earliest Paleogene, the 

Jamaican-Siuna Arc collided with the Chortis and 

Maya blocks resulting in central and western Jamaica 

and the Nicaragua Rise (between Jamaica and 

Honduras) becoming a subaerial landmass (Mitchell, 

2003, 2006, 2020). Evidence for the existence of this 

land mass is preserved in central Jamaica and includes 

silicified angiosperm and palm (Palmoxylon) trunks 

preserved in the base of the Eocene succession (Porter, 

1998), mangrove pollen (Graham, 1977, 1993) and the 

remains of terrestrial animals, the rhinoceratoid 

ungulate Hyrachyus and a squamate lizard, preserved in 

deltaic sediments of the Litchfield Formation 

(Domning et al., 1997; Pregill, 1999; Portell et al., 

2001). 

The first evidence for a break up of this land 

area comes from the North Coast Belt of Jamaica 

where marine sedimentation began in the mid early 

Eocene (Mitchell, 2016) with the rapid formation 

of deep-water shales (Richmond Formation) and 

marlstones (the Palmetto Grove and Preston Hill 

formations: (Burke et al., 1969; Wise and 

Constans, 1976; Jiang and Robinson, 1987). In 

central Jamaica (Trelawny, Manchester and 

Clarendon) the first transgression onto the central to 

northern parts of the Clarendon Block is recorded 

by the Stettin (Limestone) Formation (Porter and 

Robinson, 1974; Robinson, 1996; Robinson and 

Mitchell, 1999; Mitchell, 2013a), a series of 

molluscan and foraminiferal wackestones, which 

can be dated as early Lutetian (Robinson and 

Mitchell, 1999). 

This paper represents a study of the north-

eastern part of the Clarendon Block (Figure 1). It 

defines the northern margin of the Clarendon Block 

which lines up with the Northern Platform 

Boundary Fault (NPBF) of Mitchell (2013b). The 

rocks found in the supposed embayment of the Wag 

Water Belt/Trough (McFarlane, 1977; Mann and 

Burke, 1990) should now be interpreted as fluvial 

deposits deposited on the Clarendon Block and not 

as part of the Wag Water Belt (as demonstrated 

below). In addition, a thin limestone (dated as early 

Eocene = Ypresian) has been mapped that rests 
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Figure 1. Distribution of blocks and belts in Jamaica; updated and revised from Versey (in Zans et al., 1963), 

Eva and McFarlane (1985), Robinson and Mitchell (1999) and Mitchell (2004, 2013b). Trans – This is an area 

which is part of the North Coast Belt in the Ypresian to Lutetian, but becomes part of the Clarendon Block in 

the Late Eocene (= Priabonian) (Mitchell, 2016). NPBF (1), NPBF (2), Northern Platform Boundary Fault in the 

early-middle Eocene (1) and Late Eocene to early Miocene (2) separating the ‘Trans’ zone. WWF. Wag Water 

Fault. 

 

 
Figure 2. Key for lithologies and symbols used on the geological map in Figure 3. 

 

directly on the Cretaceous to Paleocene rocks 

(equivalent to those of the Above Rocks Inlier) 

around the small Bottom Leinster Inlier. This paper 

describes the revised geology and gives details of 

the revised sedimentary succession of the area. 

 

2. METHODOLOGY 

 

The geology of the north-eastern part of the 

Clarendon Block, the southern North Coast Belt 

and the western margin of the Wag Water Belt 

(Figure 1) were mapped as part of this research. 

Mapping of the Cretaceous inliers was largely 

undertaken using field sheets with the Jamaican 

Survey 1:12,500 scale topographic maps as base. 

Mapping of intervening areas was undertaken using 

a handheld Garmin GPS unit with data being 

recorded in a field notebook and subsequently 

plotted to produce a geological map. Field data 

collected included geographic features (e.g., road 

and path courses, junctions, river bridges, etc.) and 

geological data (rock lithologies, bedding 

orientations, fossils, etc.). Rock samples were 

collected for further analysis in the laboratory and 

have field numbers preceded by the letters WL. 

Rock samples were cut with a slab saw and polished 
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Figure 3. Geological map of the area around Bottom Leinster derived from geological mapping. The small 

Bottom Leinster Inlier is situated just to the north of the Above Rocks Inlier (SW corner of map). See Figure 2 

for key. Richmond is shown in the NW corner, Devon Pen in the middle of the eastern side of the map, and 

Castleton toward the SE corner. NPBF, Northern Platform Boundary Fault. GPS grid established through 

geological mapping with a hand-held GPS. 
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to show sedimentary and igneous textures. Selected 

samples were then cut into thin sections (30 μm 

thick) for petrographic and biostratigraphic 

analysis. Photomicrographs were produced using a 

digital camera mounted on a trinocular Prior 

Petrographic Microscope. The terms ‘block’ and 

‘belt’ are used for current tectonic features (e.g., 

Clarendon Block and Wag Water Belt) and the 

terms ‘platform’ and ‘trough’ are used for original 

deposition systems (e.g., Clarendon Platform and 

Wag Water Trough). 

 

 

3. RESULTS 

 

A geological map and key for the study area are 

presented in Figures 2-3. The map shows the 

different lithologies present as well as the boundary 

(Northern Platform Boundary (NPBF) and Wag 

Water faults) between the Clarendon Block and the 

Wag Water Belt. The various physiographic and 

lithostratigraphic units are described below and age 

relationships are shown in Figure 4. 
 

3.1. Above Rocks Inlier 

The Above Rocks Inlier is a large inlier on the 

eastern margin of the Clarendon Block and has 

previously been described by Matley (1951), 

Chubb (in Zans et al., 1963), Reed (1966) and 

Mitchell (2015, 2020). The inlier consists of a 

series of lava flows associated with volcaniclastic 

sediments (sandstones and conglomerates) and cut 

by a series of dykes to which the names Border 

Volcanics and Mount Charles Formation have been 

given (Green, 1972; Henry and McFarlane, 

1978). These ‘volcanic’ rocks are not differentiated 

on Figure 3 where they are mapped as the Border 

Formation. The Border Formation has been 

intruded by granodiorite stocks which have been 

dated to the Campanian and earliest Paleocene 

(Chubb and Burke, 1963; Harland et al., 1964; 

Hastie, 2007; Mitchell, 2020). 
 

3.2. Bottom Leinster Inlier 

This very small inlier is poorly exposed in the 

vicinity of Bottom Leinster (Figure 3). There are a 

few outcrops of granodiorite below the Eocene 

rocks. The Bottom Leinster Inlier represents an 

extension of the rocks found in the Above Rocks 

Inlier, and is interpreted to be part of the northern 

margin of the Clarendon Block which is separated 

from the Wag Water Belt by the Northern Platform 

Boundary Fault (NPBF) (Figure 3). 

3.3. Wag Water Formation 

The name ‘Wagwater Group’ was introduced by 

Matley (1940, p. 100) for what had previously been 

designated “the Purple Conglomerate Group” 

(Matley, 1929). The name was corrected to Wag 

Water Formation by Matley (1951) to conform to 

the accepted geographical names for the hill, 

community and district as shown on topographic 

maps, and this correction is used here. Matley 

(1951, p. 31) stated that the group was 1,500 ft. (= 

460 m) thick and consisted of “coarse 

conglomerates, sandstones and red marls.” 

Mann and Burke (1990) divided the Wag 

Water Formation into a series of members, which in 

the northern part of the Wag Water Belt included 

the Ginger River (conglomerates), Pencar River 

(sandstones and shales) and Dry River 

(conglomerates) members. Thin limestones within 

the Ginger River Member have yielded the LBF 

Ranikothalia catenula from the road west of 

Wiltshire (below Irish Town) from the southern part 

of the Wag Water Belt, which would indicate a late 

Paleocene age (Ramsook and Robinson, 2009). 

Limestones in the Ginger River Member further to 

the north have not, as of yet, yielded LBFs. No 

biostratigraphically significant samples have been 

collected from the Pencar River member in the 

northern part of the Wag Water Belt. However, 

around Catherine’s Peak in the southern part of the 

Wag Water Belt shales attributed to the Pencar 

River Member have yielded a latest Paleocene to 

earliest Eocene calcareous nannoflora (Jiang and 

Robinson, 1987). The Pencar River Member, 

however, is not necessarily a unit that can be 

mapped across the Wag Water Belt. I have mapped 

repeated units of shale and sandstone alternating 

with conglomerates, and it would appear that these 

units of shales and sandstones inter-finger with the 

conglomerates. It may, therefore, be that mapping 

distinct Ginger River, Pencar River and Dry River 

members is less useful that mapping different 

lithological units. Many of the shale-sandstone units 

contain thin beds of limestone, but the faunas of 

these, if useful, have yet to be studied. The 

conglomerates (Wag Water Formation) are widely 

developed in the northern part of the Wag Water 

Belt (Figure 3). At Devon’s Pen a loose block (E. 

Robinson, pers. comm.) of calcareous conglomerate 

yielded a LBF association with Tremastegina, but 

lacking Eoconuloides/Helicostegina (Jiang and 

Robinson, 1987), which would indicate a mid 

Ypresian age. This is directly equivalent to LBF 

assemblages from the Richmond Formation 

(Roadside Member of Mann and Burke, 1990, see 

below) in the northern part of the Wag Water Belt 
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Figure 4. Correlation of rocks discussed in this paper from the Clarendon Block and 

Wag Water Belt. 

 

that have also yielded at NP12 calcareous 

nannoflora (Jiang and Robinson, 1987). In fact, in 

the Flint River below the community of Rock River 

the conglomerates of the Wag Water Formation can 

be seen to interfinger with shales of the Richmond 

Formation. It therefore seems likely that the 

conglomerates of the ‘Dry River Member’ in this 

area are a lateral facies variation of the shales and 

sandstones of the ‘Roadside Member’ of the 

Richmond Formation. At the present time it seems 

appropriate to map conglomerate-dominated facies 

as Wag Water Formation, with local inter-beds of 

limestone and shale/sandstone, and 

shale/sandstone-dominated facies as Richmond 

Formation (Figure 3). 

The rocks included in the Wag Water Formation 

here include a series of predominately 

conglomerates with minor sandstones that were 

deposited in the Wag Water Trough and also on the 

margin of the Clarendon Platform (Figure 4). The 

various facies will be described briefly here. 

In the area around Castleton and in the beds and 

banks of the Wag Water River, the Wag Water 

Formation consists of a series of indurated, bedded, 

pebble to cobble conglomerates that lack limestone 

clasts. These conglomerates have been intruded by a 

series of small stocks and dykes. This represents the 

older part of the Wag Water Formation, but is not 

separated formally as a distinct unit at the present 

time (although it is shown in a different colour on 

Figure 3). 

To the north, these conglomerates are overlain? 

by a series of pebble and cobble conglomerates that 

contain frequent pebbles and cobbles of Cretaceous 

(both grey and recrystallized) limestone that renders 

them distinctive when compared with the indurated 

conglomerates at Castleton. However, in places 

where limestone clasts are rare, it is difficult to 

separate these conglomerates from the underlying 

conglomerates, particularly in areas where stocks 

and dykes are not present. It may, however, in the 

future be possible to separate these as distinct units 

(for the present time they are shown in different 

colours on the map in Figure 3 where they can be 
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Figure 5. Rocks of the Wag Water Formation. 5A, steeply dipping conglomerate beds of the talus facies, road 

east of Rock River (GPS: 18° 12.4' N, 076° 51.7' W). 5B, detail showing poorly sorted very angular clasts, Flint 

River north of Rock River (GPS: 18° 13.1' N, 076° 51.2' W). 5C, inter-fingering of Richmond Formation and 

Wag Water Formation, Flint River, north of Rock River (GPS: 18° 13.4' N, 076° 51.0' W), hammer (arrowed) is 

on boundary between conglomerate bed and shale bed. 5D, fluviatile sandstones and minor conglomerates, west 

of Bottom Leinster (GPS: 18° 11.6' N, 076° 51.3' W). 

 

distinguished). To the north of the Northern 

Platform Boundary Fault (of Mitchell 2013b), 

these conglomerates are immature containing 

angular and sub-angular pebbles, cobbles and 

boulders, and the beds dip at relatively steep angles 

to the north (Figure 5A-B). These are interpreted 

as submarine debris fans associated with the steep 

slopes on the margin of the Wag Water Trough. 

These are particularly well developed in road cuts 

around Rock River and also in the roadway/trail 

that extends from Rock River down to the Flint 

River (Figure 5C). Clast types are dominated by 

Cretaceous igneous rocks (basaltic andesites and 

andesites) with a small component of limestone and 

very rare clasts of granodiorite. 

To the south of the Northern Platform Boundary 

Fault (NPBF), the Wag Water Formation is again 

characterised by extensive conglomerates and 

locally by sandstones with pebble stringers (Figure 

5D). The clasts are sub-rounded to well-rounded 

indicating significant transport in a fluvial system 

and contrasting with the more angular clasts in the 

debris fans to the north of the NPBF. A further 

distinction is that south of the NPBF the beds have 

low dips (rarely above 10 degrees) compared with 

the steeper dips to the north. These conglomerates 

are probably genetically related to the 

conglomerates of the Cavaliers Formation in the 

southern part of the Above Rocks Inlier (Cavaliers 

Conglomerate of Green, 1972). Lithologically, the 

conglomerates in the Wag Water Belt, within the 

North Coast Belt and on the eastern margin of the 

Clarendon Block are difficult to separate 

lithologically. They are all referred to the Wag 

Water Formation in this paper. The conclusions to 

be drawn are that the various conglomerates in the 

Wag Water Formation were deposited in different 

depositional environments. North of the NPBF the 

conglomerates consists of marine talus beds that 

were formed on a steep slope separating the Wag 

Water Trough from the Clarendon Platform. Rapid 

mass wasting resulted in the deposition of immature  
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Figure 6. Scanned image showing the texture of the 

Bottom Leinster Limestone. Bioclastic limestone with 

calcite masses and red algae (Sample WL4091, GPS: 

18° 11.7' N, 076° 50.7' W).  

 

conglomerates in talus fans. In contrast, to the 

south of the NPBF conglomerates deposited in 

fluvial environments are preserved and either 

overlie the Bottom Leinster Limestone or 

Cretaceous/Paleocene rocks. 

3.4. Bottom Leinster Limestone (new name) 

Introduction. The name Bottom Leinster 

Limestone is introduced for a thin unit of grey 

limestone that is found overlying the 

Cretaceous/Paleocene rocks around the Bottom 

Leinster Inlier (around GPS: 18° 11.7' N, 076° 

50.7' W). The same limestone can also be mapped 

in the Wag Water Belt to the north of the NPBF 

(Figure 3), where it is intercalated within the 

conglomerates of the Wag Water Formation (e.g., 

at GPS: 18° 13.4' N, 076° 51.1' W and GPS: 18° 

12.9' N, 076° 51.3' W). The limestone therefore 

provides a time datum within the Wag Water 

Formation at these localities. 

Description. The limestone consists of thickly bedded 

to unbedded grey limestone which may be micritic or 

contain clastic grains and bioclastic debris (Figure 6). 

Much of it is micritic, and bioclastic debris is found in 

only a few places. Stylolites are well-developed 

suggesting either relatively deep burial or pressure 

solution due to tectonic forces. In the bioclastic 

intervals small pebbles and sand grains are frequent. 

The bioclasts include red algae and LBFs. The LBF 

assemblage (Figure 7) contains Tremastegina cf. 

lopeztrigoi (Palmer), Helicostegina gyralis Barker and 

Grimsdale and Eoconuloides wellsi Cole and 

Bermüdez. This assemblages indicates a late Ypresian 

(Early Eocene) age (Jiang and Robinson, 1987). 

Type Area. The type area for the formation is in 

and around the community of Bottom Leinster 

(around GPS: 18° 11.7' N, 076° 50.7' W). 

Occasional exposures show the limestone in situ, 

whereas loose blocks are common along roadways 

in this area. 

Distribution. The limestone is found in a small area 

surrounding the community of Bottom Leinster 

where it overlies granodiorite and in turn is overlain 

by fluviatile conglomerates of the Wag Water 

Formation. Limestones are also found to the north 

of the NPBF where they are intercalated within the 

Wag Water Formation (at GPS: 18° 13.4' N, 076° 

51.1' W and GPS: 18° 12.9' N, 076° 51.3' W). These 

limestones also contain a similar assemblage of 

LBFs and are also attributed to the Bottom Leinster 

Limestone here. 

Remarks. The Bottom Leinster Limestone is the 

first unit that overlies the Cretaceous/Paleocene 

succession on the north-eastern margin of the 

Clarendon Block (Figures 3-4). The fact that the 

limestone can be traced as a tongue into the Wag 

Water Formation to the north of the NPBF (Figure 

3) suggests that it formed at a time of low sediment 

supply, possibly due to the fact that the Clarendon 

Platform had been flooded by marine waters at this 

time. 

 

3.5. Richmond Formation 

The name Richmond Formation was introduced by 

Hill (1899) for the sandstone-shale sequences 

developed in the northern part of the Wag Water 

Belt. Matley (1929, p. 451) introduced the name 

Mount Hybla Group for similar rocks in the 

southern part of the Wag Water Belt that Matley 

(1951, p. 32) described as “… brown-weathering 

argillaceous shales, flags, beds of sandstone and 

some seams of conglomerate in which granodiorite 

and schist pebbles have been found.” However, the 

name Richmond Formation has date priority and is 

used here. 

The Richmond Formation consists of a series of 

clastic mudstones and shales which locally contain 

intervals of bedded sandstones (Figure 8) and 

minor conglomerates. Mann and Burke (1990) 

divided the Richmond Formation in the northern 

part of the Wag Water Belt into a series of 

members. Unpublished biostratigraphic studies, 

however, suggest that these members are not time 

equivalents and in this paper all the shale sequences 

in the northern part of the Wag Water Belt are 

referred to the Richmond Formation. 

Limited biostratigraphic data indicate that 

conglomerates of the Wag Water Formation which 
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Figure 7. Off-centred axial sections of poorly preserved Larger Benthic Foraminifers (partly recrystallized) 

from the Bottom Leinster Limestone at Bottom Leinster. The specimens occur in a lime mudstone matrix. 7A-B, 

Tremastegina cf. lopeztrigoi. 7C, Helicostegina gyralis. 7D-F, Eoconuloides wellsi. All specimens from sample 

WL4090-1. Scale bar = 0.5 mm. GPS: 18° 11.7' N, 076° 50.7' W. 
 

 

Figure 8. Typical exposure of the Richmond Formation showing shales interbedded with thin sandstones in the 

Orange River, north of Richmond (GPS: 18° 20.116' N; 076° 59.907' W). The sandstones contain a LBF 

assemblage including Tremastegina lopeztrigoi and Eoconuloides wellsi indicating they are equivalent to the Wag 

Water Formation/Bottom Leinster Limestone to the south. 

 

contain limestone clasts (shown on Figure 3) are 

broadly age equivalent to the shales and sandstones 

of the Richmond Formation. Thus lower levels 

yield only Tremastegina lopeztrigoi (e.g., 

conglomerates at Devon’s Pen (Jiang and 

Robinson, 1987) in the Wag Water Formation and 

sandstones in the lower Richmond Formation), 

whereas higher levels (Bottom Leinster Limestone 

and shales in the upper part of the Richmond 

Formation) yield T. lopeztrigoi in association with 

Eoconuloides wellsi. This suggests diachronous 

facies changes from basinal shales and sandstones 

to marginal conglomerates (talus fans) at this time 

(Figure 4). 

4. DISCUSSION 

 

The Bottom Leinster Limestone is a useful datum 

locally and allows the dating of successions and 

records the first marine transgression onto the 

Clarendon Platform. In the Wag Water Belt, the 

Bottom Leinster Limestone is intercalated with 

rocks of the talus-fan facies of the Wag Water 

Formation, and these are the lateral equivalents of 

the Richmond Formation further to the north. The 

relationships can be seen to the north of Rock River, 

where conglomerates of the Wag Water Formation 

inter-finger with, and pass into, the rocks of the 

Richmond Formation (Figures 3 and 5C). On the 
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eastern margin of the Clarendon Block, the Bottom 

Leinster Limestone represents the first 

transgression onto the granodiorite of the Bottom 

Leinster Inlier. It is subsequently overlain by 

fluviatile conglomerates of the Wag Water 

Formation that may be equivalent to the Cavaliers 

Formation in the southern part of the Above Rocks 

Inlier (Figure 4). The transgression that produced 

the Bottom Leinster Limestone either did not 

extend that far south, or the Bottom Leinster 

Limestone has been removed by erosion prior to 

the deposition of the Stettin Formation. The Stettin 

Formation (early middle Eocene) represents the 

first transgression onto the Clarendon Block around 

the northern parts of the Central Inlier (Robinson, 

1996; Mitchell, 2013a; Figure 4).  It is notable that 

the Cavaliers Formation and the fluviatile 

conglomerates north of the Above Rocks Inlier 

both are overlain by outliers of Troy Formation 

dolostones. This indicates that erosion, prior to the 

deposition of the Troy Formation, had removed any 

rocks of the Yellow Limestone that had been 

deposited on the Wag Water Formation (Mitchell, 

2013b, 2016). 

 

5. CONCLUSION 

 

This paper has demonstrated the difficulties of 

mapping rocks across the different structural areas 

of Jamaica, because of: (1) similarities in rock 

lithologies; (2) the diachronous distribution of 

facies; and (3) difficulties in dating the sedimentary 

successions. It has been argued (Mitchell, 2020) 

that during the Cretaceous, Jamaica was the site of 

a significant transform fault that allowed the 

Caribbean Plate (including the Cuban arc and the 

eastern Jamaican terranes) to be translated to the 

north-east while the western Jamaican terranes 

remained as a part of Central America. Fault-

releasing basins were generated in the Paleocene 

which led to the formation of the Wag Water 

Trough. It was only with the collision of Cuba with 

the North American Plate, most likely beginning in 

the mid early Eocene (judging from successions in 

Jamaica), that plate reorganisation led to a change in 

plate movement directions, and the accretion of 

western Jamaica and the Chortis Block onto the 

Caribbean Plate. The new tectonic regime resulted 

in a releasing bend that resulted in the formation of 

the Cayman Trough and the subsidence of 

Jamaica’s North Coast Trough. Transgressions onto 

the Western-Jamaican Landmass began in the east 

with the deposition of the Bottom Leinster 

Limestone in the late Ypresian, and subsequently 

further west with the deposition of the Stettin 

Formation in the early Lutetian. This new data 

provides a better understanding of the changes that 

occurred in Jamaica during the Paleocene and early 

Eocene related to plate tectonic reconfigurations 

due to interactions between the Caribbean and 

North American plates. 
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