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Abstract: Detailed observations of passage morphology, scallop orientations, and cross-cutting relationships 
of vadose notches and roof heights within a small area of the Agen Allwedd cave system, south Wales, 
reveal a complex history of flow re-routing linked to several successive phreatic-vadose cycles. At least 
three discrete phases of phreatic development can be recognized, each succeeded by a period of vadose 
entrenchment. Two distinct episodes of flow diversion are evident and were initiated during separate 
phreatic phases. The repeated establishment of phreatic conditions at such a high level within the cave 
system can be attributed either to glacial impoundment of meltwater recharge and/or the creation of a 
localized perched phreas as a result of temporary blockages. We conclude that glacial meltwater from the 
Usk valley glacier entered the cave along its northern edge and was impounded as a result of valley glaciers 
blocking lower outlets, causing flooding of the entire cave system during glaciations. Vadose entrenchment 
then occurred as much of the cave was drained during ensuing interglacial(s). Drainage rerouting occurred in 
response to temporary, but prolonged, blockages that allowed meltwater recharge to generate high 
hydrostatic pressures. Newly opened or exposed fractures in the limestone were thereby exploited, creating 
bypass routes. This model, which is consistent with what is known of ice depths across the region during the 
Pleistocene, has significant implications for the evolution of the entire cave system and indeed for other 
caves in broadly analogous situations in south Wales and beyond. 
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INTRODUCTION 
Although long neglected by all but a small minority of 
geomorphologists, caves increasingly are gaining recognition as 
unparalleled sources of information, often quantitative, on long-term 
landscape change (Simms and Boulter 2000; Webb et al., 1992). As 
underground drainage routes largely protected against the destructive 
erosion experienced by surface fluvial systems, they can potentially 
provide a wealth of data on drainage development both above and 
below ground. Drainage patterns within a cave system can never be 
reconstructed solely from conduit configuration as external factors 

may cause flow reversal in successive parallel conduits, or even 
within the same conduit over a long period, as has been 
demonstrated for the Ogof Draenen cave system in south Wales 
(Waltham et al., 1997). However, relatively simple small-scale 
observations at critical locations within a cave system may help to 
resolve uncertainties and can profoundly influence interpretations of 
conduit relationships and drainage history within a cave system. 
Cave passages commonly record details of flow direction, peak 
discharge velocities, drainage patterns and the position of the 
vadose-phreatic interface long after the conduits themselves have 

Figure 1. Location and 
geological setting of the Agen 
Allwedd system and other 
caves  beneath  Mynydd 
Llangattwg. The location of the 
Entrance Series, as shown in 
Figure 2a, is enclosed by the 
dashed line. The altitudes of 
several key points are 
indicated. Based on surveys 
published in Stevens (1992). 
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been drained (Ford and Williams, 2007), and certainly long after 
analogous surface data have been erased by surface erosion. 

This paper sets out to demonstrate the importance of strategically 
located small-scale observations for recognising and understanding 
hitherto unsuspected drainage complexities in a well-known cave, 
Ogof Agen Allwedd, in south Wales. 
 

LOCATION AND GEOLOGICAL SETTING 
Ogof Agen Allwedd is a major cave system located approximately 
10km west of the town of Abergavenny, in southeast Wales. A 
complex network of karst conduits, of which more than 37km have 
been explored, extends southeastwards beneath Mynydd Llangattwg 
from two small entrances in close proximity to each other (at grid 
ref. SO 18751589) on the north-facing scarp overlooking the Usk 
valley. Agen Allwedd is the westernmost of several significant caves 
that are developed in rocks of the Abercriban Oolite Subgroup, part 
of the Pembroke Limestone Group of the Carboniferous Limestone 
Supergroup (Waters et al., 2007) below Mynydd Llangattwg (Smart 
and Gardener, 1989; Waltham et al., 1997). Two other major 
systems lie to the southeast; Ogof Daren Cilau (~30km of passages) 
and Ogof Craig a Ffynnon (~13km of passages). Active conduits in 
Agen Allwedd and Daren Cilau in general drain obliquely down the 
gentle south to southwesterly dip of the limestone to a single 
vauclusian rising, Pwll y Cwm, in the floor of the Clydach Gorge to 
the southeast (Fig.1). The two caves today clearly represent different 
branches of a single hydrological system, a situation that has 
probably prevailed through much of their history. Ogof Craig a 
Ffynnon, the easternmost cave of the three, drains to a separate rising 
in the Clydach Gorge and, as such, represents a separate hydrological 
system parallel to, but apparently quite separate from, the larger 
Agen Allwedd–Daren Cilau system to the west. 

Numerous other, relatively minor, caves are known along the 
northern scarp of Mynydd Llangattwg and in the Clydach Gorge. Of 
these the largest is Eglwys Faen, which opens onto the northern 
scarp between Agen Allwedd and Daren Cilau. It comprises more 
than 1300m of largely inactive conduits that are truncated abruptly at 
their northern end by the present scarp. From its location between 
Agen Allwedd and Daren Cilau it seems probable that Eglwys Faen 
once formed an integral part of this larger system. However, 
although a hydrological link has been proven to Pwll y Cwm 
(Stevens, 1992), attempts over many years to connect Eglwys Faen 
with either Agen Allwedd or Daren Cilau have failed. 
 

GENESIS OF THE AGEN ALLWEDD 
AND DAREN CILAU CAVE SYSTEM 

Smart and Gardner (1989) suggested that the substantial fossil 
conduits in the Agen Allwedd–Daren Cilau system beneath Mynydd 
Llangattwg were formed initially by allogenic recharge from an Old 
Red Sandstone catchment to the north, and that subsequently these 
conduits became isolated from the limestone scarp by entrenchment 
of the River Usk. However, evidence from two other cave systems 
discovered nearby since 1989, and occupying analogous geological 
situations to the Agen Allwedd–Daren Cilau system, suggests that 
allogenic recharge from the Millstone Grit and Coal Measure 
catchment above the caves may be sufficient to form conduits on the 
scale of some of those beneath Mynydd Llangattwg. The vast strike-

oriented Ogof Draenen system to the south of the Clydach Gorge 
(Fig.1) is developed largely beneath a cover of Namurian clastic 
rocks and recharge to the system today is derived very largely from 
drainage off this clastic cover. Extensive and varied sediment fills, 
even in the oldest parts of the system, are dominated by clastic 
material from above the limestone and there is no evidence whatever 
of input from the Old Red Sandstone beneath (Simms and Farrant, 
unpublished observations). Furthermore, locations of the various 
palaeo-sinks and palaeo-risings, inferred from conduit altitudes, 
preclude significant drainage from the Old Red Sandstone to the east 
of Ogof Draenen at any stage of the cave’s development (Simms et 
al., 1996; Waltham et al., 1997; Farrant, 2004a). A second 
significant cave system lies to the west of the Agen Allwedd and 
Daren Cilau systems, beneath Mynydd Llangynidir, where several 
kilometres of mostly active, flood-prone, passages have been 
explored from Carno Adit (Waltham et al., 1997). These conduits 
clearly also are fed by a supra-limestone catchment and, as such, 
they are perhaps analogous to an early stage in the development of 
the Agen Allwedd–Daren Cilau system. 

Although broad generalisations about the genesis of the Agen 
Allwedd and Daren Cilau caves can be made, in detail the situation 
might be significantly more complex, and understanding the precise 
relationships of various conduits to each other can prove 
problematical and dependent upon detailed observations. Such is the 
case for perhaps the most well-trodden part of the entire Agen 
Allwedd–Daren Cilau system, the Agen Allwedd Entrance Series. 

Today the Agen Allwedd cave system has, effectively, a single 
entrance. The original Agen Allwedd entrance is now blocked and 
access is gained via the Ogof Gam entrance close by, but the two 
passages unite barely 50m in from the current entrance. The passage 
continues beyond as a single passage, with minor side passages, for 
~300m before joining the major fossil conduit of Main Passage at 
First Boulder Choke. This Entrance Series has been known for more 
than 50 years and, during that time, the main route has been 
traversed by every caver entering the further reaches of the system. 
Nonetheless, a few simple observations have revealed that the 
Entrance Series is not what it might at first seem. It has been 
assumed that, like other minor passages that now open onto the 
northern escarpment, the Entrance Series of Agen Allwedd has 
always drained towards the larger passages further beneath the 
mountain. However, observations made on a short trip into the 
system in 1991, and subsequent follow-up trips, indicate a more 
complex picture of drainage re-routing and reversal. Our attempt at 
unraveling this complex drainage history demonstrates the 
importance of small-scale observations for understanding 
significantly larger-scale events. 
 

THE AGEN ALLWEDD ENTRANCE SERIES 
For the purposes of the following description and interpretation, we 
have used the term ‘Entrance Series’ for all of those passages 
between the main Agen Allwedd–Ogof Gam entrances to the east 
and the point at which they join Main Passage to the west. As 
perceived by the passing caver, they consist of a single meandering 
passage with several tributaries entering from the north, some of 
which carry minor streams (Fig.2a). Throughout the Entrance Series 
the present flow is broadly westwards, towards the major active 

Figure 2. A. The Agen Allwedd Entrance Series. The arrows indicate the present direction of flow. The dashed line encloses the area investigated in detail (in B). 
Based on an original survey by I G Penney, published by BCRA. B. Survey (BCRA Grade 1) of the interface area between Entrance Series East and West. Named 
passages and the location of passage segments referred to in the text are indicated. 
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conduits deep beneath Mynydd Llangattwg. Flow in the first ~100m 
of the Entrance Series is seldom more than a trickle but it is 
augmented by several minor tributaries entering from Purgatory 
Passage, Toothpaste Tube, Stream Passage and Queer Street. Passage 
dimensions increase significantly to the west (downstream) of the 
Stream Passage and Queer Street confluences. 

In general, passage heights throughout the Entrance Series are 
~1.5–5.0m, but several low sections in the first 150m force the caver 
to crawl in the stream. The lowest sections of passage are elliptical in 
section, whereas taller sections typically are narrow scalloped rifts 
below a more tubular section of passage 1.0–1.5m across (Fig.3). 
Numerous subhorizontal, or locally more steeply inclined, ledges and 
notches are present on the passage walls at many points throughout 
the Entrance Series. The varying shape and height of the Entrance 
Series passages indicate that the original passage was a largely joint-
guided phreatic tube meandering over a vertical range of more than 
5m. Taller sections typically comprise vadose trenches incised below 
a phreatic tube or more irregular phreatic rift, but the steeply inclined 
ledges and notches developed immediately upstream and 
downstream of the troughs of phreatic loops indicate that paragenesis 
(Farrant, 2004) occurred above these natural sediment traps. The 
lowest sections of passage are, with one exception, located within 
50m of the Ogof Gam entrance and clearly represent troughs 
between the descending and ascending limbs of phreatic loops. 
However, one short section of passage, located ~100m in from the 
entrance, is quite different in character to any other section of the 
Entrance Series. It is a rather low, depressed elliptical tube (Fig.4) 
~10m long, which at either end opens abruptly at floor level onto 
subparallel vadose passages (Fig.5). The present minor flows from 
the Entrance Series to the east, and from Toothpaste Tube to the 
north, unite at the eastern end of this tube to flow westwards into the 
system (Fig.2a). Although the character of the main Entrance Series 
passages are very similar to east and west of this passage, the only 
point of access between them is via this anomalous tube, which we 
have named Link Passage (Fig.2b). As such it effectively divides the 
Entrance Series into two discrete sections, which we have termed 
Entrance Series East and Entrance Series West (Fig.2a). 

Although Link Passage today provides the only access between 
Entrance Series East and Entrance Series West, it appears that it does 
not represent the sole connection between the two. A  sand-choked 
passage, visible on the west wall of Entrance Series East ~10m north 
of Link Passage, appears to connect with a scalloped, elliptical, 
phreatic tube, extending eastwards to a boulder blockage, just a few 
metres north of the western end of Link passage. In the following 
account we refer to this blocked connection as Choked Link (Fig.2b). 
The aim of this paper is to attempt to resolve the relationship of Link 
Passage and Choked Link to each other, and to the Entrance Series 
East and Entrance Series West passages, and thereby to establish the 
sequence of events that created what we see now. 
 

PALAEOHYDROLOGY: 
EVIDENCE FROM SCALLOPS 

Dissolutional scallops on cave walls are an immensely valuable 
source of data on palaeohydrology, providing precise data on flow 
direction and flow velocities (Lauritzen et al., 1985). As such they 
are critical to interpreting the drainage history of now inactive cave 
passages. Scallops are well preserved and abundant at many points 
throughout the Entrance Series, both in vadose and phreatic sections 
of passage (Figs 3 and 6). Our initial, rather startling, observation 
was that scallops on the passage walls between the Ogof Gam 
entrance and Link Passage (Entrance Series East) indicate that flow 
was eastwards, towards the present scarp, during both phreatic and 
vadose phases of development (Fig.7a) whereas the present misfit 
stream today flows westwards (Fig.2a), through Link Passage and 
westwards along Entrance Series West. Scallops on the walls, floor 
and roof of Link Passage, throughout Entrance Series West, provide 
equally clear evidence for a westward direction of flow throughout 
their history. The implications arising from these initial observations 
are that the original eastward flow in Entrance Series East was 
diverted, via Link Passage, into Entrance Series West. However, 
there is a second, now blocked, connection between the two ‘arms’ 
of the Entrance Series, lying parallel to Link Passage and just a few 

metres north of it. The presence of this Choked Link (Fig.2b) raises a 
number of alternative possible scenarios surrounding the sequence of 
passage development and flow diversion in this region of the cave:- 
 
1) Entrance Series East and Entrance Series West initially 

developed and operated as discrete conduits quite independent 
of each other. In terms of the actual sequence of development 
there are several plausible interpretations, with still others 
theoretically possible but unlikely. 
i) Both Link Passage and Choked Link developed and 

operated more or less contemporaneously until Choked 
Link became blocked and the entire flow was rerouted via 
Link Passage. 

ii) Flow from Entrance Series East was captured into 
Entrance Series West initially via Choked Link and 
subsequently via Link Passage. 

iii) Flow from Entrance Series East was captured into 
Entrance Series West initially via Link Passage and then 
subsequently via Choked Link. The latter was later 
abandoned and infilled with sediment. 

2) Purgatory Passage and Toothpaste Tube originally drained into 
Entrance Series West via Choked Link. The first phase of 
capture from westwards to eastwards followed the development 
of Entrance Series East, causing the abandonment of Choked 
Link. A second phase of capture, via Link Passage, occurred as 
flow switched from east to west and Entrance Series East was 
abandoned. 

3) Entrance Series East formed before Entrance Series West and 
drained, via passage now destroyed by scarp retreat, to a 

Figure 3. Phreatic tube with vadose trench beneath, Entrance Series West. 
The higher part of the vadose trench is broad and conspicuously notched 
while the lower part is a narrow trench with little notch development, 
implying a period of sediment aggradation and lateral undercutting followed 
by a predominantly erosional phase of vadose downcutting.  
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downstream continuation represented by Eglwys Faen. There 
were two phases of capture from east to west; the first via 
Choked Link and then via Link Passage, or vice versa. 

 
PASSAGE RELATIONSHIPS: 

NOTCHES AND ROOFS 
Although scallops themselves are invaluable indicators of flow 
direction, and clearly are fundamental to understanding the sequence 
of events, they are not the only source of information and, crucially, 
they do not provide direct information on cross-cutting relationships 
and the sequence of development of passages. However, additional 
data obtained from observations of vadose notch development on 
passage walls, and from the relative height of the roof in adjacent or 
contiguous passages, can provide evidence for the contemporaneity, 
or otherwise, of adjacent or contiguous sections of passage. 

Paragenetic notches are elongate notches that can form under 
either phreatic or vadose conditions where accumulated sediment on 
the passage floor causes lateral dissolution into the walls (Farrant, 
2004b). As such, the base of each notch records the approximate 
sediment level during its formation. Commonly passage walls 
preserve a succession of ledges and notches. In vadose passages 
these are invariably subhorizontal, because their formation is linked 
directly to sediment accumulation below a free water surface. 
Typically they reflect successive episodes of alluviation, causing 
notch development, and erosion, causing trench incision. In phreatic 
passages paragenetic notches may be inclined or undulating, 
reflecting undulating sediment surfaces caused by variations in 
channel bedload dynamics associated with undulations of the 
passage itself. In contrast to vadose notches, which become isolated 
from the streamway by downward incision, successive episodes of 
alluviation in phreatic environments will bury earlier paragenetic 
notches beneath more sediment, with new notches formed at 
successively higher levels on the passage walls. Such phreatic 
paragenetic notches will remain concealed unless subsequent erosion 
of the sediment fill reveals them. Individual paragenetic notches and 
ledges, reflecting particular alluviation episodes, can in many cases 
be traced considerable distances along a passage (Farrant et al., 
1995), even where tributaries interrupt the passage walls. As such 
they can provide invaluable evidence for the contemporaneity of 
contiguous passage segments and the contemporaneity, or otherwise, 
of tributaries entering a passage. Notches in contiguous sections of 
passage that were active contemporaneously should be concordant, 
i.e. a particular notch or ledge can be traced from one passage into 
the other without a major break (Fig.4). In contrast, any tributary 
passage that formed after the notches/ledges had formed in main 
passage will be discordant, i.e. there will be an abrupt change in 
height, depth or spacing of the notches/ledges in the two passages, or 
they might even be absent altogether in one of the passages (Fig.5). 

Various factors, whether lithological, structural or hydrological, 
can determine roof height changes along a passage and so 
concordance or discordance of roof height alone does not provide 
evidence for or against the contemporaneity of contiguous sections 
of passage. However, taken in conjunction with other data, an abrupt 
change in roof height or morphology can provide supporting 
evidence for the sequence of passage development. 

In our analysis of this section of the Agen Allwedd cave system 
we have divided this small network of passages into eleven 
segments, with the nodes located at each junction or any abrupt 
change in passage morphology or direction (Fig.2b). For each of 
these we have made meticulous observations of passage morphology, 
scallop orientations (Fig.7a), paragenetic notches, and roof height 
(Fig.7b). Using these we have then endeavoured to establish the 
sequence of development of the various segments relative to each 
other. 
 

THE PASSAGE SEGMENTS 
The following brief descriptions refer primarily to those sections of 
passage within the immediate vicinity of Link Passage and Choked 
Link (Fig.2b) although, where appropriate, other parts of the 
Entrance Series may be referred to. 
Entrance Series East (segments 5 and 6) 
In the vicinity of Link Passage this comprises a tall (4 to 5m), narrow 
(mostly <1m), joint-aligned rift passage. The upper part of this rift 
has significantly larger scallops than the lower part and appears to be 
of paragenetic or phreatic origin, an interpretation consistent with the 
phreatic tube and inclined paragenetic notches seen farther east in 
this passage. Approximately the lower 1.5m of the passage is clearly 
vadose, with significantly smaller scallops and a series of distinct 
subhorizontal notches and ledges (Fig.8). Scallops on both the upper 
and lower walls of the rift indicate consistent flow towards the east 
throughout the main phreatic and vadose stages of development. The 
rift narrows upwards but roof height is moderately constant through 
segments 5 and 6. Vadose notches in the lower part of the passage 
are fairly continuous but those on the west wall are interrupted where 
Link Passage enters from the west. The floor is concealed by 
sediment throughout Entrance Series East, from Link Passage all the 
way to the Ogof Gam entrance, but it is rock-floored to the north of 
Link Passage (segment 5). 
Toothpaste Tube to Choked Link (segments 2, 3 and 4) 
This comprises a phreatic tube about a metre wide above a broad 
vadose trench. Roof height, at 1 to 2m, is significantly lower than in 
the adjacent section of Entrance Series East (segment 5) and remains 
fairly constant from Toothpaste Tube through into Choked Link. 
Scallops in the phreatic tube indicate westward flow from Toothpaste 
Tube (segment 4) into Choked Link (segment 2) via segment 3. 
Today the flow from Toothpaste Tube is diverted southwards, along 
segment 5, and then westwards into Link Passage and onward into 
Entrance Series West. Purgatory Passage (segment 1) appears to be a 
minor inlet from the north, but roof height is concordant with that of 
segment 3. 
Entrance Series West (segments 9 and 10) 
This comprises a well-developed phreatic tube about a metre across 
above a broad vadose trench (Figs 6 and 9). Passage height, at about 
1.5m, is concordant throughout segments 9 and 10, and also 
concordant with segments 7 and 8. Both vadose and phreatic scallops 
indicate flow southwards, from Choked Link, and thence westwards. 
Scallops in the phreatic tube of this conduit are noticeably smaller 
than those in the phreatic sections of Entrance Series East. Ledges 
and notches are conspicuous and can be traced throughout segments 
9 and 10; a particularly conspicuous undercut is developed 
immediately below the phreatic tube but above the top of Link 
Passage where it enters on the east wall (Figs 5 and 6). Vadose 
notches low on the passage walls can be traced into Link Passage but 
those higher on the wall are interrupted where Link Passage enters 
from the east. 
Link Passage (segment 11) 
This is a low (~0.5m) depressed elliptical tube with a conspicuous 
irregular fracture visible in the roof. Scallops on the roof, walls and 
rock floor are small (<10cm) and indicate rapid flow westwards, 
from Entrance Series East into Entrance Series West. At the eastern 

Figure 4. View downstream (west) through Link Passage, showing a low 
elliptical phreatic tube above a series of solutional notches formed under 
vadose conditions. Note the small scallops on walls and roof, indicating 
rapid flow, and the vadose notches which can be followed from Entrance 
Series East into Link Passage. 
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end of Link Passage a small half tube is present in the roof of the 
main tube but diminishes westwards. Conspicuous notches lower on 
the walls of Link Passage are continuous with vadose notches low on 
the walls of both Entrance Series East and Entrance Series West 
(Fig.4), but the upper part of Link Passage cuts higher vadose 
notches where it opens onto the walls of these two passages (Figs 5 
and 6). 
Choked Link (segments 2, 7 and 8) 
Segment 8 is a small (<0.5m high, <0.4 m wide), vertically elliptical 
tube with strongly scalloped walls. Roof height is concordant with 
the contiguous, but somewhat larger, segments 9 (Entrance Series 
West) and 7. Segment 7 ends at a boulder blockage with a view into 
a short continuation. This must lie very close to the sediment choke 
of segment 2 and a voice connection between the two supports the 
supposition that they are connected. 
 

RELATIONSHIPS OF PASSAGE SEGMENTS 
Our observations of scallops (Fig.7a), notches and roof heights 
(Fig.7b) enable us to establish with some confidence the relationship 
between the various segments, from which a sequence of 
development of this section of the cave can be deduced. 
Phase 1: 
Our data establish that the oldest conduit comprises the phreatic parts 
of segments 4, 3 and 2, and 7 to 10. Scallops indicate flow 
westwards from Toothpaste Tube, via Choked Link, into Entrance 
Series West (Fig.7a). The cross-sectional area of the phreatic tube is 
fairly constant throughout except in segment 7, where a marked 
reduction in scallop size is consistent with faster flow through this 
smaller section of conduit. Roof heights are broadly concordant 
through segments 2 to 4 and through segments 7 to 10 and, as far as 
we can judge, across the blocked section between segments 2 and 7 
(Fig.7b). These lines of evidence indicate that the first conduit to 
develop was a phreatic tube draining broadly westwards from 
Toothpaste Tube, via Choked Link, and into Entrance Series West 
(Fig.10a). Whether the Purgatory Passage tributary existed at this 
time is not critical to this interpretation. It might well have formed at 
a later stage. Theoretically it is possible that segment 7 was actually 
fed by an undiscovered passage draining from the north or west, 
rather than by Toothpaste Tube (segments 4, 3 and 2) from the east. 
However, the general similarity of segments 2 and 7 suggests that 
they are parts of the same conduit and, furthermore, such a scenario 
would raise issues concerning the ultimate destination of the 
Toothpaste Tube flow. 
Phase 2: 
A period of vadose drawdown incised a shallow vadose trench below 
the phreatic tube. Since Entrance Series West is oriented obliquely 
down-dip, vadose drawdown farther west in the system would have 
immediately drained this section of the cave also. Periods of 
sediment aggradation and erosion created the pronounced undercut 
below the phreatic tube and successive vadose notches below this, 
now interrupted where Link Passage enters on the east wall of 
Entrance Series West, lower on the passage walls. Since these higher 
vadose notches can be traced throughout segments 9 and 10, and 
since there appear to have been no other feeders to this conduit other 
than Toothpaste Tube, and possibly Purgatory Passage, then this 
episode of vadose incision must have occurred while this was still 
the sole conduit in this region of the cave (Fig.10a). 
Phase 3: 
Entrance Series East (segments 5 and 6) formed by capture of the 
Toothpaste Tube drainage southwards, along the same fracture on 
which Purgatory Passage and segment 3 are developed (Fig.10b). 
Since the upper part of Entrance Series East is phreatic and/or 
paragenetic, this capture and the subsequent development of this new 
passage must have occurred following re-establishment of phreatic 
conditions that persisted for a significant period thereafter. 
Presumably Choked Link (segments 2, 7 and 8), and a significant 
length of the upstream part of Entrance Series West, became 
abandoned immediately prior to or during this phase of capture. 
Indeed, collapse and sedimentation between segments 2 and 7 may 
have contributed to the capture of drainage along Entrance Series 
East. 

Phase 4: 
A second period of vadose drawdown caused entrenchment 
throughout Entrance Series East. However, in contrast to the down-
dip conduit of Entrance Series West, that of Entrance Series East 
drained obliquely up-dip. Consequently vadose drawdown elsewhere 
in the system would not immediately have been transmitted to the 
upstream reaches of Entrance Series East. Instead, a perched phreas 
would have persisted for as long as it took for progressive upstream 
vadose entrenchment to breach the crest of each phreatic loop. 
Ultimately this would have created an eastward floor gradient 
throughout this passage and, in support of this, rock floor is not 
encountered anywhere between the eastern end of Link Passage and 
the Ogof Gam entrance, though the depth of sediment in the passage 
cannot be ascertained. Periods of sediment aggradation and incision 
formed successively lower vadose notches on the walls of Entrance 
Series East. These notches are interrupted where Link Passage enters 
on the west wall of Entrance Series East. 
Phase 5: 
Link Passage (segment 11) formed through capture of drainage from 
Toothpaste Tube (segment 4) southwards, via the upper end of 
Entrance Series East (segment 5), and then westwards along a 
prominent irregular east-west fracture visible in the roof of Link 
Passage (Fig.10c). The elliptical shape of Link Passage, and 
especially the small half-tube developed in the eastern end of its roof 
where it joins Entrance Series East, testify to capture under phreatic, 
or at least paraphreatic, conditions. Since the two ends of Link 
Passage interrupt some of the higher vadose notches in both Entrance 
Series East and Entrance Series West, this implies the establishment 
of phreatic conditions in this part of the system for a third time. The 

Figure 5. Entrance Series West looking downstream past the exit of Link 
Passage, from which the figure is emerging. Note the small scallops on the 
roof of the phreatic tube, the obvious, but relatively shallow, vadose 
trenching, and the pronounced undercut below the phreatic tube. 
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absence from Entrance Series East of any scallops indicating 
westward flow indicates that capture along Link Passage saw the 
virtual abandonment of all but the uppermost section (segment 5) of 
Entrance Series East. 
Phase 6: 
A final phase of vadose drawdown, together with further periods of 
sediment aggradation and incision, resulted in the development of a 
broad shallow vadose trench in the floor of the Link Passage tube 
and a series of prominent vadose notches that can be followed from 
Link Passage out onto adjacent walls of Entrance Series East and 
West. Scallops on the rock floor of Entrance Series East 
immediately south of Link Passage, and vadose notches on the 
adjacent walls, indicate that minor vadose flow westwards along 
Entrance Series East, as still persists today following heavy rain, 
supplements the drainage from Toothpaste Tube to the north. 

 
DISCUSSION 

From relatively simple, small-scale observations of passage 
morphology, scallop orientation, and the cross-cutting relationships 
of passage roofs and of vadose notches, a surprisingly complex 
history of development has become apparent in the seemingly 
unremarkable entrance series of the Agen Allwedd cave system. 
Much of Entrance Series East and Entrance Series West are so 
similar morphologically, with a vadose trench incised below a 
phreatic or paragenetic tube, and are so closely connected that from 
a cursory examination it might seem reasonable to assume that both 
passages formed during a single episode of phreatic development 
followed by vadose drawdown. It is only through detailed 
observations at a local scale that it becomes apparent that such a 
simplistic scenario is not possible. 

We recognize at least two distinct episodes of flow capture and 
three discrete periods of phreatic development, each of which is 
succeeded by a period of vadose drawdown, within this small area 
of the cave (Fig.10a–c). These repeated cycles of phreatic and 

vadose development are intriguing. The passages involved lie so far 
above the present resurgence (>350m OD vs. 208m OD; Fig.1) that 
it is inconceivable that they could have been significantly influenced 
by short-term base-level changes at the lower end of the system. 
Instead it suggests that there was some external control on the 
periodic development of phreatic conditions in higher parts of the 
system and/or that localized temporary blockages might periodically 
have created a perched phreas. As such, our observations may have 
implications for the drainage history of the entire system. 

This area of south Wales was extensively and repeatedly glaciated 
during the Pleistocene. Till occurs widely on the flanks of the Usk 
valley and its tributaries, and has been recorded at altitudes as high 
as 445m OD in this area (Barclay 1989), substantially higher than 
any part of the Agen Allwedd–Daren Cilau cave system. Glacial 
striae on the Llangattwg plateau above Craig a Ffynnon and Eglwys 
Faen suggest that Mynydd Llangattwg was completely covered by 
ice, perhaps to depths of more than 100m, during the most recent 
glacial maximum and probably earlier ones (Smart and Gardner, 
1989). In the Usk valley to the north extensive spreads of 
fluvioglacial gravels (Barclay, 1989; Lewis and Thomas, 2005) 
testify to significant volumes of glacial meltwater present at times. 
As such the cave system must have been profoundly affected, both 
directly by glacial erosion and deposition and by the influx into the 
system of potentially vast volumes of glacial meltwater, and 
associated sediment, a conclusion already reached by Smart and 
Gardner (1989). However, much of the ice cap on Mynydd 
Llangattwg would have been separated from the cave systems 
beneath by a relatively impermeable cover of Marros Group 
(‘Millstone Grit’) clastic rocks. Consequently the influence of the 
adjacent Usk valley glacier, from which meltwater could drain 
directly into the limestone outcrop on the northern scarp, might have 
been more significant than any ice mass directly above the cave. 

Our initial conjecture was to assume that the first phase of 
phreatic development (Phase 1) occurred within a perched phreas 
that was subsequently drained by entrenchment through the 
downstream barrier impounding the phreas. However, with the 
phreatic conduit of Phase 1 (Toothpaste Tube to Entrance Series 
West) oriented obliquely down-dip it is difficult to envisage, without 
invoking external factors, how geological structure or passage 
configuration could impound the phreas at this level. It is possible 
that Entrance Series West was a feeder to a strike-oriented phreatic 
loop draining to an ancient high-level resurgence further east along 
the scarp, but no such putative outlet has ever been discovered and 
this hypothesis is considered unlikely. Instead we suggest that the 
phreatic episode recorded in Phase 1 is more plausibly ascribed to 
large-scale flooding by glacial meltwater, impounded within the cave 
by adjacent glaciers that blocked the downstream exits and, at the 
northern up-dip edge of the system, extended higher on the valley 
sides than much or all of the cave system. Tentative support for such 
a scenario comes from a comparison of inferred hydrology during 
phases 1 and 2. The small size of scallops in the phreatic conduit of 
Phase 1 (Fig.6) indicates rapid flow under high pressure, as might be 
expected if the main recharge was from glacial meltwater. In 
contrast, the modest scale of vadose incision (<1m) during Phase 2 
(Figs 3, 6 and 9) is consistent with a switch from meltwater recharge 
to relatively minor allogenic recharge, derived from the clastic cover 
above the limestone, during the ensuing interglacial. 

The re-establishment of phreatic conditions during Phase 3, and 
the associated capture of drainage eastwards (Fig.10b), is less easily 
attributed solely to an external mechanism of glacial impoundment, 
although large-scale recharge from glacial meltwater entering from 
the Usk valley glacier might well have been significant. With a well-
developed conduit already draining westwards it is difficult to 
envisage why renewed meltwater recharge would not continue to 
follow this route downdip unless the conduit had become blocked. 
Such a blockage might well have been caused by sediment 
accumulating upstream of a passage collapse. This could itself 
impound a perched phreas while, at the same time, generating the 
high hydrostatic pressures necessary to create an entirely new 
drainage route. Such situations are common in caves, where phreatic 
or paraphreatic conditions impounded behind blockages can create 
bypass tubes as the water finds new routes around the blockage. 

Figure 7. Diagrams of the Entrance Series interface zone, showing A, 
palaeoflow directions as indicated by scallops, and B, relative passage 
heights. 

Figure 6. Entrance Series East looking upstream to Purgatory Passage and 
the junction of Link Passage, from which the figure is emerging. Note how 
the prominent vadose notching behind the figure’s head is interrupted by the 
entrance to Link Passage. 
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Superb examples can be seen in Craig a Ffynnon, where major 
sediment piles accumulated upstream of some of the boulder chokes 
may, even today, temporarily return some sections of passage to 
paraphreatic conditions (A R Farrant, pers. comm.). The modest 
scale of the sediment blockage in Choked Link seems insufficient in 
itself to have forced the creation of this new, eastward, drainage 
route, although it might reflect ponding as a result of a former 
blockage farther into the system, perhaps at First Boulder Choke. 
Although it seems likely that the prime cause for re-establishing 
phreatic conditions was due to a blockage farther to the west, the 
large volumes of clastic sediment carried into the system during 
glacial or periglacial periods may have contributed very significantly 
to creating such an effective blockage. The high hydrostatic pressure 
generated by this perched phreas might have been further enhanced 
by meltwater recharge during ensuing glacial episodes. 

Stress relief of the limestone parallel to the valley flanks 
following retreat of an earlier glacier may have been significant in 
opening up new fractures that could be then be exploited by 
increased hydrostatic pressure during the ensuing phreatic phase, 
thereby creating a bypass around the blockage. It seems reasonable 
to assume that this new route (Entrance Series East) originally 
drained to a former northward extension of Eglwys Faen (Fig.1), 
long since destroyed by scarp retreat. Indeed, expansion and 
headward extension of the Eglwys Faen conduits might have 
contributed to the development of a hydrologically more favourable 
route than that represented by Entrance Series West. Significantly, 
Entrance Series East is oriented obliquely up-dip and so its initial 
development was entirely dependent on the re-establishment of 
phreatic conditions for a significant period. Subsequent draining of 
this part of the system (Phase 4), perhaps following retreat of the Usk 
valley glacier, would, inevitably, have left substantial stretches of 
this conduit as a shallow perched phreas, which could be drained 
only gradually by progressive upstream (westward) entrenchment 
across the phreatic loop crests. Vadose incision in the upstream 
sections of Entrance Series East could only have occurred after 
entrenchment of all the phreatic loop crests farther east. This 
contrasts starkly with the situation in Entrance Series West where 
much or all of the conduit would have been drained as soon as 
vadose drawdown occurred. Despite this, the scale of vadose incision 
in parts of Entrance Series East is significantly greater than that of 
the upstream parts of Entrance Series West. This suggests that Phase 
4 might have extended over several glacial-interglacial cycles during 
which glacial impoundment and meltwater recharge may have 
created several corresponding phreatic-vadose cycles. At present our 
data are insufficient to resolve this possibility. 

Vadose entrenchment had drained the full length of the Entrance 
Series East conduit by the time that a further episode of phreatic 
development (Phase 5) triggered a second drainage capture. Indeed, 
this was more of a recapture westwards once again, along a section 
of the Entrance Series West conduit that had been abandoned since 
Phase 2 (Fig.10c). Since the tube of Link Passage is located low on 
the wall of Entrance Series East we cannot be certain that it formed 
when Entrance Series East was entirely flooded rather than under 
intermittent paraphreatic conditions. Capture appears to have 
occurred after vadose incision reached the level of a localized 
irregular fracture connecting Entrance Series East and West, which 
was then exploited as the next episode of flooding increased the 
hydrostatic pressure. The small half-tube in the roof at the eastern 
end of Link Passage might represent the first phase of capture as the 
top of this fracture was reached. Again, it is unclear why, after an 
apparently long period of drainage to the east, drainage switched 
once again to the west. We conjecture that it could have been linked 
to collapse or blockage of the Phase 3–4 conduit (Entrance Series 
East) closer to the scarp edge farther east, perhaps as a direct result 
of glacial modification of the scarp. Again, meltwater recharge might 
have been significant in generating the high hydrostatic pressures 
that created Link Passage, but clearly this occurred after a drainage 
route through the conjectured downstream blockage in Entrance 
Series West had been reopened. 

The final episode of vadose drawdown, Phase 6, continues to the 
present day although, as for earlier phases, we are unable to resolve 
the timing or duration of any of these phreatic or vadose phases or 

whether, in fact, one or more of them might encompass additional 
phreatic-vadose cycles due to glacial impoundment, high volumes of 
meltwater recharge, or localized blockages. Vadose incision in the 
floor of Link Passage is relatively slight, although conspicuous 
vadose notches can be traced from the lower part of Link Passage 
into both Entrance Series East and Entrance Series West (Fig.7a). 
The small scallops on the roof of Link Passage, which indicate high 
flow rates during phreatic development, contrast starkly with the 
rather limited vadose modification of the walls and floor of this 
passage. This suggests that although glacial meltwater has been a 
potent force for conduit development at regular intervals through the 
Pleistocene, scarp retreat has removed much of the allogenic 
catchment responsible for modifying this part of the system during 
interglacials. 

Our evidence from just one small area of a much larger cave 
system suggests that glacial damming and recharge from meltwater 
might have been a significant factor in the development of this cave 
system at times, but that localized blockages have also been 
important in generating phreatic conditions and the rerouting of 
drainage. Our model, which involves an element of periodic 
impoundment of glacial meltwater to a high level within the system, 
thereby re-establishing phreatic conditions within previously drained 
conduits, has many similarities to that of Glover (1977), who 
advocated repeated phreatic-vadose cycles linked to glacial-
interglacial cyclicity. More empirical evidence in support of our 
model comes from observations in Castleguard Cave, Canada, a 
system profoundly influenced by the adjacent Columbia Icefield. 
There, the largest meltwater floods can inundate lower parts of the 
system to depths of as much as 300m, re-establishing phreatic 
conditions in relict passages that might otherwise be considered far 
above the phreatic zone (Ford et al., 2000). ‘Varved’ silt and clay 

Figure 8. Entrance Series East looking downstream towards the entrance of 
Link Passage. Note the large, poorly defined phreatic scallops on the upper 
walls of the rift and the well developed vadose notches on the lower walls. 



76 

laminae found extensively in Castleguard Cave have been attributed 
to deep ponding of muddy meltwater during glacial periods 
(Schroeder and Ford, 1983). Comparable ‘varved’ sediments also 
occur throughout Main Passage, an old high-level conduit in Agen 
Allwedd (Bull 1977). Our evidence suggests that they too were 
deposited from prolonged ponding of muddy meltwater during 
glacial episodes. As such, they might be directly linked to some of 
the events that we have deduced from our evidence in the Agen 
Allwedd Entrance Series. 
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Figure 10. Diagrams of the Entrance Series interface zone showing the sequence of development and flow capture episodes. 

Figure 9. Entrance Series West, looking upstream towards the exit of Link 
Passage, showing the strongly scalloped phreatic tube, here aligned along 
an inclined joint, and conspicuous vadose notching beneath. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


