






The event of real significance in the Pliocene was the folding and uplift 
of Portland Ridge itself, in what was termed by Chubb (1962) the "Late Tertiary 
earth movements". The other positive structures of Round Hill, Kemps Hill, 
and further east, Hellshire Hills, Port Henderson Hills and Long Mountain were 
all developed at this time. The faulting, tilting, and in places overturning 
of the Coastal Group sediments a ssociated with these structures testifies to 
the strength of the tectonism and restricts it most probably to the Late 
Pliocene, 3- 2 m.y. ago (Chubb, 1962; Robinson, 1971). Portland Ridge must have 
first appeared as land at this time and karstification begun. The Pleistocene 
in southern Jamaica was characterised by the growth of substantial alluvial 
sheets which now cover the Vere Plains and surround Portland Ridge to the north 
and west. The lack of alluvium on the surface or in the caves of Portland 
Ridge shows that the Ridge must have maintained itself above the present level 
of alluvium deposition throughout the Quaternary. The alluvial sediments are 
mostly fine sands and clays, typically with a basal estuarine clay, coarser 
fractions being concentrated in buried channels (McFarlane, 1974). 

It has long been realised that the most northerly fault of the South Coast 
Fault system, which runs from Round Hill · to the Braziletto Mountains, downthrows 
the base of the al luvium by several hundred metres on the south side of the 
fault (Taylor & Chubb, 1957; Robinson, 1962). Whether or not the complementary 
E- W faults on the northern side of Portland Ridge have had a similar history 
of down throw to the north during the Pleistocene is not known. 

The Cainozoic E- W trending fault systems of Jamaica probably all have 
substantial strike-slip components (Horsfield, 1974) but although this can 
be inferred for the South Coastal Faults, there is no hard evidence for this. 
There is some indication from recent seismicity that the fault system may be 
currently active. 

The effect of this Pleistocene-Recent tectonic activ ity may have been one 
of the following: 
a) substantial vertical downthrow of Portland Ridge and the Lower Vere Plains 
relative to the Upper Vere Plains; 
b) northward tilting of the Lower Vere Plains and Portland Ridge; 
c) graben downthrow of the Lower Vere Plains. 
Of these possibilities (a) would have produced profound changes in the 
hydrology of the Ridge, with a rising water- table . The effects of (b) would 
be less obvious, whilst the effect of (c) would have been to maintain the 
hydrologic isolation of the Ridge from the mainland, provided that alluvial 
sedimentation did not keep pace with or exceed the rate of downthrow. 

Of course, in addition to the tectonic movements, strong eustatic sea 
level changes occurred throughout much of the Pleistocene, each successive 
interglacial sea level high stand being somewhat lower than the previous . 
Horsfield (1975) has documented the evidence for strong tectonic uplift of 
marine terraces on the northern coast of Jamaica in the Late Pleistocene. 
Southern Jamaica, however, does not show the sequence of Late Pleistocene 
marine terraces preserved above sea level that is found in the north, and this 
suggests that southern Jamaica subsided relative to the north coast in that 
period. 

PLEISTOCENE EROSION TERRACES IN SOUTHERN JAMAICA 

A study of the bathymetric charts of U.S.S. Bowditch (1941) (Jamaica 2A) 
and H.M.S. Vidal (1962) of the first 9 km of the island shelf south of 
Portland Ridge reveals the existence of several erosion terraces, the most 
obvious of which are at about - 20 m and at present sea level (Fig. 5). Above 
sea level in the Vere Plains there are two convincina erosion levels: one at 
about +3 m, seen at Taylors Hut and Round Hill, and at +113 m, which is the 
level of Harris Savannah, the plateau north of the Braziletto Mountains, and 
is a lso present, but less well-preserved, on Portland Ridge itself. 

In addition to these features data from three other sources: Roobol and 
Gibb (1973), Wright (1971) and Goreau and Burke (1966) have been used to 
compi le Fig. 5, which attempts to summarise the present state of knowledge 
of Pleistocene erosion levels in southern Jamaica. The ages ascribed by 
Wright (1971) to some of the levels are speculative. Goreau and Burke's 
study (1966) of the shelf south of Kingston concluded that leve l 31 was 
eroded before the sea level stand which produced levels 9, 10, 11 and 12. 
Cant (1971, 1972) in a detailed study of the four raised reef terraces of 
the north coast of Jamaica correlated his lowest, terrace I, radiometrically 
dated at 130 000 Y B.P., with the near sea level terrace at Jacksons Bay. 
This correlation agrees well with recent isotopic data from Bermuda (Harmon 
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et al., 1978) which indicates a maximum sea level stand of +5 m at this time 
on this tectonically stable island. Cant correlated his terrace 2 with 
palaeomagnetic data that gave an age of 200 000 - 310 000 Y B.P. (Hoxnian) . 
Terrace 3 was ascribed to the Cromerian (about 550 000 y . B. P.), and terrace 4 
equated to a pre-Bruhnes warm period (pre 750 000 y. B. P.). The 170 m that 
separates these north coast terraces must represent a much greater range of 
altitude than that experienced at Portland Ridge by the same interglacial 
high sea levels, because of the higher rate of tectonic uplift in the north . 
A figure of 100 m vertical range is probably of the right order . Sea level 
highs prior to the Cromerian were thus higher than the upper levels of cave 
development at Jacksons Bay (70 m a.s.l .). It is suggested that levels 4 - 12 
of Figure 4 represent erosion terraces of Cromer ian or later age and that most 
o f the cave formation on Portland Ridge occurred during these interglacial 
high sea level stands. 

It is interesting to note there the morphology of God's Well; an impressive 
30 m diameter shaft on the trace of the South Coast Fault north of Round Hill. 
The shaft is over 80 m deep, the lowest 53 m under water, and the base is 51 m 
below sea level (Zans, 1960) . The very low Pleistocene sea level this implies 
would also suggest that substantial water was available during a glacial period. 
However, the South Coast Fault system was probably instrumental in channelling 
water to this site from the north, a situation which could not happen at 
Jacksons Bay, which was isolated from the northern water sources by the faults 
and the structural low of the Lower Vere Plains. 
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SPELEOGENESIS OF JACKSONS BAY CAVES 

The following points of e v idence are considered to be the critical ones 
in assessing the evo lution of the caves at Jacksons Bay: 
1. Karstification began on Portland Ridge in the late Pliocene after folding 

and uplift. 
2. Pio-Pleistocene faulting effectively isolated the Ridge from allogenic 

streams from the north as the lack of alluvial sediment in the caves testifies. 
Jacksons Bay Caves may thus have been formed by phreatic water originating 
on the Ridge itself. However, some groundwater may have reached the 
Ridge from the wedge of alluvium to the north during periods of high water 
table (interglacials) and found its way initially along the E-W fault 
systems. This perhaps explains the dominant trend of the Portland Ridge 
Caves and Daley's Cave. 

3 . The early Pleistocene interglacials probably saw the submergence of most 
of the Ridge. It may have been during one of these periods that a blanket 
of terra rossa with terrestrial gastropods was washed into the karst 
interstices and cemented to produce the ironstone. 

4. During the glacial periods the Caribbean in general had an arid climate 
(Bonatti & Gartner, 1973). Judgina from the semi-arid climate of Portland 
Ridge today, when cave formation processes appear to be very slow, the r ate 
of surface lowering and cave formation during the glacials must have been 
very low indeed. Because of this and 3, it is suggested that the surface 
of the Ridg e has had no more than tens of metres of limestone cover eroded 
from it (say perhaps 1 - 2 cm/lOOO y for 2 - 3 m.y.). 

5 . There are two levels of cave development in the area surveyed . The upper 
and, it is assumed, older system rises from about 15 m in the south to 
about 70 m a.s.l., in the north, approximately with the dip of the beds. 
The direction o f water flow was presumably from north to south. The lower 
system (J .B. C.) trends ENE and was formed very close to present sea level 
with a presumed water flow from east to west. 

6. The minimum a ge from speleothem dates for the formati o n of J . B.C. is 190 -
250 000 Y B.P. 

7. The known cavern development of Portland Ridge occurs between about 0 and 
70 m a.s.l. The multiple cave levels within this range suggest formation 
at, or close to, a phreas fluctuating at these levels. 

8. Evidence for six to nine erosion terraces within the range -20 to +30 m 
a .s.l. occurs in southern Jamaica. These terraces are probably of 
Cromerian, Hoxnian and Ipswichian ages and it was during these interg lacials, 
particularly the earlier two, that most of the development of the caves of 
Jacksons Bay took place. 

Though it is not certain that the upper (Somerville/Drum Cave) system 
represents a completely separate stage of development with an intervening 
glacial period before the formation of J.B . C., this idea seems more attractive 
conSider ing the different orientations of the two systems. A Cromerian age 
for the upper system and a Hoxnian age for J.B.C., at least for Shamrock 
Passage, wo uld mean that the caves were eroded between about 700 000 and 200 000 
Y B. P . 

Ascribing an age to the distinctive sediments of the upper system is difficul t. 
The s o urce material must have corne from the erosion of the ironstone, washed in 
by several epi.scdes of flooding with intervening minor spel~othem development. 
The absence of the sediment from most of J.B.C. could mean either that the 
sediment was deposited before the formation of J .B .C. or that the sediment was 
never allowed to settle there. The latter explanation cou ld be achieved by a 
sea level stand of 5 - 10 m 3. s. 1. which l>/ou ld drown most of Jdcksons Bay and 
prod'Jce a higher b a se level for sediment depos ition. Such conditions may have 
existed i n the last interglacial ( ~ 130 000 y B.P.). A wetter climate for the 
Holocene prior to 2000 y B.P. is indicated by the age of the Crossroads 
stalagmite and can be inferred for the period in the Holocene when the relict 
guano deposits formed. 

The most tantalising aspect of all concerning these caves is the abundance 
of sizeable cave passage within a very small area (7 km known in 1 km 2 ). 
Logically there ought to be continuations of the systems outside the area 
studied, to the north and east. However, if passage development is restricted 
to below 70 m a.s.l., then accessibility will be made more difficult: with the 
ground level rising there will be fewer collapse entrances. Nevertheless, 
there must be a very great deal of undiscovered cave beneath Portland Ridge. 
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THE PALAEOMAGNETISM OF SEDIMENTS FROM AGEN ALLWEDD, POWYS 

Mark Noel, Peter Homonko and Peter Bull 

ABSTRACT 

Ten 5 x 5 ern oriented samples of cap mud were taken in Agen Allwedd Main Passage 
a nd the ir remanent magnetisations measured in a spinner magnetometer. The remanence 
was f ound to be very stable with a mean direction of D = 5.90

, I = 40 . 70 (at 350 
Oerste d s) . This normal polarity suggests that sedimentation occurred after the 
Go thenbe rg geomagnetic "excursion" about 12 000 years ago. A comparison between the 
mean de c l ination change in six of the samples and archaeomagnetic data reveals that 
the cap mud lamina tion is probably annual and this implies rapid sediment transport 
from the surfac e . Magnetic susceptibility anisotropy measurements gave good 
gro uping s o f the principal axes and are taken to indicate that water flowed through 
Main Passage . 

The magnetic field of the Earth arises from fluid motions within the core. 
It is known from historical and archaeomagnetic observations that this field 
varies with time both in intensity and direction with a periodicity of about 
500 years (Clark et al., in press). More ancient records of this geomagnetic 
secular variation have been obtained from studies of the palaeomagnetism of 
continuous sedimentary sequences, such as lake and deep sea sediments, or 
varved sediments from Sweden (No~l , 1976a). In many of these cases the 
original record of secular variation is not preserved by the sediment because 
of bioturbation or other post-depositional disturbances. However, the ideal 
conditions in which many cave sediments are preserved suggests that they may 
contain more accurate histories of the geomagnetic field and, despite 
difficulties in sampling, are worthy of detailed investigation. Previous work 
on this type of material is confined to studies by Creer and Kopper (1974) on 
sediments from Tito Bustillo Cave, Spain, work by Stober (1978) and Homonko 
(1978) on rhythmites from Victoria Cave, Yorkshire and the examination by 
Papamarinopoulos and Readman (1979) of sediment from Canet Cave, Spain. 

The current report concerns research undertaken in Agen Allwedd, a 24 km 
cave system developed within Mynydd Llangatwg, Powys, Wales (Fig. 1). The 
cave is developed within the Lower Carboniferous Limestones (Dinantian) and 
predominantly within the Pwll-y-CWm Oolite (George et al., 1976). The 
limestones are overlain by the Namurian grits and shales and underlain by 
Lower Limestone Shales and Old Red Sandstone, thus comprising an interstratal 
karst assemblage (Thomas, 1974). The somewhat horizontal development of 
the cave testifies to the shallow dip of the limestones, (between 20 and 70 

SW). The present day entrance is located at 388 m 00 although a more ancient 
entrance complex, through which much of the coarse sediment entered the cave, 
has been suggested (Bull, 1978a) in the northern areas of the Summertime 
Series (Fig. 1). 

Most of the cave is now abandoned by streams and many of the passages have 
been devoid of any significant water course for at least 10 000 years (Bull, 
in press). Because of this major stream abandonment many passages, now 
devoid of water, contain large sediment banks preserved in nearly their 
original form. 

Major sedimentation in the cave is considered to have occurred in response 
to the onset of the Devensian glaciation in the area although :some deposition 
had preceded this phase (Bull, 1976, 1978b). Following what was predominantly 
a sand-sized sediment influx , there was a break in deposition, marked by 
dessiccation cracks, until approximately 11 000 years BP when, in response 
to a climatic deterioration (Coope et al., 1971), the cave was flooded and 
a fine-grained lamination sequence, termed the cap mud (Bull, 1977) was laid 
down. These cap muds have been shown to be laterally persistent, exhibiting 
both laminae and grain size similarities throughout the length of Main 
Passage (Bull, 1977, 1978a). 196 major laminations have been counted within 
the cap mud, which is considered to have been deposited within a then water
filled passage with the sediment influx being via numerous cracks and fissures 
(Bull, 1976 and in preparation). Conventional, single source sedimentation 
fails to account for such regularities in deposition. Because of their 
extreme uniformity and lack of consolidation, the cap muds were selected as 
candidates for a preliminary palaeomagnetic study. 
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SEDIMENT MAGNETISM 

There are two mechanisms by which the cave sediment could become magnetised: 
1. Depositional Remanent Magnet1sation 

Grains of magnetic minerals, principally magnetite and haematite, become 
aligned with the Earth's magnetic field whilst settling through water thus 
giving rise to a permanent magnetisation in the sediment. This process 
explains, for example, the magnetisation of Swedish varves which are physically 
similar to the Agen Allwedd cap muds (No~l, 1976a). After deposition, but 
prior to consolidation, the magnetic grains in a sediment may remain free to 
rotate aided by magnetic, gravitational or surface tension forces (No~l, in 
press) and this can result in a degree of post-depositional remagnetisation 
until the grains are constrained by compaction. 
2. Chemical Remanent Magnet1sation 

If the original magnetic grains in a sediment are extremely small « 0 . 01 
microns) their magnetisation is unstable and follows the direction of the 
ambient field. If the grains increase in size due to chemical changes then 
the remanence will later become stable and record the direction of the Earth's 
magnetic field. Chemical remanent magnetisation is often associated with 
weathering or diagenesis. 

Both depositional and chemical magnetisations could contribute to the total 
remanence of cave sediments. Because depositional remanence is acquired at 
the sediment surface it is more likely to record detailed changes in field 
direction although, being a mechanical process, it is sensitive to factors 
such as water currents and bed slope (No~l, 1976b). By measuring the 
susceptibility anisotropy in the sediment it is possible to detect a preferred 
alignment of magnetic particles and thus, in principle, to distinguish a 
depositional from a chemical magnetisation. 

SAMPLING 

Samples were collected in Main Passage about 500 m from the entrance at 
the location shown in Fig. 1. In this area the cap mud is approximately 5 cm 
thick and is considered to enter the cave through joints in the walls and roof 
(Bull, 1976). A position was chosen about 2 m from the eastern wall on a 
fresh horizontal surface in the centre of a large polygon bounded by narrow 
desiccation cracks. Disturbances to the sediment from shrinkage or human 
activity were judged to be negligible. Methods had been devised for taking 
oriented samples using equipment that could conveniently be taken into the 
cave . Ten 5 x 5 cm plastic cylinders were pressed vertically into the 
sediment using a plastic plate fitted with a spirit level. The cylinders 
were oriented with a magnetic compass and then lifted from the sediment. 
Traces o f the silt underlyinq the cap mud were trowelled out of the samples 
which were then sealed with plastic discs. 

One larger core was taken about 5 m to the south of the other samples and 
was obtained by pushing a 5 x 20 cm tube through the cap muds into the silts. 
Rotation was prevented by a tongue and groove arrangement. All samples were 
oriented with an accuracy of + 10 in inclination, + 20 in declination. 

MEASUREMENT 

The direction and intensity of the natural remanent magneti sation in the 
small samples were measured using a Digico magnetometer (Molyneux, 1971) and 
the results are given in Table 1. The stability of remanence in the sediment 
was examined by the method of progressive stepwise demagnetisation in 
alternating magnetic fields, up to a maximum field strength of 800 Oersteds. 
The results for the four test specimens, AG 1 - 4, are shown in Figs. 2 and 3 . 
This procedure also indicates the optimum level of demagnetisation which will 
remove any secondary components of remanence, acquired since deposition, thus 
leaving the primary magnetisation whose direction is close to that of the 
ancient field. From a study of the results it was decided partially to 
demagnetise the remaining samples in an alternating magnetic field of 350 
Oersteds . The results after remeasurement are given in Table I. These data 
represent averages of any changes which may occur along the length of each 
specimen due to secular variation. Changes in declination were delineated in 
samples AG 5 - 10 by measuring the horizontal component of remanence at 1 cm 
intervals using a Digico long core spinner magnetometer (Molyneux et al., 
1972). The results are shown in Fig. 4. Similarly, the declination and 
horizontal component of the natural remanence in the long core were measured 
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TABLE I Palaeomagnetic results from the cap mud samples. Intensity of magnetisation 
is in units of Gauss x 10-6 . 

NATURAL REMANENT MAGNETISATION REMANENCE AT 350 OERSTEDS 
SAMPLE 

INTENSITY DECLINATION I NCLINATION INTENSITY DECLINATION INCLINATION 

AG 1 8 . 5 6.1 37 .8 5.3 3 . 4 34 . 0 

AG 2 7.7 12.6 38 .6 5.0 11.6 32.8 

AG 3 10.1 359.6 50.8 6.7 0 .2 46.6 

AG 4 7.9 5.4 39.8 5.1 4.7 37.6 

AG 5 8.8 359.4 46 . 4 5.8 0 . 5 43 . 0 

AG 6 8.3 13 . 5 43 . 3 5.4 12.2 42.0 

AG 7 8 .4 0 . 0 45.8 5.6 359.8 43.9 

AG 8 7.9 8.1 42.9 5.1 6.7 40 . 3 

AG 9 9 . 0 6.7 40.1 6.2 7.7 36.4 

AG 10 8.0 1 2.9 51. 7 5.7 11.9 49.7 

MEAN = 8.5 6 . 5 43.8 5.6 5.9 40 . 7 

at successive depths, and the results are shown in Fig. 5. 
The anisotropy of the magnetic susceptibility in the cap silt was then 

examined by measuring oriented sub-samples from SG 1 - 8 in a Digico Anisotropy 
Delineator which is a modification of the magnetometer unit. The magnitude 
of the magnetic susceptibility in a sediment indicates the quantity of 
magnetisable material present while the susceptibility anisotropy reflects 
the tendency for grains to hold a preferred orientation (the "magnetic fabric"). 
This instrument expresses the anisotropy in each specimen in terms of the 
three principal axes of an ellipsoid whose shape represents the susceptibility 
magnitude in any direction. The results of this determination are given in 
Table 2 and Fig. 6. 

TABLE 2 Results of the anisotropy of susceptibility measurements. Susceptibilities are 
in units of Gauss/Oersted x 10- 6 . The anisotropy factor Intensity of max . 
axis/intensity of min. axis . The final column gives the shape of the susceptibility 
ellipsoid. 

MAXIMUM AXIS INTERMEDIATE AXIS MINIMUM AXIS 

0: 0: 0: 0: 0: 0: ~ 
0 0 0 0 0 0 >< H 

>. .... .... >. .... .... >. .... .... '" u .., .., .., .., .., .., .., .., .., 0 H .... ttl ttl .... ttl ttl .... ttl ttl cr: 
~ fil Ul 0: 0: Ul 0: 0: Ul 0: 0: gg o-l 0: ..... ..... 0: ..... ..... 0: ..... ..... 

!i: III .-i .-i III .-i .-i III .-i .-i fil fil .., U U .., U U .., U U H U U g: 
<t 0: III 0: 0: III 0: 0: III 0: ~ ~ U 
U) H 0 H H 0 H H 0 H fil E-< 

AG 1 7 . 569 51. 8 23.1 7 . 392 317 . 3 10.3 7.208 25 . 0 - 64.3 1.050 1. 001 Oblate 

AG 2 7.549 44.3 16.1 7.281 312.3 6.6 7.213 20.7 -72.4 1. 047 0.974 Prolate 

AG 3 7.664 51. 0 22.6 7.361 313.0 18 . 5 7.259 7.5 -60.0 1.056 0.974 Prolate 

AG 4 7.150 43.6 3.5 7 . 026 314.2 -10.8 6.779 115.9 -78.5 1. 055 1.018 Oblate 

AG 5 7.587 42 .8 18.8 7.302 307.6 14.8 7.118 1.9 - 65.6 1.066 0.987 Prolate 

AG 6 7 . 188 48 . 6 - 1. 6 6.967 318 . 9 9 . 7 6.599 309 . 2 -80.1 1.089 1. 023 Oblate 

AG 7 6 . 918 56.2 4.9 6 .782 326.9 -8.2 6.336 115.3 -80.3 1. 092 1. 049 Oblate 

AG 8 6 . 811 46 . 1 16 . 5 6 .609 317.6 -5.1 6.471 64.5 -72. 6 1.053 0.991 Prolate 

Mean = 7 . 305 48.0 13 . 0 7 . 090 316.0 4.5 6 .87 3 26.7 - 76.1 1.065 1. 002 

sn 



DISCUSSION 

Table I shows that there is excellent agreement between the directions of 
magnetisation in the cap mud samples. The consistency in the values of 
declination, inclination and intensity of remanence is magnetic evidence for 
the total homogeneity of this deposit. The small differences in the intensity 
values are probably due to variation in sediment volume within the cylinders. 
The mean intensity of the natural remanent magnetisation, B.5 x 10- 6 Gauss, 
is fairly low for a sediment and supports observations by Bull (197Bc) that 
the mud is composed almost entirely of quartz. 

During demagnetisation, the pilot specimens behaved similarly up to the 
peak field of BOO Oersteds. Over this range, declinations remained stable 
to within + 10 while inclinations decreased by up to 80 with the result that 
directions-moved away from the present day field and towards the bedding 
plane . These results indicate a very stable remanent magnetisation. The 
shape of the demagnetisation curves are typical of a depositional magnetisation 
while the high median coercivity ( ~ 500 Oersteds) suggests haematite is the 
carrier. Upon demagnetising the remaining specimens, the major change in the 
mean direction is a reduction in inclination of 3.1 0 . 

The normal polarity of magnetisation in these cap muds suggests that they 
were not deposited during the Gothenberg geomagnetic "excursion". This 
"excursion" has been recorded in Swedish glacial sediments and dated by varve 
chronology to around 12 100 years BP (No~l & Tarling, 1975) and by pollen to 
about 12 350 BP (M5rner et al., 1974). However, excursions have been noted 
in deposits elsewhere with ages ranging from 7000 to 18 700 years BP (No~l, 
1975) and it is probable that these age uncertainties are due to either poor 
dating control or the possible local nature of geomagnetic excursions. However, 
considering the proximity of the Scandinavian samples and the reliability of 
their dating it appears unlikely, on the magnetic evidence, that the Agen 
Allwedd cap muds are older than about 12 000 years BP. This is in agreement 
with palaeoclimatic evidence which suggests that the cap mud should be no 
older than about 11 000 years BP. A useful extension of this study will be 
to examine the palaeomagnetism of older cave sediments in a search for this 
excursion, evidence for which has yet to be found in Britain. 

The shallow remanence in the cap muds (40.70 ) can be explained by several 
mechanisms if it is assumed that the magnetisation was acquired depositionally. 
If the magnetic particles are elongated then there will have been a tendency 
for them to settle with their long axes horizontal. This would result in a 
reduction in remanent inclination of the type observed in Swedish varves (No~l, 
1976b) while further shallowing may have occurred through compaction (No~l, 
1976a). Lastly, surface tension forces arising during desiccation may have 
caused these low inclinations (No~l, in press). 

Fig. 4 shows the trends in declination through samples AG 5 - 10, after 
partial demagnetisation. Most of the samples exhibit an increase in declination 
with depth which is particularly marked in the case of AG 10. After an initial 
increase, the declination in samples AG Band 9 decreases slightly below about 
2 cm. Fig. 7 gives the average declination curve which will now be used to 
estimate the average time interval corresponding to a lamination. 

Between 0.5 and 4.5 cm depth (the approximate position of the cap mud 
within the cylinders) the declination changes by 10.80 . The time required 
for this swing can be estimated by comparing it to the average rate of 
secular variation in declination deduced from the archaeomagnetic and historical 
data given by Clark e t al.{in press)viz. O.079 0 /year. Thus the time represented 
by the cap mud is: 

10.8 137 0.079 = years 

The similarity between the above estimate and the number of major 
laminations (196) counted by Bull (1977) suggests that the layering was annual 
(i.e. varves). The result appears to rule out the possibility of a shorter 
term periodicity, such as diurnal deposition, as postulated by Bull (in press) 
as one end member of a floating time scale, since this would imply an anomalously 
high rate of secular variation. 

This conclusion has important implications concerning the mode of sediment 
deposition and the palaeoclimatic conditions then prevailing. The coherent 
deposition of annual laminae throughout a large part of the cave is evidence 
for an efficient process of sediment transport from the surface, through the 
intervening rock, with a short transit time of perhaps only a few weeks. If 
it is accepted that the cap mud was formed during the post- Aller¢d climatic 
oscillation then it appears that the period of climatic deterioration occupied 
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only about 200 years in this area of Wales. 
The long core results (Fig. 5) show the changes in declination and horizontal 

intensity with depth. The lack of abrupt changes in these parameters at the 
base of the cap mud impl ies that sedimentation across this boundary was 
continuous. The decrease in inclination from 1 to 10 cm is thought to be due 
to compaction. 

Fig. 6 shows the results of the anisotropy determinations and illustrates 
the good grouping of the maximum, intermediate and minimum axes of the 
anisotropy ellipsoids. The anisotropy factors given in Table 2, have an 
average of 6%. This low value is reflected in the equal number of prolate 
and oblate anisotropy ellipsoids among the samples. Equally, the degree of 
foliation and lineation is small. The plane of highest susceptibility is close 
to the bedding plane which would be expected if the magnetisation were depositional. 
The average direction of the major axis (0 = 48.0, I = 13 . 0) is seen to be 
well away from the mean remanence direction (0 = 5.9, I = 40.7), although in 
a northern quadrant. This implies that a proportion of the remanence is carried 
by rounded particles, contributing little to the anisotropy, and accurately 
aligned by the magnetic field, while elongated, more anisotropic particles 
have settled with directions deviated by water currents. The ancient water 
current direction will be related to the magnetic lineation direction. 

This study has produced interesting results regarding the dating and 
deposition rates in the cap muds as well as some palaeoenvironmental information. 
It is intended to extend the work to include sediments from other parts of 
Agen Allwedd and elsewhere in South Wales. 
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