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WATER STRATIFICATION IN 
ACTIVE PHREATIC PASSAGES 

J. N. Cordingley 

A common phenomenon in passages in the phreatic zone is that 
of water layering. This may arise for several reasons (Balcombe el 

aI, 1990) but that which interests the writer is a visible one 
characteristic of major conduit sumps in the Yorkshire dales 
caving region. Here brown "peaty" water is often seen occupying 
the upper part of the body of water whilst nearer the floor the 
water may be almost transparent. The interface between the two 
laye rs is often very well defined. Observations made by the writer 
in sumps frequently visited confirm that these phenomena may 
remain stable for many weeks under conditions of low discharge. 
Indeed their locations in sumps and levels in passages can usually 
be predicted after major flood events have subsided. 

Cave divers have noted this effect on many occasions in the past 
(Yeadon , 1976). The usual conclusion drawn was that peat-stained 
water in the roof of sumps indicates the presence of an inlet. In 
the writer 's opinion this is not correct because careful searches of 
passages where this effect is known to occur have usually failed 
to reveal even the most insignificant of inlets. In fact it is now 
believed tha t drifting in to an a rea of peat-stained water actually 
means that the cave diver has lost the main flow route. 

In order to simplify this brief discussion it is assumed that in 
flood conditions Yorkshire's major conduit sumps such as Keld 
Head, Hurtle Pot etc. carry mainly allogenic water from stream 
sinks of various sizes. In drought conditions what flowing water 
there is will be largely derived from stores and will have a greater 
percolation component (Halliwell, 1980). Major conduit sumps 
are not generally accessible to cave divers during violent floods so 
no observations of layered water have been recorded under such 
conditions. However with the associated rapid discharge it must 
be assumed that any stratification phenomena which already exist 
will be destroyed. 

The purpose of these notes is to describe a possible mechanism 
for the formation of the effect described above. It is hypothesised 
that during a flood virtually a ll of the water in a sump will be 
replaced by relatively aggressive and peat-stained allogenic water. 
Such water has relatively low density (for reasons yet to be 
determined). As the flood subsides the proportion of water from 
stream sinks will decline and autogenic percolation water will 
account for an increasing percentage of the flowing water in the 
sump. Such post-flood autogenic water will be slightly more dense 
due either to its chemical cha racteristics or to its relatively low 
temperature (at least during most months of the year). The less 
dense allogenic waters will tend to become trapped in high level 
" backwaters'" caused by irregularities in the roof profile and held 
in position by the denser (flowing) autogenic layer beneath . 

If the mechanism proposed above is responsible for the water 
stratification described there are several interesting implications 
for students of speleogenesis. For example it might explain why 
joints crossing phreatic passages often give rise to large solution 
domes in the roof but without a correspondingly cavity in the 
floor. Simple explanations of phreatic passage development would 
have us believe that solution occurs fairly evenly all around. 
However, many examples of differential solution at cross joints 
related to different levels in the passage exist. These are common 
even where floor sediments are completely absent, i.e. where it 
cannot be argued that any barrier to solution at floor level exists. 
The writer believes that such lofty domes are produced by bodies 
of very aggressive allogenic water trapped indefinitely in the roof. 
These ca use continued rapid corrosion here throughout periods of 
low discharge when one would expect relatively little solution to 
be occurring. This long term upward "stopping" by aggressive 
water in the roof is perhaps more likely to be the real cause of 
these large domes than mechanisms suggested previously (Pi tty, 
1971) 

Another feature often noted by cavers in now drained phreatic 
passages is the presence of horizontal notches along the walls. 
Good examples occur in the area of the ducks near to The 

Valley Entrance of The Kingsdale Master Cave near Ingleton, 
North Yorkshire. The traditional explanation for these involves 
" previous water levels" in the passage. However stable water 
surfaces in caves are fair ly ephemeral both for short term reasons 
(floods, droughts etc.) and in the long term (receding nick points, 
growth of rimstone dams, si lt deposition etc.). It may well be that 
these notches are instead related to mixed water corrosion (Bogli , 
1980) at water interfaces (of the kind described above) which 
occurred whilst the phreatic passage was still active. Indeed such 
notches have been observed by the writer whilst diving in passages 
which have never been drained . These notches may prove to be of 
value when studying speleogenesis in tectonically active areas of 
the world. If notches of this type exist which are not horizontal 
they may indicate tectonic activity subsequent to the draining of 
phreatic passages. 

The above speculations are based on the writer being able to 
observe actively forming phreatic passages directly unlike most 
previous workers who do not appear to have apprecia ted the 
significance of water layering in passage development. It was 
intended to begin a long term investigat ion of one site where such 
stratification is known to form reliably, namely in the 
Downstream Sump of Hurtle Pot near Ingleton, North Yorkshire. 
Here the passage is 8m high at a point some 60m from the 
entrance. A vertical line transect was to have been installed 
supporting limestone tablets (as indicators of solutional activity) 
at intervals between floor and roof over a long period. Regular 
visits were ant icipated to measure water temperatures (at intervals 
from roof to floor, rather than the reverse, to avoid any 
interference with any layering by rising exhaust bubbles). Water 
samples from different heights in the passage were also to have 
been collected for chemical analysis. Unfortunately a collapse of 
boulders near the entrance prevented this particular investigation 
from being carried out. 

The writer is presently unable to devote sufficient time to the 
project but would be pleased to offer suggestions to any other 
cave divers who would like to investigate the phenomenon. It 
should be noted that the effect described is believed to be 
widespread in phreatic passages in a ll major British caving regions 
and not just in the Yorkshire Dales. It was only noticed because 
allogenic waters here tend to be characteristically peat-stained. 
Finally the writer would like to acknowledge many helpful 
discussions with Drs. J. S. Beck, J. Gunn and R . A. Halliwell on 
this and other topics in the past. 
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B.C.R.A. Research Funds and Grants 

THE JEFF JEFFERSON RESEARCH FUND 

The British Cave Research Association has es tablished the Jeff Jefferson Research Fund to promote research into all aspect, of speleo logy 
in Britain and abroad. Initially, a total of £500 per year will be made available. The aims of the scheme are primarily: 
a) To assist in the purchase of consumable items such as water-tracing dyes, sample holders or chemical reagents without which it 

would be impossible to carry out or complete a research project. 
b) To provide funds for travel in associa tion with fieldwork or to visit laboratories which could provide essential facilitie~ . 
c) To provide financial su pport for the preparation of scientific reports . This could cover, for example, the costs of photographic 

processing, cartographic materials or comput ing time . 
d) To stim ulate new research which the BCRA Research Committee considers could contrib ute significantly to emerging areas of 

speleology. 

The award scheme will not support th e salaries of the research worker(s) or assistant s, attendance at con ferences in Britain or abroad, nor 
the purchase of personal caving clothing, equipment or vehicles. The applicant(s) must be the principal investigato r(s), and must be 
members of the BCRA in order to qualify. Grants may be made to individuals o r small groups, who need not be employed in universi ties, 
polytechnics or research establishments. Information and applications for Research Awards shou ld be made on a form available from S. A. 
Moore, 27 Parc Gwelfor, Dyserth, Clwyd LU8 6LN. 

GHAR PARAU FOUNDATION EXPEDITION AWARDS 

An award, o r awards, with a maximum of around £ 1000 available annually, to overseas caving expeditions origin at ing from within the 
United Kingdom . Grants are normally given to those expeditions with an emphasis on a scientific approach and/ or explorat ion in remote or 
little known areas. Application forms are available from the GPF Secretary, David Judson, Rowland s House, Summerseat, Bury , Lancs. 
BL9 5NF. Closing date 1st February. 

SPORTS COUNCIL GRANT-AID IN SUPPORT OF CAVING EXPEDITIONS ABROAD 

Grants are given annually to all types of caving expeditions goi ng overseas from the U.K. (including cave diving), fo r the purpose of 
furthering cave exploration, survey, photography and training. Application forms and advice sheet s are o btainable from the GPF Secretary, 
David Judson, Rowlands House, Summerseat, Bury , Lancs. BL9 5NF and must be returned to him for both GPF and Sports Co uncil 
Awards not later than I st February each year for the succeeding period, April to March . 

Expedition organisers living in Wales, Scotland or Northern Ireland, or from caving clubs based in these regions should contact their own 
regional Sports Council directly in the first instance (N. B. the closing date for Sports Council for Wales Awards applications is 31 st 
December) . 

THE E. K. TRATMAN AWARD 

An annual award, currently £25, made for the most stimulating con tribution towards speleological literature published within the United 
Kingdom during the past 12 months. Suggestions are always welcome to members of the GPF Awards Committee, or its Secretary, David 
Judson, not later than I st February each year. 

BRITISH CAVE RESEARCH ASSOCIATION PUBLICATIONS 
CAVE SCIENCE - published three times annually, a scientific journal comprising original research papers, reviews and discussion forum, 
on all aspects of speleological investigation , geology and geomorph ology related to karst and caves, archaeology, biospeleology, 
exploration and expedition reports. 
Editor: Dr. Trevor D. Ford, 21 Elizabeth Drive, Oadby, Leicester LE2 4RD. (0533-715265). 

CAVES & CAVING - quarterly news magazine of current events in caving, with brief reports of latest explorat ions and expeditions, news 
of new techniques and equipment, Association personalia etc. 
Editor: A . Hall, 342 The Green, Eccleston, Chorley, Lancashire PR7 5TP. (0257-452763) . 

CAVE STUDIES SERI ES - occasional series of booklets on var ious speleo logical or karst subjects . 
Editor: Tony Waltham, Civil Engineering Department, Trent Polytechnic, Nottingham NG I 4BU. (0602-418418, ext. 2133) . 

No. J Caves & Karst oj the Yorkshire Dales; by Tony Waltham & Martin Davies, 1987. 

No.2 An Introduction to Cave Surveying; by Bryan Elli s, 1988. 

No . 3 Caves & Karst oj the Peak District; by Trevor Ford & John Gunn, 1990. 

CURRENT TITLES IN SPELEOLOGY - annual listings of international publications. 
Editor: Ray Mansfield, Downhead Cottage, Downhead, Shepton Mallet, Somerset BA44LG . 

CAVING PRACTICE AND EQUIPMENT. edited by David Judson, 1984. 

LIMESTONES AND CAVES OF NORTHW EST ENGLAND, edited by A. C. Waltham, 1974. (out of print) 

LIMESTONES AND CAVES OF THE MENDIP HILLS, edited by D. I. Smith, 1975. (out of print) 

LIMESTONES AND CAVES OF THE PEAK DISTRICT, edited by T. D. Ford , 1977. (ou t of print) 

LIMESTONES AND CAVES OF WALES, ed ited by T. D. Ford, 1989. 

Obtainable from B.eR.A. Sales 
B. M. Ellis, 20 Woodland Avenue, Westonzoyland, Bridgwater, Somerset TA 7 OLQ. 






