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I NTRODUCTI ON

The Picos de Europa mountains of northern
Spai n are di vi ded into three massi fs by
spectacul ar gorges which dissect the range from
south to north (Fig. 1). In the Eastern Massif
several major cave systens have been discovered
and explored by Lancaster University Spel eol ogical
Society (LUSS) and the Seccin de Espeleologa
Ingenieros Industriales (SEIl) (Sefton, 1984),
while in the Central Mssif groups of French
cavers have discovered major systens such as Torca
de Uriello and Sina del Trave (Benoit, 1985). The
Western Massif is divided into northern and
southern sections by the ridge of the Picos de

Cornion. Oxford University Caving Cub (QUCC) have
been working to the north of the ridge for nany
years where they discovered Pozu del Xitu
(Singleton, 1981). However, the region to the
south received relatively little attention from
spel eol ogi sts until 1983 when the area was

explored by a conbined team from York University
Cave and Pothole Club (YUCPC) and the SEIl from
Madrid. The sane group has returned to the area
each sunmer since 1983 and has focused attention

GEOLOGY

The
entirely of

three massifs are conposed al nost

li mestones which were laid down during
the Carboniferous Period of between 290 and 345
mllion years ago. In the Western Massi f
approximately 1200 netres of carbonates were
deposited with very few inperneable horizons so

that nmost formations are suitable for cave
devel opment (Fig. 2). The geological history of
the Picos de Europa since the beginning of the
Carboniferous resulted in a region wth large
spel eol ogi cal potential and the developnent of
cave systenms such ai M2 is intimately related to

the geol ogical structure and lithol ogy.
The Carboniferous Period and Vari scan O ogeny
During the Carboniferous Period the Picos de
Europa occupi ed a pal aeogeographic position which
was favourable for carbonate deposition. Wile
nei ghbouring regi ons experi enced i ncreasingly
unstabl e conditions the Picos de Europa renmined a
relatively stable province in which carbonate
deposition predominated for 55 million years. The
Picos de Europa was located on the northeastern

on the cave nunbered ‘M2’ after it's discovery in margin of the Cantabrian Zone, a pal aeogeographic
1984 in the Vega Huerta area to the south of Pena  unit distinguished by Conte (1959). The province
Sant a. was bounded to the west by the Ponga Nappe
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Covadonga A Cares
renas
Figure 1 The three massifs — %
of the Picos de Europa. / Yoo?
Los \  ——a / B
\ Lagos ) ( ——— Tresyi;,o,s'ﬁ 3
WESTERN pArio - ~
MASSIF ol
)CENTRAL ‘ " EASTERN
MASSIF off MASSIF
2 A s: \ A
/ A § -
( / &
A’A\A -
| A i 4
-.._."‘ * - A K
A Fuente Dé 0 4Kkm %
caes - ~Sa : P A Potes

93



Province and to the south by the Pisuerga-Carrion western novenent of the African continental plate

Figure 2 The general stratigraphy of the Western Massif. : :
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Provi nce. towards the FEur-Anerican plate. The Variscan
At the beginning of the Carboniferous Period orogenic belt developed along the line of

uni form marine conditions existed throughout the collision. The details of the Variscan Orogeny are
Cantabrian Zone resulting in the widespread conplicated and several nodels have been proposed

deposition  of a sequence of red, nodul ar (see Wndl ey, 1984 for a review).

limestones with ~chert and thin shales, t he The main period of deformation in the
CGenicera Formation (Fig. 2). At the beginning of Cant abri an Zone occurred during the Asturian Phase
the Namurian the black, ‘Caliza de Nontana' was of the Variscan orogeny, at the end of the
deposited but in the Ponga Nappe and Pisuerga- Mbscovi an (about 295 Ma). Sedinents were thrust
Carrion Provi nces sedi mentati on becane into the core of a developing arcuate nountain
increasingly domnated by terrigenous material. chain (i.e. into the Cantabrian Zone) from the
Carbonate deposition continued in the Picos de nort hwest, west and sout hwest. The Picos de Europa
Europa Province however, wth intraformational Province was the |ast to be affected by
breccias and slunp deposits the only indications def ormati on because of its position at the north-
of tectonic disturbances. eastern margin of the Cantabrian Zone, away from

the instabilit sheets. The main phase af

The cause of was the north- the encroaching thrust

View to the north from base
canp at Vegabano. The escarp-
nent on the right is the

sout hern edge of the Frontal
Nappe Unit. The main peak is
Pena Santa and the entrance of
M2 is located close to the

i nposi ng south face. The
bottom of M2 is about 100 m
bel ow the | evel of base canp.
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deformation within

began in the Kasinovian and continued within down-
Sotres wuntil

as at
1981).
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Figure 3 The Geol ogy
Farias (1992). M,
the Autunian

Pal aeozoi ¢  sedinents,

18,
nmej or caves di scovered to date.

of Vega Huerta. Largely after
134, Pi15 and Pi 103 are the

predom nantly Car boni f er ous car bonat es, wer e drai nage pattern which nust have been superi nposed
thrust from the north-northeast to the south- on the Carboniferous |I|inmestones from a post-
sout hwest over the Pisuerga-Carrion Province Vari scan cover.
(Naas, 1976; Marquinez, 1978; Farias, 1982). The Post-Variscan deformation was extensional in
massi vely bedded |inestones noved as a series of character with fault-bounded basins controlling
conpet ent sheets with wvery little internal the pattern of sedinmentation. In late Eocene and
fol ding. Each thrust sheet was pushed over the one M ocene tinmes, however, northern Spain experienced
enplaced inmediately to the south which greatly a further period of’ north-south conpression, this
increased the total thickness of the carbonate time related to the Pyrenean Orogeny. The
sequence. Naas, ' (1976), estimated that the conpression ended about 38 Ma ago and probably:
limestones noved at |least 20km because the initiated the wuplift of the Picos de Europa
Pi suerga-Carrion facies is so different from that massifs (Le Pichon & Sibuet, 1971; Boillot &
of the Picos de Europa. Depeubl e 1982; Vegas & Banda, 1982). The Pyrenean
deformation affected. the Carboniferous |inestanes
Post - Vari scan Events largely by re-activating existing Variscan and
During the Permian, Nesozoic and early post-Variscan fractures, These are particularly
Tertiary, a sedinentary sequence was deposited inportant controls on cave devel opment because
over the Picos de Europa limestones. This is they are less well ‘sealed by veining and provide
inferred by the presence of Perman deposits the nost open routes for water into the massif.
within down-faul ted regi ons, as at Sotres
(Marqui nez, 1978; Smart, 1984), and by the present
S N

Figure 4 Diagranatic section
through the Frontal Nappe Unit.
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The Geol ogy of Vega Huerta

The Western Nassif has been mapped hy Farias
(1982) although only the eastern part of the range
is covered (Figs. 3 and 4). Farias identified four
maj or Variscan thrust sheets (or nappes). Each is
overthrust on to the one inmmediately to the south
so that the dip of the thrusts generally increases
fromsouth to north. Vega Huerta is located on the
first (nost southerly) nappe to be enplaced which
is called the Frontal Nappe The highest nmountain
in the massif, Pefla Santa, |ocated at the front of
the second nappe, the Pefia Santa Nappe Unit.
Wthin the Frontal Nappe Unit the dips of the beds
are generally 0° to 20° although the dip reaches
30° at the southern escarpnent and steeper dips
occur near mpjor faults. This contrasts with the
area to the north and around Treviso where the dip
is rarely less than 45°.

Al the limestones of the Frontal Nappe Unit
are potentially cavernous although the Vega
Huerta- Carbanal Series which has a significant

shal e content, contains only callapsed shafts at
the surface with no negotiable entrances found to
date. FErosion of this - formation has produced
‘windows’ into the wunderlying Picos de Europa
Li nestone Formation within which the caves I8 and
134 are devel oped (Fig. 3).

Several mmjor post-Variscan faults cut the
Frontal Nappe Unit. These trend east-west and
sout heast-northwest and three cone together just
to the south of the entrance of M. There are also
many | ess persistent fractures, not shown in Fig.
3, but which are. clearly inportant controls on
cave devel opnent.

CAVE DEVELOPMENT W TH SPECI AL REFERENCE TO M2

The Frontal Nappe Unit differs from the
nappes enplaced later (in the region north of Pefia
Santa) in that the linestones rest on the rocks of
the Pisuerga-Carrion Province. These are largely

bl ack shales, sandstones and conglonerates and
therefore provide an inperneable basenent to the
limestones. The R o Cares has cut conpletely

through the Frontal Nappe and now flows some 300
netres bel ow the base of the linestones. Therefore
vadose conditions nust have existed throughout the
Frontal Nappe for a considerable period (Fig. 4).

At the present tine, water draining to the base of
Nappe can be expected to flow down the

the Frontal

dip of the basal thrust, approximtely towards
010°. In part of the area explored by QOUCC,
bet ween Pefia Santa and Ario, there appears to be a
perched water-table which causes the caves to
termnate in sunps at an altitude of about 1300
metres (Roberts, 1986). The existence, of the M
cave system which descends alnpst to the base of
the |linmestones, denobnstrate the absence of a
water-table at 1300 netred4 in the Frontal Nappe.

As Smart (1984) commented, cave devel opnent
woul d have been initiated with the exposure of the
Carboni ferous |inmestones from beneath the post-
Variscan sedinentary cover. At present there is
little information to date this event but erosion
of the post-Variscan cover would have both
acconpanied and followed the uplift of the Picos
de Europa. Mjor cave systens probably devel oped
while the post-Variscan cover supported |arge
drai nage catchments and concentrated water into a
few sinks. Such systenms wll be terned ‘cover
systens’ in this paper. As the cover was eroded
however, an i ncreasing nunber of smal | er
catchments would have devel oped as new fractures
were exploited. Many of the existing sinks and
cave passages woul d have been abandoned.

The glaciation of the Picos de Europa during
the quaternary had a nunber of inportant affects.
Qd acial periods are characterised by both erosion
and deposition so nmany established depressions
wer e undoubtedly choked wi th debris. However, cave
systens were probably forned at this new tinme by
glacial melt water sinking into the |inestones as
proposed by Smart (1986) for many caves in the
Eastern Massif. Essentially .the glaciers provided
large catchments and concentrated water into
certain sinks. The Picos de Europa nust have been
a region of high relief before the quaternary
glaciations, so the majority of the post-Variscan
cover may have been eroded (and mmjor caves
devel oped) before the onset of glacial conditions.

Since the retreat of the glaciers the surface
of the Frontal Nappe has probably changed very
little except that npst of the |larger shafts have
gradually choked with scree. At present there are
hundreds of shafts developed in the surface of the
Frontal Nappe but very few |l ead to negotiable cave
passages. The |arge nunmber of fractures neans that
each one has only a small catchnment area, often
receiving water only fromthe snowplug within it.
These flows are insufficient to keep cave passages

Top Canp bel ow the south face of
Pena Santa. The main face is
conposed of |inestones fromthe
Barcal i ente Formation which are
thrust over the disrupted Vega
Huert a- Car banal Seri es.



clear of the debris |oosened by freeze-thaw action

in the winter nonths. The entzances to the ‘cover
systems’ are alnobst certainly eroded or buried,
al t hough deeper passages may have been preserved.
The mmjor cave systens discovered to date are
usually those with entrance passages which have
been created or enlarged by neltwater and which
have then escaped infill because of a fortunate

| ocation or because
over the bl ockages
surface (Laverty and Senior,

they have high-level routes
created by debris from the
1981).

THE M2 CAVE SYSTEM

The entrance of M is |located about 400
metres west of Vega Huerta beneath the inposing
south face of Pefia Santa. In this location ice
accunul ati on was probably |ess extensive and |ess
prolonged than on the north-facing slopes of the
areas explored by OUCC and LUSS. Nevertheless,

remmants of terminal noraines exist in the nmjor
depressions south of Pefia Santa and glacial
rounding is evident in the linestone ridge

containing the entrance of M2. The entrance is on
a mnor fault dipping 65° to 020° which fornms a
linear depression along the long axis of the
ridge. A possible explanation for this location is
that crevassing occurred where the ice rode over
the ridge so that supra-glacial and en-glacial
nelt water was directed to the base of the

gl acier, where it then sank into the M2 cave.
passages can be

Wthin the cave individual

Looki ng up the main phreatic conduit towards Road to
Nowhere. The passage is about 15 nmetres in dianmeter and
has a gradient of about 15°.

The phreatic tube just downstreamfromKen Hill Gallery.
Here it is nostly devel oped above a bedding plane within
the Val deteja Fornmation. Downward solution was |imited by
sedi nent s.

seen to exploit various geol ogical controls but by
far the nobst inportant are faults. The term

‘fault’ is used in the following sections only
where novenent can be clearly detected. The term
‘fracture’ is used in a general sense to describe
all planar fissures and includes faults, joints
and mgj or beddi ng pl anes. In general, t he

orientation of the cave passages (Fig. 5) suggests
that the overall trend is controlled by two sets
of fractures which strike approxi mtely 020° and
140°. Fractures with this orientation are nostly
related to the period of extensional defornmation
which followed the Variscan orogeny. These
fractures are the nobst inportant controls below
Non-Stop Drop. Above this point the cave is
devel oped down the dip of fractures striking
appr oxi mately 280°.

The Upper Section of M

The entrance fault runs into a nore proninent
reverse fault dipping 65° to 040° which is first
encountered just beyond No Eighth (Fig. 5 and Fig.

6). This second fault defines the roof of the
pitches between Watford Gap and Ivan's Oher
Oifice. The cave clearly devel oped down the dip

of the fault plane and a small phreatic tube is

preserved at the head of Watford Gap, its trend
determined by a small phreatic tube which
approximately follows the strike of anot her
fracture. The Anmapol o Series is probably a
separate system which has been intersected by
down-cutting of the canyon in the min cave.
Scallops in the Amapolo Series indicate a

direction fromwest to east.

The pitches devel oped along the second fault
pl ane are linked by ranps which rise fromthe base
of each pitch to the head of the next. Such ranps
are conmon in M2 and are inportant features inmany
Picos caves. Fig. 7 sunmarises the norphol ogy of
the ranps and shows that they are vadose features
for med by pitch retreat. They are not
lithologically controlled and are not of Phreatic
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tubes intersected by vadose canyons. Each ranp
marks the foot of a pitch where it retreated head
wards and cut downwards. The gradual decrease in

width of both the ranp and the canyon towards the
base of the pitch may be evidence of a decrease in
di scharge over tinme. Measurenents of ranmps in two
caves, M2 and ML03, have reveal ed nean gradients
varying between 30° and 34° which suggested that
the head ward erosion rate is nore than 1.5 tinmes
that of down cutting. The larger size of the
pitches conmpared to the canyons denonstrates the
greater erosive power of falling water conpared to
channel flow. The canyons are often too narrow to
traverse so the only negotiable route through
these ‘pitch-ranp’ systens is wusually down the
pitches then back up the ranps. The nature of
erosion at pitches was studied by Brucker et al
(1972) who neasured a decrease in carbon-dioxide

pressure in water as it fell down shafts. They
attributed this change to de-gassing of dissolved
carbon-dioxide fromthe thin filmof water flow ng
down the walls. In M2 - at present, very little
water falls through the pitch-ramp system In
normal surmmer flow conditions, only a thin film of
water flows down the walls and the wetted area is

section of the shaft below
the inlet canyon. In the highest flows observed to
date the inlet stream disperses into a fine spray
as it falls which causes an increase in the wetted
area on the shaft. If the erosion rate is equal

restricted to a small

over the whole wetted area, these observations
infer that the length of a ranp depends on its age
whereas the width of a ranmp is related nore

closely to the nean discharge. A consequence of
predominantly low flows is that the wetted area on

a pitch approaches that of a canyon so that pitch-
ranp systens tend to evolve into steep, narrow
canyons (Fig. 7b, stage 3).

Further work is required to determne the
significance of the ranp angle in particular with
respect to the angle of the dipping surface,
usually a fault plane, beneath which the ranps
devel op. Pothol es comonly develop at the base of
the pitches because the nmechanical erosion of
swirling sediment in the plunge pool ‘drills’
downwards at a greater rate than the exit canyon

can cut down (Ford, 1965). The absence of potholes
at the base of the pitches in ‘pitch-ranp’ systens
infers that the exit canyon could always cut down
at the same rate as the base of the pitch. The
sinmpl est explanation for this is that there was
insufficient sedinent to create potholes, a
conclusion which supports the earlier suggestion
that glacial nelt water was probably involved in

Pitch-ramp systems, A-B,
C-D & F-G daveloped
below faults f,,f, &f.

/Watford Gap

original phreatic or‘para-phreatic’
passage

Ivan’s Other
Oriface

Narrow canyons,B-C & E-F
developed on links between
pitch-ramp systems.

Figure 6 Diagranatic section of M2 between the entrance
and the Dry Ranp.

99

- both the ramp & canyon become
narrower from y to z

- little or no sediment at the
base of the pitch

|
Plans of P2 ramp @

Figure 7 a) The general norphol ogy of pitch-ramp systens.
b) Schematic devel opnent of ranps rl1 and r2 due to rre-
treat of pitches P1 and P2.

the formation of the upper cave.

At Motorway Services a small stream enters
and flows down the tortuous Play the Wite Mn
canyon. This passage is simlar to No Eighth in
that it cuts through massively bedded I|inmestones
to link one series of fault-guided pitches wth
another. On such links a narrow and neandering
canyon has developed because it is solely the
result of canyon incision. No pitch has retreated

along it to forma ranp (Fig. 6).

The passage enlarges beyond Play the Wiite
Man as the stream cascades down the dip of a fault
with calcite and dolomte veining (the Wt Ranp)
to sink at the bottomin an inmmature rift. The way
on is up the Dry Ranp, which is between 2 and 3
metres wide and rises approximately 25 netres to
the head of Non-Stop Drop. The Dry Ranp has al so
formed as the result of pitch retreat beneath yet
another fault (Fig. 6) but the ramp-formng pitch
has been abandoned due to a capture down the Wet
Ranp.

Below Gareth’'s Pitch the cave changes
direction towards the northwest. The new trend is
determned by a phreatic tube which rises and
falls along another fracture inclined at 70° to
040°. A deep vadose canyon is devel oped bel ow the
tube and there has been extensive nodification by
coll apse. Near Chanber of ‘Orrors, for exanple,
two parallel open fractures and one filled wth
ochre, dolomite and shale have contributed to a
massi ve col | apse.

Bel ow Chanber of ‘Ovrors, the tube continues
in the roof of the passage and constantly changes
direction and cross-section as it exploits
successive fractures. There are several pitches
along this section of the cave but only in the
case of Blind Pot, an obvious capture, does the
tube continue over the head of the pitch. At the

other pitches the tube nust have descended steeply
dowmn the dip of the controlling fracture.
Subsequent nodification of this dip segment under
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Figure 8 The relationship of the main phreatic conduit to
the geol ogy near Last Big Chanber show ng how the chanber
devel oped by solution at the bottomof a phreatic lift.

vadose conditions has renoved signs of its
original phreatic norphol ogy; however the tube is
al ways encountered again at the base of the pitch
where it is devel oped along a suitable fracture.

The Lower Section of M

At the Undescended Pitch the dinensions of
the cave increase and a |arge neandering canyon
leads to the junction with the |ower section of M
at Ken Hill Gallery. Renmins of phreatic tubes
nore than 3 netres in diameter reveal the origin
of this section of the cave although there has
been substantial nodification by collapse. Two
maj or phreatic conduits nmeet at Ken Hill Gallery.
One is the Tea-Tine Series which has suffered two
captures, one within Ken Hill Gallery where the
Tea-Time Series enters and another at the limt of
‘upstreamt exploration. These two routes join and

then choke at -823 netres. The second ngjor
phreatic inlet lies in the roof of the canyon
between The Undescended Pitch and Ken Hill
Gallery. Near the bottom of Ken Hill Gllery,
bel ow the canp, a stream joins the nmin gallery,
flowing in a neandering canyon. A small phreatic
tube in the roof diverges from the canyon in an

upstream direction and termnates at a pair of
perched sunps. In a downstream direction from Ken
Hill Gal lery, incision by the inlet stream
gradually increases and eventually the Ilarge
phreatic passage in the roof becones inaccessible.
The stream falls down some wet pitches (another
relatively recent capture) and eventual |y
di sappears into Nicky's Rift. Fortunately the
phreati ¢ passage can be regai ned above the Road to
Nowhere after which it again descends, clearly
devel oped down the dip near and at the base of the
Val deteja Formation (Fig. 8). The nmmin phreatic
conduit exploits both faults and bedding planes

but it’'s general trend seens to be controlled by
the bedding of the massive Valdeteja Formation. In
Ken Hill Gallery and adjoining passages there are
consi derabl e thicknesses of sedinents which are of
five main types:

1. Unsorted, linmestone boul der beds wth rounded
boul ders up to 0.7 netres in length. These make up
the largest volune of sedinent.

2. \Well sorted, wel | rounded, i mbricated
| i mestone pebhl e beds.
3. Cross-lamnated and cross bedded sands and

| enses of unsorted
| oosely termed ‘grit’

colours wth
the material

silts of many
sandy gravels,
inFig 09
4. Wl rounded, brown to red,
gravel s. These are an equivalent lithology to the
|l enses of wunsorted, sandy gravel (‘grit’) wthin
the cross-bedded sequence, however they have a
much wi der distribution.

5. Dark brown clay. This is found on top of the
cross-bedded sequence and is the material filling
the fissure in Fig. 9.

gravel s and sandy

The sandy gravels are renmarkable sedinents.
They are extremely porous and water noving through
the deposits has produced spectacular |eaching
patterns. Sone beds are weakly cenmented by calcite
but nobst are unconsolidated and form extensive
talus slopes in Ken Hill Gallery.

The cross-bedded sequence of silts, sands and
sandy-gravel s appears to be the oldest sedinment
preserved and represents alternating still and
energetic periods. Mst of the fine material,

particularly the blue-grey silt, is found at the
bottom of the sequence. The sandy gravels are
found cutting across the beds beneath and becone
nore extensive towards the top of the sequence.
One lens has clearly been deposited in a channel
with a steep bank showing that the phreatic
conduit was at lest partly drained when the |ast
of the coloured sedinents were being deposited.
The unsorted nature of the sandy gravels and the
chaotic inclusion of silt intraclasts suggested
that these mmterials were deposited suddenly at
the confluence of a fast-flowing inlet (the Tea-
Time Series?) with a relatively still river or
lake within Ken Hi Il Gallery.

The Carboniferous succession in the Picos de

Cornion (Fig. 2) contains no formation which coul d
have provided these materials. They are nost
simlar to the so-called 'Red Permian’ formations

like the Sotres Formation of the Eastern Nassif
(Marqui nes, 1978, Martinez-Garcia, 1981, Snart,
1984) or the Labra Formation (Maas, 1976). In the

Figure 9 Sketch of the sedinents bel ow
the clinb to the Tea-Tinme Series.

pale yellow laminated sands with

orange silt laminae \
dark brown & yellow grit _—

coarse, red laminated sands red silt {79

dark brown & red grit \ g

pale brown & yellow sand

yellow silt —4—M8M8 ————

light brown sand

ny X
grey grit ]

cross- laminated, red, W
yellow sand & silt /

fissure filled with brown silt

/ coarse grit with leaching patterns

red sand
yellow sand
grit

metres

coarse brown sand
laminated yellow & brown silt

fine yellow sand /
¢

pale blue-grey silt with some
brown laminae

brown grit

load structures

brown grit

cross laminated, red sand
" ——— & tine red sand
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Leaching patterns in unsorted
sandy gravels, Ken Hill gallery.

western Massif, a small outcrop of 'Red Perm an’
is preserved to the north of a nountain called
Val depi fio, about 2km west of Vegabafio, but at an
altitude of only 1400 netres. The M2 cave

Cross- bedded sedinments below the clib to the Tea-Tine

Sereis in Ken H Il Gallery. The photo covers part of the
area shon in Fig. 9. Numbers indicate sedinent sanpling
sites and the clay-filled fissure can be seen near no.
18. The tape is 1.5 nmetres |ong.
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sedinents provide the first direct evidence of a
post-Vari scan sedi mentary cover at hi gher
altitudes in the Western Mssif. Since the |ower
section of N2 descends from north to south the
source of the cave sedinments may have been to the
north of the Pefia Santa ridge.

The dark brown clay which covers the col oured

sediments in Ken Hill Gallery is also found
between the sedinments and the wall of the cave,
and infilling fissures. This shows that the

col oured sedinment dried, shrank and cracked before
bei ng re-subnerged at the tine the dark-brown clay
was deposited.

The rounded |inmestone pebble beds and the
boul der beds appear to post-date the coloured
arenaceous sedinments. This relationship is npbst
clearly seen in the Last Big Chanber where the

pebbl e beds can be seen on top of parallel-bedded
yellow silts and fine sands.

Di scussi on

Passages with a phreatic norphol ogy occur at
-100 metres (Watford Gap), -140 nmetres (Amapol o
Series), between -425 netres and -575 netres (base
of Gareth’s Pitch to Undescended Pitch) and within
the | ower section of the cave (-700 to -986n). The
rel ati onship between these passages is not clear
but, as nentioned previously, the Amapolo Series
is probably a separate devel opment. The small size
of the high-level tubes suggests that the upper
part of M2 did not originate as a ‘cover systen,
If the highest phreatic passages are interpreted
as having fornmed beneath a regional water-table
then base level in the Rio Cares and R o Dobra
must have been sone 1100 metres higher than it is
today. Higher base levels have been proposed to
explain the presence of phreatic passages at high
altitudes wthin Pozu del Xitu (Laverty and
Senior, 1981) and Sinma 56 (Smart, 1984, and 1985).
The fact that the phreatic tube in the upper
section of M exploited fractures of various
orientations en-route to the lower part of the
cave shows that the local hydraulic gradient at
the time was towards the lower cave and not
towards either of the gorges. Therefore the |ower
part of M2 nust be at least as old as the upper
cave. |f upper and |lower cave originally formed as
part of the same phreatic system M is an exanple
of a ‘bathyphreatic’ cave (Ford and Ewers, 1978).
These authors describe such caves formng where



groundwat er hydraulic gradients are steep and the

water table remains high because firstly the
fissure network is immture and secondly the
di stance between point of influx and the
resurgence is great. This interpretation inplies

that the main phreatic tube in the |ower cave nust
rise again, perhaps by as nuch as 500 netres, to
its former resurgence level. According to the
model of Ford and Ewers (1978) bathyphreatic caves
evolve towards °‘deep-phreatic’ then ‘water-table’
caves as the fissure network matures and shorter
routes are exploited between the point of influx
and the resurgence. Such passages are not seen in
the upper part of M2 and the single phreatic tube
which controls the trend of the upper cave shows
no significant increase in size with depth. These
observations suggest that phreatic conditions
existed for about the sane length of tine
t hroughout the whole of the upper cave. The upper
cave was possi bly abandoned at an early stage then

re-activated sone tine | ater under vadose
condi tions.
However, the earliest vadose canyon in the

upper cave is everywhere devel oped bel ow the snall
phreatic tube. It has not exploited other routes
so the period of abandonnent was not |ong enough
to allow a significant i ncrease in t he
pernmeability of the fissure network by the tine
vadose conditions becone established. Wthin the
bat hyphreatic nodel, a very rapid drop in base
level seenms to be required to explain these
observati ons.

The phreatic norphology of the
passage in the upper section of M nmay,
be an extrene exanple of a ‘para-phreatic’ passage
(Tratman, 1957). A para-phreatic passage is one
formed where |arge volunmes of water drain through
a network of low perneability fissures within the
vadose zone. Local phreatic conditions would have
existed as long as the volunme of water exceeded
the capacity of the passage. |If an inmature
fissure network is assumed, such conditions may
have existed |long enough for phreatic tubes to
have formed on the nore horizontal sections of the
i mature cave. Vadose conditions woul d have becone
established first on the nobre vertical segnents

earli est
however,

where capacity to transmt water was greater. This
model is proposed because it would explain the
nmor phol ogy of the phreatic passage in the upper

cave without

i nvoking a sudden drop in base |evel.

Fel dspat hi ¢ congl onerates of the ‘Red Permian’ north of
Val dpi no. Rocks |ike these are the likely source for the
col oured sedinents in M.

The regional water table could have been fairly

stable, probably close to the level of Ken Hill
Gallery, at the tine the upper cave was initiated.
Both npdels require an immture fissure

network but the conditions in
quite different,

the aquifer are
phreatic in the case of the

bat hyphreatic npdel and vadose in the para-
phreatic nodel. At present there is insufficient
evidence to prove or disprove either of these
interpretations. Further exploration may show
whether the phreatic riser inferred by the
‘bat hyphreatic’ npdel actually exists. The |ower

section of M2 was clearly a major phreatic conduit
and acted as the ‘focus’ for several subterranean
streans. The large passages and sedinments in the
lower cave may be remants of a pre-glacial
‘cover-systemi, formed within the phreatic zone,
and exploited by caves initiated under glacial
conditions. Torca de Uriello in the Central
Massif appears to be similar to M2 although the
aut hor has no personal experience of the cave.
From the published survey, the upper section of
Torca de Uriello has devel oped down the general
dip of the beds and mmjor structures. This section

of cave links into a much larger, and probably
much ol der devel opment oriented along the strike.
It may not be coincidence that the |ower sections
of M2 and Torca de Urriello are both at simlar
al titudes.

The trend of the |ower passages in M gives
no clue to the location of the ancient river’'s

resurgence but presunably it was in the Rio Cares
or Rio Dobra. The stream which enters the |ower
cave at the bottom of Ken Hill Gallery sinks into
Nicky's Rift and fluorescein dye has proved that
the sane water energes again near the termnal
sunp. From there the water has been traced to the
canal de Capozo sone 4km to the east and
approximately 350 netres lower than the term nal
sunp (Lloyd, pers. comm). The nmjor east-west
fault located just to the south of M probably
conducts the water to this resurgence and nmay
prove to be a key feature controlling the trend of
the unexplored continuation of the main phreatic
passage. Further exploration is required to
determne the destination of the ancient river
whi ch formed the main phreatic conduit.

The geol ogical section through the Frontal
Nappe (Fig. 4) shows that perhaps 300 netres of
limestone nmy exist beneath the sunp at -986
metres. This interpretation is based on the fact
that the top of the Barcaliente Formation is seen
within the cave at an altitude of about 1100
metres (-900 netres depth) while along the strike
to the east, in the Canal de Capozo, the
Barcaliente Formation reaches 400 netres in
t hi ckness because of over thrusting (Fig. 3). The

dip of the Barcaliente Formation in the |ower
passages is about 5° to the south and it is
probabl e that the same resistant | evel is

responsible for the termnation of the cave at the
-823 netre choke, in Nicky’s Rift and at the final
sunp.

CONCLUSI ONS

The discussion above and the conclusions
summari sed below are based on observations made
during the 1986 and 1987 expeditions to M2. It is
hoped that sedinment analyses wll be conpleted
during 1988 which will identify the source rocks
with nore certainty and possibly provide a data
for the deposits. The prelininary conclusions are:

1. The geology of the Frontal Nappe Unit provides
different conditions for cave devel opnent conpared
to the other nappes because the |inmestones have an
i nper neabl e basenent.

2. The ranps found in M2 and many other Picos
caves are vadose features forned by pitch-retreat.
Ramps form where sedinment supply is low which
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The Last Bi g Chanber. The thin beds
visible in the far wall are within
the top part of the Barcaliente
For mat i on.

the pitches.

prevents potholing at the base of

G acial nelt water is proposed as the likely agent
responsible for the erosion of the ‘pitch-ranp’
sections.

3. The phreatic tube in the upper part of M
exploited various, low perneability fissures to
transfer water down the local hydraulic gradient
into the lower section of the cave. If the upper
cave originates beneath the regional water table
the whole of M2 is an exanple of a bathyphreatic
cave. The phreatic tube in the upper cave may,
however, be a para-phreatic passage formed within
an extensive vadose zone.

4, The lower section of M acted as a nmjor
phreatic conduit and forned before post-Variscan
sedi nent s wer e conpl etely er oded from the

Car boni f erous |i mestones.

5. The sedinents in Ken Hill Gallery are probably
derived from ‘Red Pernmian’ formations now eroded
fromnmost of the Western Massif.
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