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1959 as a direct result of the interest shown by the teachers of geology from Welsh schools
attending refresher courses at the University Colleges at Aberystwyth, Cardiff and Swansea.
It is designed to further the study of geology, with particular reference to Wales, and to
provide a link between the amateur, the student, the teacher and the professional geologist.
At present all four groups are strongly represented in the membership of 160 or so. The
members are drawn from a catchment area extending from Pembrokeshire to Gloucester.

The Group's session coincides with the academic year. Ordinary Meetings are held monthly
from September to March, the Annual General Meeting in March or April, and up to six
Field Meetings — including one week-end excursion — between April and September. The
Ordinary Meetings take place alternately at Cardiff and Swansea in the Geology Departments
of the University Colleges. They are held at 11.00 a.m. on Saturday — usually the third of
the month.

The annual subscription is £1 (which includes the cost of The Welsh Geological Quarterly).
Student membership is 2 shillings. Further details available from: The Secretary, c/o
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THE GEOMORPHCLOGY OF HORTHERN PENBROREDIIPE;
WITH A SUGCESTED ITINERARY BASED OF ST. DAVIO'S

C. Embleton

Northern Pembrokeshire provides an ideal ares Jor the illustration in the
field of a number of themes which constantly recur in the gecmorphclogy of
Scuth Wales.

The first and most obvious of these themes is the coastline and its evoluticn,
for the relations between coastal outline and geological structure are nowhere
better displayed than in the St. David's peninsula. Along the north coast,
alternations of shales and igneous rock are faithfully reflected in successive
bays and headlands. The Llandeilo-Llanvirn shales of Abereiddy Bey (5)%, for
example, are succeeded to the north by the headland of Llanrian volcanics;
the next bay, Trascthllyfn, also in shales, is flanked on its north by & narrow
dolerite promontory, beyond which Porth-egr in Arenig shalies is again protected
on the nerth by yet another dolerite projection. On a much larger scale,
the St. David's peninsula as a whole represents a nass of resistecnt Pre-
Cambrian and Lower Pelacozoic rocks projecting westward. To the south lie
the softer, less competent, strata of the Coal Measures of St. Bride's Bay,
while to the north, Cardigan Bay is probably ercded in Trias:zic and Upper
Carboniferous strata. The peninsula is one of the most exposed parts of the
Welsh coast, facing the Atlantic directly so that magnificent eliffs have been
developed, limited only in height by the elevation of the land surface irto
which they are slowly receding. There are also storm beaches of shingle,
as at Newgale (1C), piled up to impressive levels. Much of the gend and
shingle of the bays may be derived not directly from modern marine erosion,
however, but from glacial deposits 1ying off-shore. This is suggested by the
fairly frequent occurrence of erratics in the beach material (for instance,
in Whitesand Bay (3), aos T. J. Jehu (190k) recordsi).

The coastline slso bears ample witness to recent changes of velative Iard
and sea level. The drowned estuaries of the lower Alun, the Solfach (11), or
of the Gwaun reflect the post-glacial Flandrien transgression of zbout TO00-
5000 E,C., but therc are also fragments of raised platiforms indicative of an
earlier high strand-line. The best is seen near Porth Clais (1), where a rough
rock platfcrm cuts across neesrly vertical Cembrian stiata and two broad dykss
at about 25 feet 0.D. It is partly covered with drift and solifluction deposiis
which sweep down from the platesu over the old cliff-line, burying bLoth head
and shingle deposits at the foct of the latter, as A. L. Leach so clearly
Gescribed in 1911. The age of the platform and of its drift cover are still
matters of dispute. D. Q. Bowen (1$66) contends, on the basis of a corralation
with the raised beaches cf Gower, that the shingle deposits are equivalent tc the
Patella beach c¢lsewhere in Scuth Wales, and that this dates from the Hoxnien
{Elster-Saale) interglacial.

Places numbered are all located on the accompenying mep and form pert qif the
suggested itinerary given on pp. 6-8.
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Avove the modern cliffs, the lendscape is charccteriscd by remarkebly
Jevel plateaux which truncate the Pre-Cambrian and Palseozoic rocks.
The surface is interruphted only by shallow marshy depressions, Ly the
incised valleys of scme coastal streams, and by sherply definec residual
hills such as Clegyr-boia (2) or Pen Beri (4). It ranges in height irom
less than 150 feet in a few places near the present coast to more then
T00 feet near the Prescelly Hills (Mynydd Preseli). As A. A. Miller showed
in 1937, there are paris of the region whers the surface slopes witlivut a
break through & range of 200 feet or more (as over most of the 8t. David's
peninsula), and there are 2lso localities where the surfzee level changss
aebruptly elong a step (for example, Trom 450 feet to 700 feet neor New Moat,
G.R. 063255). The rlateaux are the result of erosion working to a series of
base-levels higher than the present, and both the sharp outlines of residucl
hills end the clear-cut truncation of a variety of rocks favour nmerine
action as the agent of erosion, a suggestion made by workers elsewhere in
South Wales such as K. L. Goskar and A. E. Trueman (1934), and B. M. Driscoll
(1958), end also in Horth Wales (E. Greenly, 1919; C. Embleton, 1964).
In Pembrokeshire, there has been no adequete analysis yet of the probable
sea~-levels invelved, except at the 600-foot level (E. II. Browm, 1952),
and any such enalysis will be complicated by the presence of glacial depcsits
restirg on the planetion surfaces and often concealing the associnted cliff..
lines, as on the flanks of Carnllidi. The broken contour lines showi: on the
map merely indicate the general form of the planation surfaces sloping gently
west~south-west over most of the St. David's peninsula.

The age of these surfaces in Pembrokeshire can only be decduced by anslczy
with wave-cut surfaces elsewhere in Britain. Thus, the marine bench at about
550-650 feet in south-east England bears in places depcsits of Red Crag
(early Pleistocene) age; the extensive planation surfaces of Anglesey end
north Caernarvonshire post-date the intrusion of the early Tertiary dykes
here; while the St. Erth beds of south-west Enzlarnd moy indieate a ses-level
neerly 200 feet higher than at present in the early Pleistocene (G. F. Mitchell,
1965). An early Pleistocene age for the Pembrokeshire planztion surfaces iius
seems highly probable. Yet their greet width poses the problem of whethex
post-Pliccene time is adequate for their formation by wave-cutting, especieally
when the hardness of the Pre~Cambrian and Cambrisn strata is cousiderad.

A possible solution, applicable in South Wales generally, is that the area
wes planed down in early Mesozolc times, for instance by the Liassic sea
which certainly affected Glamorgan, or more probsbly, by earlier Triassic
erosion. The area was then possibly huried by these and cther Mesczeois
formations (a&s suggesied by the occurrence of the gash-breccias of south
Penbrokeshire), and finally partielly exhumed in the Tertiary. Pleistocene
wave~cutting might then have been responsible cnly for remcval of any
remaining Mesozoic rocks and final trimming of the surface.

In several subseqguent phases of the Flaistocene, ice gpread soutch over
Perbrckeshire, extending well beyond the limits of the county and probably
submerging even the highest parts of the Prescelly Hills. fThere were no
local sources of Welsh Jece, except possibly, and on e very small scale, for

he poorly developed cirgue (?nivebion cirgue) on the east Jlank cf Mymwdd
Preseli, just below the summit. Irish Sea Ice was dominenb, snd as shuwi
by striations at Porth Clais and Whitesand Bay, moved generally to the scuth
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end south-east. In the last glaciation, there is considerable controversy
ebout the extent of the ice. In 1929, J. K. Cherlesworth claimed thet it
just reached north Permbrokeshire, impounding & series of glacial lakes along
the coestlands. In 1960, however, G. F. ifitchell suggested a limit for the
main Weichsel (Wurn) ice in North Wales, leaving Cardigan Bay and Pembrokeshire
ice-free. In 1965, B.S. John published two radiocurbon detes on shelly
raterial in Irish Sea Ice outwash at Tre-llys (T), north of Mathry, eac at
Mullock Bridge, north of Dale. The dates obtsined were very similer, that
from the Tre-llys gravels being 37,310 + 1515 yeers B.P. This represents

- 1275
the time when the shells were last living on the floor of the Irish Sea,
end it is therefore inferred that the age of the last glacistion in north
and west Perbrokeshire must be younger then about 37,000 years. The ice
extended as for south as Milford Iesven. If the dates are reliable, they
have far-reaching irplications fer the Pleistocene geography of Wales. The
Tre-1lys gravels show very fins false-bedding and collepse structures
indicative of an ice-margirnal environment, end present a very fresh appecarance.
The surface of the ice must have stocd at over 200 feet 0.D.., and the shells
mey have been brought up from the sea-floor along sheer-planzs in the ice.

During the last deglaciestion, Charlesworth postulated o series of ice-~
dermed lgkes in northern Pembrokeshire, which drained by & nurber of neltwater
chennels such as the Gwaun valley, the llant-y-Bugail, and the Cwmonnen channel.
The channels in this area near Fishguard are some of the most impressive
neltwater ercsion features in Wales, up to 150 feet deep, one-third of = mile
wide, and with side slopes as steep as 35 degrees, but there is now considerable
doubt that the lakes described by Charlesworth ever existed. Evidence in the
Torm of strandlines, deltas and lake-floor deposits is lacking, especially in
the case of "Lake Nevern' which was supposed to have fed the chenneis south-
east of Fishguard. Moreover, the number of large closely spaced channels &t
very similar heights is difficult to reconcile with Charlesworth's hypothesis
of retreating ice fronts:. neither can his hypothesis adeguately expluin the
tributary and distributery patterns of sone chennel groups. Three channels
(Esgyrn Bottom, and the chsnnels south of Ileneast G.R.972350 and south of
Escalwen G.R.961336) possess abnormel long profiles which rise and fell in
"hurped® fashion. Finally, the stebility of an ice-dammed loke the size and
depth of the postulated Lake Nevern is seriousiy in questicn, for the pressure
of the water azgainst the ice barrier would tend te 1ift the latter, allowing
the lgke to escape sub-glecially. Recently, D.Q. Bowen and K.J. Gregory
(1965) have re-mapped the chonnels and argue for a subglacial crigin. They
suggest that the Hant-y-Bugail, the southernmost menber,wes rfirst opened.initi-fllw
as & tunnel beneath the ice; then a wmiddlce system including the Crinei Brook
(8) and Esgyrn Bottom developed; zad finally, &5 the ice decayed still further,
meltwater began to drain north to Fishguard Bay. The ice beneath which the
chennels formed rust have been of the same age &s the ice which deposited the
shelly gravcls at Tre-llys at 200 teet 0.D.

Certain features in the St. David's peninsula may also be attributeble
to the conditions pertaining during deglacistion. A number of valleys draining
to the south coast, iacluding the Alun and the Sclfach, and also those
entering the sea at Porthliysgi Bey, Ceerbwdi Bey, and Porth-y-Rhaw, posgess
deeply incised lower courses with steep sides and flat elluvial floors. Sune



5-

cimtain drift; and in all cases excapt pessibly the Solfach, there is
considersble disperity in size between the ve l&y and the streems which
occupy them. The Porth-y-Rhow valley is now v1rtuall; dry. Upstrean,
these velleys head in extensive nershy flats in the interior of the
peninsule. J.F.N. Grecn suggested in 1911 that there had been o system of
Pliccene streems flowing west to Whitesand Bey (3), concordantly with the
slope of the nomlyuforre d nmarine planatiou surface (;ee men), and that in
the glacigl periods, drift chcked this systen and subs eqacﬂtly caused drainage
to run southward. Certsinly, Whitcsand Bay represents a deep drift-filled
hollow, A.H. Cox (1930) on the other hand argued that the drainege of the
peninsula had elways been to the south or scuth-south-west as a result of
pre-glacial superimmositicn from a cover of Mesozolc rocks. This is =
widely accepted hypothesig Tfor the crigin of the discordant southward-
flowing drezinage of South Wales generally, ard is o convinecing explanaticn
for the Treffgarne gerge (9), for instance, vhere the Cleddau was superinposed
across the ridge of Pebidian rocks.

The fact remeins thet the streams now OCChpj¢ﬂ¢ the deep valleys running
into the sea cn the south coast of the St. David's peninsule gppear neshtly
too small to be capable of etcavatlng theﬂe vulle 's in resistant Pre--Combrisn
and Cambrian strate. But the size of these velleys could be explained os a
result of meltwater erosion in the periods of deglaciaticn, fer ncltwater
would be mainly directed southward across the peninsula in conformity with the
southward slope of the surface of the Irish Sca Ice. There is much to cowmacnd
Green's hypothesis of an or 1g1na¢ dreinege outlet to Whitesand Boy; 1indeed,
the low drift berrier preventing the upper Alun from utilizing this exit todsy
only rises about 30 feet sbove nearby parts of the Alun's valley floor.
Meltvater may hove deepened certain cols in the chain of hills running paralicl
and close to the north coast: the gep at 180 feet between Pen Beri snd
Cern Treliwyd is one example cnd the gap at & little over 200 feet eest of
Mathry (6) is ancther. Finally, there is e clear exemple of a meltwater chammel
linking Porthgain with Abereiddy Bay (5) cn tke north coast and ceparating
Ynys Barry from the ‘nainlond’.

The evoluticn of the drainage in the St. David's peninsula nay nov be
surmerised. With retreat of the sea in the cearly Pleistocenc, wide expanses
of wave-cut surface were exposcd,sloping gently west as the generalised
contours on the map indicste. The Alvn developed a course to Whitesard Bay
consequent on the sleope of the wave-cut surface, and nay have received the
upper Solfach (which still flows west) as a headstresn. During glecisuion,
the vhole area was covered with ice, whose surfece sloped gently southward.
Thus, in deglacial phases, neltwater would flow in this directicn, and as the
thinner ice over the peninsuls decayed, mcltwater would begin to carve oub
routeways leading gensrally southward acrcss the penlnau_u. The former
Whitesend Bsy cutlet would still be klocked with ice, and drift deposited in
it finelly sealed it off permenently; thereafter, the Alun flowed south to
Porth Clais. The Solfach similerly was prevented Ly drift from continuing
to flow west through the col at 216 feet south of Caer-Farchell (G.R. 796203),
end adopted an outlet te the south past Solva.

The drift found in the deep south--const valTeys suggesits that these
valleys were cut cut and deepened by nmeltweter in early glacial eplscdes

Ly
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that during the last deglaciaticn, meltwater was responsible for removing a
iarge part of the dzift which a former ice-sheet depcsitzd in them. The
rock floors of these valleys clearly descend well below ses-level, but there
are no bore-holes to demonstrate the depths of bedrock. The lower parts of
the valleys were drowned with the post-glacial rise in sea level.

The area of north Pembrokeshire thus provides a considerable varicty of
geomorphological features attributable to marine, fluvial and glecial
processes, working on a structure of some complexity. It possesses some of
the finest cliff scenery in Wales, and clear-cut examples of planation
surfaces resulting fron wave-trimming in the early Pleistocene. There is
little evidence of the effects of glacial erosion, but on the other hand,
there are striking landforms resulting from glaciel meltwater ercsion, and
sone glacial deposits of the highest significsnce for the late Pleistocene
history of Wales.

SUGGESTED ITINERARY FOR ONE DAY'S EXCURSION BASED ON ST. DAVID'S.

L Porth Clais. This site may be reached by following a footpath southward
from the road bridge one rile south-west of St. David's. The path ascends
elong the west slope of the valley, giving good views of the drowned estuary

of the Alun. Follow the ccast ag it turns to the west, and descend over gentle
slopes mentled with till and sclifluction deposits to the raised bench at

G.R. Th1236 (by Ogof Gelfa). The raised marine platfornm stands at abcut 25 feet
0.D. and cuts across Lower Cambrien strata into which two broad dykes have been
intruded. It is partly covered by till and solifluction material, which ends
in a seaward-facing bank. On the westcrn side, a narrow sea inlet provides e
section of the raised platform and the deposits lying gbove it. In the inner-
most portiom, old shingle up to 10 feet thick lies on the platform and teneath
the glacial deposits. The latter are unstratified, grevelly, and contain
igneous and flint erratics brought from northern Britain. The discovery of
striated erratic boulders in raised beach shingle suggests thet there is
evidence of at least two glaciations - the later cne depcsiting the till, and
en older one whose till was entirely removed during the cutting of the plet-
form except for some of the larger ice-scratched stones. The age of the
platfcrm, on the basis of correlation with other sites in Scuth Weles, nay be
Great Interglacial(Hoxnizn); the shingle deposits are probably the equivalent
of the well-known Patells beach.

2. Clegyr-Boia. Rising to 210 feet, this is a good example of a residusl
left during wave-cutting of the surface of the St. David's peninsula in early
Pleistocene times. The wave~cut surface in the vicinity lies between 130 and
160 feet, truncating Pre-Cambrian tuffs and acid intrusives. The residuals
stood out as cliffed islands in the Pleistocenec sesa.

3. VWhitesand Bay. A broad shallow valley from the interior of the peninsula
terminates here in low cliffs cut in drift and solifluction material. Thae
velley may once have carried the Alun drainage westward before, in the
Pleistocene, the Alun was diverted south to Porth Clais. The drift is fypical
of the deposits left by the Irish See Ice, and erratics fron south-west
Scotland end north-east Ireland, together with marine shells, have been
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idmtified. It is overlain in part by blown sand which becomes extensive
inlend in The Burrows. The shore of the bay faces a little north of west,
expressing the protective effect cof the enclesing headlands and therefore
the direction cf approoch of the Gcminant (most powerful) waves.

h. Pen Beri. This prominent hill is one of & group of three along the
north coast of the peninsula (Carn Llidi 595 Pfeet, Cern Treliwyd 430 feet,
Pen Beri 510 feet) which rise sbruptly from the early Pleistocene wave-cut
surface. The break of slove at the base iies between 250 end 300 feet,
though it is partly cbscured by érift and solifiucted material. The hill
itself is built cut of tough basic intrusive rock. It is separated from
Carn Treliwyd by e low marshy col (180 feet) through which meltwater may
have flowed at a time when ice stcod against the north coast. From the suimit
of Pen Beri, a clear day allows one to obtein excellent panoramas cof the
north coast, with its structurally controlled hesdlands end bays, and of the
interior plateaux.

5. Abereidéy Bay. JApproaching the bay by way of the rcad from Berea and
Llenvirn (the type locality adopted by H. Hicks for the Llanvirn series of
the Ordovician), roadside sections by the sharp left~hand bend at G.R. 796309
not only prcvide opportunities for collecting the tuning-fork graptolite
Didymograptus bifidus but for studying the effects of downhill crcep on the
weathered shales. Creep was probably mcst active under cold conditicns of
the Pleistocene, when alternate freezing and thawing enccuraged dowm=~-slope
movements . Abereiddy Bay represents rapid marie erosion cf the Upper
Llanvirn and Llandeilo shales, much softter than the Llanrian volcanics
forming the headland on its northern side. 4 glacial meltwater channel,

its outlet at Abereiddy blocked by a shingle barrier, can be traced eastward
end then northward to Porth Gain, thus scparating Ynys Barry from the rest
of the peninsula.

6. Mathry. South of the villege, the upper valley of the Western Cleddau
possesses an extensive flat alluvial flcoor, bounded in places (c.g.

Llanbedr Hill) by steep bluffs. From the north, an equally brecad mershy valley
enters, with a flocr level of about 230 feet. Like the gap west of Pen Beri,
this valley cerried meltwater southward from ice occupying the Irish Sea.

In this case, large vclumes of meltwater coming into the Cleddau valley here
have probably been of great importance in widening the latter, whose present
stream is significantly "underfit’.

T. Tre-llys. The gravels and sands displeyed in workings here were left by
the last ice to reach the area. The site is helf-a-mile scuth-south--west of
St. Nicholas, at G.R. 897349. Shells ir the gravels have been rediocarbon-
dated at 37,310 + 1515 years B.P. This represents the period when the shells
= il
were last living on the floor of the Irish Sea, and it is therefore inferred
that the age of the last glaciation in west Pembrokeshire must be younger thsn
¢. 37,000 years. However, the ages obtained represent averages for many
shells, and may possibly be too low cwing to contemination of the shells by
downward percolating groundweter. The sands and gravels show signs of
disturbance, including minor feulting and contortions of bedding which,
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together with the inclusion of smell masses of till, suggests an ice-
contact environment during their deposition by neltwater. Tie disturbeaaces
represent partisl ccllapse resulting from melting of the supporting ice,
while slight advances of the ice could have been responsible for some over-
riding of the gravels which were then sreared with till.

8. Llaneast. This site 1s best approached by the lane which leaves the
Fishguard-Narberth road one mile scuth-east of Fishguard. Passing Trebover
and Llaneast farms, descend partway to the flocr of a meltwater channel at
G.R. 971350. This channel, together with that of the Crinei Brock crossed

by the lane below Trebover, is one of a great series of glacial meltwater
chennels by which water escaped generally south-westward tc the valley of the
Western Cleddeu. Many of the channels are of great capacity and now only
occupied by minor streams; locking west, the width of the Crinei Brock
chennel and its steep sides are well displaycd. The system of inter-
connecting chennels is likely to have been cut by a series of powerful sub-
glacial streams flowing beneath a slowly decaying ice encer. The fact that

the Llaneast channel ‘hangs' slightly above both the Esgyrn Bettom and the
Crinei Brook channel suggests that it was abandoned by meltwater before the
cutting of the other two channels was completed. The accordent floor junction
of the Crinel Brook and Esgyrn Bottom shows that they were eroded contemporan-
eously.

9. Treffgarne. Fron Wolf's Castle to Treffgarne, the Western Cleddau
transects a ridge cf resistant Pre-Carbrian (Pctidian) rocks. The gorge is over
200 feet deep, and is prcbably an epigenetic feabure. It is suggested that

the river was superirpcsed on the ridge from a cover of lMesczoic rocks

(? Cretacecus). An important part of its deepening rcy be ascribed to melt-
water flowing south in the Pleistccene. The brow of the hill on the east cf

the gorge ot its northern end provides a good viewpoint.

10. DNewgale. The shingle beach here is one of the most massive in Wales.
Its top rises 30 feet or so sbove 0.D., and the large cobbles of which it is
built reflect the power of storm waves on this stretch of coast, which is
exposed to the cpen Atlantic in a west-south-~westerly direction. Following
severe storms from this quarter, the shingle has been driven across the road
blocking it completely. The cobbles are derived fror Pre-Carbrien, Cambrian
and Carbenifercus outerops, and also include erratics from drift. The beach
blecks the exit of a small stream at Hewgale.

11. Solva. The estuary of the Solfach, in commen with others, represents the
post-glacial submergence of & valley whose floor was,in the glacial periods,
cut down tc a lower base-level. The estuary is divided by o narrow ridge,

the Gribin, from o smaller umnamed valley to the east. The comparison between
the valleys, viewed from a point on the Gribin (G.R. 602239), is instructive.
The unnamed valley is blocked by a shingle beach because of its scuth-westward
facing exposure, end the valley floor upstreem is infilled with alluvium.

The Solfach estuary opens south-eastward and has remained unblocked, partly
because it is a larger valley and pertly because its exit is protected by a
headland from scuth-westerly storm waves.
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A GEOLOGY OF THE CADER IDRIS AREA (MERIONETHSHIRE) -
FIELD ITINERARY WITH THEORETICAL EXPLANATIONS

R. G. Davies

I. INTRODUCTION AND THEORETICAL EXPLANATIONS.

This itinerary and the accompenying explanetions have been drawn up to
assist anyone wishing to cbtain an overall picture of the geclogy of Cader
Idris. A number of excursions are suggested, each of which mey be completed
during the course cf a day. These suggestions are based upon the writings of
early authorities, especielly A.H. Cox (1925) end Cox end A.K.Wells (1927), and
upcn the writer's cwn field studies (1959).

In addition to its geologicael interest, the Cader Idris rance is well
known for its scenic beauty. The clternsations of hard and scft Ordovician
rocks which coumpose the region have been acted upon by the sgents of weathering
and ercsion, especially by snovw and ice during the Quaternary Ice Age. In
consequence, there ere a number of fine “ewms” or “corries" with accompanying
moraines and post-glacial lskes which give the area e rugged grandeur rarely
exceeded in southern Britain.

Variations in the chemicel ccompesition of the rock types end of the
superficial deposits cause the soils which form on then to suppeort different
types of plants according tc their acidity or calcium content for example.

Studies on the ground, thercfore, amply recompense the observer whether
he be geologist, geomorphologist, botanist or mountain welker. JAccess to the
area is quite easy end may be gained from a nurmber of different directions.

The Geotectonic Setting

The voleanic rocks of Ceder Idris form a significant portion of the thick,
irregular shaped prism cf material which accumulated in the Leower Palaegozoic
geosyncline in Wales end the Borders. Before deseribing these rcchs and outlining
itineraries, it will be useful to state scme of the general ideas concerning
the relationship of vulcanicity to geosynclinal development baesecd on world wide
experience.

Briefly, the verious phases of develcpuent cf a geosyncline are charscterised

by different kinds of igneous cctivity according to the stage of development
reached. The great thicknesses of sediments and volecanic rocks accunulating in
the basins can only occur if there is & dovmward rovenent of the underlying
geosynclinal base in relation to the neighbouring relatively emergent arcas.
There nust, therefore, be unstable zones characterised by tectonic cisruption
or tensional deformaticn under the flenks cf the basins. In the presence of
such zones, vulcenicity is usually of en ophiclitic type with the eruption of
basic and ultrabasic magmas with a distinet spilitic cr sodic trend.

In the Cader Idris area, this spilitic trend is apparent in the rocks of
basic sad intermediate compecsition but alsc produced were large quanitities
of acid rocks, exceeding in volume those cf basic cormposition.
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Over the past forty-years or so, the idea that there is a Tundamcntal
chemical and petrograophic difference between the bageltic rocks of the
continents and those of the oceanic areas has been much debated and investigated.
Since W. Q. Kennedy put forward his ideas (1933) the tacts have become very much
clearer due to the accumulation of petrogrephic and peirochemical data end
because of the introduction of very much more repid methods of silicate anaiysis.
The work of G. A. Maedonald (1949), C. L. Tilley (1950) and others hes mede it
clear that the two main basaltic megma types (alkaline olivirne basalt and
tholeiitic basalt magmas), although apparently distinct from each other, ares not
restricted in thelr environment in the way once thought. Tholeiitic basalts
like those of the Deccan Traps, cnce regarded as being typical of continental
shield arcas, are now known from a number of occanic areas, such as Hawaii
which was once considered to be the typical domain of the cceanic basslts.
Alkaline olivine basalts, on the other hand, althouvgh ocecurring in many oceanic
environments, also occur in coniinental arcas, as for example in the Central
Sahare and in other parts of Africa. In scme places, both types may be
erupted at different times.¥

In so far as Cader Idris is concerned, geochemical werk carried out by the
author whilst at Aberystwyth has shown that those besic laves and declerites whicl
show the least autometasomatic or spilitic alteration correspond rather closely
in overall chemistry with Macdenald's(1949) postulated parent magma type from
Hawaii. There, this type is now regerded as being of the tholeiitic magma,
there being a separate elkaline olivine basalt series. It secems likely,
therefore, that the basic rccks of the Cader Idris area had a tholeilitic
origin, modified by the merine geosynclinal conditions to produce a spilitie
trend by the taking up of agueous and sodic materials which caused autometa-
somatic alteration on final emplacement or effusion of some of the magra.

The developrnent of large quantities of intermediate and zcid products wes
probably the result of remelting and cttendant metasomatism of crustal rocks
end geosynclinal sediments at depth in the deeper zones of magrnaetic activity.
These products had a keratophyric to rhyolitic corposition

Subnmarine and Subecericl Ordovicieon Vuleonmicity in the Codey Idris ares.

There have been considersble differcnces of opinion in the past sbout whether
or not the Ordovicion volcanies of Horth VWales were sudmerine or subssrial. In
the Cader Idris area, at least, it is fairly clear that both conditiens obtaincd
at different times, and probebly alterncted from time to time. The following
observations illustrate the point:-

(a) Pillow laves occur in both the Lower Basic Group and in the Upper Basic Groun
where they are associgted with cherts. This is evidence of a marine environment.

(b) Welded tuffs end corpacted shard tuffs cocur in the Lower Acid, Lower Basic,
Upper Basic and Upper Acid groups. Such tuffs rust have had their points of
eruption sgbove sea level.

For a fuller discussion, see the textbook Ignecus and metgrorphic petrology Uy
F. J. Turner and J. Verhoogen.
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(e¢) At places in both the Upper Basic Group and in the lower part of the Upper
Acid Group, spindle borbs have been observed. Such borbs are known to have
formed only by aerial flight and spinning.

(d) The Basement Beds of Arenig age north of lMynydd-y-Gader show evidence of
near shore origin; certain organic renains suggest & shallow environnent
within the light zone.

(e) The oclitic iron-ore beznd at the base of the Llyn-y-gader Group probably
indicates shallow water or even lagoonal conditions. Graptolites have been
recorded from the adjacent rmudstones.

(f) Graptolites, of rather poor preservation, occur rather rarely in the dark
rudstones of the arez, e.g. Didymograptus in the Llanvirn sediments found
between Cader Idris and Mynydd-y-Gader, and forms corpered with Glyptogreptus,
reported from the Llyn Cau Mudstones (? Llandeilo).

The picture formed is, therefore, one of sporadic volcanic outbursts,
subnerine and subaerial, with earth movenent involving warping and even folding
in syrpathy with adjustments in the sedimentary basin under load and alcng
fractures originating in the basement. Volcanic piles were built up which at
tines emerged above sec level. They must then have becn subjected to erosion,
trensportation, deposition and diogenesis, with beth subaerisl and marine
reworking of both volcenic and sedinentery clastic materials on, and cdjacent
to, the piles built up.

The vulcenicity was not limited to effusive eruptions, but also involved
intrusive phases occurring more or less contemporaneously. These gave rise to
the dolerite sheets found at levels below the top of the Upper Basic Group.

The acidic grancphyre intrusicn and the interrmediate micrographic quartz-—
dolerite (markfieldite) correspond with the final outbursts at the end of Upper
Acid Group times. As can be very clearly seen in the eccorpanying nap, the
lorge granophyre intrusion lifted its roof rocks some 1,500 feet, with o break
occurring at the eastern end. Through this break poured the acid negma to

form a large, lenticular, probably subserial curmlo dore, off which came
eruptions of acid pyroclastics, perhaps as nuées ardentes vhich descended over
subaerial surfaces end also into water.* This wos the end of the vulcanisnm
and after further submergence with rewcrking of the veolcanic nateriels at the
top of the pile, thick nudstones (usually considered to be of Caradocian age)
were deposited. Later, the Bala fault cut off the top of the Upper Acid Group,
which is repeated on the south-eastern side of the Talyllyn valley.

Some geologists, on purely thecretical grounds, regard all the really acicd
volcanics as pyroclastics. Careful field investigetion, while confirming that
large parts of the acid groups are of pyroclastic origin as alweys realised by
the older investigators, shows that acid lava flows were also present.
Amygdaloidel laves with genuine flow textures and brecciated, once-glassy
carapaces can easily be demonstrated, while peghoehoe-like structures can be
seen on sone lava surfaces. Analégous conditicns can be seen in certain modern

Far toc few attempts have been made to find out how pyrcclastic erupticns T
any given type vary according to whether they are erupted and depositad avdove
or below weter level.
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areas of marine and islend eruptions, as for exarple in the Pribiloff islends
northeast of Keamchatka.

In reconstructing conditions in those tines, we have tc remenmber that
these rocks had at one tire been deeply buried and had suffered deformation
and dislocation, sufficient to produce a distinet strain-slip cleavoge in
the less competent lithologies. As a result scrie of the rocks have suffered
very low-grade netamorphism. This is quite emart fronm the often cxtensive
glterations (metasomatic and diageretic) which go on in volcanie piles under
the influence of circulating meteoric and marine descending waters and those
of ignecus and deep seated origins. This ney partially or wholly obscure the
original small structures with recrystallisation or replacement of scme criginal
mineral forms.

IT. RECOMMENDED FIELD EXCURSIONS.

The natural routes over the Cader Idris range suggest the followingz programme.
The routes are indiceted in the accorpanying geclogical map (after p. 16).

1. A cross-section of the Cader Idris range.

Perheps the best general cross-section of the succession on Cader Idris is
seen by walking from the Talyllyn velley near Dol-y-Cau to the Gwexnen Leke
Hotel. The following units, named by A. H. Cox (1925) and erranged in strati-
graphically descending order, are present in the area:-%

Approximate thickngss in fect

Caradoc Talyllyn Mudstones L, 000
Upper Acid Group 900 to 1,500
Llyn Cau Mudstone Group 500
; Upper Basic Group ko to 500
LY anAes.10 Llyn-y-Gader Mudstone and Ashes L50 to 650
Oclitic Iron Ore 10 to 20
Lower Basic Group 1,500
: Cefn Hir Ashes 500
mce Bifidus Beds 300 to 500
At Lower Acid or Mynydd-y-Gader Group 500 to 1.100
g Besemcnt Deds 150 to 200

The route cormences a little cver 300 yards along the Minffordd to Towyn
road (B. 4L405) from its junction with the nain Cross Foxes to Corris road (A.L8TH.
Here (1) the route to Cader Idris along the Nant Cader footvath crosses the
vaelley alluvium, which buries the Bala Fault. After about 250 yards, the
boulder strewn foot of the hill slope is reached on the west of the Hrnt Cader

%
Some of the thicknesses of individual formations vary greatly along the strike

within the limits shcown. The figures are based on the writer's work.
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strean. Here, a brief digression along the bed of the streem reveals the
Talyllyn Mudstones end their contact with the ashy trensition beds et the top
of the Upper Acid Group (2). The mudstones can be seen to ccntain

(¢ diagenetic) pyrite in places.

The following subdivisions of the Upper Acid Group may be worked out in the
strean bed and in the crags of Craig Llwyd south cf the footpath to Llyn Cau.

Top
T. Ashy beds forming & transition to the Telyllyn Mudstoncs (up to 30 ft. thick).

6. Massively jointed rocks of rhyclitic compositicn which includes pyroclastics
and recognisable welded tuffs. It nay be said te have, at lcast in part,
some of the characteristics of the ignirbrites and tuff flows of the
Russian writers on the subject.

5. Thinner and less naessive rhyolitic and quartz-keratophyric flow units with
scme pyroclastic bands including welded tuff aond shely partings.
(6 end 5 teken together arc up to 1,200 ft. thick)

4., Thin rhyclitic asnd intermediete lave flows with more persistent bands of
mudstone and some pyroclastic bands. (Up tc 150 £t. thick).

3. FRhyolitic ‘mocks. (Up to 150ft. thick).

2. A thin bend of sediment petering out west of Bwlch Cau end east of
Craig Cvm Rhwyddfor. (Up to 50ft. thick).

l. A band of pyroclastic rocks with sone rhyclitic rocks (up to 150 ft.
thick); +this band conteining spindle borbs to the west of Bwlch Cau.

The ascent through the trees fron Del-y-Cau takes one through these porticns
of the Upper Acid Group, from younger to older and in nurmericeally descending
order. The very messively jointed crags to the cast of the strearm (3) beleng
to the fornmation no.6 znd give way to the thinner and less massive nerbers of
no.5, which tend %o be intercelated with shaly partings, and no.h with its
distinet rmdstone bands.¥ The presence of thinner units of highly differing
competence has the effect of facilitating ercsion along the strike, so
ceusing the stream bed to swing from N-S to NE-SW for short distances between
(L) end (5), until the gradient levels out as the hanging upland valley between
Moelfryn end Craig Llwyd is reached. Fron this point it is necessary to
traverse to the left (west) on to the higher slopes to examine the section
through nos. 3 to 6. Some of the lavas contain flattened arygdules which give
en idea of the flow direction. However, in the stream bed of Nant Cader
(between (6) and (7) ), outerops of fine-grained granophyre protrude south of
the point 1,047ft.

# In the mepping of the area, the formation no. 4 was particulariy important
because its broken outcrop provided the key to the true relationship betweon
the granophyric intrusion on Mynydd Moel and the Upper Acid Group. The wey
in which this and certain other meppable formations are offset across +hc
intrusion 1is particularly clear on the map and on the ground in the arsa to
the N.E. (See itinerary 3).
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Once the stecp and craggy slopes riede by the Upper Acid Group are crosged,
cne emerges into the upland, once glaciated, velley of Cim: Cau, with its deep,
rock--basin lake of Llyn Ccou backed by the very precipitous Acid Crags of
Craig-y-Cau. This trcugh ligs cver the Llyn Cau Mudstcne Group, which is
about 500 ft. thick, sometimes with ashy bends, particularly cbove, but of such
wniforn dark grey mudstones below that it is extrenmely diffienlt to
distinguish the bedding. The mudstones ere connonly markedly clecved and
sonetimes form slates. Some very badly preserved, and usuelly unidentifiable,
graptolites are sometimes seen,; particularly neer the sharp transition 4o the
Upper Basic Croup. By examining the way in vwhich rock bands of the top of the
Upper Basic Group, the overlying Llyn Cau Mudstones and the lowe bands of the
Upper Acid Group are offset, sore impertant faulting can be demonstrated.

There are alsc some lovely roches moutonées with glacial strise to be seen, as

described by E. Watson (1960).

The route most easily followed leads along the south shere of Idyn Cau
through the lower bands of the Upper iAcid Group (8) to (9), with fine views
across the lake of the dissected dip slope cf the Upper Basic Group on the
south side of Cader Idris. To the ncrtheast, the bold dome of grencphyre
forming Mynydd Moel dominates the scene, while the route proceeds below the
beetling crags of Craig Cau and up the smocther depression formed of the
Llyn Cau Mudstones (10).

After gaining Bwlch Cau., the pass in the saddle between Cader Tdris and
Cruilg Cau, a digression to the southwest, sgbove the nore cpen western cvn,
allows one to see the coarse pyroclastics, which have formed an egglcierate
within the lowerrost band of the Upper Acid Greup. This rock contains cbvious
spindle borbs (evidence of zerial flight) and rcck fragments vhich in thin
section are identical with some of the finer greined gronorhyric rocks cn
Mynydd lMoel.

The route then follows the shoulder of Ceder Idris from Bwlch Ceu (11)
towards the highest point by proceeding through the Upper Basic Croup in
descending sequence. Fron the peak, an excellent impressicn cf several old
high surfaces, preservel above the shoulder and con the flanks of the hills,
is cobtained. These are a study in themselves, but the higher levels ni
represent Tertiary erosion surfaces.

The Upper Basic Group shows nany lateral variaticns if the whole of its

outerop is studied mnd is, in =ldition, intruded by & number of sille of
dolerite. Hear the route in question, the Group consists of:i-

Top.

3. Vesicular end non-vesicular lavas with cccasional pillowy structures
associated with small amcunts of mudstcone and ashy sediment (100-200ft.thick)
(12).

2. A band of pyroclastics, abcout 100 feet thick, including well-jointed,
columar lithic end crystal lithic tuffs os well as a very fine-greined
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acid type resembling a rhyolite. This latter is sctuclly a welded tuff
and shardy shepescan be scen under the microscope, The outerop 1s best
seen by gcing to the right of the path on the slopes above Llyn Cau,
i.e. to the south (13).

1. About 100 feet of markedly pillowy basic lavas associcted with greenish-white
cherts lie on threc thin sheets of vesicular lavas of g non-pillowy type. It
can be seen, cn the better exposures, that the laves are still the right way wp
and have come from the rorth, as the pillows ere convex upwards and sag over
each other tc the south (14).

Below these lavas lies the Upper Pyroclastic band (15) of the Llyn-y-Gader
Group; this is massively jointed to give cclurms of rectangular cross section
end 30 to 40 feet thick. This band is separated fron e Lowver Pyroclastic band
by ebout 300 feet of rmdstone. Hewever, this mudstone is split into three by
the two great sills, the Pen-y-Gader dolerite (16) and the great grenophyre
below it. The dolerite has caused spotting of the rudstones near its upper
centact, while adinoles have been forned below, coarse—greinec bands hasving
been sglectivelyadinolised to greater distances below the centact than the finer
greined sedipments (Davies, 1956). Here, the dclerite is about 300 feet thick,
while the granophyre below is 1,500 to 2,000 feet thick. The adincles czn be
seen by descending thc cliff below Pen-y-Gader tc the ssdiments belcw the
dolerite. Great care is needed.

The route tc the north fron Pen-y-Gader follows the Foxes Path to the shores
(17) of the morsine-demmed lake of Liyn-y~Gecder, and then crosses the hidden besse
of the granophyre, below which occur scme spotted mudstones. Then follow, below,
the tuffs of the lower pyroclastic bané cf the Llyn-y-Gader Group (18), more
mudstones and the Oolitic Iron Ore band which lies just above the Lower Basic
Group. Some cld trial exceavations help us to find these. The route then fcllows
the Foxes path past Llyn-y-CGafr, through the occasicnal outecrops of the Lower
Basic Group to the valley formed by those headstrcams of the Gwynant which rise
between Cader Idris end Mynydd-y-Gader. An exanination of the Lower Basic Group
involves much wandering amnong thcse outercps which emerge through the bouldex
fields, morainic debris and boggy levels cn this part of the mountain.

The Lower Basic Group is about 1,500 feet thick and consists of besic lavas
which are intercalated with bands of sediment and acid and basic tuffs. The
lavas tend tc have a greenish appearance and ere generally spilitised. They
include vesicular, non-vesicular, pillcwy, messive, colummar and rubbly types.
The tuffs very irmensely in corposition and in grein size. All grades fren
china-stone ashes tc coarse agglomerates end breccias containing borbs and blocks
up to ebout a foot in diemeter occur, the fragments being cf both acecidentel and
cognate origin. Some of the acid tuffs have a rhyolitic appearance but thin
sections show glass shards to be present, though welded tc scme extent.

Underlying these basic volcenics, certain ashy beds which have been
correlated with the Cefn Hir Ashes ccecur os well as some bands of nmudstone
which yield Didymograptus bifidus. These are, in turn, underlain by the acid
volcanics of the Lower Acid Grouwp which incluée ccarse pyroclasties and fine-
grained rocks having the sppearance of rhyolites. Theses rocks nay be viewsd on
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the flanks of the large-doleritic nass of Mynydd-y-Gader by meking short
detours from the path which leads down to the old Dolgelly-Towyn road at
the Gwernan Lake Houel.

2. The area north of Cader Idris and Mynydéd ifoel.

The most suitable starting place is the Gwernan Lake Hotel, the Cader
Idris path being teken for the first half mile or so. The path may then be
left and e route along the flank of Mynydd-y-Gader token so as tc rcach the
upland valley which separates that hill fronm the main renge of Cader Idris.
Acid pyroclastics, scre fine-greined rhyolitie rocks and mudstones of the
Bifidus Beds are seen as well as a nurber of dolerites with asscciated
adinoles (19).

Then, after cressing lavas end tuffs of the Lower Basic Group, the
enorrmous fellen blocks of grenophyre known as Cerrig Nimbwl ere reached.
These have weathered so as to show up scme excellent flow structures.

The Llyn-y-Gader Mudstcnes with the Lower Pyroclastic bvand coverlying them,
outcrop near this point (20), as does the granophyre. The mudstone and
tuff bands, which dip to the south at approximately 550, nay be followed
eastward along the cliff base to the feot of Mynydd Moel. Consicderable
variations in coarseness of fragments which compose the tuffs may be
cbserved.

After a certain amount of searching emong the boulder-strewn lower
slopes of Mynydd Moel, it mey be established theot the main acid body is under-
lain by a more basic rock of brown eppearence, a quartz-dolerite with a
reddish~brown fibrous biotite (21), which itself lies directly on the tuff
band. The contact between the grenophyre and the quertz dolerite is marked
by & two foot wide, banded zone of drag folding which suggests that the main
acid body was intruded irmediately- after the guartz-dolerite which was prob-
ably still plastic at the time. Microscopically, this quartz~dolerite is
micrographic and the reddish fibrous biotite seems of very late origin.
It nay be called a biotitic merkfieldite,

The jointing of the granophyre and the more basic rock are similar end
indeed, asppear tc have been superimpesed upen the underlying Llyn-y-Gader
ash band, which wes, presunably, reheceted by the igneous bodies.

This is indeed a suitable place to observe the jointing of the grano-
‘phyre body. The fellowing may be noted:=

(i) Joints originally flat-lying, cuite widely spaced anéd lying roughly
parallel with the upper and lower surfaces of the sill.

(ii) Joints lying roughly at right angles to the base-of the intrusion and
the general bedding. There are two sets of planes which intersect at angles
lying between 70° end 90° to each other end much more closely spaced than uthe
flat-lying group.

(iii) . A.group of relatively wesk joints lying 30% to 40° to the flat-lyirz
joints (i) and elsc at similer engles to the cross joints (ii).
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These structures mey safely be tsken to be tensicnal end developed as
a result of contrection during cooling. In additicn, there are later
irregular fractures, and regional joints or faults, unrelated to the cooling
history of the igneous intrusions. Occasicnelly, irmediately under the tuff,
gbout an inch of the nmudstone is founé to be spotted, presumably by emenations
from the sill above.

The outcrop of the quertz-dolerite nay be followed until it peters out
in the crags west of Llyn Aren. In addition to the lower Llyn-y-Gader tuff,
these crags contain other tuffs, thin bands of sediment and an ophitic augite
dgolerite lens (22). ' ' :

Certain faults which displace the rock bends are evident scuthwest cf
Ilyn Aran; ‘these were probably in existence before the grenophyre was
intruded and msy have been used by the grancphyre as zones c¢f weskness in
transgressing fron one horizon to another. Their actunl displacerient tends
to be exopperated on the map as we are dealing with a dissected scarp face.

Verious glecicl phenomena, such as the excellent rioraines, are spparent
near Llyn Aran, while the layering of the Llyn-y-Gader and Upper Basic Groups
is apparent in the cliffs ebove. The scarp to the east (23) is an excellent
place for examining the pyrcclastics and lavas aond associsted dolerite intru-
sions within the Upper Basic Group.

A descent ney conveniently be made fron this peint alcns the west benk
of the strean which leaves Llyn Aran. The route leeds over the eastern flank
of Mynydd-y-Gader tc Dolgelly.

This itinerary is on the shert side and is intended to corpensate for the
length of the first traverse.

3. Bwlch~coch tc Minffordd.

The chief éisadvantege of this route is in the length of time required to
reach Bwlch-ccch (22 inches to the mile sheet SH.T1, Ref. Tih.158) fronm
Dclgelly or from Cross Foxes in the obsence of some sunell road vehicle such as
e Land Rover.

The route begins just eest of Dolpgelly and leads along o narrow lene on the

eastern valley slope of Afcen Aran to a point somewhat ncrth of Bwlch-coch.

As this pcint is approached, the volcenies of the Lower Basic Group, with thiua
bands of sedirnent, are crossed and the cutcrop of the Llyn-y-Gader Mulstone is
reached. The Oolitic Iron Ore band has been excavated here and the ore is
plentiful in the spoil heaps (SH 71, Ref. TW9.156). Graptolites have been
reported, but are very difficult to find. The Mudstone is overlein by dolerite
which is followed by & band of tuff which is, in turn, overlein by the great
bulk of the thick Pen-y-Gader dolerite. Then follow, as one ascends towards
Geu Graig, mudstone and nassive tuffs of the Pen-v-Gader Group. Snall sheets
of dolerite ere intruded armong thesc tuffs and sore excellont adinolised,
contact~-rocks nay be found. Also present is a steep dipping fracture in which
veins of quartz and & fine pink felspar cecur. It is thought %tc be a kind of
bedding-plane slip fault, as it lies parallel with the bedding, which was
already in existence when the grencphyre was intruded, since the pini Iolspaiii
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sation appears to be cheracteristic of the late stage of emplacement of

the granophyre. These rocks, tcgether with the overlying lavas of the
Upper Basic Group and the ILlyn Cau Mudstone Group here strike approximately
NE - SW and dip steeply, in places verticelly, and occasionelly, slightly
overturned (2k4).

Hear Geu Graig, the trough occupied by the Llyn Cau Mudstones, which
are much thinner then in Cwm Cau, forms e magnificent feature facing
northeest with the steep walls of the Upper Basic Group and the Upper Acid
Group on each side. The mudstone outcrop is riven by quartz veins and is so
highly cleaved thet it has at one time been worked for slates. The Upper
Acid Group above contains fine examples of acid lavas and coarse ecid
pyroclastics (25).

An eosy walk along the flat-topped ridge running from Geu Graig to the
southwest yields fine views over Llyn Aran to the gronophyre precipices
of Mynydd Moel. In the precipices above Llyn Aran, some excellent pillow
lavas and spilitic flows and coarse tuffs are secn, north of and below the
Llyn Cau Mudstone band. The Llyn Cau Mudstone outerop may be followed until
it is cut across by the granophyre (26). Interesting contact phenomena
involving the formation of mobilised hornfels and rather limited soda-
metasomatism appesar to have occurred, while spherulitic rock types occur
in the granophyre. The contact follows a highly tortuous line at this point,
while small rafts and protrusions of mudstone occur in apparcent igneous
rock near the contact. These bodies are elongated and eppear to retain
sn orientation perallel to that of the neighlbouring cowntry rocks. In order
to appreciate the situation reference should be made to the geological map
(pp.16-17).

Tke contact runs uvuthamyrds approximately along the upper stream of
Nant Cae Newydd, cutting the outcrop of the Ilyn Cau mudstones and also
the lower part of the Upper Acid Group up to an bhorizon just above portion
Ho. 4 of the Upper Acid Group (27). At this point, the granophyre broke
its roof end the fine-greined marginal rocks may be followed through the
break in the Upper Acid Group to mushroom out as a flow. The granophyre
and its fine-grained representaiives in the bresk are charecterised by a
pink and white appearance due to a late stage felspethisation. The
displecement of the broken meppeble composite formetion Ho. 4 by the
intrusion end effusion of the ascid rock, mey readily be gppreciated as it
can be located on both sides of the breek but very much further to the
south on the western side (28). A route is then followed across the
head of the intrusion to the Moelfryn where somec interesting marginel
bending is visible (29).

The route then descends to the Nant Gader psth and emerges in the
Talyllyn velley near Dol-y-Cau.

4. Cwn Rhwyddfor Farm to the western flenk of Mynydd Moel, to Pen-y-Gader
and descent to Penybont Hotel vig Craig Cau and Mynydd Pencoed.

The route begins at Cwm Rhwyddfor ferm (30) where the Talyllyn
Hudstones outerop in the farmyard. (It is adviseble to request permission
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to cross the ferm teforehand). A peth then strikes up the hillside to
join the stream bed of Nant Cae Newydd (31). Excellent views clong the
line of the Bala fault may be obtained from this point. Rocks of the
Upper Acid Group crop out in the stream bed and in the cliffs of Cwr
Rhwyddfor, while the acid rocks cre repeated on the opposite side of the
velley in Craig-y-Llem as & result of the Bala feult.

The bed of Nant Cae Newydd contains the Upper Acid Group rocks to be
examined and may be ascended until it suddenly diverges to the right (32)
for a short distance where it nicets the thin mudstone bands of formation
No. b of the Upper Acid Group. Various thin rhyolitic flows, some tuffs
and the top of the cross cutting portion of the grencphyre ney be examined
at this point.

An escent is then made on tc the southern spur of Mynydd Moel and
access is gained to the crags on the northwest flonk of Cwm Ceu (33).
Here, the westerly contact of the discordant portion cf the grancphyre
mey be seen, with its pseudospherulitic merginel types (3k). A small
subsidiary intrusion (35) is also exposed and contains some renmarksble bended
structiures near its eastern margin. The Upper Basic Group is well cexposed
in the plateau to the northwest; tuffs and laves with scme well jointed sills
of dolerite being accessible. Mudstones of the Pen-y-Gazder Group outcrop
on the plateau between Mynydd Moel and Pen-y-Geder (36): the Pen-y-Gader
dolerite is also exposed while the upper surface of the grencphyre sill cuts
the cliff tops near Twr Du (37a end 37b).

The route then leads over Pen-y-Gader, descends to Bulch Cau, and proceeds
over Croig Cau (38) and Mynydd Pencoed (39) passing through the Upper Basic
Group, Llyn Cau Mudstones, Upper Acid Group and Telyllyn Mudstones, but in the
reverse order to that given in Itinerary No.l. On Mynydd Pencced, the upper
portion of the Upper Acid Group and the transition beds to the Tulyllyn Hudstones
are well exposed. A quiet descent may then be nmade to the western end of
Talyllyn, with excellent views over the southward facing Craig Cur Amarch (L0).

5. Llyn-y-Gader along the northern flanks of Cyfrwy, by the Pony Track to the
surmit of Cyfrwy with return alone the southern slopes cf Cyfruy to Tvrrau
ME}.‘WI’ )

If the Cader Idris Track is taken as far as the noraine of Llyn-y-Gader
(41) and a traverse is made to the west, the outerop of the Llyn-y-Gader rud-
stone and tuffs may te located anong the boulders and debris. These beds dip
to the south at about h5 to 55 snd arc interrupted by certain faults. The
great granophyre mass of Cyfrwy rises sbove and descends in & great saddle to
the point where the Peny Track ascends on to the main ridge between Cyfrwy and
Tyrau Mewr (42). 1In the crest of the ridge, the upper contact of the granophyre
is rather poorly exposed and is cut by a plexus of N-S trending faults. These
faults can frequently te located and contain zones of crushed and pulverised
granophyre along the fault planes (43). Above the granophyre, bends of
mdstone, tuff, lava and delerite crop out. These are also cut by the foults end
the downthrow on the western side is quite merked [Lh). Fron this point, =
well defined path takes one to the summit cof Cyfrwy, near vhich some particuiarly
fine jointing is visible in the cliffs. Fine views of the slcpes below
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Pea-y-Gader are obtained, the top of the grenophyre and the vericus bands of
mudstone, dclerite, nudstone and jointed tuff, which lie sbove it and below
the lavas, being clearly visible. A pleasant walk to the scuth along the
crest of the cliff brirgs one to the saddle between Cyfrwy and Pen-y-Gader.
A useful traverse may then be made to the Llyn Cau nudstones and the lower
portion of the Upper Acid Group (45) as exposed in the upland valley which
contains the headwaters of Afon Gader. Some finc acid pyroclestics with
weathered out spindle-like bLembs (sub-aerisl ejectanenta) occur here snéd are
well worth visiting, as elready indicated in Itinerary Ne.l.

£ return may le nade to the WHW acress the Llyn Cou nudstones, the
Upper Basic Group and the nudstones anéd tuffs cf the Llyn-y-Gader Group which
lie above the grancphyre, to the exposures on Tyrou Mawr. 'The bese of the
Llyn Cau mudstones is clearly seen aond may be shown to be cut by o number of
approximately H-S trending fault groups which are essceiated with fold oxes
in the Upper Acid Group above. West of Tyrau Mawr, the tase of the Llyn Cau
Mudstone actually lies in the crest of the northern facing escarpment cf that
hill; to the east the tall of the grancphyre contracts tc & blunt end.
A descent naoy readily be made to the old Delgelly-Towyn road to the north
which lies along the line of the Dolgelly Fault in o distinct trough.
Graptolites usually ccmpared with Glyptograptus teretiusculus have been
reported from time to time neer the btase of the Llyn Cau rmudstones and are
worth searching for if time permits. If other species could be found, it
would be of considerabtle interest as the possibility of & nore exact dating
might arise.

Final Comments.

The foregoing suggestions follow routes which are shown on the
accompenying sketch mep. The basic traverse is given in Itinerary No. 1.
The other routes are given either because they bring in features not
readily observed on the basic traverse or {(routes 2 and 5) because they
do not invelve so much time end can be accomplished in = short day.
Variations can be made to suit the time availsble and also, where routes
cross, different combinations of parts of routes can be nade according to
the aveilability of transpert in the valleys. Wherecss, some routes
(1, 3 and 4) may scem somewhat long, the scenic and geclogic compensations
are more than adequate.
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NEWS AND NOTES

ERRATICS ON THE BEACHES OF NCORTHERI! PEMBROKESHIRE.

Thesc are especielly abundant ozt those places where cliffs of boulder-
cley cr drift are seen. Meny of then are found lying just at the foot of the
cliffs, having only recently follen fror them; ané scthers which were picked
up as pebbles on the beach have doubtless, for most part, been derived from
the drift also.

Ailse Craig, Riebeckite Rock or Paisanite . found on Abermawr beach (frequent),
Alerfelin beach, Porth-~y-Rhaw
beach.

(It is interesting to note that o boulder of this was also found in the Lower
Boulder-Cley at St. Nicholes, not far from Alermewr.)

Granites from the Dallieattie area,

several varieties . S s 4 : . found at Pwll Gwaclod beach
{frequent), Aberbach beach
(near Dinas).

Grenites of Galloway type . . . . *  Whitesand Bay, Alerbech (neer
Dinas), Pwll Gwaclod, Gwbert
(near Cardigan).

%

A fine specimen of a Mica-hornblencde-Granite, fbernawr.

identicel with that of Auchencairn, Kirkcudbright-

shire.

Mull of Gallowsy Granite . . . . " Pyll Gwaelod.

Another variety from same ares . ” « " Gwbert (near Cardigun).
A Gneissose Granite from Criffel . ' " " Pwll Gwaeled.

Grenite or Quartz-Diorite from head of Loch " Pwll Gwaelod.

Doon, South of Scotland,

Biotite Granite, Loch Dee, South of Scotland Atermcwr, Gwbert (near Cardigen)

A Diorite identicel with that of a dyke near ¥ fbermawr, Whitesand Rey.

Gutchen Isle, Colvend shere, south of Dal-

beatie,

Other Diorites from the Gallowsy arca . . " Abermawr (frequent), fberbach
(near Dinas), Abereiddy.

Hornblende-porphyrite identical with one found "  Pwll Lan-dcu.

south of Castle Douglas, Kirkcudbrightshire,
Other Hornblende-porphyrites of the Galloway " Pwll Gwaelod, Aberbach (near

country A T D i 5 Dinas), fbermawr (frequent),
Vhitesand Bay.

Hornblende-tiotite-porphyrite, Wigtowmshire " Pwll Gwaelod.

Silurian grits, South-West of Scotland. ' 7 Abernawr.

Muscovite-granite, Foxdale, Isle of ifen . " Gubert (near Cnrdigen)

Andesites, Rhyolites, and altered Tuffs of . " Abermawr, Aberbach (nesr Dinas)
the Borrowdele series.-
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Reddish Quartz-porphyry, provably from Cushen- Porth~y-Rhew, Atermewr, White-

dale, Antrim. sand Day.

Reddish grancphyres acd ricro-granites, " pwll Len-dcu, Gwbert (near Car-
rnostly North Dast Ireland, but some possitly digen), Aberbach (uear Dinas).
from West of Scotland,

A gncissose Grit - locality unkmown. 3 . " Porth Sele

Carboniferous Linestone . P . 8 . " gwbert (near Cardéigon).
Genister . . i S - . 5 . % Atermawr.

A Muscovite-granite, with microcline and . ¥ Lbernawr.

sone bLiotite - locality unknown

The most striking fact in cconnection with the erratics is that so nany of
then can be traced to the south-west of Scotland. The Ailsa Craig paisenite hes
Leen obtained in the boulder-clay, ané is frequently met with on some cf the
beaches, especially at Abermawr. The granites, éiorites, and porphyrites of
the Galloway country are zlsc well represcnted, boulders bheing found tHsieh
represent the three principel nassifs, namely, (1) Dalbeattie and Criffel,

(2) Cairns Muir of Fleet and Hew Galloway, and (3) Loch Doon snd Loch Dee,; and
in sddition some fron smeller exposures, such as that of the Mull of Gcllowey.

The other region from vhich the boulders have travelled is the ncrth-east
of Ireland, and its rocks are represented in Pembrokeshirc Dy reddish grancphyres,
quartz-pecrphyries, anc micro-granites.

A few Loulders are found also which have almost certainly come ultimately
fron the Western Isles of Scotland.

It is a noticeable feature that the Leke District rocks are Lut poorly
represented, and the sane is epparently true of those of Horth Wales.

Many of the boulders end pebbles, such as those of Ccrboniferous Limestoae
and the chalk-flints, mey have heen torn up from the bed of the Irish Sea.

(From “The Glacial deposits of northern Pembrokeshire® Ly T. J. Jehu.
Trens. roy. Soc. Edinb., vol. 41, 1904, pp. 81-82).

AN TARLY DESCRIPTION OF BOULERR-CLAY III PEHBROKESHIRE

One of the oldest inquirers connected with the seology of Perivrokeshire is
George Owen of Henllys, who has been called the patriarchh of English geologisis.
His observations on the boulder-clesy are so pgood that they ore well worth quoting.
Writing of "the naturall helpe and smendementes the soil it selfe yealdeth, for
betteringe ond mendinge the lande,” he refers to what he calls "Clayc Marle."
"This kind of Marle is digged out of the Larthe, vhere it is found in great
quantitie, ané thought to be in rounde preat heapes and lompes of Erthe as birg
as round hills, and is of nature fatt, toughe, and Clamye..... The opinion of
the Countrie people where this Merle is founde is that it is the fattness of the
Earthe gathered at Hoes flood, when the Erthe was Covered withe the said flocd a
whole yeare, and the surginge and tossinge of the seid flood, the fatitness of
the Earth being clarye and slymie of nature did gather together, and by rowlinge
vpon the Earthe tecame rcund in forme, and when the flood departed from the Face
of the earthe, the same was left drie in sondrie partes, which is nowe this
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Marle that is found, and how the Common people Cam to this opinion I knowe
not, but it is verye like to be true, for wherescever the same is founde,

it is loppie (loose) and covered with sande, gravell, and rourd peblestones,
such as you shall findeat the sea side verie plaine, appearing that the stones
hath ben worne by the sea or some swift river."

“Also in the harte of the Marle is founde diverse sortes of shells, of
fishe, as Cogle shells, Muskell shells, and such like, some altogether
rotten and some yet unrotted, as also you shall therein finde peaces of
tymber that ben hewen with edge tools and fire brandes, the one endet?grned
and diverse other thinges which hath ben before tyme vsed, & this XX
foote end more deecpe in the Earth in places that never haue been digged before,
and over the which great oakes are now growinge; and this scaven or eight myles
from the sea, so that it is verie probeble that the same came into these places
at the tyme of the great and generall £lood.sesss’

"This marle is of couwler with vs most commonlie blwe end in some place
redd." "It is verie hard to digg by reason of the toughness, much like to waxe:
and the pickex or mattock beinge stroken into it, is hardlie drewne out againe.
so fast is it holden: it is alsoe verie heavic as ledd.” "This Marle is
founde in Kemes and both Emlyns from Dynas vpp to Penboyr in Carmerthen sheere,
beinge about twentie rmyles in lengthe and about fowre uyles in bredeth in nost
places to the sea syde, and out of this compasse I cannot heare that the same
ys founde; I think more for want of Industric than otherwise" (pp. 71, 73).

He ends np his remarks on the Clay lMarle thus:- "And, who so list to learne
more of this Marle: let him peryse a pamphlett which I have written thereof,
wherein I have declared the naturc of the marle, how to know yt and finde yt,
and the order at Lardge of digginge and laveinge yt on the lande; of the
severall sortes thereof for what yt is good, and for what yll. And so for
brevyties sake I cesse to writte any More thereof.” It is a great pivy that
this pamphlet has never been published, for it would be of great interest to
geologists, &s perhaps the earliest attempt to give a full description of the
boulder-clay. It seems that the treatise was finished in 1577, and consisis
of twelve chapters. A footnote to the preface of Mr., HENRY OWEN'S edition
of his Pembrokeshire (p. xxiv) stetes that a copy of the pamphlet lies in the
Vairdre Book at Bronwydd, "written out of a copy of his own hand, by me,

John Owen of Berllan, 168L.7

The Kemes mentionced in the above extract is that part of Pembrokeshire lying
between Dinas and Cardigen.

(From "The Glacial deposits of northern Pembrokeshire” by T. J. Jehu. Trans. roy.
Soc. Edinb., vol. 41, 1904, pp. 64-65),

DISCOVERING THE SOURCE OF THE BLUE STONES OF STONEHENGE.

In 1908 I was a member of the Geoclogical Survey working in the coal bearing
and surrounding areas of Pembrokeshire.

During our work we used to note the occurrence of glacisl erratice, omrugsth
which one was particularly noteworthy - a grey stone with a number cf white merss.
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The Prescelly's were to be seen cleerly from various localities in southern
Pembrokeshire, and according to ithe eld geologicel maps, it was possible
that the majority of the stones had come from thence.

Accordingly, one Saturday & party of us visited the mountains. In the
company there were Dr. H. H. Thomas, T. C. Centrill, ©. Dixon, and myself
from the staff of the Survey. and D. C. Evans, the schoclmaster from St. Clear’s,
who was extremely knowledgeable sbout the county's gcology.

We went by train from Clynderwen to Rosebush, and thence to the highest
point on the mowntain - to Moel Cwm Cerwyn (1,768 feet). From the Moel we
walked along the crest of the hill past Moel Feddau and Carn Bice to Cern Breseb,
but although there were plenty of grey stones to be found there was no sign
of the marked grey stone.

At Carn Breseb the ridge swings southwards towards Carn Meini and when we
reached this place there was enough of this distinective stone to bulld a Town;
and there was no argument that it was from this spot that the stone had been
carried by the ice towards the southern part of the county. On the mountain
top the rock appears to grow as it were from the ground in long columms and
roundabouts there are thousands of blocks lying lcose on the ground and
extending elong the hillslope toward the road to Macnclochog.

From Cern Meini we vent on past Moel Tryforn to Crymych and returned by
train to Whitland. This was an ever to be remembered journey for oll of us.
When the survey of Pembrokeshire was completed I left and accepted the chesir
of geolcgy at University College, Aberystwyth, ond & few years later H. H. Thoma:x
weas eppointed Petrologist to the Survey.

Some ten years after leaving Perbrokeshire Thomes received & parcel ip his
office containing a large nurber of specimens with the request whether it wes
possible to discover where such stones were to be found. When he opened the
parcel he saw at once that the majority of them were identical to the grey
stones of Cern Meini. I well remember visiting Thomas in his office at the
time, and being shown the specimens. There was no questicn in my wmind that
they were from Carn Meini, but to my surprise he said that they were from.
Stonehenge.

When Thomas visited Stonehenge he saw very quickly that most if nct all of
the stones that we call Blue Stones were similar to those of Cern Meini. Until

then no-one knew whence they came: some had suggested Irelend, others
Brittany, and others from various locelities in England.

Despite the fact that the Blue Stones lcoked identical with the stone of
Carn Meini, this was not proof that there werer?t cther similar stones to be
had somcwhere elsc. Accoxdingly Thomas spent some three years ascertcining
whether it was possible to find this type of stone in Ireland or elsewhere in
Weles or in Englend or in Britteny. But .his search was in vein. Neverthe-
less, this agein was still not proof that the stones had come from Pembrokeshire
rather than anyvwhere else, because it was possible that similar stones were %o
be found elsewhere and which he hedn't come across.
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Nevertheless, amongst the large nuuber of pieces of stone that have
been discovered at Stonehenge there were a snall number of grey stones of
a completely different kind, end in time Thomas succeeded in proving that
they all came from Carn Alw on the crest of Preseli about a mile north of
Carn Meini. This settled the matter absolutely.

There is another grey stone ot Stonehenge which if anything is nore
distinctive than those from Carn Meini: this is the one we call the altar
stone. There are identicel stones in encther part of Pembrokeshire - on
the banks of the Daugleddau. The rock is known to the Geological Survey as
the Cosheston Sandstone.

(A translation of the first part of "Cerrig Llwydion Carn lMeini"
(The grey stones of Carn Meini) by 0.T.Jones. Y Guycdonydd, vol.l,1966
Pp. 215-217).

NEW NATURE RESERVE IN WALES

Cors Fochno (Borth Bcg) in Cardigenshire, where the Nature Conservancy
is to establish a national neture reserve, is an area of considerable
scientific interest, both for its presentday structure and for its history.

Borth Bog is e rare example cf an extensive ares of wet acicd peat which
is known as a raised bog. The convex surface of this bog has a very flat
appearance, with the vegetation largely composed of short-stermed plants.
The bog is particularly rich in mosses, including the genus Sphagnum,
elso known as bog moss, which forms the characteristic spongy cushions of
bogs. Ariong the species present is S.irbricatum, & peat-forming moss which
is quite rare in Britain.

This vegetation attreacts many field parties from schocls eund
universities, as well as research biologists studying the area.

Anong the memmals, polecats are numerous. These carnivores, which
reserible stoats, are rare except in places such as this, in central Wales.
Seventy-four species of butterflies ané rmoths have been identified, ard
there are 22 species of breeding birds.

Borth Bog develcped frowm a fen which, being rmuech less acid than bog,
hed a completely cdifferent vegetation. The layers of peat deposited
gradually during meny thousands of years contain evidence of the changes
in the vegetation which have occurred in this areaz.

Preserved rerains have shown that, within the Dovey cstuary, salt
marsh was replaced by freshwater fen, which in turn was replaced by
fen-forest dominated successively by alder, birch and pine. This forest,
of which remains are still exposed on the Ynys-Las beach to the west of +the
bog, was eventually covered by the peat bog of today.

(Science Report. The Times, 25th January, 1966.)

Welsh Geological Quarterly, v. 3, no. 2, pp. 23-27.
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NATURE-TIMES NEWS SERVICE

Since 23rd October, 1967, The Tires has extended its news service to
include a daily Science Report. The reports are jointly produced by the
Science Staff of The Times and a new Nature-Tines News Service provided
by the journal, Nature, anc edited by Jchn Maddox, Editor of Nature.

Science Report is written both for the laymen who is interested in
science, and for the specialist who wishes to know what is geoing on
outside his specialist field. It is comparable in asuthority and format
with The Times Law and Parliamentary Reports.

The eim cf the service is t¢ provide naticnal end internaticnel uews
azbout science and medical research. Centributicns are enonynmous, but cech
story by Nature-Times News Service is clearly identified.

During the period 23rd October to 31st Decerber, 1967, therc were
151 items of news. Of these, 11 dealt with geological topics, 3 with
geophysies, 2 each with bicgenesis and selenology, and cne cach with
geochenistry and seismclogy. The topics, with brief quotations and the
date of appearance of the item in The Times, were es follows. The source
of the material is given in brackets.

Constant hot water at the bottomn of the sea.

A new pool of hot brine at the botbtom of the Red Sea has been
discovered by the United States Survey ship Oceencgrapher.

(Hature) 23rd Cctober, 1967.

New dete for beginning of ice ages.

A new date for the beginning of the Pleistocene pericd has emerged
from a study of three cores recovered from the sedirents on the bottom
of the North Atlantic by the research vessel Chain from the Woods Hole
Oceecnogrephic Institution.

: Frem the appearance cf smell marine fossils in the cores, it has been
possible to fix the tremsiticn tc the most recent geolcgical period at
about 1,850,000 years ago.

(Neture) 24th October, 1967.

An ingenious new lcok et guasars.

A knowledge of the man and of the problen is sufficient to suggest
that it could not be lcng before Professor Geogge Gamow produced a theory
of the celestial cbjects celled quasars. This has happened, and
Professor Gomow's explanation is characteristically ingenious but sketchy.

The quasars, he says, are extremely distant objects, and their
appearance from the Earth is influenced partly by the passage of light
from them through intervening galaxies end partly because the lows of
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nature have changed since the universe began.
(Physical Review Letters) 2Lth Octcber, 1967.

The bottom of the sea

A vivid descripticn of the eppearance of the edge of the continental
shelf 150 miles off Cape Cod, Massachusetts, has ncw been provided by the
crew of the American research submersible A1v1n on one oP 1ts flrst rﬂallj
deep descents last year. i M oo, BT e

The-vessel spent more.than two hewrs in-a.cleft in the ‘edge of the
continental shelf called@ Oceanographer Canyon. The floor of the-canyon
is at a depth of 1,460 metres, some 40O metres less than the limit of
operation of the research vessel.

(Science) 25th October, 1967. s
pir1o-372 w 15 20 %t 1767

Aid to early warning of earthquake

A new type of instrument, which may help in devising an earthquake
werning syster, has been develcoped at the Geophysics Department, Cambridge
University, in conjunction witl: the measurenent group of the Nationeal
Physical Laboratory. The instrument incorpecrates & leser for meking
recordings over hours or weeks of the build-up of stress within the earth.

(Tines Secience Reporter) 2nd NHovember, 1967.

Ancther date for the Pleistocene.

A new study cf sediments frou the Pacific and Atlentic Qceans has
provided another estimate of the age of the beginning of the nost recent
geological period - the Pleistocene. A group at the Lamont Geophysical
Observatory, New Ycrk, has used records of magnetizaticn and cf fossils
in sediment cores from the Pacific and the Atliantic to cobtain an sstimate
of 2,100,000 years fcor the beginning of the Pleistocene.

(Fature-Tines Hews Service) 3rd November, 1567.

Mepping currents by cclour photography

Attenmpts to locate ccean currents from the cclour of their bicleogicel
life are to be made over the next few weeks. Apparatus for doing this is
contained- in the latest scientifie” experanﬁntai satcl11tc luupcned fronm
Arerica at the weekend.

(Tines Science Reporter) 7tk Nevermber, 1967.

Surveyor V repcrts back from Mocn

A full account of the appearance of the surfece of the licon has now
been provided by the designers cf the instruwents carried there on
Septenmber 11 this year by the spacecraft Surveyor V.

One cf the simplest of the pieces of equipment carried on Surveycr V
has provided one of the most striking of the coenclusions reported.
Substential cmounts of magnetic cdust were found to be sticking tc a bar
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magnet mounted on one of the three landing feet. Corpariscn with experiments
carried ocut in the laboratery, and with the cmcunt cf dust sticking to en
unnmegnetized bar carried alengside the magnet, suggests thet iron is present
in the surface dust, most probably in the form of cne of the maenetic cxides
compounded in a rock similar to a terrestrial basait.
(Wature-Tinmes ﬂewF Servlce) Tth Wovermber,1967
Rttt st f‘ 2L

Isotope 'clock' for dating sce sedirment

The pessibility that the radicactive isotcpe aluminium-26 could be
used for fixing the date of ocezn sediments in the early Pleistocene is
suggested in en argument by Dr. Yuji Yokoyema, working ot the French
Hoticnal Centre for Scientific Rescarch at Gif-sur-Yvette, near Paris.

(Nature) 10th Hovember, 1967.

Weere life mzy have bezun

It hes seemed likilvfor some time that the first forms of life
recognizable as men appeared in Africa two million or so yeers ago. lHow
it seems that Africe has also provicded the eariiest treces so far of
primitive life.

Two palaeontologists from the Germen Federal Republic,
Drs. A.A. Prashnowski and Manfred Schidlowski, have found traces of
chemicals, ncrmally associated with living things in Precarbrion rocks
from Scuth Afriea whicn are thought to be more than 2,150 millicn
years old.
(Nature) 10th November, 1967T.

The Gealapagos on & sea of rock

The ocean floor to the north of the Galepagcs Islands, just south
of the Equator and 10" west of Scuth America, seems to be spreading
ocutwards at a rate of 3em. a year.

This is the conclusicn of & group of oceanographers from the Lawcnt
Geophysical Laboretory in Iew Ycrk whc have used oceencgrephic research
vessels tc make magnetic surveys of the Pacific in the neighbourhood of
the Galapagos. The technique which has been used is thet used in the past
few years tc demonstrate that the continents have drifted eway from cach
other in the geological past.

(Science) 1kth November, 1967.
PII5= 780 v 1SF 1T " Wev P44
If the wiverse started with a big bang

Professor George Gemow, of Coleorado University, has retracted a
part of his recent theory of the nature of the universe Cescribed in
The Times cn October 2k,

Writing in the current issue of Science, he s=sys that he no longer
considers that a change in certain laws of nature is necessary to account
for the properties cf the celestial cbjects called quasars. [o* Nov.
(Science) 1kth Noverber, 1967.p 166=769 v 152

1987
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Creatures' 135m-year encestry

A suggestion for spreading subterrenean shrirp-like creatures through

linestone regicns of & large part of the central United States, has been

worked out by Dr. J. R. Holsinger, of the United States Hational Museun,
Washington. The crectures, between lmr. and 20rm. long, live in fresh water.
According to Dr. Holsinger's theory, they are derived from an ancestral stock
living in shallow coastal waters some 135 million years ago, curing the
Cenozoic period or even earlier.

(Srithsonian Institution Bulletin) 16th Noverber, 1967.

Ape skull find in Egypticn Desert

The discovery of the fossilized skull of an ape in the Egyptian
desert 100 kilometres south of Cairo was reported yesterday to the annuel
conference of the fmericen Society of Vertebrate Palseontelogists at
New Haven. The skull, believed to be the oldest of any primate to have
been found in the 01d World, was unearthed on on expedition Lo the
Epgyptian desert led by Professor E.L. Sinons, of Yale Universzity.

The interest of the discovery is that it may throw light on the
evolution of the primates in the period before the emergence of humen-like
creetures but at a time when the foundetions for their existence were
being established.

1iT7th Hovember, 1967.

Ixplanation for the Barth wobbling

A possible explanation for the way in which the Earth wobbles cn its
axis at intervals of 428 days has been put forward by De. I.I.Shapirc,
of the Massachusetts Insitute of Technclcgy, and Dr. G. Cclombo, of the
University of Padua. They are concerned with a phenonenon known since the
1890's as the "Chandler Wobble” after the astronomer who first described it.
N (Wature) 1Ttk November, 1967.

Search for the chemicals of life

The need for caution in the interpretstion of chemieal evidence about
the origin of life is the principsl therme of an article just publirhed by
Professors Eugene McCerthy and Melvin Calvin,of California University,
Berkeley. Professor Calvin is visiting professcr st Oxford University.

The burden cf the argument is that some of the chemicals extracted
from ancient rocks, which have recently been considered as prcofs of
the antiquity of life, may, instead, have been produced by cherdcal
processes not requiring the interventian of living things.

(Nature) 20th Hovember, 1967.
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Why manganese forms on the ocean flcor

Experirental information vhich may help to account for the occurrence
of small nodules containing large emounts of manganese on the ocean floor
has been produced by a tean of oceancgraphers at the University of California,
at Los Angeles. The team, Drs. B.J. Presley, R.R. Brooks and I.R. Keplen,
have recovered cores of sediments from the bottem of the Pacific off the
coast of California and Central America.

The occurrence of large nurbers of manganese ncdules on the flcors
of the deep oceens has excited a good deel of interest in the ycars since
the Second World War, partly because of the possibility that these might be
recovered mechenically and used as a source of & rore metel.
(Seience end Hatureld 21st Novewber, 1967.

Working out the sea's salinity

A scheme for working out the salinity of the seas in which ancien’ sediments
were formed has been proposed by Dr. Bruce W. Helson of Scuth Cerol +-:
University. The issue is important because of the difficulty of infer o
the conditions under which ancient rocks were laid down from the appear:i.ice
of these materials.

The new method rests on a nuiber of surveys of recent sediments carried
out in Chesapeeke Bay, and on & chemical analysis for the ratios of the
phosphetes of ircn and celeiun in these deposits. The research hes
expleited the varietion of salinity along the length of the estuery of the
Rappshannock, which runs intc the bay.

(Science) 22nd Hoverber, 1967T. .
P.917-920 yis# 17" pev (TEF
Trace fossils in English chalk

A new catalogue of trace fossils in the chalk sediments of the scuth
of England has been compiled by Dr. W.J.Kennedy and is now published by
the British Museum (Natural History).

2Tth November, 1967.

Magnetism and survival of the species

The notion that some of the reversals of the direction of the Earth's
nagnetic field nmzy have been accompanied by significent changes in the
viability of particular species has been given another airing by
Drs. James Hays and Neil Opdyke of the Lamont CGecphysical Cbservatory.
More important, they have now alsc described a study of a core cof sediments
from the Antarctic which is more than 16 metres long and appears to span
a time intervel of 5m. years.

(Science) 28th Nevember, 1967.
plool —+e812  visE 174" New [167

How to predict landalins? 101

A scheme for predicting the time and the place at which lendslips nay
occur is suggested by two scientists at the Department of Geclogical
Engineering, University of California at Berkeley. The technique, which
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has not yet been used to detect 2 real landslip, would depend con the
detection of the sownds known to be associated with but tc precede a
landslip.

(Seience) 6th December, 1967.

When did man and ape evcelve?

Men and African apes mey have shared a cormon ancestor as recently as
five million years ago. This is the conclusion put forwarc by V.M.Sarich
end A.C. Wilson, of Californie University, Berkeley.

If ccrrect, this conclusicn will ceonflict with the inferences about
the age of differcntiation between men and apes which some anthropologists
haove nade on the basis of fossil studies.

The new study is beased on chemical differences between the serun
albunin. The chemical structure of these proteins changes in the course
of evolution just as does the appearance or the stature of an acnimal.
Cherical differences between the proteins in the serum albumin of man and,
sgy, chirpanzees, rmust have eccurmlated since the point in time at which
these species evolved fronm o commen ancestor.

(Science) 8th December, 1967T.

Fossil algae provide Ice fge temperatures

The distribution of certain fossils in ccean sedinents hes now been
used as a neans of assessing the temperature of the ccean surface during
the last Ice Age.

In the current issue cof Science, Dr. L. McIntyre, of the Leront
Geological Observatory, describes how he has been gble to tell the
temperature of the oceans frem the distributions in deep sca sedinents
of fossils of crgonisms in the family of merine algase known 28
Coccolithophoridae.

12th December, 1967.

Australien crater was cosmic collision

Geological evidence which confirms thet the crater known as Gosses
Bluff in central Austrelia is o relic of the impact of some extro-terrestrial
cbject has been collected bty Dr. Robert Dietz, of the Institute of
Oceenography et Miami, Florida.

Dr. Fietz has been able to uncover a repgular pattern of shattering in
rocks for 12 miles arcund the ring struecture in the central Austrelian
desert, and he interprets this as the consequence of the mechanical shock
after the impact of an object which mey have been several thousand feet
across.,

(Hature) 15th December, 1967.
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Continuing doubt sbout Ice Ages

Although the last Ice Age is only abcut 10,000 years or so behind us,
uncertainty anc even disagreement persist about the sequence cf events
that preceded the last melting of the ice. Heow long, for exemple, did
the last glaciation continue? How many glaciations were there altogether?
And how long were the comparatively warm intervals in between? There seens
toc be quite general sgreement that the whole pericd of what is called
Pleistocene lasted for rather more than 2m. years. Very little else scems
agreed upon however.

So rmuch is clear from the article in the current issue of Hature by
Dr. N.J. Shackleton and Dr. C. Turner of the Sub-department of Quaternary
Research at Cambridge University. They are ccncerned with estimeting the
interval between the last glacistion and the one that preceded it. They
have been working with geolcgicel samples collected frem the bed of an
Ice Age leke in Essex.
s Pty s B B il o 16th December, 1967.

More deserted burrows in chalk

Further observations have been made on the noture and origin cf
burrows in chalk deposits. Dr. R. G. Bromley, of University College,
London, has been investigating the extensive brenching systems of
burrows that have been preserved in the chalk hardgrounds of Eurocpe,
south~west Asia and north Africa, and concludes that they were probebly
formed by the crustacean Thslassinides. His findings are repcrted in
the current issue of the Jcurnal of the Geological Scciety of Lonédon.

27th Deceuber, 1967.
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