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THE EMPLACEMENT OF A FLUORSPAR FLAT AT MASSON HILL,
MATLOCK, DERBYSHIRE

by

R, A, Ixer

Summary

The fluorspar mineralization at Masson Hill is a discontinuous flat deposit
with rich ore next to barren carbonates. The fluorite, quartz, barite, sulphide
and calcite mineralization is a combination of metasomatic replacement of lime-
stones and infilling of available open spaces.

Detailed mapping, structural and chemical analyses of the south-eastern
half of the Masson Hill flat show that the mineralizing fluids encountered a complex
sequence of rock-types, which were themselves the result of the interaction of a
number of diagenetic and structural processes, the most important being dolomiti-
zation and silicification, faulting and jointing. The major controls on the emplace-
ment of the ore included the distribution of replaceable limestones, together with
the associated dolomites, basaltic lavas and ash bands. The juxtaposition of the
various rocks produced porosity and permeability interfaces, often parallel to the
original bedding and these controlled the horizontal movement of the ore fluids,
whiist the faulting and jointing channelled vertical migrations. Locally, emplace-
ment was influenced by the presence of premineralization solution cavities within
both the limestones and dolomites.

The economically significant ore, found mainly within coarse-grained lime-
stones at the base of the Matlock Lower Limestone Formation, was the result of
the entrapment of mineralizing fluids above the thick Matlock Lower Lava, below
a 0.60 m volcanic clay horizon and down-dip of a clay filled fault.

Introduction

Mining has been active around Matlock, Derbyshire, from medieval times to the present,
firstly for lead and more recently for fluorspar. Amongst the more important areas has been
the summit of Masson Hill (SK 28505920) which has been intensely mined for fluorspar through-
out this century, most recently (1973) by La Porte Chemicals Ltd. Although there is no
extensive mining at present, future exploitation is intended. More detailed discussions of the
workings have been given by Dunham (1952) and Ford and Ineson (1971).

The mineralization consists of a series of intermittent smaller flats and/or pipes over
a distance of 1.5 km. The largest single flat (or more strictly a pipe since the strike length
is greater than its width along the dip) is that at the site of Masson Opencast Quarry and has
a strike length of greater than 500 m and width of 240 m, (Dunham, 1952). The main ore
herizon is restricted to the basal 6 m of the Matlock Lower Limestone (Lower Carboniferous,
Brigantian age) although mineralization is found to occur above this within the overlying
dolomites of the same formation.

Mineralogically the ore consists of approximately 60% fluorite, 20% quartz, 15% calcite
and less than 5% barite, and traces of galena, sphalerite and other sulphides. It occurs as
replacements of the limestone and as open space infilling, and is the direct result of the
interaction of a number of geological processes. These influenced the availability of a suitable
host rock or open void space; or controlled the direction and rate of flow of the mineralizing
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pp. 245-255, 4 text-figs. Plate 17.
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fluids. Amongst the more important, and the ones to be considered here were:-

(a The regional and local structures - these effected the vertical pathways of the ore
solutions and produced open spaces.

(b) The varying lithologies - these provided suitable or unsuitable host rocks and permeabi-
lity/porosity interfaces that controlled horizontal fluid movements.

Detailed mapping and sampling along the Matlock Lower I.imestone outcrop from
(SK 27005970) to Matlock Bath (SK 29005800), and especially within Masson Opencast Quarry,
supplemenied by underground mapping at Jughole Mine (SK 27935971) and Knowles Mine
(SK 28705918) allows a semiquantitative analysis of the importance of the two controls upon
the emplacement of the ore bodies. '

The first detailed description of the fluorspar deposits of the Masson Hill flat was given
by Dunham (1952, pp. 97-100); more recent descriptions have been given by Smith et al.,
(1967, pp. 43-44), Ford (1967, pp. 64-68; 1969, pp. 83-84), and Ixer (1972). Only Dunham
was able to study the main economic ore-body at Masson Mine (the site of the present-day
Masson Cpencast Quarry) prior to its removal during the Second World War. The lceal
structure has been discussed by Dunham (1952), Weaver (1974) and Firman and Bagshaw (1974)
and the stratigraphy by Dunham (1952) and Ixer {1975). The mineralogy and paragenesis of
the ore has been discussed by Dunham (1952) and Ixer (1974).

Structural Controls

Text-fig. 1 illustrates the geology of Masson Hill and shows the main areas of mining,
which correspond to the more extensively mineralized portions of the Masson Hill flat. These
are at Jughole Wood, Masson Opencast Site and a zone running south-eastwards from Knowles
Mine to Black Ox Shaft. The mineralization occurs within the gently dipping (20-30°) Matlock
Lower Limestone and this, together with the enclosing Matlock Upper and Lower Lavas, occurs
on the northern limb of the eastward plunging Matlock Anticline. The axis of the anticline lies
to the north of Great Rake and is subparallel to it. Superimposed upon the anticline are a
series of approximately north-west trending faults, exemplified by Seven Rakes and by the fault
zone along the topographic crest of Masson Hill. Within this zone faults occur at Jughcle Mine
{SK 27935971), west of Jughole Wood (SK 28795946} and within the Masson Opencast Mine
(SK 2848591), the last is shown in plate 17, fig.1). They all have small downthrows to the
south-west of 10 m. or less and are filled with clay-gouge and hence unmineralized. None of
them can be traced far but all are up-dip of the main mineralization. An extension of the fault
found within the opencast excavation projected south-eastwards to some faulting, seen to he cut
by Great Rake at (SK 28725865;, would continue to be up-dip, parallel and close to the zone of
greatest mineral workings. Although the evidence for this continuation is slight, such a fault
would explain the distribution of mineralization in this part of the flat.

Text-fig. 2 shows a schematic section through the Matlock Group at Masson Opencast
Quarry, together with the Masson Hill Fault and its associated flat. It can be seen that any
mineralizing fluids travelling from the north-east up~dip towards the crest of the anticline
would be stopped by the impermeable barrier of the clay filled fault, so producing a concentra-
tion of fluids on the down-dip side of the fault. This situation of vertical ponding by infilled
faults is fairly common in Derbyshire (Firman and Bagshaw 1974, p.153).

In addition fo the major structures, jointing is well developed, especiaily within the dolomites,
although the limestones beneath them are only poorly jointed. Structural measurements were taken
from the Matlock Lower Limestone Group within the Masson Opencast Quarry. Both the mineralized
and barren joints occur as a conjugate set, trending northwest-southeast and northeast-southwest.
The master set has a mean orientation of 314° (317 readings) which is parallel to the Masson
Hill fault zone, whilst the subordinate set has a mean orientation of 049° (233 readingsj. This
compares with Dunham's (1952) suggestion for the mineralized master set having an orientation
of 300°, with a conjugate pair at approximately 030° The apparent difference may be due to
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Dunham having taker his structural measurements within the main economic ore-body which
has since been mined out to give the Masson Opencast Quarry. For the Matlock areas as a
whole, north of the Bonsall Fault, the main mineralized joint set has an orientation of 305°
and the minor set 045° (Weaver, 1974).

Weaver (1974) has suggested that this jointing is Variscan (Upper Carboniferous-Permian)
in age, but if this is so, the difference in joint density between the limestones and dolomites
must indicate that both lithologies were present prior to the imposition of the jointing., Thus
the dolomitization could not be related to the overlying Zechstein Sea as suggested by Ford
(1969) and must be of Carboniferous age. This is consistent with studies of the dolomitization
of the Carboniferous Limestone in other areas, notably in South Wales (Bhatt, 1976).

Text-fig. 3 shows the distribution of poles to joints when plotted with regard to the
dominant mineralization that they carry. No major differences for the distribution of minerals
between the two sets is noticeable, although there is a slight tendency for the master set to
carry the fluorite and fluorite-calcite mineralization and the minor set to carry the barite,
gelena and calcite. From textural and paragenetic evidence it can be shown that the fluorite
is early, whilst the barite, galena and calcite mineralization is later (Ixer, 1974).

The results suggest that both joint sets were open throughout the mineralization providing
open spaces for deposition and allowing the fluids free access to the host rocks. The difference
in mineralization between the joint sets may indicate some differential movement between them,
or, if the mineralization is polyphase as suggested by Firman and Bagshaw (1974), that the
later fluids did travel along slightly different pathways.

Litholgical Controls

A detailed stratigraphical and lithological description for much of the Matlock Group is
given by Ixer (1975) based on measured sections within Masson Opencast Quarry and on borehole
data. With the addition of the section given by Dunham (1952), a generalized stratigraphy for the
southern half of the Masson Hill Flat can be derived (Table 1). Included within this stratigraphy is
the important volcanic clay horizon known as the 'Little Toadstone'. This horizon is not seen in
Masson Opencast Quarry although its stratigraphical position coincides with the main dolomite -
limestone junction.

Table 1

- metres
Matlock Upper Lava 21.50
Dolomite and fine-grained limestone rafts 13.50
Clay bentonite (Wayboard 4) 0.30
Dolomite 2.65
Clay bentonite (Wayboard 3) 0.10
Dolomite 16.40
Clay bentonite (Wayboard 2) 0.02
Dolomite, silicified at the base 3.00
Clay bentonite (Little Toadstone) 0.80
Coarse crinoidal limestone 2.45
Clay bentonite (Wayboard 1) 0.05
Coarse crinoidal limestone 3.05
Matlock Lower Lava 78.00

The major lithologies found at Masson Hill are coarse and fine-grained limestones,
dolomites and their silicified equivalents, together with altered volcanic rocks, namely olivine
basalts and bentonite clays. It is generally accepted on textural evidence that all these rock
types were present prior to the main mineralization (Ford 1969, Smith et al. 1967) and that it
was upon these rocks that the ore fluids interacted. It should be remembered that this assumes
that the carbonate diagenesis of the limestones and alteration of the volcanics was completed
prior to mineralization. An examination of each of the lithologies and their associated styles
of mineralization should, therefore, help explain the small scale distribution of the ore.
Additionally, text-fig.4 which shows the results of chemical analyses for lime (CaO), magnesia
(MgO) and silica (SiO,) for a measured section within Masson Opencast Quarry, semi-
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quantitatively demonstrates the distribution of the various lithclogies with respect to each
other and illustrates some of the fluid pathways. The magnesia and its equivalent lime is
assumed to be found as dolomite and any excess lime as calcite. Neither the Little Toadstone
nor Wayboard 1 are shown in text-fig.4 as neither occurred within the section sampled.

Lithologically the limestones vary from fine-grained and porcellanous to coarse-grained
and bioclastic, comprising crinoidal and shell debris. Text-fig.4 shows that the unaltered
limestones (containing less than one per cent by weight magnesia) are at the base of the
sequence, whilst incompletely dolomitized limestones lie above and below clay wayboards
2, 3 and 4. The isolated porcellanous limestone rafts can be seen to lie above Wayboard 4
in plate fig.2 but were not included in the sampled section and are, therefore, not represented
in text-fig. 4.

Open space infilling is associated with the poorly developed jointing and within the large
(up to several metres across) solution cavities; in both cases as 5-10 mm thick sking of
mineralization. Replacement occurs wherever the ore solutions contacted the limestones and
hence is found at all the limestone-dolomite junctions, usually penetrating up to 0.20 m iato
the limestone. Complete metasomatic replacement is limited to the limestones beneath the
Little Toadstone and above the Lower Lava. Macroscopically and microscopically the replace-
ment can be seen to have been initiated within the coarsely-grained recrystallized fossil
fragments (particularly corals and brachiopods) and then to have continued into the fine-grained
matrix.

Dolomitization is sporadic throughout the Matlock Lower Limestones, decreasing in
importance towards the north-west of Masson Hill until it becomes absent. Within Masson
Opencast Quarry the dolomitization is extensive, and text-fig.4 shows its remarkable composi-
tional uniformity away from the clay horizons and also the very sharp junction with the basal
limestone; the change from pure limestone to pure dolomite occurring within 15 mm. This
abruptness is also characteristic of the porcellanous limestone-dolomite boundaries. As most
of these junctions are parallel to subparallel to the bedding, the intensity of dolomitization
would appear to reflect a primary lithological (grain size variation or porosity difference) cr
chemical variance between differing limestone posts.

Visible mineralization shows on joints, some open bedding planes, and in solution cavities
which are normally rimmed by 0.01-0.05m. of fluorite and completely filled with calcite
scalenohedra. Microscopically, mineralization is restricted to small veinlets or within coarse
calcite spar representing undolomitized fossil fragments.

The average silica content of the limestones and dolomites is less than 2% by weight and
is found as smalil (2-10 mm) nodules. Greater silicification shows as 5 mm thick skins of
intensely silicified dolomite/limestone along joint planes. Extensive development of this has
produced 3 -4 m high vertical pipes, an example of which is shown in plate 17, fig.2. Equally
important is the silicification that followed the previously established permeability interfaces.
Text-fig. 4 shows that the major silification (up to 10% by weight) lies directly above the main
dolomite-limestone junction, whilst slightly enhanced silicification occurs within the dolomitized
limestones above and below wayboards 2 and 3. If within the dolomites the silica and lime
contents are compared, a strengly antipathetic relationship is found confirming the petrographic
evidence that only calcite is replaced by the quartz and that dolomite is unaffected. Hence the
slight increase in silicification next to the wayboards may be related more to the increase in
calcite content of the adjacent carbonates than to the thickness and ponding ability of the clay
horizons themselves.

Total silicification is rare and associated with the mineralization forming two rock-types,
cherts and 'silica-rock'. The cherts are found parallel to the bedding within the upper doio-
mites as discontinuous black bands. In thin section the rock comprises a quartz mosaic with
embayed and isolated fluorite, barite and calcite, suggesting that the main silicification is later
than some of the mineralization. By contrast the silica-rock, which is randomly distributed
in the limesiones, but more extensively developed away from the flat, towards Bonsall Village
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Text-fig. 4. Stratigraphical variations of magnesia, lime, and silica within the
Matlock Lower Limestone at Masson Opencast Quarry.
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(Bemrose 1898, Smith et al., 1967, pp.39 and 265), is light coloured and has an open-box
structure of quartz stringers upon which euhedral fluorite and quartz have grown. The rock
appears to be the result of the complete dissolution of the calcite from a fractured and partially
silicified limestone, followed by open space mineralization.

The thickness of the Matlock Upper Lava (21 m) and Lower Lava (78 m), together with their
poorly developed jointing and high clay content, has made the basalts highly impermeable.
Therefore they have exerted a constant control upon any fluids passing through the sequence.

The presence of large solution cavities and extensive mineralization found in the basal Lower
Limestone shows that early groundwaters and subsequently the mineralizing fluids were floored
by the underlying basalt. A small pond within the base of the open pit (which is excavated
down to the Lower Lava) suggests that the basalt is still an effective impermeable horizon.
The basalts are themselves largely unmineralized.

The wayboards vary in thickness from 0.80 m to less than 0.05 m and are composed of
clays. The presence of premineralization solution cavities above and below the wayboards
(examples are shown in plate 17, fig.2) and the inhibition of the dolomitization indicate that
the clay horizons influenced the movement of the fluids within the limestones. However,
within the dolomites the degree of silicification and of later mineralization within the carbonates
adjacent to the wayboards is only slightly greater than the average for the rock. This suggests
that the wayboards were insufficiently thick (all are less than 0.30 m) to form an effective
barrier to the vertical movements of the later fluids through the now established jointing. Only
within the basal, undolomitized and hence poorly jointed limestones, did the wayboards influence
the movement of the mineralizing fluids producing the 6 m thick metasomatic replacement flat
beneath the 0.80 m thick Little Toadstone.

Sequence of Events

The following were probably the major events leading to the production of the Masson
Hill flat:

1. The deposition within shallow waters of mainly coarse-grained limestones and inter-
mittent volcanic ash bands, between the extrusion of two basaltic lava flows. A
variety of early diagenetic changes within the limestones (namely the aragonite to
calcite transition, pressure solution and compaction) would result in volume changes.
The establishment of the limestone-lava and limestone-ash band horizons is important
in controlling horizontal fluid movement.

2. Groundwaters produced solution cavities by dissolution of adjacent limestones above
and below the limestone-volcanic junctions.

3. Dolomitization of the coarse-grained limestones by magnesian fluids again following
the established bedding and lithological horizons. The intensity of dolomitization was
controlled by grain size and chemistry of the limestones and inhibited by proximity
to the volcanics. The volume change resulting from the dolomitization increased the
permeability of the dolomites and led to the establishment of the major dolomite -
coarse-grained limestone junction (at the same stratigraphic level as the Little Toad-
stone) plus many minor dolomite - fine-grained limestone horizons as important path-
ways.

4. The Matlock Anticline and Masson Hill Fault zone were formed by the Variscan earth-
movements, establishing an approximately north-eastward dip on the limestone/lava
sequence. The establishment of good vertical pathways within the well-jointed dolomites
and the loss of the dolomite-clay wayboard junctions as effective horizontal pathways/
barriers.

5. Silica-rich fluids, following all the vertical and horizontal pathways, locally silicified
limestones and dolomites.
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6. Hot dense acidic mineralizing fluids moved up the Masson Anticline until they encountered
the clay filled Masson Hill fault. The fluids followed the established pathways. Metaso-
matic mineralization occurred when calcite encountered large volumes of moving minerali-
zing fluids (i.e. at the limestone-dolomite junctions) or where the fluids were physically
ponded (as in the case of the basal limestones beneath the Little Toadstone). Void
emplacement also took place and was related to the volume of fluids passing through, as
witnessed by the completely filled solution cavities in the dolomites but their only partially
filled equivalents in the limestones.
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Plate 17

View of Masson Opencast Quarry looking south-eastwards. The
clay filled Masson Hill fault (F) can be seen cutting the Matlock
Lower Limestones, with the dolomites on either side having
slightly different dips.

Fig. 2.

View of Masson Opencast Quarry looking north-east. Three clay
wayboards (black lines) are present (2, 3 and 4) with their associ-
ated solution cavities (below wayboards 2 and 3). An isolated
porcellenous limestone raft can be seen (just above wayboard 4).
A prominent silicified limestone-dolomite rib can be seen on the
left of the photograph (labelled Si).






A REVIEW OF THE MINERALOGY OF THE TURKISH BORATE DEPOSITS

by

Cahit Helvaci

Summary

The known borate deposits of Turkey were deposited in lacustrine sediments
of Tertiary age during periods of volcanic activity which commenced in the early
Tertiary period and continued at least to the beginning of the Quaternary. All
Turkish borate deposits appear to be associated with volcanic activity and they
have been classified as deposits related to volcanic activity.

Although cclemanite, a very common calcium borate, is the predominant
mineral in all borate districts apart from Kirka, the detailed mineralogy of the
Turkish borate deposits varies considerably. Other principal borate minerals are
ulexite (sodium calcium borate) and borax (sodium borate). Borax occurs only at
Kirka. Tertschite occurs in the Bigadig deposits and pandermite is also restricted
appearing only in the Bigadig and Sultangayiri deposits.

Turkey has made recent rapid strides towards rivalling the U.S.A. as the
world's leading producer of borates. Boron and borate minerals find extensive
uses in today's modern industries.

Introduction

This paper adds further to the knowledge of borate minerals in Turkish deposits
reported by a few previous workers, namely Murdock (1958), Wendel (1962), Ozpeker (1969)
and finally Brown and Jones (1971). Since then, Inan (1973) and Helvaci (1977) have carried
out detailed research work on the Kirka and the Emet deposits respectively, which has resulted
in new mineralogical discoveries and contributed considerably to the understanding of the borate
minerals and deposits in Turkey.

Although boron is one of the rarer and more unevenly distributed elements in the Earth's
crust, there are extraordinary concentrations of boron on an industrial scale in some localized
areas. Borate minerals are formed in various environments and in very different conditions.
The most important economic deposits are very closely related to the Tertiary volcanic activity
in orogenic belts. They are situated close to converging plate margins; characterized by
andesitic-rhyolitic magmas; arid or semi-arid climates; and non-marine evaporite environ-
ments. All Turkish, United States, South American and many other commercial borate deposits
are non-marine evaporites associated with volcanic activity.

The known borate deposits of Turkey occur in Western Anatolia, south of the Marmana
Sea, within an area roughly 300 km east-west by 150 km north-south. They are located mainly
in the following districts:- M. K. Pasha, Bursa province; Susurluk and Bigadig, Balikesir
province; Emet, Kutahya province; and Kirka, Eskisehir province (text-fig.1). Today,
however, borate mining in Turkey is confined to the Emet, Kirka and Bigadic districts.

The known borate deposits of Turkey were formed in the lacustrine sediments of Tertiary
age during periods of volcanic activity which commenced in the early Tertiary period and
continued at least to the beginning of the Quaternary. Although the lithology of the borate
deposits shows some differences from one deposit to another, they are, generally, interbedded
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with conglomerate, sandstone, tuff, clay, marl and limestone. Sediments in the borate lakes
often show clear evidence of cyclicity. Borate minerals were deposited in separate or possibly
interconnected lake basins under arid or semi-arid climatic conditions.

Pyroclastic and volcanic rocks of rhyolitic, dacitic, trachytic, andesitic and basaltic
composition are intercalated with these lacustrine sediments. The existence of volcanic rocks
in every borate district suggests that volcanic activity may have been necessary for the forma-
tion of borates. Much of the sediment in the borate basins seems to have been derived from
volcanic terrain.

In general, the dip of the Tertiary sediments, interbedded with borates, vary from nearly
horizontal to over 30°, but they are intensively dislocated by NE-SW and NW-SE-trending gravity
faults. This structure is strikingly reflected in a stepwise topography. The predominant faults
are normal, with dips that range from 30° to vertical. Thermal springs, which at present
deposits travertine; are widespread in some of the deposits. The total Tertiary sedimentary
thickness varies from one deposit to another, probably because of deposition in a chain of
interconnected lakes, and exceeds maximum 750 m in the Emet deposits. The extreme thick-
ness of the borate zones at Emet and Kirka indicates that there have been somewhat different
conditions existing at the time of the formation of these deposits. The depositional basins of
borate deposits, according to present knowledge, are all elongated, the long axis usually being
north-south.

The borate deposits differ in detail from each other but have the following features in
common:-

(a) They are restricted to Tertiary lacustrine sediments deposited in a non-marine environ-
ment under arid or semi-arid climatic conditions.

(b) They were apparently deposited in sedimentary intermontane basins of limited extent in
regions where fresh-water limestone deposition was widespread both before and after
borate formation.
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(a) In addition to borates these basins were the repositories for clastic sediments, i.e.
conglomerate, sandstone, clay, marl and tuff, much of which are of volcanic origin.

(b)  Although the lithology of the borate deposits shows some differences trom one to another,
sediments in the borate lakes often show clear evidence of cyclicity.

(c)  All Turkish borate deposits appear to be associated with volcanic activity and they were
classified by Aristarain and Hulbut, 1972 as deposits related to volcanic activity.

(H Borate occurrences are associated with volcanic rocks; both intrusive and extrusive
volcanic rocks are common in the neighbourhood of the borate basins.

(8) More typical evaporite minerals, such as halite and trona, are not found in Turkish borate
deposits.

(h)  The palaeogeographic scenario seems to have consisted of shallow lakes fed partly by hot
springs and partly by streams which carried sediments from the surrounding volcanic,
limestone and basement terrain. The rocks which may have been exposed in the catch-
ment areas appear to be in restricted and closed basins.

Minerology

The unique character of the borate deposits in Turkey indicates that the conditions of
formations of these deposits are different from those that lead to the formation of the more
typical non-marine evaporite deposits. Although colemanite, a very common calcium borate, is
the predominent mineral in all borate districts apart from Kirka, the detailed mineralogy of the
Turkish borate deposits varies considerably, but they may be roughly classified as follows:

1. Ca borate deposits (Emet, Bigadig, Kestelek, Sultangayiri).
2. Na borate deposit (Kirka).

Borate minerals hitherto recorded from Turkish deposits are mainly Ca; Ca-Mg; Na
and Mg borates. A rare Sr borate has been found at Kirka (Baysal, 1972) and Ca-As and Sr
borates have been reported from the Emet district (Helvaci and Firman, 1976 and Helvaci,
1977). Table 1 gives the complete list of borate minerals from the Turkish deposits and shows
that each deposit has its characteristic assemblage of minerals.

Generally, borate minerals are associated with calcite, dolomite, gypsum, celestite,
realgar, orpiment and sulpbur. The mineralogy of the Emet borate deposits is unique among
the other Turkish borate deposits, because of unusual occurrences of Ca-As and Sr borates
and the high content of sulphur, realgar, orpiment and celestite.

Borate and non-borate minerals, according to their chemical composition and their
mineralogical relationships with each other in the Turkish deposits, may be divided into ten
groups namely the calcium borates, the sodium-calcium borates, the sodium borates, the
magnesium-calcium borates, the magnesium borates, the strontium borates, the silicon-calcium
borates, the complex borates, the compound borates and the non-borates.

Borate minerals within each group have nearly the same chemical composition, differing
from one to another principally the amount of water of hydration in the structure.

Mineral descriptions

Calcium borates

Inyoite (2Ca0.3B035.13H0)

Inyoite occurs locally at some of the mines in the Kirka and Bigadig deposits. It is found
as intergrown crystal masses, discrete tabular crystals and crystal groups, colourless to white
(Plate 18, fig.1). A few of the crystals are 2.5 cm or larger, but most are microscopic in
scale and have been altered. Some of the inyoite in the deposits had altered to meyerhofferite
and/or colemanite. Sometimes it occurs as clear, coarse-grained, euhedral aggregates. It is
clearly associated with meyerhofferite, colemanite and ulexite.
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Meyerhofferite (2Ca0.3B,03. TH,0)

Meyerhofierite is found as small grey-bluish coloured nodules up to 8 cm in diameter
associated with colemanite and inyoite and sometimes with ulexite. It occurs as nodules of
coarsely crystalline radiating crystals intergrown with clay at the margins. Small vughs in
the centre of the nodule contain delicate acicular crystals (Plate 18, fig.2), which are also
meyerhofferite. It either forms by direct precipitation from calcium borate solutions or by
the dehydration of inyoite, in the Turkish deposits.

Colemanite (2Ca0. 2B,03. 5H50)

Colemanite is by far the commonest mineral deposits and for this reason some occurrences
are usually referred to commercially as colemanite deposits. It occurs in many different forms
ranging from minute stellate clusters of crystals in clay to ovoid nodules up to 50 cm in dia-
meter and as continuous layers. The individual crystals which make up the nodules are colour-
less, grey, pink and dark blue. Among the commoner habits are nodular forms with radiating
structures (Plate 18, fig.3); massive granular colemanite (fig.6); disseminiated crystals, often
stellate, in a clay matrix (fig.5); fibrous layers surrounding nodules (fig.6); thin layers inter-
bedded with clay, sometimes brecciated; and vugh fillings (fig. 7); bladed euhedral crystals (fig. 4).

Nodules are by far the commonest form of colemanite, but these nodules exhibit a large
variety of shapes and sizes. There is a tendency for the smaller nodules to be spherical and
the larger ones to be ovoid. Some, irrespective of size, contain vughs; which sometimes
contain a liquid; others have a core of granular colemanite which is coarsely crystalline and
second-generation in origin. Closer inspection reveals that these nodules grew in successive
stages, each layer being separated by a thin discontinuous veneer of clay. Later generations
of colemanite crystals radiate from separate centres of nucleation on the original nodule.

Often it is difficult to identify all stages of nodule growth, but judging from the presence
of included clay, it is clear that these nodules formed within the clays and tuffs below the
sediment/water interface and probably continued to grow as the sediments were compacted in
the Emet deposits (Helvaci and Firman, 1976 and Helvaci, 1977). Colemanite also results
from the breakdown of ulexite or the dehydration of inyoite in the Kirka, Bigadi¢ and Kestelek
deposits (Inan et al, 1973; and 6zpeker, 1969).

Tertschite (4Ca0.5B,05. 20H,0)

Terschite is found only in one locality in the Bigadig deposits (Meixner, 1952). It is
white, contains very fine fibres, shines like silk and has a similar appearance to ulexite.
Sometimes it shows an earthly structure and its rare occurrence makes this mineral unique
among the other borate minerals.

Pandermite (= priceite) (4Ca0.5By03. TH0)

Pandermite occurs at the Sultangayiri and Bigadig deposits. It was named after the place
where it was found; then it was discovered that pandermite was identical to priceite described
from Oregon, U.S.. The identity of pandermite with priceite has been established by chemical
and optical studies. Pandermite is found as nodules and masses up to a ton in weight under-

lying beds of gypsum and clay. It appears white in colour, compact and sometimes resembles
limestone.

It alters to colemanite and calcite and is associated with colemanite, gypsum and calcite.

Sodium-calcium borates

Ulexite (Nay0.2Ca0. 5B,0,. 16H,0)

Ulexite is the only mineral of the Na-Ca borate series found in the deposits. It occurs
at three levels and always as massive and cauliflower-like nodules in the Emet deposits
(Plate 18, fig.8); fibrous, cone, rosette, 'cotton ball' and columnar textures are observed
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in the Kirka deposit (Plate 19, fig.1). Sometimes, very thin fibrous ulexite crystals growing
on top of the massive and cauliflower-like ulexite nodules have been observed and cauliflower-
like nodules composed of randomly orientated crystals, 1-5 cm long, form independent layers
up to a few metres in thickness.

Ulexite is commonly associated with colemanite and hydroboracite in the Emet deposits,
but no alteration to colemanite or from any other mineral has been observed. It is usually
very soft. The purest forms of ulexite are white, but many are grey due to the nodule growing
in the clay. Thus, like colemanite and meyerhofferite, ulexite nodules appear to have developed
within and not on the sediments (Helvaci, et al., 1976; Helvaci, 1977).

Ulexite is commonly associated with borax, colemanite and inyoite in borate layers, and
with kurnakovite and tunellite in clay layers in the Kirka deposit. Cone and rosette-shaped
aggregates of ulexite are found as pseudomorphs after borax on the borax layers at borax-
clay interfaces in the Kirka deposit (Inan ¢t al,, 1973). Ulexite showing fibre-optical properties
has not been recorded from the Turkish deposits, because ulexite commonly appear to be impure
due to the clay contents.

Sodium borates
Borax (Na;O.2B,03.10H,0)

Borax is by far the most abundant borate mineral found in the Kirka deposit (Inan, 1972
and Inan ¢t al,, 1973), and for this reason it is usually called a borax deposit. It is restricted
to the Kirka deposit. The highest concentrations of borax are in the central part of the deposit.
Fresh, pure borax is colourless and transparent (Plate 19, fig.2), but in places, where it is
fine-grained and interbedded with clay, it is light pink, yellowish-orange or grey due to fine
inclusions of foreign material. Borax occurs mainly as subhedral and anhedral crystals usually
1 mm-10 mm in size. Large masses of subhedral borax crystals are often found in the cavities
created after burial. Sometimes it is also observed as disseminated individual crystals in the
clay matrix and as borax-clay breccia. Some very large crystals, up to 10 m in length and
2 m broad, cutting across the bedding, have been observed (Inan et al., 1973).

Borax occurs chiefly (Plate 19, fig.3) in almost monomineralic zones interbedded with
clay and associated with tincalconite and fibrous or '"cotton ball' ulexite. In many places
tincalconite forms a thin film on the exposed part of borax crystals and borax shows a trans-
formation into ulexite at borax-clay interfaces.

Tincalconite (Na,O.2By0;. 5H,0)

Tincalconite is also restricted to the Kirka deposit and does not form independent crystals
in this deposit but occurs only as an alteration product of borax (Plate 19, fig.4) and kernite
(Plate 19, fig.5). The fine microscopic crystals of tincalconite develop very rapidly on borax
or kernite crystals in contact with atmosphere, in a matter of days depending on the humidity
and temperature (Inan et al., 1973).

Kernite (NaQO. 2B 203. 4H 20)

Kernite has a restricted distribution and is found only at one locality in the underground
workings of the Kirka deposit. New kernite crystals may be found when the underground
workings advance. It is developed in the deeper part of the sodium borate body at Kirka.
(Helvaci, 1977).

It occurs as colourless, transparent but sometimes white elongated needle-shaped, or
group of needle-shaped, crystals which are surrounded by a zone or borax. Individual crystals
vary in their length, which is up to 10 cm. Kernite alters by dehydration to white tincalconite
which occurs as fine-grained coatings on kernite crystals that have been exposed to the
atmosphere (Plate 19, fig.5).
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Magnesium-calcite borates

Hydroboracite (CaO.MgO. 3B,05. 6H,0)

Hydroboracite is found throughout all the major deposits and occurs sporadically at
different horizons and in clay layers. It forms small clusters (nodules) in which radiating
needle-shaped crystals, 0.5-5 cm, are randomly orientated (Plate 19, fig.6). Radiating
needle-shaped crystals of hydroboracite intersect with each other and groups of them show a
conical appearance (Plate 19, fig. 7).

Sometimes, it forms thin layers within the interbedded clay. In the thin section, the
needle-shaped crystals of hydroboracite have a fibrous texture. This mineral is usually white,
but sometimes it appears yellowish in colour due to the presence of realgar and orpiment in
the Emet deposits (Helvaci, 1977). It is associated with colemanite and ulexite and sometimes
with tuneilite.

Inderborite (CaO.MgO.3B,03.11H50).

Inderborite occurs very rarely and is restricted tc the Kirka deposits. It is found inter-
grown with kurnakovite and ulexite, especially with the former in the deposit (Baysal, 1973).
It occurs in the form of thick prismatic crystals which can reach a few centimeters in length.
The inderborite crystals are often in white colour, semitransparent and they show glassy or
weak pearly luster on the cleavage faces. Colourless and transparent crystals are also fcund.
It is clearly associated with kirnakovite, ulexite and calcite.

Magnestium borates

Inderite (2Mg0. 3B203. 15H ZO)

Inderite is described from the Kirka deposit and has a restricted distribution (Baysal,
1973). It has been found with kurnakovite only in the upper part of the borate zone in the
deposit. Inderite commonly occurs either as thin rods and needles or as radial and spherulitic
aggregates which are usually associated with clay and kurnakovite crystals. The inderite
crystals are 1-2 cm long and 1-2 mm wide. The crystais are colourless, transparent and
have a glassy luster which is vitreous to pearly on cleavage planes, dull and greasy on
irregular surfaces. Sometimes inderite appears grey in colour, because it often contains small
amounts of clay. It is commonly found in close association with kurnakovite.

Kurnakovite (2MgO.3By03.15H90)

Kurnakovite is found in the upper part of the Kirka deposit and forms a non-continuous
laver in the clay just above the main borate body. The kurnakovite layer consists largely of
1-20 cm long individual, colourless grey or sometimes pink, elongated, euhedral crystals
(Plate 19, fig.8) and crystal aggregates. Its distribution is similar to that of inderite but it
is much more common. It coexists frequently with ulexite, inderite and tunellite and less
frequently with borax. (Inan et al,, 1973).

Strontium borates

Tunellite (SrO.3B,Cy. 4H,0)

Tunellite has a restricted distribution and has been found only in the lower part of the
borate zone in the Emet deposits and in the clay layers in the Kirka deposit. It occurs in
very small amounts.

Tunellite commonly occurs either as individual flattened crystals (Plate 20, fig.1),
1-5cm in length, or as thin tabular-shaped crystals which have nucleated on (but not replaced)
vlexite. Pure flattened tunellite crystals are colourless, transparent and have perfectly developed
cleavages parallel to flattened surfaces, which resemble muscovite flakes (Plate 20, fig.1).
Alternatively tunellite occurs as small white nodules with radiating structures, which have
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apparently grown in the interbedded clays (Plate 20, fig.2). In the Emet deposits, it is
associated with ulexite and colemanite whereas in the Kirka deposit, it coexists with hydro-
boracite and ulexite. This mineral was described from the Kirka deposit by Baysal (1972)
and from the Emet deposits by Helvaci ef al., (1976), but has not been identified in any other
Turkish borate deposits.

Veatchite (sensu lato) (4SrO.11By0;5. TH,0)

Veatchite is very rare, occurring sporadically at one horizon in the northern basin of the
Emet deposits. It appears as a very pure white mineral often with clay inclusions, with small
(up to 2 cm in diameter) and large (up to 6 cm in diameter) nodules made up of little needle-
shaped crystals. Sometimes very small nodules are associated together and show mammilary
appearance (Plate 20, fig.3).

Veachite (sensu lato) occurs as felted masses of very small crystals which are sufficiently
curved to preclude a positive distinction between veatchite and p-veatchite (Braitsch, 1959) by
single crystals X-ray examination. Due to the absence of suitable crystals, the single crystal
study has failed to distinguish between veatchite and p-veatchite (Helvaci, 1977).

This mineral is usually associated with colemanite. Field and textural evidence shows
that this mineral replaces colemanite and is not associated with the other Sr borate, tunellite.
It was first recorded from the Turkish borate deposits by Helvaci (1974). (Helvaci and
Firman (1976)).

Silicon-calcium borates

Howlite (4Ca0.5B405. 25i0,. 5H,0)

Howlite has a very restricted distribution and has been found only in the Domaz mine of
the Bigadi¢ deposits (ézpeker, 1969). It occurs as compact nodular masses, internally dense
and structureless and resembles unglazed porcelain; sometimes chalk-like, earthy, scaly, or
with a slaty structure. It is white in colour and translucent in thin splinters, and is associated
with colemanite.

Complex borates

Teruggite (4Ca0.Mg0.6B;03.As,05.20H,0)

Teruggite is rare, occurring sporadically at one horizon in the southern basin of the Emet
deposits, as very pure white, powdery potato-shaped nodules containing countless minute white
euhedral crystals. The nodules of teruggite range from 2 to 10 cm in diameter (Plate 20,
fig. 4).

Occasionally these powdery potato-shaped teruggite nodules contain very small spherulites
of cahnite (Plate 20, fig.5). This is the first record of this type of teruggite and cahnite
occurrence from borate deposits. The crystal structure of teruggite from the Emet deposits
was described by Negro, Kumbasar and Ungaretti (1973).

The sporadic occurrence of teruggite and cahnite, compared with the almost universal
distribution of arsenic sulphides in the Emet deposits, suggests that borates developed in areas
in which the brines were difficient in sulphides (probably H,S) which would have otherwise
precipitated the arsenic as realgar instead of arsenic bearing borates. Teruggite is associated
with cahnite and colemanite.

In the thin section, the crystals of teruggite are colourless, prismatic-shaped and are
greatly elongated along the C axis. These crystals usually appear very small and needle-shaped,
Occasionally spherulites of cahnite occur in the teruggite masses and fibrous crystals of cahnite
show a radial texture (Plate 19, fig.6).
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Compound borates

Cahnite (4:C3.0. B203. AS2O 5e 4H 20)

Cahnite, a very rare borate mineral, was first recorded from Franklin, New Jersey by
Palache, et al., (1927), appearing in the cavities of axinite veinlets associated with pegmatites
cutting the main ore-body. Later discoveries of this mineral are associated with scarn zones
as reported from the Klodeborg mine, Arendal, Norway, by Bugge (1951) and from Eastern
Siberia, U.S.S.R. by Malinko (1965), Cahnite was also recorded by Embrey (1960), from a
cavity in dark grey leucitic lava at Capo di Bove, Rome, Italy, where it is found on calcite
associated with phillipsite and chabazite.

Cahnite was first recorded from the Emet borate deposits by Helvaci and Firman (1976).
It had not hitherto been identified from borate deposits. In the Emet borate deposits, cahnite
occurs as very small spherulites in powdery potato-shaped teruggite nodules in the southern
area (Plate 20, fig.6), and as a coating on euhedral colemanite crystals in vughs in colemanite
nodules in the northern area (Plate 20, fig.7). Cahnite is rare; occurring sporadically only
at one horizon. It is associated with colemanite and calcite in the northern basin, whereas it
is associated with teruggite and colemanite in the southern basin.

The spherulites of cahnite are generally very small, rarely exceeding 2 mm in diameter
and occurring usually singly, but occasionally two or three coalesce together (Plate 20, fig.8).
Cahnite is white and light brown in colour with a notably glassy lustre. In the thin section,
the cahnite spherulites contain needle-shaped and fibrous crystals which often show a radial
texture (Plate 20, fig.06).

Non-borates:

A number of non-borate minerals associated with borates occur in the borate zone of the
deposits. Generally borate minerals are associated with calcite, dolomite, gypsum, celestite,
realgar and orpiment. The last two minerals along with celestite, native sulphur and gypsum do not
occur in the Kirka deposit whereas these minerals are abundant throughout the Emet deposits.

Dolomite does not occur in the Emet deposits. Calcite, quartz and chert are common in all the deposits.
Gypsum and calcite are the common non-borate minerals occuring in the other Turkish borate deposits.

The occurrence of the clay minerals (such as montmorillonite and illite) in all deposits,
and sulphide and sulphate minerals in the Emet deposits is ubiquitous.

The economic importance of borate minerals:

Turkey is currently the second largest producer of borate minerals and has the world's
largest reserves. The level of output is rapidly rising towards that of the USA_and has been
continuously expanded to meet increasing demands of world consumers. Already Turkey is the
major world producer of colemanite much of which comes from the Emet Valley and further
increases, particularly of borax from Kirka, are likely to lead to Turkey dominating the world
markets. Proved and probable reserves of all boron minerals are vast in relation to output
and are measured in hundreds of years supply, even by the most conservative estimates.

The possible large use of boron and borates minerals in different types of industrial
products will rapidly increase the demand of borates in crude and manufactured forms such as
boric acid and borax salts. Production of crude borates in Turkey will relatively expand
enlarging demand and supply relationships in the whole world. Production and consumption of
crude and refined boron products has grown impressively in recent years and because of
borates' diversity of use, even stronger growth is anticipated in the 1970's. The growth of
consumption, reflecting the fact that the largest markets are in household and industrial
cleaners and the glass and ceramic industries, is closely related to the growth of population
and the use of durables, and can fluctuate.

Boron products are used in a surprisingly wide variety of industries; literally hundreds
of products, from fibre-glass and pharmaceuticals to fertilizers and photographic chemicals
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contain the same basic ingredient - borax. The requirements of the glass, enamel and other
traditional user industries has tended to rise steadily with increased population, with a rising
standard of living and with industrial development in general, but the recent quite rapid expan-
sion of the boron products industry owes much to the growth shown by sodium perborate, glass
fibre and nylon.

Boron is a versatile and useful element used mainly in the form of its many compounds,
of which borax and boric acid are most well known. Boron compounds are used extensively in
the glass and ceramics industries, where their low melting points and excellent fluxing proper-
ties are utilized. Their properties are also advantageous in brazing, welding, soldering and
refining.

Borax and boric acid are used in soaps, cleaners, and detergents because of their bacteri-
cidal properties, easy solubility in water, and excellent water-softening properties. Their mild
alkalinity in water and germicidal properties make them useful in toothpaste, mouthwash, and
eyewash preparations. Water solutions of borax are used in dyeing leather and textiles, in
cleansing hides and skins, in plasters and paints, to prevent mildew and give high gloss to
starches, and to prevent mold on leather, textiles, and citrus fruits. In agriculture, borax
is added to fertilizers to supply boron as an essential plant nutrient. Boron compounds are
also used to control weeds.

Boron compounds, being excellent fluxing materials, are especially useful in welding,
soldering, brazing metals and in metal refining and are also added to alloy steels to increase
hardness. Some elemental boron is used as a deoxidizer in nonferrous metallurgical reactions,
as a grain refiner in aluminium, as a thermal neutron absorber in atomic reactors, in delayed
action fuses, as an ignitor in radio tubes, and as a coating material in solar batteries.

Compounds of boron such as boron carbide, titanium boride, tungsten boride and boron
nitride are among the hardest substances known. The cubic boron nitride known by the trade
name Borazon is harder than diamond and has a greater thermal stability. Boron nitride is
also useful as a thermal insulator and as a mould lubricant in glass manufacture. Boron
carbide is used in the manufacture of abrasion-resistant parts of spray nozzles, bearing liners,
and furnace parts; in the atomic energy field as nuclear reactor control elements and radiation
shields; and as an abrasive for ultrasonic grinding and drilling. Boron trichloride is used as
a catalyst, synthesis intermediate and extinguishing agent whereas boron trifuloride is
used as a catalyst for many organic reactions.

Organic boron compounds such as borate esters are finding greater use as dehydrating
agents, synthesis intermediates, special solvents, sources of boron for catalysts, plasticizers,
and adhesion additives for latex paint, and fire retardants in plastics and protective coatings.
Boron compounds such as diborane (B,Hg), pentaborane (BsHg), decaborane (B;pH;4), and
alkyl boranes are potential jet and rocket fuels.

New discoveries and the rapid increase in the living standard of huge sectors of society
the world over will create greater demands for wonderful boron compounds. Interest in

borate minerals and deposits will grow accordingly.

The above account on the use of borate minerals is based on Miller (1965) and Aristrain
and Hurlbut (1972).
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Plate 18, fig.
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EXPLANATION FOR PLATES 18 and 19

Large inyoite aggregate showing tabular crystals.

Meyerhofferite nodule showing coarsely crystalline radiating crvstals
and vugh in the centre, containing acicular crystals, Espey under-
ground mine, Emet.

Section of colemanite nodule showing radiating structure with clav
injection inbetween colemanite crystals, vugh in the centre filled
with euhedral colemanite crystals and clay covering the outer edge
of the nodule. Killik underground mine, Emet.

Cluster of bladed euhedral colemanite crystals from Espey underground
mine, Emet.

Semi-developed stellate colemanite crystals in a clay matrix showing
radiating groups of colemanite crystals, Killik underground mine, Emet.

Massive colemanite surrounded by the layer of fibrous colemanite.
Clay associated with colemanite is montmorillonite, Espey underground
mine. Emet.

Euhedral colemanite crystals filling vughs and cavities, Espey under-
ground mine, Emet.

Occurrence of massive cauliflower-like ulexite nodule with silky
appearance at the Killik mine, Emet.

Occurrence of columnar ulexite at the Kirka deposit.

Colourless and transparent borax body interbedded with clay, Sarikaya
underground mine, Kirka.

Borax (grey) interbedded with very thin clay bands (light), Sarikaya
underground mine, Kirka,

Borax crystals with tincalconite occurring as a thin film coat on
surface, Sarikaya opencast mine, Kirka.

Kernite crystals with tincalconite occurring as a thin fine-grained
coat on upper surface, Kirka.

A small cluster of hydroboracite showing radiating needle-shaped
crystals which are randomly orientated, Sarikaya locality, Emet.

Radiating crystals of hydroboracite .intersecting with each other and
groups of them showing a conical appearance, Killik locality, Emet.

Well developed kurnakovite crystal from Kirka deposit.
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Plate 20, fig.1.

fig. 2.

fig. 3.

fig. 4.

fig. 5.

fig. 6.

fig. 7.

fig. 8.

EXPLANATION FOR PLATE 20

Individual flattened tunellite crystals showing perfectly developed
cleavages and resembling muscovite flakes, Espey mine, Emet.

Small white tunellite nodules with radiating structures growing in the
interbedded clays, Killik mine, Emet.

Very small nodules of a veatchite mineral associated together showing
mammillary appearance, Killik mine, Emet.

A very pure white and powdery potato-shaped teruggite nodule, with
rare clay inclusions, Kapikaya locality, Emet.

A powdery potato-shaped teruggite nodule containing very small
spherulites of cahnite. Note also countless minute white euhedral
crystals of teruggite, Kapikaya locality, Emet.

A spherulite of cahnite occurring in the teruggite masses, Emet.
Plane polarized light, X10.

Cahnite occurring as a coating on euhedral colemanite crystals,
Espey locality, Emet.

Spherulites of cahnite which rarely exceed 2 mm in diameter,
Kapikaya locality, Emet.
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Plate 18

Helvaci - Turkish borates (explanation p.269).






Plate 19

Helvaci - Turkish borates (explanation p.269).






Plate 20

Helvaci - Turkish borates (explanation p.270).






A STUDY OF THE THERMOLUMINESCENCE OF FLUORITES FROM THE PENNINE

OREFIELDS OF ENGLAND

by

P.J. Rogers and D.W,. Sears

Summary

Four main types of thermoluminescence in fluorite samples from the Pennine
orefields, have been determined. The glow-curve produced by calculation can be
qualitatively related to the abundance of certain trace elements. The studies show
that yttrium is an important factor in classifying the thermoluminescence of the
fluorites.

Introduction

The Pennine orefields of England (text-fig.1) typified by deposits of galena, zinc blende,
barite and fluorite are similar to others found in North America, Europe, Russia and North
Africa, together they represent a remarkable concentration of lead, zinc, barium and fluorine
in the Earth's crust. The deposits can be broadly described as stratabound, that is, they are
confined to particular stratigraphical horizons on a regional scale but may be discordant on a
local scale.

The Pennine orefields have had a long mining history dating from pre-Roman times.
Roman pigs of lead have been found in Yorkshire and Derbyshire, together with some old
workings thought to belong to this period. Mining, sporadically continued through the Middle
Ages, but the main period of lead mining occurred between the late 18th and early 19th centuries.
The industry evolved from largely hand-won methods of ore extraction to some degree of
mechanisation during the period of the Industrial Revolution.

Lead mining in the Pennines generally ceased in the 1880's with the sharp worldwide fall
in the price of lead. Exceptionally, individual mines such as the Millclose Mine (Trail 1939)
continued production. An excellent historical review of lead mining history in the Pennines is
given by Raistrick and Jennings (1965). More detailed historical accounts of the Alston and
Askrigg orefields are given by Dunham (1948: 1974) and by Ford and Rieuwerts (1968) for
Derbyshire. Most of the present day mining industry is restricted to the gangue minerals,
fluorite and barite, which has grown steadily in importance since about 1900 (Dunham 1944;
Notholt and Highley 1971; Collins 1972).

The mineral deposits are associated with Carboniferous limestones and sandstones and
shales of Viséan and Namurian age. Igneous activity during the Carboniferous produced the
basalt lavas (or toadstones) and intrusives in Derbyshire (Shirley 1949; 1959) and the quartz-
dolerite Whin Sill in the Alston orefield (Dunham 1948). Stratigraphy played an important
role in localizing the mineralization in a number of preferred rock formations or 'bearing beds'.
Each bed is formed into a trap for the mineralizing fluid with an impermeable shale or igneous
rock member acting as a cap or floor.

The Pennine orefields are located in tectonically stable upland areas within the Peak
District and Yorkshire Dales National Parks. The Northern Pennine orefields rest on Lower
Palaezoic strata, which were initially thought to form a single rigid block (Marr 1921), the
latter was subsequently divided into a northern, Alston Block (Trotter and Hollingworth 1928)
and a southern, Askrigg Block (Hudson 1933). Geographically, the two blocks are separated
by a shallow, broad structural depression including Stainmore and Cotherstone Moor (Versey

Mercian Geol. Vol.6, No.4, 1978.
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1927; Reading 1957). Unlike the Derbyshire 'Dome' (Shirley and Horsfield 1940) these blocks
are underlain by Caledonian granitic batholiths (Bott 1967) not necessarily concerned with the
mineralisation upon which Carboniferous strata lie unconformably (Dunham et al. 1965; Dunham
1975). Sedimentation on the blocks during the Lower Carboniferous was generally slow with
shallow water deposits accumulating. The intervening gulfs (or basins) of deeper water sedi-
ments have up to three times the sedimentary thicknesses of the blocks (Kent 1966, 1974;
Dunham 1973).

The main veins occupy mineralized faults usually with a small throw. In the more
competent 'bearing beds', these fissure deposits (or rakes) usually form steep ribbon bodies
with their length many times their height. Flats (of flots) take the form of bedding-controlled
replacement deposits. Pipe deposits normally consist of irregular mineral bodies usually
found at the intersection of a fissure or joint and the bedding (Ford 1969). The veins are
often found with a banded mineral fill and, despite the generally simple major mineral
assemblage, a large number of minor mineral species are found (Dunham 1948, 1959; Ford
and Sarjeant 1964). The mineralization is generally polyphase in character often with a
complex paragenetic sequence (Ineson and AlKufaishi 1970). Zoning of the gangue minerals is
conspicuous in the Alston and Askrigg Blocks (Dunham 1934 and 1952). The zoning of the
Derbyshire orefield is discussed by Firman and Bagshaw (1974).

Estimates of the age of the Pennine mineralization vary from Variscan (Moorbath 1962),
although this age is disputed (Mitchell and Krouse 1971), to Mesozoic (Dunham et al. 1968).
Isotopic dating of clay minerals from Derbyshire (Ineson and Mitchell, 1973) indicates a series
of mineralizing episodes spread over a 100 million years from Permo-Triassic to Jurassic
times.

Previous Analytical Work

Pennine fluorites have been studied using XRF and other methods and analytical results
are given by Dunham (1952), Palache et al. (1951), Haber Schausberger and Schroll (1967),
Derré (1972) and Jeffrey (1967). Smith (1974a) in a very detailed study gives a large number
of analyses and demonstrates their application to economic geology (Smith, 1974b). Derbyshire
Blue John has been studied in great analytical detail by Mackenzie and Green (1971) and
Braithwaite et al. (1973).

Thermoluminescence Studies

Thermoluminescence (TL) is the luminescence produced on heating a mineral specimen.
The thermal energy dislodges electrons which have been excited and trapped in the crystal
lattice by ionising radiation. The electrons drop to the ground state via a luminescent centre
and in doing so emit light, which can be measured to produce the glow-curve. TL is therefore
a function of the ionising radiation received and the thermal history of the specimen (Randall
and Wilkins, 1945).

List of Localities for Text-fig, 1

1. Nenthead, Alston Block 11. Greenhow Hill Askrigg Block

2. Weardale, Alston Block 12. Raydale, Lothersdale

3. Hilton Mine, Scordale, Cumbria 13. Castleton, Derbyshire

4. Gunnerside Gill, Askrigg Block 14. Bradwell/Hucklow Edge area Derbyshire
5. Arkengarthdale, Askrigg Block 15. Longstone Edge, Derbyshire

6. Clouds End Fell, Askrigg Block 16. Alport mines, Derbyshire

7. Wet Grooves/Seata Mines, Askrigg Block 17. Ashover,Derbyshire

8. Kettlewell Askrigg Block 18. Matlock area, Derbyshire

9. Grassington Moor, Askrigg Block 19. Crich, Derbyshire

10. Ashfoldside Beck, Askrigg Block
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The X-Ray Fluorescence (XRF) method produces secondary x-rays which result from
disturbances in the electronic structure by bombarding the specimen with x-rays. The minerals
produce unique spectral lines, which, when compared to those of a known standard, enable the
chemical composition of the mineral being analysed to be elucidated (Adler 1966). The fluorite
lines can then be eliminating leaving the lines of the impurities, particularly the trace elements.

The thermoluminescence (TL) and trace element content of 53 fluorites from the epigenetic

mineral deposits of the Pennine orefields have been examined in an attempt to understand the
causes of TL and to demonstrate differences in TL between the fluorite samples.

Apparatus and Technique

The apparatus consists (text-fig.2) of a molybdenum strip heated electrically by an
electronic control unit at 5.0+0.05°C s~'. The powdered fluorite is ground, sieved and placed
on a defined area of the filament and heated in an inert atmosphere. The light is measured
with an EMI 9635B photomultiplier tube and the amplified signal plotted on the y-axis of an
x-y recorder. Temperature, as measured by a chromel-alumel thermocouple, is plotted on
the x-axis. A glow-curve is thereby obtained directly, the reproductibility being better than
5%. Samples are 'drained" of their natural TL by being heated to 500°C and given a standard
dose of about 50 krad of y-rays from a Co8% source. The XRF analyses were performed on
a Phillips PW212 machine using synthetic spiked standards of pure calcium fluoride. The
detection limits are strontium 2 ppm, barium 8 ppm, cerium 9 ppm, yttrium 3 ppm and lanthanum
5 ppm.

HT Unit
Amp.
N
Photo 1> )
X-Y R o
Multiplier | ecorder
Tube
(shielded &
cooled) || Temperature
Recorder
1 _ __ Inert
] —
: | Gas Control Constant
| JI r Unit Voltage e
! an M Transformer
Cold Junction

Text. fig. 2. Schematic diagram of the thermolumescence apparatus (from Sears and Mills 1974)

Results

The glow-curves (TL vs. temperature) of the 53 specimens show considerable variation
in their structure and in total TL. It was found that distinctive features in the glow-curve
can be related qualitatively to the abundance of certain trace elements.

The fluorites and their localities are listed in Table 1 (p.275). On the basis of their

glow curves, the specimens can be divided into four broad groups (text-fig.3), but there is
not always a sharp distinction and some groups grade into each other (for example 2 and 3);
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Table 1 - Trace element contents and thermoluminescence of fluorites

Location Fluorite samples Trace Element Content ppm Thermoluminescence

Area under glow | Glow curve type
Ba |Sr Yr | Ce | La | curve (arb units) see fig. 1.
Escoe Hill, nr. Linton, Yorks. 71 40 19 18 1 386 1
Rimington Mine, Ings Beck, Lancs. 5586 | 134 23 0 0 978 2
Main Vein, Raygill Quarry, Yorks. 241 | 39 13 5 9 2317 4
Cloud End Fell, Cumberland. 2845 | 52 27 0 0 799 3
Birkett Hill, Cumberland. 20| 36 24 24 0 381 1
Beevor Mine, Yarnbury, Grassington, Yorks. 13455 | 143 31 0 0 1690 3
Middle Vein, Grassington Moor, Yorks. 648 | 53 26 6 14 78 1
Bycliffe Vein, " " " 48| 31| 27 | 15 0 494 1
Bycliffe Vein, Ashfoldsidebeck, Yorks. 0} 50| 81 0 0 881 2
Starbotton Fell, Kettlewell, Yorks. 221 341 21 33 9 424 1
Middlesmoor Pasture " 14506 | 132 26 0 0 242 1
Galloway Vein, Greenhow Hill, Yorks. 81| 44 21 17 5 829 2
Greenhow Rake, " " " 17| 47| 27 21 0 484 1
Waterhole Veins, Gillfields Adit, Greenhow,

Yorks. 24 45 29 26 15 750 2
Lolly Mine, Ramsgill, Nidderdale, Yorks. 269 | 48 50 21 2 770 2
Inman Vein, Appletreewick, Yorks. 231 381 1 20 3 392 1
Gill Heads Vein, " " 46 | 48 22 29 3 601 1
Seata Mine, Aysgarth, Yorks. 0| 33 28 25 0 1565 3
Wet Grooves Mine, Askrigg, Yorks. 231 46 | 37 34 0 587 2
Keld Heads Vein, Wensley, Yorks. 2592 | 58 | 34 0 0 1842 3
Worton Mine, Nr. Bainbridge, Yorks. 25| 46 | 82 41 5 1809 3
Sir Francis Mine, Nr. Gunnerside Gill, Yorks. 21168 | 320 | 47 0 19 1645 3
Bunton Level " " " " 3795 66 60 0 0 1162 3
North Rake Hush, " " " " 14186 | 160 7 0 0 1993 3
Merryfield Mine, Old Rake, Nr. Gunnerside Gill,

Yorks. 5087 75 53 0 4 2415 3
Blakeside Vein, Surrender Moss, Nr.Reeth,

Yorks. 5452 | 119 37 0 0 1163 3
Dam Rigg Vein, Arkengarthdale, " " Yorks. 168 | 51 49 26 0 583 2
Copperthwaite Vein, " " vtoon 31688 | 119 53 0 4 1518 3
Black Hills Hush, " " tooon 45 52 45 0 0 1593 3
Moulds Top Mine " " v 3608 7 47 0 0 1235 3
Blue John, One Vein, Winnats Pass,

nr. Castleton, Derbyshire. 291100 | 56 28 7 3054 4
Forest Shaft, Odin Vein, Nr. Castleton, Derbys, 13818 | 214 | 13 0 0 325 2
Earl Rake, Bradwell, Derbyshire. 13! 571 16 31 0 72 2
Dirtlow Rake, Castleton, Derbyshire. 33} 39| 10 24 0 430 2
Ladywash Mine, Hucklow Edge Vein, Eyam, Derbys 50| 48 | 12 4 1 393 2
Blyth Mine, Alport, Derbyshire. 19| 4 16 6 0 130 2
Hazlebadge Hall, Bradwell, Derbyshire. 5071 | 87 19 0 0 169 2
Gregory Mine, Ashover, " 271 50 11| 22 12 275 2
Starr's Wood, " " 3065 | 126 14 0 3 331 2
Long Rake, Raper Lodge, Alport, Derbyshire. 20778 | 423 16 0 0 174 2
Old End Mine, Crich, Derbyshire. 88 58 13 | 26 0 155 2
Clayton adit, Ecton Hill, Staffordshire. 204 | 37 23 0 2 212 2
Sallet Hole adit, Longstone Edge, Derbyshire. 2818 | 371 18 0 0 295 2
Low Mine, Great Rake, Matlock, Derbyshire. 20 | 102 19 | 43 4 2155 3
Heights Veins, Heights Quarry, Co. Durham. 15| 50} 293 |155 {101 3211 4
Knopley Level, Diana Vein, Allenheads Mine, 95| 19 | 213 63 12 3140 4

Co. Durham.

Smallcleugh Mine, Nenthead, Northumberland. 0} 42| 344 {108 57 3068 4
Blackdene Mine, Blackdene, Co.Durbham. 337 45 31 | 20 8 2935 4
Redburn Mine, Red Vein, Weardale, Co. Durham. 14| 22 | 316 | 58 19 3011 4
Whitecheaps Mine, Poor Vein, Blanchland " 20 25 | 333 77 21 3230 4
Burtree Pasture Mine, Red Vein,Weardale, 17| 18 | 261 52 12 2952 4
Sedling Mine, Sedling Vein, Weardale " 31| 27| 285 | 55 | 26 2885 4
Hilton Mine, Hilton, Cumberland. 47| 47| 200 | 49 30 1953 3
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Text-fig.3. Examples of the four types of glow-curve observed in the Pennine fluorites
examined here where the light emitted is measured in the same arbitrary units
for each curve. The temperature ranges LT, MT and HT indicate regions in
which peaks were observed to appear in the 53 fluorites examined.

some subjectivity is therefore involved in the assignment. Single isolated peaks are rare in
the glow-curves obtained but from an examination of all the 53 specimens, peaks appear to
occur at 105+10° (this group referred to as LT) 130+15, 165+10°C (referred to as MT),
375+15 and 380-450°C (referred to as HT). Some caution must be taken in using peak
position values as many factors (especially overlap) change them and the use of the less
precise terms LT, MT and HT is preferred. With this nomenclature, glow-curves of type 1
consist only of LT, type 2 of intense LT and some MT, type 3 of intense LT and MT and
type 4 of intense LT and HT.

It was possible to measure the content of barium, strontium, yttrium, cerium and
lanthanum in all 53 specimens by x-ray fluorescence (XRF). The variation of the TL with
trace element abundance is presented in text-fig.4 in which the various glow-curve types are
presented by different symbols. Strontium and barium are assumed to be present in samples
of types 1, 2 and 4 in about equal amounts. The remaining glow-curve group, with intense
MT, however, contains considerably more of these elements. The barium plot is logarithmic
and certain samples with type 3 glow-curves contain more than 1000 times the quantity of
barium found in the other types; this is probably due to barite contamination as intergrowths
with fluorite.

A few points indicate that some specimens producing type 2 glow-curves contain high
barium, but these are clearly separate from the main group of points for this type and are
border-line specimens in their glow-curve group assignment. Although some type 1 and some
type 3 specimens have barium and strontium, undoubtedly most of type 3 have high barium and
strontium. Thus an enrichment in elements in calcium-substitutional sites may be responsible
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for the thermoluminescence in the MT region of the glow-curves of fluorites. The enrichment
is analogous to the mechanism for the production of TL in limestones and the feldspars of
lunar rocks where manganese substitution for calcium is thought to be responsible (Medlin 1966).
The process is contrary to the view (Semec and McDougall, 1969) that TL in this region is
associated with Frenkel defects, i.e. interstitial ion-vacancy pairs.

Yttrium and other rare earths, cerium and lanthanum show a quite different trend. These
elements, particularly vttrium, are present in greater quantities in samples giving type 4 glow-
curves. An association between yttrium, the rare earths and thermoluminescence was mentioned
by Menon (1971), and this work supports the conclusion that HT is associated with an enrichment
of these elements.

The results do not indicate a relationship between LT glow-curves and trace elements;
this supports McDougall (1970) who has suggested that lattice dislocations are responsible for
thermoluminescence in this region.

Conclusions

Diagnostic qualitative features of the thermoluminescence (TL) glow-curve of Pennine
fluorites can be related to the abundance of certain trace elements. It is possible to distinguish
4 types of TL in the fluorites, although the distinction is not always clear because some types
grade from one class into another.

The studies show that the yttrium content is especially important with regard to the HT
of Pennine fluorites. HT is a good indicator for the presence of ytrrium and rare earths.
The TL also reflects the differences in yttrium and rare earth content between the Pennine
orefields, the Alston Block having largely type 4, HT fluorites. The other orefields have a
mixture of types 2 and 3 with subordinate type 1. This could well have some significance with
regard to the genesis of the Pennine mineralization.
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A BRIEF REVIEW OF SOME ASPECTS OF GEOMORPHOLOGY IN ENGLAND
AND WALES

by

J. Challinor

Introduction

Ever since the beginning of the present century, topographic relief in Britain and America has
been largely explained on principles associated particularly with the name of the celebrated
American geomorphologist W. M. Davis. The chief assumption made is that the character of
the relief of a region depends primarily on the evolutionary stage reached in the course of a
'geographical cycle' (also called a 'cycle of erosion') initiated by a relatively rapid uplift, and
that such cycles, in various stages of completion, may be repeated. The exponents of these
ideas claim to find examples of their application in Britain in features which seem to me to be
readily accounted for on more general and already well-established principles. The philosophical
virtue of economy of hypothesis ('Ockham's razor') seems to be neglected. However, there are
now signs that a new look is being taken at some of the aspects ol geomorphology.

I have elsewhere (1974) tried to put veryv shortly something of the essentials of my own
ideas, as opposed to those of Davis. From this (p. 464) I quote nearly verbatim as follows:-

‘Geomorphology became, and has remained, so steeped in the Davisian ideas that it is
very generally taken for granted that any feature that can possibly be explained in accordance
with them is to be so explained. Thus such things as uplifted peneplains (entire or as remnant
hill-tops) are claimed as being recognized, and certain irregularities in river profiles are made
to give evidence of successive cycles induced by successive uplifts. There appears, however,
to be an obvious and fundamental flaw in his premise. Uplift is assumed to be so rapid as to
produce, all at once as it were, an elevated surface on which erosion begins and develops its
work until, perhaps, another relatively sudden uplift superimposes another 'cycle'. But
erosion would begin at the first emergence of the region from the sea and it would go on as the
land more or less gradually rose. It is very unlikely that the land would ever approach, much
less reach, the height to which the earth-movement would have carried it, and its form would
at all stages be determined mainly by its geological structure, differential erosion of the less
and more resistant rocks being the guiding principle. The land surface would be worn away
and sculptured as it rose. At the same time, this subaerial erosion (of various kinds but
normally chiefly fluvial) would everywhere tend to produce its characteristic curves and features,
evolving in its own way according to particular circumstances. A river-system might well be
initiated by an original up-warp or tilt.

Surely that is a more reasonable assumption as to the action and results of earth-
processes than is the Davisian model? If so, observed land-forms conforming to what may
be inferred as a deduction from it must, as a matter of logic and common sense, preferably
be explained in that way.’

D.W. Johnson was one of Davis's students and disciples and in his well-known book (1919)
he applied an evolutionary hypothesis to coastal geomorphology. In 1949 I published a paper in
which I analysed an opposite view, a view analogous to the one I take regarding the entirely
subaerial erosion and denudation of an inland area.

Throughout the geological history of any particular region there were, it seems, long
periods during which the uplift of the land gained on the contemporaneous and continual down-
cutting and removal processes of erosion and denudation. Between these periods were long
intervals in which the lowering of the land gained, on the whole, on the effects of up-rising
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tendencies due to earth-movement. The higher the land, at any time, above base-level (sea-
level) the greater the power of the combined erosion-denudation process, but all the time there
would be a continual balance and adjustment between earth-movement on the one hand and
erosion-denudation on the other.

A powerful impetus to view without prejudice the factors controlling relief was given in
America by the publication in 1960 of a paper by T. Hack of the United States Geological Survey.
In this he advocates a principle which he calls 'dynamic equilibrium'. If I understand him
correctly this principle, which he applies in considerable detail, largely accords with the
one I have outlined above. Hack's work has been further discussed in the course of Schumm
and Lichty's paper (1965).

In the present article I propose to consider very briefly a few representative regions of
England and Wales by way of illustrating my own ideas. We shall chiefly be concerned with
the history of the 'hill-top surface', by which I mean an imaginary surface draping the hills
and ridges of a region (more or less closely according to how it is envisaged). This surface
may be imagined as extending from the higher onto the lower parts of a region.

Examples of the hill-top surface

North Cardiganshire

This is a region composed of Ordovician and Silurian rocks, chiefly the latter. The
view that has for long been advocated is that the hill-top surface here comprises several
'platforms’' representing plains formed originally either just above sea-level (subaerial pene-
plains) or just below sea-level (plains of marine denudation) which have been successively
raised by earth-movement, the highest, forming a plateau, being the earliest. My own view,
first detailed in 1930, is that there is one surface, continuously carved by subaerial erosion
out of a region uplifted, perhaps, during Tertiary times.

If we take the extensive 'high plateau' of the region, how is it that erosion, which has
admittedly deeply dissected the plateau, has proceeded just so far as to leave intact the tops
of the hills? The hills must surely have been lowered while the valleys were being carved
out. The surface on which this morphological development was initiated would have been
hundreds, if not thousands, of feet above the present plateau; that is, taking the action of
the earth-movement by itself and ignoring the effect of erosion while the uplift was going on.
I would explain the existence of the plateau as being the natural result of erosion working on
rocks which, over the greater part of the area, are of much the same resistance. The
mountain of Plynlimon, being composed of the harder Ordovician rocks in the core of a
structural dome, stands out above the plateau on the principle of differential erosion.

The consideration of the production of this surface in Cardiganshire and the neighbouring
country begins with A.C. Ramsay's paper 'On the denudation of South Wales' in 1846. He views
the whole surface of Central Wales, hills and valleys alike, as an uplifted surface which had
been not only planed off, but deeply hollowed out, by marine erosion. In 1866, with his
attention on northern and north-central Wales, Ramsay put forward the same general idea of
an uplifted planed surface but he now (1866) accepts the fact that the valleys have since been
carved out by subaerial erosion. He recognizes plateau-surfaces, each at a different height,
over several areas respectively of different rock-resistance, but he does not attempt to
reconcile this correspondence with his hypothesis which, indeed, it seems clearly to contra-
dict. He places the age of the uplift as far back as pre-Triassic (Hercynian) times. These
views were repeated unchanged in 1881 and they were re-stated, with special reference to
Cardiganshire, in his book on Great Britain (e.g., the last edition, 1894).

Ramsay's hypothesis, with variations, persisted, becoming more and more firmly fixed

in geological literature. For instance, we find W, G. Fearnsides remarking that the Central
Uplands of Wales are 'indeed an ancient peneplain deeply dissected ... probably an early
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Tertiary surface of subaerial denudation' (1910). O.T. Jones's more detailed and precise
rendering of essentially the same story, in 1911 and 1924, served to fix it still further.

In addition to the postulated uplifted plain forming the high plateau of northern Cardigan-
shire, several other 'platforms' have been forced on the relief, against all the evidence,
including that adduced by the advocates themselves. Among the more recent publications in
which this has continued to be done are those of E.H. Brown (1950, 1952, 1956, 1957, 1960)
and O.T. Jones (1952, 1957, 1961). J.C. Rodda (1970) while claiming that his analysis
supports a three-fold planation suggested by Brown (which it does not seem to do) nevertheless
admits that 'it also indicates that Challinor's single surface is almost as appropriate’. I have
reviewed this whole subject at some length (1951), reprinted with an additional paragraph (1969).

Snowdonia

The diversity of ideas about the origin and evolution of the present mountains of Snowdonia
(formed out of Ordovician, with some Cambrian, rocks) was well shown at a meeting of the
Geological Society of London on 3 November 1937, when a paper by Edward Greenly was read
on 'The age of the mountains of Snowdonia' (published in 1938) and discussed by some of the
most eminent geologists of the day.

When we view the Snowdon mountain-group from any point outside, for instance from
Anglesey, we can imagine a line connecting the higher summits, and we see that this line is
a fairly even one. Combining several such views we find that the summits reach a gently
convex hill-top surface. This is also evident from a map showing the relief and the heights
of the hills.

It may at first sight be tempting to suggest that this imaginary hill-top surface coincides
with a once-real surface of a dome-shaped mass out of which the mountains have been carved
by erosion.

Whatever the history of the height and relief of North Wales during Upper Palaeozoic
and Mesozoic times may have been, it seems to be generally assumed (e.g. George, 1961,
p.77) that by early Tertiary times, at the latest, that region had become worn down to a
low-lying, more or less level, surface. This surface may have been beneath the sea in
late Cretaceous times (but there are no deposits of Cretaceous age) or a plain not far above
sea-level. Again it seems to be generally assumed (e.g. George, 1961 p. 78) that this
surface was later raised by stresses in the earth's crust, perhaps as a distant effect of
the Alpine (Tertiary) orogenic movements. The supposed dome-shaped mass whose surface
is envisaged as coinciding with the present hill-top surface might thus, as was suggested by
Greenly (1938 pp. 119-120), have heen formed by this uplift. There are, however, what
appear to be fatal objections to this idea.

The same considerations apply here as in Cardiganshire and are even more obvious.
I have called attention to them recently in writing about Snowdonia (1973). It seems particularly
impossible here that the present hill-top surface could be, or could represent in any way, an
original low-lying surface which had been uplifted into a gentle dome; any such surface would
be completely lost, because while the valleys were being carved out, the whole surface could
hardly escape being greatly lowered by the general erosion and denudation going on everywhere
at the same time.

It is, however, highly improbable that any uplifted original unmodified surface ever
existed. Erosion, both subaerial and marine, would start its work as soon as the plain began
to rise. It would never reach the height or assume the form that would have been produced
by the earth-movement alone.
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The Lake District of Cumbria

The main features of the structural and morphological history of the Lake District appear
to admit of little doubt, forming indeed a well-known 'model'.

The core of the region - that is, the Lake District proper - is, like Snowdonia, composed
of Lower Palaeczoic rocks. Here, the highest mountains (the Scafells, Helvellyn, Skiddaw) all
reach a little over 3000 ft so that there may be said to be a nearly horizontal hill-top surface
at this level. Taking this mountainous core by itself there seems no reason why it should not
have been suggested, as it was in the case of Snowdonia, that this imaginary hill-top surface,
restored to reality, was a plain that had been uplifted to its present position. So far as I
know, this suggestion has never been made; and with good reason, for it would have been
difficult to maintain when the structure of the whole region was taken into account. As is very
well known, the Lower Palaeozoic core is surrounded by Carboniferous rocks which presumably
covered the whole area and which were uplifted in the form of a dome, subsequently being
removed by erosion from the central part. This erosion has continued, cutting deeply into the
resistant core which has remained all the time (particularly the part of it composed of the hard
Ordovician rocks) to stand higher than its surroundings of later rocks. The radial drainage of
rivers and lakes is assumed to have originated on this uplifted surface.

The geological history of the district is given diagrammatically in, for instance, Eastwood
et al. (1971, p. 5); the uplift there being shown as renewed in post-Triassic times. Moseley
(1972) places this second gentle doming as part of the Alpine (Tertiary) movements. We do not
know the relative rates of uplift and contemporaneous erosion; a question which, in general,
seems to be of the utmost importance in geomorphology.

S.E. Hollingworth, however, in two papers (1937, 1938), has claimed to recognize
remnants of platforms at several levels corresponding zpproximately to nearly level surfaces
formed originally just above or just below sea-level. He admits that these are 'deeply dissected
and preserved in comparatively small residuals... However, owing to dissection, the varying
resistance to erosion of the constituent rocks, and the masking effects of glacial erosion and
deposition, the presence of platforms is not at first sight apparent. Nor are the residuals
sufficiently continuous to indicate an obvious linking up on the basis of altitude' (1938, p. 56).

I have never myself seen anything in the landscape of the Lake District that would suggest
the presence of any such 'platforms'. My contention throughout this review is to suggest that
the logical procedure as regards interpretation is to show, first of all, that features such as
so-called 'uplifted platforms' and 'rejuvenation effects' on river-profiles would not be produced
by the normal action of erosion working on a stable land.

The Weald

A detailed review of the history of the development of the rivers and relief of the Weald
of south-east England has recently (1973) been made by B.C. Worssam of the Institute of
Geological Sciences (Geological Survey). To quote from parts of the preliminary matter of
this paper:

'In 1895 W.M. Davis, in a paper dealing with a large part of eastern England, described
the development of the rivers of the Weald in terms of his theory of the cycle of erosion.
With this authoritative paper as their example most subsequent writers on the geomorphology
of the Weald, up to and including Linton (1969), have tended to describe the Weald as providing
straightforward illustrations of the working of the cycle of erosion theory. Wooldridge and
Linton's Suvface and Dvainage of South-East England, published in 1939 and reissued with
amendments in 1955, and which since its first publication has been regarded as the standard
work on its subject (see Clayton, 1969), is certainly written from a Davisian standpoint' (p.1).

'"The concept of dynamic equilibrium, put forward by J.T. Hack in 1960, provides a

simpler explanation of the present topography of the Weaid than does the cycle of erosion
theory of W. M. Davis. Doubt is cast on the existence in the Weald of a '200-it Platform'
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and of a '400-ft Platform'. The evidence for a '600-ft' or 'Pliocene Platform' is reviewed;
remnants of a Pliocene plane of unconformity on the Chalk of the North Downs form a topo-
graphical platform at about 600 ft above O.D., but S.W. Wooldridge and D. L. Linton's ideas
on the denudation history of the Weald, based as they are on the assumption that this topo-

graphical platform represents the offshore equivalent of a Davisian peneplane, appear to be

structurally unsound' (Summary on p.v.).

Worssam, however, if I have understood him rightly, seems to have some difficulty in
establishing any very clear fundamental difference between the 'offshore equivalent of a Davisian
peneplane' and a 'plane of unconformity', and (what is the most important similarity between the
two) in either case the plane is supposed to have been raised to form a present platform (hill-
top surface) at about 600 ft. The difficulty is the presence of several patches of Pliocene
deposits, of various ages, at places on the Chalk at or near this level.

The difficulty would be removed - there would be no need to have any platform at all
raised from below sea-level to 600 ft - if it could be shown that these Pliocene deposits were
not in situ. In a paper by E.R. Shephard-Thorn (1975), another senior officer of the Geological
Survey, the suggestion is made that these high-level deposits on the Chalk 'have been glacially
transported to their present locations from the southern bight of the North Sea' (p. 538). He
says: 'Traditionally, south-east England has always been regarded as lying beyond the maximum
southerly extent of the Pleistocene ice-sheets in Britain. If, however, the recent proposals of
former glaciations of the English Channel and adjacent areas, by ice-sheets originating on the
western margin of the European continental shelf (Kellaway and Others, 1975; Destombes
et al, 1975), gain acceptance, many aspects of the development of the Wealden landscape call
for fresh consideration. For example, could Wooldridge's Pliocene surface be in reality an
old glacial terrain of the earliest Pleistocene, with the clay-with-flints its relict till and the
high-level deposits of the Chalk downs glacially rafted equivalents of the East Anglian Crags?'
(p. 544).

It therefore seems reasonable to suppose that beoth accordances (including the so-called
'bevels') and variations in height along the Chalk escarpments, and along the Lower Greensand
escarpments, and the high central area of the Weald, are all due to erosion working on the
principle of dynamic equilibrium; with any oscillations of sea-level during the Glacial Period
being taken in its stride.

The two papers here discussed go deeply into their subject matter and are fully docu-
mented. Of the works they refer to, I here list only those mentioned in the extracts I have
quoted above, with one exception, a paper by D.K.C. Jones (1974) which contains a detailed
discussion and criticism of Linton's ideas.

Southern Pennines

The present state of ideas concerning certain aspects of the geomorphology of this region
is shown in the publication by Walsh et al.,(1972), to which may be added the lively
excursion report by Ford (1972). This paper, which is copiously documented with historical
references, is concerned primarily with the Neogene Brassington Formation. In the first
place it describes these highly interesting deposits, one of which contains fossil plants
considered to be of Lower Pliocene age, and discusses the manner of their present occurrence
in 'pockets' in the Carboniferous Limestone, having evidently foundered therein through a process
of solution subsidence. Secondly, there is consideration of the bearing of these observations
and inferences 'on the evolution of Upland Britain'. Throughout the paper these two strands
are interwoven. Whereas the first is everywhere strictly factual and logical, the second is
almost entirely speculation. The authors admit the speculative element, but they are clearly
ready to accept without argument the presumption of uplifted planes of erosion. The critical,
and linked, questions here are: at what geographical level (relative to sea level) was the
Brassington Formation of sands, gravels, and clays deposited and how did it come to be at a
considerahle height, a height well above even its present position in the pockets of the lime-
stone upland? The authors state that they are 'of the opinion that there can be little doubt
that the Brassington Formation... accumulated in a terrestrial environment on what is now,
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through uplift, a high-level planation surface above the Pennines' (p. 523). The other possibili-
ties - though not seriously considered in the paper - are (1) that the deposits were formed in

situ at the high level from which they seem to have foundered into the pockets or (2) that they
had been transported, presumably by glacial action, to that high elevation from elsewhere.

There is no more fundamental and well-known fact-and-inference in geology than this - that
it is a regular thing for deposits to be laid down in the sea and subsequently to be raised to
form land (perhaps at a great height), the strata becoming more or less bent, broken, and
deformed in the process. The Carboniferous rocks of the Pennines are an eloquent example
of this; the uplift occurring at the end of Carboniferous times, as proved by the unconform-
able Permo-Trias. In contrast to this certainty is the extremely dubious evidence about the
subsequent history of what is now the southern Pennines. For instance, what effect, if any,
did the Alpine (Tertiary) movements have? As to the recognition, in the present relief, of
uplifted planes of erosion; the criticisms that I have already made as regards the other regions
considered (though so briefly) in the present article apply here as indeed throughout Britain and
further afield. It is my native land on the western edge of the Peak District - the Namurian
and Millstone Grit country of the Roaches, Morridge, Gun Hill, Shuttlingslowe - that I see so
clearly in my mind as I write. It certainly appears to me that it would be very difficult to find
any 'platforms' of uplifted erosion surfaces here, where there is such a beautiful expression of
the intimate relationship between land-form and geological structure.

I leave it to the Mercian geologists to ponder, to reason, and to discuss.
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FOSSILS FROM THE PRE-CAMBRIAN OF CHARNWOOD FOREST, LEICESTERSHIRE

by

Helen E. Boynton

Summary

New records of fossils from the Pre-Cambrian rocks of Charnwood Forest have
been made by a team of Adult Education students under the leadership of the author.

Fossils discovered, of the phylum Coelenterata, include Cvclomedusa cf. davidi
Sprigg and Cyclomedusa sp., both of which were first recorded from Ediacara, South
Australia. Certain other fossils are considered to be medusae or problematica.
These are discussed and compared with forms from Newfoundland and Ediacara.

Further observations on Chavniodiscus concentvicus Ford suggest that his original
ideas on their affinities to Himanthalian seaweeds may be correct.

Introduction

The latest search for fossils in Charnwood Forest started after a discussion on ''Life in
the Pre-Cambrian'" at an Evening Class in 1976. Twelve students and their families spent
many hours examining rock outcrops in the Forest. The results of this survey have yielded
interesting specimens of Pre-Cambrian fossils not recorded previously in this country.

In past years the following papers concerned with the present study have been published.
Hill & Bonney (1877) noted some ''curious concretionary markings' in the ''northern slate
quarry at Hanging Rocks" but '"disposed of their claim to be organic'', Watts (1947) mapped
the Geology of Charnwood Forest and divided the Pre-Cambrian rocks into the following groups
which are still the basis of the stratigraphy today (Ford, 1968). They are as follows:-

3. Swithland Slates

Group C Brand Series 2. Trachose Grit and Quartzite

1. Hanging Rocks and Ccnglomerate

4. Woodhouse and Bradgate Beds

3. Slate-Agglomerate

Group B Maplewell Series 9. Beacon Hill Beds

1. TFelsitic Agglomerate
Group A Blackbrook Series  { Blackbrook Beds

Watts postulated there was an increase in volcanic activity by the deposition of ashes
which started in Blackbrook times, reached its maximum in the Maplewell Series and died
away during the formation of the Brand beds. He also described the various intrusive members.

In 1957 a schoolboy, Roger Mason found the first fossils, from the Woodhouse Beds (Ford,
1958). They were named Charnia masoni Ford (featherlike structure attached to a disc) and
Chavniodiscus concentvicus Ford (disc only). This author thought them to be algae of Himan-
thalian type (brown seaweed). In the later paper, Ford (1962), reported that Glaessner
suggested a comparison of these Charnian fossils with modern Pennatulids (sea pens), based
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on finds made in Australia and Africa (Glaessner, 1959). C.concentvicus was later found at a
second locality in Charnwood Forest (Ford,1963). The various affinities of this fossil were
reconsidered and it was concluded that an open mind be kept until further work had been
undertaken. In (1968) he recorded a larger disc-like impression which he called Cyclomedusa
davidi Sprigg (locality and horizon unspecified).

Ages of Charnian rocks, based on radio-active dating of the intrusive members, have
appeared in three papers. Miller & Podmore (1961) dated the markfieldites (southern diorites)
by the potassium-argon method at 690 million years old. They are intruded into the Woodhouse
Beds in which fossils were found, thus making these sediments more than 700 m.y. in age and
placing them in the younger Pre-Cambrian. Meneisy & Miller (1963) described the sedimentary
rocks as ranging from 600 m.y. to 684 m.y. by the K-Ar. method, based on dating of some of
the porphyroids, markfieldites and the Mountsorrel Granite. Cribb (1975) using the rubidium-
strontium method, recorded the markfieldites as being 552+58 m.y. and concluded that they
were probably late Pre-Cambrian or early Cambrian in age. He said that they were younger
than was originally thought, and considered that the slates into which they were intruded were
Brandian in age; an idea which was originally postulated by Hill & Bonney (1878).

Pre-Cambrian fossils have been found from other localities in the world and two of these
are used for comparison with the Charnian fossils. In the 19405 a fauna of jellyfish medusae
and polychaete worms was discovered in the Pound Quartzite at Ediacara, South Australia.
These were described in several papers of which Sprigg (1947), Sprigg (1949), Glaessner (1959),
Glaessner & Daily (1959) and Glaessner & Wade (1966) are some. Cyclomedusa was first
described and named by Sprigg (1947). In 1969, Misra described dendritic, leaf-like and
circular impressions from Mistaken Point, Newfoundland, Canada. One medusa and one
problematical impression from Charnwood Forest are compared with those from the Canadian
locality.

Pre-Cambrian Fossils

Many exposures of Pre-Cambrian rocks in Charnwood Forest were examined for fossils.
In addition to direct observation and photographs, 'brass-rubbing" techniques have been borrowed
from the art world to aid interpretation of organic remains observed in the rock faces. This
technique (a first, for The Mercian Geologist) consists of placing plain paper over the fossil
and producing an image, by rubbing the surface of paper placed over the object, with Cobbler's
heel wax. Text-fig.2, p.294 was produced in this way and then photographed and enlarged
slightly. Organic remains have now been recorded from the Blackbrook Beds, the Woodhouse
Beds (most specimens) and the Brand (?) Beds. The last correlation depends on Cribb's
latest interpretation of the age of the slates into which the markfieldites are intruded.

In the interest of conservation details of localities have been withheld from this article,

although they were given to the Editor and made available to the Referee. Details of the
localities will be given by the author to bora fide research workers in this field.

Description of the fossils

New Charnian fossils were recorded from five localities. They have been allocated either
to the genus Cyclomedusa or to the taxon, problematica.
Phylum Coelenterata
Class Hydrozoa (?) or Scyphozoa (?)
Genus Cyclomedusa Sprigg, 1947
Cyclomedusa cf. davidi Sprigg, 1947 (Plates 21, figs 3&4 and 22, fig.1).
From a loose block of fine-grained ashes of possible Brand age, four specimens of

'Cyclomedusa cf. davidi Sprigg, 1947 were seen on a bedding plane. This was broken during
quarrying and parts of three specimens retrieved. All four specimens were ovoid in shape
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with a slightly convex raised outer ring which was separated from an ovoid, central raised
disc by a concave shallow depression. Specimens 1 (lost) and 2 measured 10x6 cm (Plate 21,
fig.4); specimen 3 17x10 cm (Plate 21, fig.3) and specimen 4 had a flatter mineralized outer
ring, extra inner ring and flatter central disc; this measured 17x8 cm (Plate 22, fig.1l). The
three retrieved specimens showed some scalloping or frilling of their outer rings. All four
were preserved as impressions. They have been placed in the species Cyclomedusa cf.
davidi but tend to be larger than those originally described by Sprigg (1947) and do not show
the pronounced radial lines of C.gigantea Sprigg.

Cyclomedusa sp. (cover photograph and Plate 21, figs. 1& 2)

Four specimens of this genus were found on a bedding plane of the Woodhouse Beds. Two
were well-defined, the third poor and the fourth broken. All four were ovoid in shape with
their axes of greater length parallel with the cleavage direction which possibly indicated some
deformation during metamorphism. The two well-preserved specimens showed prominent
concentric, closely-spaced rings with a slightly raised small central disc from which issued
one or two ill-defined bud-like structures. The largest specimen measured 22x16 cm, the
second 7.5x2.2 cm and the remaining two were smaller and/or incomplete. The two larger
specimens have also been likened by the author to Madigania annulata Sprigg 1949 which
Glaessner & Wade (1966) placed in the genus Cyclomedusa.

Problematica

Six specimens of unknown affinity are regarded as problematica. They have been compared
with forms from Newfoundland and Ediacara.

1. Medusae (?) Plate 22, figs. 2&3.

Three specimens of possible medusae were found on a bedding plane of the Blackbrook
Beds, the oldest Charnian group of rocks. Each had slightly different morphology. One
showed a three-fold form which may represent budding. Two circular medusae adjacent to
each other showed pronounced internal structure and the third bud was only partially preserved.
The whole organism measured 15x15 cm and the structures were represented by raised fairly
thick ridges. The second specimen was more ovoid in form with a margin of wispy 'curls"
on it and again traces of internal structure. The long axis measured 12cm. The third was
circular in shape with an irregular margin and well-pronounced internal structure. It was
poorly preserved but not unlike an unamed form pictured by Misra (1969 Plate 6B).

A fourth specimen (Plate 22, fig.4) was found on a bedding plane at Markfield. This medusa
(?) showed a single ovoid ring with raised ridge margin and two small knobs internally. It
measured 15x9 cm and could be compared with a deformed shape of Beltanella gilesi Sprigg,
1947.

2. Two specimens of another problematical fossils were found in coarse-grained ash of the
Woodhouse Beds. The larger one showed a well-defined basal knob-like disc from which arose
a "stem'" 13 cm long which was of fibrous nature and had frilly margins. After careful washing
more structures appeared. The stem was offset to one side and from the apex there appeared
to be a number of drooping branches. Halfway along the stem several sac-like structures could
be seen which might have been reproductive organs. The smaller specimen was very poorly
preserved and showed only drooping branches from a 'stem''. It may have been a juvenile
form. A sketch showing this morphology taken from Plate 23, fig.1 is shown in text-fig.1, p.294.

3. "Water lily-like' fossil

From the Charnia crag (Ford, 1963) a "water lily-like" fossil was noted Plate 23, fig.2)
and is likened to a dendrite-like organism featured by Misra (1969 Plate 6A).
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branch Text-fig.1. Line drawing of "Avborea" taken
from photograph. This fossil cannot be likened
with any certainty to recorded fossils. A tentative
suggestion is made here, that the specimens show
some similarities to the species Arborvea arborea
Glaessner & Wade (1966). This genus was first
called Rangea Glaessner & Daily (1959), Rangea
being the name given to forms allied to Charnia

masoni Ford, by Glaessner (1959).

Reproductive ﬁ
Organs (?) Ij\

""Stem" Frilly
margin

Basal
Disc

Further notes on Chavniodiscus concentvicus Ford

Discs of Charniodiscus concentvicus were studied in detail from Bradgate Park and
Nanpantan, One part of the bedding plane of the Chavnia crag was chosen for detailed wax
rubbing. It measured two square feet and showed a cluster of discs with apparent long fronds
attached and intertwining of the discs. Some of the fronds showed dichotomy at the tips.

From a nearby crag of the Beacon Hill Beds possible associated fronds are shown in proximity
to two discs (Plate 23, fig.4).

Two discs, one on the Charnia crag and one from Nanpantan, appeared to show a stipe or
frond arising from a disc (Plate 23, fig.3).

N ~ . v .%w“: . '.h_:,.

R A o AR DR VL
Text-fig. 2. Wax rubbing of a disc from which arises a short branch; from a
bedding plane at Nanpantan (x3).

The possible proximity and/or attachment of discs and fronds suggests that the original
idea (Ford, 1958) of C.concentricus being the disc attachment of a Himanthalian seaweed may
be correct and that these organisms lived and died in colonies.
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