THE TRENT, GLEN PARVA AND BLUE ANCHOR
FORMATIONS (UPPER TRIASSIC) OF THE EAST MIDLANDS

AND THEIR SULPHATE DEPOSITS.

by

S. R. TAYLOR.

Thesis submitted for the degree of Doctor of Philosophy

at the University of Leicester, 1982.

.



LS

= B8

L | O A e
X 15422



The Trent, Glen Parva and Blue Anchor Formations (Upper Triassic)

of the East Midlands and their Sulphate Deposits.

S. R. TAYLOR

ABSTRACT

Norian and Rhaetian (Upper Triassic) sediments from the
Mercia Mudstone Group of the East NMidlands are described. Four
facies are recognized; (1) sheet flood, (2) red-bed saline
mudflat, (3) lacustrine and (4) marginal. Sedimentation occurred
on an extensive peneplain which had areas of minor relief.
Interstitial sulphate precipitation from hypersalire brines formed
widespread evaporitic gypsum and anhydrite horizons. Dolomitization
of carbonate material and possibly extensive interstitial halite
growth also occurred. Displacive sulphate masses in Fauld Mine are
recognized to be diapiric structures associated with an identifiable
source bed. PFault movement triggered flowage of water-saturated,
source bed gypsum.

A new approach to correlating fine-grained, unfossiliferous
red-beds utilizes variations in clay mineralogy and 8180 dolomite.
The Trent Formation is subdivided by this method into the Fauld
Member and overlying Hawton Member. An isotopic study of the Trent
Formation sulphates (S, Sr) and dolomites (C, 0) indicates that
during deposition of the Fauld Member, grabens and adjacent areas
had a marine brine regime with minor continental input (up to 20%
sulphate derived from continental sulphides). The horst area was
strongly influenced by continental brines which derived sulphate
from the expssed Carboniferous Hathern Anhydrite Series. The
Hawton Member brine regime was predominantly continental with
periodic marine influxes.

Two distinct clay suites are recognized. The first is
characterized by a predominance of detrital illite and chlorite
(= Hawton Member); the second is characterized by the presence of
either Mg-rich smectite/chlorite and/or palygorskite and/or
sepiolite with minor illite and chlorite (= Fauld Member).
Sepiolite and palygorskite were neoformed, whilst smectite/chlorite
was transformed from degraded detrital illite. Both processes
occurred in an alkaline brine regime rich in MgQ*' and amorphous
silica. The distribution of Mg-rich clays reflects availability
of Mg2* , A13* and Si within the brines.
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CHAPTER 1.

AN INTRODUCTION TO THE THESIS.



GEOGRAPHICAL SETTING.

The Triassic Mercia Mudstone Group of Britain forms a broad Y-shaped
area with the easterly limb stretching from Teeside on the east coast to
Sidmouth, Devon, on the south coast. The westerly limb of the Y runs
from Cheshire, through northern Staffordshire into the East Midlands of
Britain. The study area covers the central part of the Y, stretching
eastwards from Burton-upon-Trent along the Trent Valley to Newark (Fig.l.l).
Grantham lies on the eastern boundary, whilst the southern boundary lies
south of Leicester. In the study area the Mercia Mudstones underlie much
of the Trent, Dove and Soar river valleys (Fig. l.l), forming flat low
lying ground with very few natural exposures. Pre-Triassic and Jurassic

strata tend to form areas of upstanding relief.

PREVIOUS WORK.

Previous work on the East Midlands Triassic commenced in 1869 when
Hull subdivided the Triassic strata around Nottingham on a lithological
basis into the "Bunter" and "Keuper". Bosworth (1913) gave  a
comprehensive account of the "Keuper Marl" as exposed in brickpits and
quarries around Leicester and Charnwood Forest. Brief descriptions of
the "Keuper Marl™ lithologies are given by Fox-Strangeways (1900, 1903,
1905) and Stevenson and Mitchell (1955). Elliott (1961) subdivided the
Bast Midlands Triassic into eight lithostratigraphic formations, six of
which were subdivisions of the "Keuper Marl®™. Subsequent to Elliott (1961)
further work on the stratigraphy of the area was carried out by Audley-
Charles (1970a), Warrington (1970) and Wills (1970). Audley-Charles
(l970a) correlated major lithostratigraphic units across Britain and
constructed a series of maps depicting the palaeogeography throughout the
Triassic (Audley-Charles, 1970b). Less detailed maps are included in
Wills (1970) and Warrington (1970). Warrington et al. (1980) broadly
replaced the Bunter by the Sherwood Sandstone Group and the Keuper Marl

2



Fig. 1.1. Location map and major stratigraphical units of the East
Midlands of Central England. Geological linework based

on Institute of Geological Sciences geological maps.
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by the Mercia Mudstone Group, retaining seven of Elliott's (1961)
formations and dividing the uppermost Parva Formation into the Glen Parva
and Blue Anchor Formations (Fig. 1.2). The Penarth Group (Warrington
et al., 1980) is equivalent to the Rhaetic and basal Liassic strata.

The Mercia Mudstone Group contains widespread deposits of evaporitic
gypsum, anhydrite and halite. 1In the study area,British Gypsum Ltd.
extensively mine and quarry gypsum from the Trent Formation (Fig. 1.1).
Barlier work on the sulphate deposits of the area includes Trafford Wynn
(1906), smith (1918), Sherlock (1918), Sherlock and Hollingworth (1938),
Richardson (1920, 1921), Firman (1964) and Taylor (1968). Aljubouri
(1972) studied the geochemistry of both sediments and evaporites in the
East Midlands Triassic, whilst Honeybourne (1951), Stephen and MacEwen
(1951), Dumbleton and West (1966) and Jeans (1978) examined the clay

mineralogy of the mudstones.

BASIS AND AIMS OF STUDY.

The present study is a C.A.S.E. project with British Gypsum Ltd.
In recent years British Gypsum have drilled many boreholes in the East
Midlands area, particularly around Newark, East Leake, Barrow-upon-Soar
and Fauld (Fig. 1.1). Many of the boreholes passed through Liassic strata,
the Penarth Grou;::Blue Anchor and Glen Parva Formations and terminated
within the Trent Formation (Fig. 1.2). The boreholes were, in general,
drilled "open hole"™ with cores only taken from short, selected intervals
within the Trent Formation. The National Coal Board kindly made available
geophysical logs of many boreholes sunk between Melton Mowbray, Cropwell
Bishop and Grantham (Fig. 1.1). These bareholes passed completely
through Triassic strata. This study therefore concentrates upon the
Trent Formation and overlying Triassic strata, as it is for this interval
that most previously unutilized information is available.

Although a substantial amount of work had been carried out on the

East Midlands Triassic prior to this study, the following points were
4



Fig. 1l.2. Subdivisions and correlations of the East Midlands
Triassic to the standard Triassic sequence (after

Elliott, 1961; Warrington et al., 1980).
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unresolved:-

(1) correlation within the Trent Formation, especially with
regard to individual sulphate horizons;

(2) detailed lithological/sedimentological studies of the
British Gypsum core material and East Leake, Gotham and
Fauld Mines;

(3) the origin of large displacive sulphate masses exposed in
Fauld Mine;

(4) the origin of the sulphate-rich brines, i.e. were they
marine, continental or mixed marine-continental;

(5) the clay mineralogy of the mudstones associated with major
sulphate horizons in the Trent Formation;

(6) the relationship of sulphate distribution to palaeogeography.

The study is therefore aimed at solving these particular problems.

OUTLINE OF THESIS CONTENTS.

Chapter 2 describes a new approach to correlation of fine-grained
unfossiliferous red-beds. Based upon dolomite oxygen isotope geochemistry
and clay mineralogy, it enables one to subdivide the Trent Formation into
two members correlatable over a distance of 70 km from a horst to graben
sequence. The type sections and typical lithologies of the two new members
are briefly described. Dolomite oxygen isotope geochemistry and clay
mineralogy results are drawn from, and discussed more fully in, Chapters 5
and 7 respectively. Their inclusion in Chapter 2 is justified by the
increase in ease of stratigraphical correlation. Extension of this
correlation method to other areas of the British Triassic is also
discussed.

Chapter 3 is divided into two parts, the first of which describes the
detailed stratigraphy, lithologies and sedimentology of both clastic and
evaporitic rocks for the upper part of the Edwalton Formation and the
Trent, Glen Parva and Blue Anchor Formations. Extensive use is made of
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British Gypsum borehole data and core material, N.C.B. borehole data and
sections exposed in mines and quarries. In the second part the various
clastic and evaporitic lithologies are interpreted in terms of depositional
environment. The chapter concludes with a discussion of changes in
depositional environment from the top of the Edwalton Formation to the
Penarth Group and the possible relationships between these changes and
climatic variation.

The geology of Fauld Mine, only briefly mentioned in Chapter 3, is
more fully described in Chapter 4. Of particular interest are large
displacive sulphate masses which pass from the floor into the roof of the
mine. A description of the morphology and distribution of the sulphate
masses and associated features is followed by a discussion of their
possible mode of origin.

Chapter 5 documents the results of a stable isotope study of East
Midlands sulphate (348) and dolomites (130, 180). Samples from other
areas of the British Triassic, as well as Permian and Carboniferous
evaporite sequences, were analysed for comparative purposes. Interpre-
tation of the analyses in terms of continental vs. marine brine sources is
followed by a discussion of the palaeohydrology of the Trent Formation.

Strontium isotope measurements of calcium sulphates previously

34

analysed for S (Chapter 5), are described in Chapter 6. The results are
related teo the 348 analyses and are imterpreted in terms of the palaeo-
hydrology with particular emphasis on the relative importance of marine
and continental brines.

An X.R.D. study of the clay mineralogy of the upper part of the
Edwalton Formation and Trent Formation is described in Chapter 7. The
relative proportions of various clay minerals recorded in each sample are
shown graphically. A discussion then relates their presence, relative
amount and in many cases origin to various aspects, including original

detrital clay mineralogy, palaeogeography, brine chemistry and diagenetic

processes.



CHAPTER 2.
—_————

CLAY MINERALOGY AND DOLOMITE OXYGEN ISOTOFE GEOCHEMISTRY;
A NEW APPROACH TO LITHOSTRATIGRAPHIC CORRELATION OF

FINE-GRAINED UNFOSSILIFEROUS RED BEDS.

This chapter formed the basis of a paper given at the 1llth Internatiomal
Congress on Sedimentology (International Association of Sedimentologists),
Hamilton, Ontario, Canada. It has also been submitted for publication

to Sedimentary Geology.



INTRODUCTION

The Trias sequence in the Midlands was first subdivided by Hull (1869)
into a number of lithostratigraphic units (Table 2.1). He compared the
Midlands Trias sequence with the Bunter, Muschelkalk and Keuper divisions of
the German Trias. He stated that the Muschelkalk was absent in the Midlands
and that it was represented by a regional unconformity. This led to the
widely held belief that Hull's divisions had chronostratigraphic significance
which could be applied to the rest of Britain. Warrington et al., (1980) in
a review and revision of British Triassic stratigraphy have shown that this
view was "fundamentally incorrect". They proposed dividing the Trias into
three major lithological units. In ascending order these are, the Sherwood
Sandstone Group (approximately equivalent to the Bunter and lower arenaceous
part of the Keuper of previous authors), the Mercia Mudstone Group ("Keuper
Marl") and the Penarth Group ("Rhaetic"). The terms in brackets are now
discontinued. Rocks equivalent to all the standard Tethyan marine stages
(Fig. 2.1) appear to be represented in the thicker British sequences
(Warrington et _al., 1980).

The Mercia Mudstone Group comprises predominantly argillaceous
continental red beds. The Group shows considerable variations in thickness
which reflect the horst and graben type structures present in Britain during
the Triassic (Audley-Charles, 1970a; Warrington et al., 1980). The Mercia
Mudstone Group in the East Midlands was divided into lithostratigraphic
formations by Elliott (1961). These formations were retained by Warrington
et al., (1980) with the exception of Elliott's Parva Formation. This was
subdivided into the Glen Parva Formation and the overlying Blue Anchor
Formation (Warrington et al., 1980). Figure 2.1 shows the complete new
nomenclature for the North and East Midlands along with possible correlations
with the standard Tethyan marine sequence (after Elliott, 1961 and Warrington
et al., 1980). Correlation was carried out on the basis of scattered miospore

assemblages and scanty macro-fossil data.

Correlation of the East Midlands lithostratigraphic formations with
9



Table 2.1 The classification of Triassic rocks in the English
Midlands, and correlatives in mainland Europe,

proposed by Hull (1869).

Fig. 2.1. Subdivisions and correlations of the East Midlands
Triassic to the standard Triassic sequence (after

Elliott, 1961; Warrington et al., 1980).
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surrounding areas is at best tenuous. Elliott (1961) based his correlation
on both detailed analysis of sedimentary structures in closely spaced
borehole cores and the presence of lithologically distinctive sandstone
horizons. For example the Hollygate Skerries mark the Trent Formation -
Edwalton Formation boundary. These sandstones frequently thin out away from
horst areas which combined with variations in sedimentary structures makes
recognition of the formation boundaries within adjacent basinal sequences
difficult. Subdivision of the basinal sequences commonly relies on the
presence of halite-bearing units. The Cheshire Basin sequence was subdivided
in this manner by Pugh (1960) whereas halite units form important marker
horizons in the Somerset, Central Dorset, Southern North Sea, Borthern Irish,
Needwood and Worcester Basimns (Warrington et al., 1980). Halite units are
absent on horst areas such as the East Midlands, hence difficulties are
encountered when correlating basinal sequences to adjacent horst sequences.
In shbrt,lithostratigraphic correlations of the Mercia Mudstone Group have
fallen into one of two broad categories and only rarely do the two meet.

Work on the Trent Formation in the North and East Midlands has resulted
in a new method of dividing a sequence of lithologically monotonous
unfossiliferous red bed mudstones. More importantly, the method enables the
new units to be correlated from a horst to graben sequence over a distance of
70 km. A study of the clay mineralogy of the mudstones and oxygen isotope
geochemistry of associated dolomite has shown that the Trent Formation can be
divided into two members; the lower is here named the Fauld Member and is
characterized by a suite of magnesium-rich transformational and neoformational
clays with minor illite and chlorite. The upper member is here named the
Hawton Member and is characterized by illite and minor chlorite. In addition
the Fauld Member dolomites were formed in a predominantly marine brine regime

whereas the Hawton Member dolomites were formed in a continental brine regime.

FAULD MEMBER.

The type section for the Fauld Member is at Fauld Mine (SK 181283) (Fig.2.2)
11



Fig. 2.2. Location map and major stiratigraphical units of the East
Midlands. Geological linework based on Institute of

Geological Sciences geological maps.

12



7 PENARTH GROUP & JURASSIC :
..Q .' 5
o D MERCIA MUDSTONE GROUP P =
° L 3
7 [HID SHERWOOD SANDSTONE GROUP
. ||, NEWARK
E pauseozorc LIS (Vf -k L
Jericho Quarries
CHARNIAN + CALEDONIAN IGNEOUS 3 Staunton
as .., Quarry Loy
L e T
G 0 ken. @ DANE HILLS SANDSTONE MEMBER Z KTvington
SBSPBRRENN iay ur: ——Quarry —
T =R T 7 E———
g "l|||l T I NoTTiNGHANHED:
o oA I =
.l“ 7 Cropwell Bishop——
o Euorry GRANTHAM
A oo &_ Bunny Brickpit ————
L N L =
NEEDWOOD /
Fauld Mine
o
BASIN ;BURTON : MELTON
MOWBRA
b v ﬁ . OWBRAY
N ’ k— '? B3¢ Barrow upon Soar——
.0:,'5 ». o
% L
o;,. N
LEICESTER Gypsy Lane—
Enderbyg)
° @Croft

@Stoney Cove=——




near Burton upon Trent, Staffordshire. The uppermost part of the member is
exposed in the mine workings whilst a borehole in the mine floor cored the
remainder of the member. It was also fully cored in the Institute of
Geological Sciences borehole at Keyworth, Nottinghamshire (SK 62343074),
(Fig. 2.2). The uppermost part of the member is exposed in East Leake Mine
(SK 555280) and Glebe Mine (SK 538291) south of Nottingham (Fig. 2.2).

The Fauld Member is composed of massively bedded red-brown dolomitic
mudstones and siltstones with rare thin sandy horizons (Windmill Skerries of
Elliott, 1961) (Fig. 2.3). The sandy horizons are frequently massive and
rarely exhibit sedimentary structures. The mudstones and siltstones contain
small scattered pockets of angular to sub-angular quartz grains.

Gypsum or anhydrite is present in varying amounts throughout the member,
occurring as nodules, near horizontal fibrous veins or vertical massive
sulphate veins. A major development of sulphate, the Tutbury Sulphate Bed,
previously called the Tutbury Gypsum (Stevenson and Mitchell, 1955) is present
towards the top of the member (Fig. 2.3). The Tutbury Sulphate Bed is
present in the Fauld area of the Needwood Basin (Flg 2.2) and the area around
East Leake. Farther east it gradually thins and passes into a nodular sulphate
horizon. The thickness af the Tutbury Sulphate Bed varies between 1 and 3 m.

The Fauld Member extends to the base of the Trent Formation as defined
by Eliiott (1961). In the East Midlands horst area this boundary is marked
by the top of the sandy Hollygate Skerries. This has been extended into
graben areas with varying degrees of success (Warrington et al., 1980). The
thickness of the Fauld Member varies between 25 and 31 m in the Needwood Basin

whilst at Keyworth it is 20m thick.

HAWTON MEMBER

The type section for the upper 12.5 m of the Hawton Member is at the
British Gypsum Hawton quarry (SK 805501) near Newark on Trent (Fig. 2.2)

whilst the lowest 5 m have been Cored in numerous adjacent British Gypsum
boreholes (Fig. 2.4). Similar sections are also exposed in British Gypsum

13



Fig. 2.3.

Lithological logs of the Fauld Member at Fauld Mine and
Keyworth. The former is a composite of the section
exposed in the mine and a barehole sunk in the mine floor.
The latter isfrom an I.G.S. borehole. Both complete

sections analysed for clay mineralogy.
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quarries at Jericho (SK 808506), Staunton (SK 797448) and Kilvington

(SK 797435). A section from the middle of the Hawton Member to within

1.5 m. of its base is exposed in Cropwell Bishop quarry (SK 675356) (Fig.2.2).
The Hawton Member is named after Hawton quarry. Previous workers referred to
part of this unit as the "Newark Gypsum" (Firman, 1964). This term was
applied to any gypsiferous strata underlying the Penarth Group and as such is
a generalized "bucket" term lacking in precise definition and has therefore
been discarded.

In lithological terms the base of the Hawton Member cannot be defined;
at Hawton and the surrounding area it lies within a sequence of red-brown
muddy siltstones containing small scattered gypsum nodules, whereas at Keyworth
it lies 20 to 80 cm. above a 65 cm. thick sulphate seam which possibly
correlates with the Tutbury Sulphate Bed (Fig. 2.4). At East Leake and Fauld
the boundary lies at varying distances above the top of the Tutbury Sulphate
Bed. There is no distinct change in lithology to mark the boundary at any of
these localities (Fig. 2.4).

The Hawton Member is predominantly composed of red-brown massively bedded
dolomitic mudstones and siltstones with periodic sandier horizons. Two grey-
green units present in the upper part of the member (Fig. 2.4) can be
correlated over a distance of 25 km. These units contain laminated siltstones
showing rhythmic graded bedding and fine grained sandstones which exhibit
cross-bedding and disturbed, slumped bedding picked out by clay drapes. The
units also contain rounded dolomitic clasts which were possibly derived from
a pre-existing dolomite crust. By analogy with the work of Arthurton (1980)
on the Cheshire Basin the grey-green units are interpreted by the author as
lacustrine deposits which were subjected to periodic desiccation and erosion.
The red-brown mudstones in the Trent Formation have been interpreted by
numerous authors (Bosworth, 1913; Wills, 1970; Audley-Charles, 1970b), as
desert red beds deposited either subaerially or subaqueously. The sulphate
precipitated from hypersaline brines,which were also responsible for the

formation of the dolomite.
The Hawton Member is overlain by the Glen Parva Formation (Warrington
15



Fig. 2.4.

Lithological logs of the Hawton Member at Fauld (composite
of British Gypsum borehole and I.G.S. Bagots Park borehole
(Stevenson and Mitchell, 1955)), Keyworth (I.G.S. borehole)
and Hawton near Newark (composite of quarry section and
British Gypsum borehole). Sections analysed for clay
mineralogy indicated by dotted line. Key as shown on

Fig. 2.3.
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et gl., 1980), the basal boundary of which is marked by the lowest fish-
scale horizon. The nature of the boundary is variable; Elliott (1961)
recorded "a sharp irregular surface"™ in the Fox Holes boreholes (338666),
near Cropwell Bishop, whilst the author recorded an apparently conformable

boundary in Jericho Quarry, Newark, with no evidence of an erosional surface.

CRITERTIA FOR SUBDIVISION OF THE TRENT FORMATION.

The Trent Formatiom as previously described consists of a lithologically
monotonous succession of dolomitic red-bed mudstones and siltstones which
cannot be subdivided on either a biostratigraphical or conventional
lithostratigraphical basis. However, the Trent Formation shows a distinct
coincident variation in clay mineralogy and dolomite oxygen isotope
geochemistry which enables one to define the two new members described above.
Each member can be characterized in terms of clay mineralogy and, in most

areas, 5180 dolomite values.

CLAY MINERALOGY .

The clay fraction of mudstones and siltstones was analysed using standard
X-ray diffraction techniques (Brindley and Brown, 1980). The clays were air-
dried, glycerolated, heated to 440°C. (in some cases 550°C) and run on a
Phillips diffractometer after each treatment. Semi-quantitative analysis of
the results was carried out using the method described in Biscaye (1965) and
Bradshaw (1976).

The Fauld Member contains a suite of transformational and neoformational
magnesium-rich clay minerals with minor illite and chlorite. The magnesium-
rich suite comprises sepiolite and palygorskite and irregular mixed-layer
smectite/chlorite containing varying proportions of smectite. Smectite/
chlorite occurs throughout the Fauld Member across the whole area, whereos the
sepiolite and palygorskite have a restricted distribution (Fig. 2.5). The
proportion of magnesium-rich clays in the Fauld Member varies between 15 and

80% with an average of 43.5%. Sepiolite and palygorskite precipitated from
17



Fig. 2.5.

Clay mineralogy and associated 5180 dolomite values of the
Hawton and Fauld Members. The boundary between the two
members is taken at 15% mixed-layer content which at Fauld
and Newark coincides with a marked change in 8150 dolomite
values (see text). The Fauld Member is characterized by
the predominence of mixed-layer and Mg-rich clays, whilst

the Hawton Member is characterized by illite and chlorite.
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alkaline brines rich in Mg™ and amorphous silica. Smectite/chlorite resultéd
from a transformational reaction between degraded detrital illite and alkaline
M’g1+ rich brines. The Mgz+ and amorphous silica contents were enriched by the
earlier precipitation of sulphate from the brines and continental input
respectively (Chapter 7). The illite and chlorite are th ought to be of
detrital origin (Jeans, 1978).

The clay mineralogy of the Hawton Member consists predominantly of illite
with minor chlorite (Fig. 2.5). Irregular mixed-layer smectite/chlorite is
present in minor amounts (0 to 20%, average 8.5%). In contrast to the
smectite/chlorite of the Fauld Member, the Hawton Member mixed-layer mineral
contains very few smectite interlayers. Sepiolite and palygorskite were not
recorded in the Hawton Member. The origins of the different clays are similar
to those of the Fauld Member clays. The change in clay mineralogy is very
marked, occurring within 1 to 2 m. throughout much of the area (Fig. 2.5).

The Hawton Member base is arbitrarily fixed at the point where the average
magnesium-rich content falls below 15%. The change in clay mineralogy
probably reflects an alteration of brine chemistry, for example a reduction
in Mg*" , amorphous silica and/or pH. At Fauld and Newark the change in clay

mineralogy is coincident with a change in 3180 dolomite values.

DOLOMITE -~ OXYGEN ISOTOPES.

The carbon and oxygen isotopic ratios of dolomite within the Trent
Formation mudstones were analysed at the Institute of Geological Sciences
Geochemical Unit, London. It is the oxygen isotopic ratios which are of
interest here. Results are expressed as parts per thousand (%o) relative to
the P.D.B. standard (Chapter 5).

The Fauld Member dolomites are characterized by having 3180 values which
lie in two broad fields (Fig.2.5).

(1) 5180 of +2%0 to +4%o.

2) %80 of -1.5%. to .

Analyses from Fauld, Keyworth and Newark lie within the former range of
values whereos analyses from East lLeake lie within the latter range. East
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Midlands dolomites with 8180 values between +2%o. and +4%. are interpreted as
having been formed from predominantly marine brines (Chapter 5). From the
spatial distribution of these values it is postulated that marine brines were
confined to graben areas such as Fauld and immediately adjacent horst areas
such as Newark and Keyworth. Dolomites with 5180 values between -1.5%o.and

O%o are interpreted as having been formed from continental brines. It is
inferred that continental brines were present in the East Leake area in the
centre of the East Midlands horst block, close to the Charnwood Forest Massif
(Chapter 5).

The Hawton Member dolomites have Sleo values between -2.5%0 and (b
(Figure 2.5), indicating that the dolomite formed in a continental brine regime
(Chapter 5). No dolomites of marine origin were identified in the Hawton
Member.

Therefore at Newark and Fauld isotopically "heavy" marine dolomites of
the Fauld Member are overlain by isotopically "light" continental dolomites
of the Hawton Member. At Fauld, the Fauld - Hawton Members'slao boundary
lies within 4 m. of unanalysed sequence overlying the Tutbury Sulphate Bed
(Fig. 2.5). At Newark,continental brine regime dolomites have been found
0.5 m. above marine brine regime dolomites (Fig. 2.5). Dolomites of mixed
marine - continental origin have not been detected. This indicates that the
alteration from a marine to a continental brine regime must have occurred
fairly rapidly. The sequence at East Leake does not show any alteration of
5180 dolomite as continental brines prevailed in both Fauld and Hawton Members.
This indicates that factors such as Mgz+ concentration were of more importance
for the formation of smectite/chlorite than the initial source of the brines.

The alteration in clay mineralogy and 8180 dolomite coincides at Fauld
and Newark (Fig. 2.5). At both localities this horizon is taken as the
boundary between the Hawton Member and Fauld Member, whereas at Bast Leake
the boundary is marked solely by the change in clay mineralogy (Fig. 2.5).

As previously mentioned, the exact position of the boundary is arbitrarily

fixed at the 15% magnesium-rich clay content.
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DISCUSSION

Both clay mineralogy and dolomite oxygen isotope geochemistry are facets
of brine chemistry in much the same way as the better known carbonate,
Sulphate and chloride evaporite sequence. The latter chemical sequence has
been used for lithostratigraphic correlation purposes, such as in the Cheshire
Basin (Warrington et al., 1980). The major difference between the evaporite
sequence and clay mineral variations lies in ease of identification. Neither
clay mineralogy or 5180 dolomite can be determined in the field. However,
this difficulty is more than compensated for by the fact that the clay
mineral variations have been successfully correlated from a graben sequence
to a horst sequence. This transition has been one of the major stumbling
blocks of British Triassic stratigraphy. The inability to correlate from
graben to horst stems from both sequences being subdivided on the basis of
lithological features unique to that type of sequence. As previously discussed
halite is confined to grabens and has been used extensively to subdivide graben
sequences. Conversely horst sequences were subdivided using well developed
sandstone units which are only poorly developed in graben sequences. Hence
the basis of subdivision of horst sequences is effectively removed for graben
sequences and vice versa. Now studies of clay mineralogy and 3180 dolomite,
as just described, may provide an alternative method of lithostratigraphic

correlation within the Mercia Mudstone Group.

EXTENSION TO OTHER AREAS OF BRITAIN.

The test of any stratigraphical correlation comes with its extension to
areas away from the study area. Jeans (1978) carried out an extensive survey
of the clay mineralogy of the Mercia Mudstone Group. The Hawton and Fauld
Members can be readily distinguished in the Clipston borehole (Fig.2.6) south~
east of Nottingham (Jeans,1978). Good correlation was achieved for bofh
members with the nearby Keyworth borehole. Samples of the upper part of the
Trent Formation from brick pits near East leake and lLeicester contained the

typical Hawton Formation assemblage of illite with minor chlorite (Jeans,l978).
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Figo 2.6.

Comparison of X.R.D. traces from Fauld Mine (present study)
with traces from the Wilkesley, Clipston, Upton and Stowell
Park boreholes (Jeans, 1978). In the Clipston and Upton
boreholes and at Fauld there is a distinct increase imn the
size of the glycerolated mixed-layer smectite/chlarite
peak (16 - 181) which is correlated with the top of the
Fauld Member. In the Wilkesley and Stowell Park boreholes

the boundary is less well defined.
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Samples from the Staunton and Cropwell Bishop gypsum pits also contained
similar Hawton Member assemblages (Jeans, 1978).

Extension of the members into the Cheshire Basin is more difficult.
Jeans (1978) analysed samples from the Wilkesley borehole (SJ 62864144)

(Fig. 2.6) with an average sampling interval of 23 m. through mudstones over-
lying the Wilkesley Halite Formation (Warrington et al., 19680). The small
number of samples combined with the large sampling interval hinder accurate
correlation of this sequence with the Bast Midlands sequence. However, a
distinct increase in corrensite content (a regular mixed-layer smectite-
chlorite) occurs between two samples taken at 75 and 95 m. below the Penarth
Group (Fig. 2.6). The Hawton Member - Fauld Member boundary may lie within
this interval.

Similarly the Hawton Member - Fauld Member boundary is not obvious in
the Stowell Park borehole (SP 084118) (Fig. 2.6),Gloucestershire. Careful
examination of Jean's results show that the boundary may be marked by an
increase in corrensite content which occurs between two samples taken at
80 and 90 m. below the Penarth Group (Fig. 2.6). Another strong possibility
is that the boundary is marked by a large increase in magnesium-rich clay
content between 111 and 119 m., below the Penarth Group. Sandy horizons 140
and 160 m. below the Penarth Group (Fig. 2.6) have been tentatively correlated
with the Arden Sandstone Member (Warrington et al., 1980) and thence to the
Hollygate Skerries (Audley-Charles, 1970a). Therefore the top sandy horizon
may mark the base of the Fauld Member. By contrast, in the nearby borehole
at Upton (SP 23151313) (Fig. 2.6), Oxfordshire, Jeans (1978) detected a very
marked increase in magnesium-rich clay content 30 to 33 m. below the Penarth
Group (Fig. 2.6). Samples between the Blue Anchor Formation and 30 m. below
the Penarth Group contain illite with minor chlorite which, as previously
stated, is typical of the Hawton Member (Fig. 2.6). Samples from 33 to 65 m.
below the Penarth Group have a clay mineralogy typical of the Fauld Member.
The thinning of the Penarth Group to Fauld Member interval reflects the

transition from a graben sequence at Stowell Park to a horst sequence at

Upton (Audley—Charles, 1970b) (Fig. 2.6).
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It is not yet possible to state with certainty that the increases in
magnesium-rich cl ay mark the Hawton Member - Fauld Member boundary in Cheshire,
Gloucestershire and Oxfordshire, but the clay mineral distribution in those
areas closely resembles that found in the East Midlands Trent Formation.
Further work is needed to establish any possible positive correlation. This
would entail closely spaced sampling of the Wilkelsey and Stowell Park bore-
holes and sampling from boreholes more closely adjacent to the East Midlands.
Both clay mineralogy and 8180 dolomite should be analysed to aid correlation

with the East Midlands sequence.

CONCLUSIONS

The lithologically monotonous Trent Formation red beds of the Upper
Triassic succession in the North and East Midlands have been divided into a
lower Fauld Member and an upper Hawton Member. The division is based on
coincident variations in clay mineralogy and oxygen isotope geochemistry of .
associated dolomite. The clay mineralogy of the Fauld Member is characterized
by a suite of magnesium-rich transformational and neoformational clays
(greater than 15%) with minor illite and chlorite. The Hawton Member contains
predominantly detrital illite and chlorite with minor magnesium-rich clay

minerals (less than 15%). The §i8

0 dolomite analyses indicate that during
the deposition of the Fauld Member a marine brine regime dominated in graben
areas and closely adjacent horst areas whereos the centre of the East Midlands
horst block had a continental brine regime. The Hawton Member was deposited
in a predominantly continental brine regime.

The Fauld and Hawton Members are recognized in both a graben sequence and
horst sequence for a total distance of 70 km, The ability to correlate from
a horst to graben sequence by using clay mineralogy and dolomite oxygen
isotope analyses has overcome one of the major difficulties of British
Triassic lithostratigraphy. Utilization of previously published work

(Jeans, 1978) indicates that similar variations in clay mineralogy are

widespread and occur in coeval strata in Cheshire, Gloucestersnire and
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Oxfordshire. Further work is needed to correlate accurately these variations
with the East Midlands sequence. The study of clay mineralogy and 5180
dolomite could be used as a powerful tool to aid the lithostratigraphic

correlation of the Mercia Mudstone Group throughout the British Isles.
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CHAPTER '3

The author regrets that chapter 3 has had to be
omitted from this copy of the thesis due to its
confidential nature. Anyone wishing to read this
chapter should contact:-

The Chief Geologist, Geological Exploration
Department, British Gypsum Ltd., East Leake, nr.

Nottingham, Nottinghamshire.,



CHAPTER 4.\

GEOLOGY OF FAULD MINE, NEAR TUTBURY,

STAFFORDSHIEE.
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INTRODUCTION.

The Upper Triassic Trent Formation of the East Midlands area consists
of a sequence of lithologically monotonous continental red bed mudstones.

The formation is noted for its economically important gypsum and anhydrite
deposits (Elliott, 1961). One such deposit is the Tutbury Sulphate Bed which
is worked at Fauld Mine (41813283), the entrance of which lies 3 km. west of
Tutbury and 17 km. north west pf Burton upon Trent. The mine workings extend
over an area of 4 sq. km. to the south of the entrance (Fig. 4.1). The
modern workings expose a 2.5 m. section through the Tutbury Sulphate Bed and
overlying strata. Recently, a new drivage (mine passage) has exposed a

2.5 m. section below the base of Tutbury Sulphate Bed.

The Fauld Mine deposit was first described by Wynne (1906) with later
brief accounts by Sherlock and Hollingworth (1938) and Stevenson and
Mitchell (1955). All these accounts give short descriptions of the geology
concentrating particularly on the Tutbury Sulphate Bed. The aim of this
chapter is to redescribe the geology of the Tutbury Sulphate Bed and

associated strata.

LITHOLOGY AND MINERALOGY.

The section which is consistently exposed throughout Fauld Mine shows
the Tutbury Sulphate Bed overlain by brown-red mudstones which contain
variable amounts of suiphate. This gives the mudstones a distinctive layered
appearance (Plate 4.1, Fig. 4.2). The layering is remarkably consistent as
individual layers have been correlated across the whole mine area with only

minor variations in thickness.

SULPHATE.

The sulphate occurs as ovoid shaped nodules within the mudstone matrix.

The diameter of the nodules varies from 0.5 to 30 cm. with a particular
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Fig. 4.1. Location map and geology of the Needwood Basin between
Burton-upon-Trent, Tutbury and Bagots Park. Also shown are
the Fauld Mine workings which extend southwards from the

mine entrance on the outcrop of the Tutbury Sulphate Bed.
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Plate 4.1.

Typical working face in Fauld Mine. The Tutbury
Sulphate Bed covers the lower half of the face
and comprises white coalescing gypsum nodules.
The Tutbury Sulphate Bed is overlain by mudstones
containing scattered sulphate nodules and a thin,
well-defined sulphate horizon. The darker grey

material is dust.

125






Fig. 4.2. Lithologies exposed in normal mine workings and drivage
beneath Tutbury Sulphate Bed, Fauld Mine. Also shown are
typical sulphate and dolomite contents. The latter were
determined by X.R.D. studies and two sets of analyses are

shown.
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horizon being characterized by sulphate nodules of similar size. The
average diameter of nodules forming the Tutbury Sulphate Bed is 20 to 30 cm.
with nodule size and frequency decreasing towards the base of the bed,

i.e. the basal part of the bed contains a higher proportion of mudstone.

The nodules sometimes coalesce to give a chicken-wire texture (Shearman,1966)
which is picked out by trapped mudstone. Plate 4.2 illustrates the well
defined layering just above the massive top of the Tutbury Sulphate Bed.

A chicken-wire texture can be seen within both the sulphate horizons above
the Tutbury Sulphate Bed. The lighter red-grey is surface dust which is
partially obscuring the massive sulphate lithology of the Tutbury Sulphate
Bed. Both the Tutbury Sulphate Bed and overlying strata are transected

by large sub-spheroidal sulphate masses between 2 and 12.5 m. in diameter.
The morphology and origin of these masses is described later.

The sulphate occurs as either gypsum or anhydrite. In areas of the
mine close to the surface the hydration of anhydrite to gypsum is complete
whilst in the more deeply buried parts of the mine only anhydrite is
present. The anhydrite often has a schistose type texture with individual
anhydrite laths orientated parallel to each other. The laths pick out
minor folds within anhydrite nodules (Plate 4.3). In intermediate areas
the anhydrite has been partially hydrated to gypsum. Hydration first occurs
around the outer margins of the sulphate nodules leaving an anhydrite core.
The core is often cut by thin gypsum veinlets (Plates 4.4, 4.5), which
contain "rafts" of remnant anhydrite laths. The veinlets may have resulted
from water entering miérofractures in the anhydrite. They probably mark the
site of present day hydration. The veinlets are either filled with large
plates of gypsum (Plate 4.4) or with "feathery"™ alabastrine gypsum
(Plate 4.5). The exact controls on the formation of the two crystal types
is uncertain.

The base of the Tutbury Sulphate Bed forms the mine floor so until
recently the exact nature of the underlying beds was unknown. However, a new

drivage under the seam (commenced May, 1981) exposed a further 2.5 m.
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Plate 4.2A.

Plate 4.2B.

Layering of strata above Tutbury Sulphate Bed -
a reflection of varying sulphate content. The
top of the Tutbury Sulphate Bed is a well defined
plane occurring just below the red 11l. The grey

is surface dust.

Close-up of above. The Tutbury Sulphate Bed top
lies Jjust below the red 1. The overlying sulphate
horizons have a good chicken wire texture and
planar upper boundaries. These are features
indicative of interstitial sulphate growth and
possible later erosion of the upper boundary

(see text).
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Plate 4.3A. Folded anhydrite laths with trapped mudstone

(pPL, x 10).

Plate 4.3B. Folded anhydrite laths (XP, x 10).

129






Plate 4.4A. Hydration of anhydrite results in anhydrite (high
relief) laths or rafts floating in gypsum.
Anhydrite laths are fragmented by hydration

occurring along cleavage planes (PPL, x 10).

Plate 4.4B. As above (XP, x 10). Note that the anhydrite is
enclosed by large optically continuous plates of

gypsum.
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Plate 4.5A. Hydration of anhydrite - anhydrite laths in

large plates of gypsum (XP, x 16).

Plate 4.5B. Feathery gypsum vein cutting anhydrite

(xP, x 12.8).
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sequence. Two sulplate rich horizons occur in this lower sequence (Fig.4.2),
one of which merits further description. It contains many highly elongated
anhydrite nodules which have an average horizontal diameter of 10 cm. and a
thickness of 1 cm. (Plates 4.9, 4./0). The nodules are concentrated into
lenses, 90 cm. high and 10 - 15 m. in diameter, between which are sulphate
poor mudstones. The degree of flattening or elongation of the nodules can be
seen by comparing their 10:1 axial ratio with the 2:1 axial ratio of a
sulphate nodule from the Tutbury Sulphate Bed. The highly elongated anhydrite
fabric is similar to that found in metamorphic rocks which have undergone
crystal flowage (Spry, 1969). The anhydrite fabric therefore provides
evidence that extensive horizontal sulphate flowage has occurred along this
horizon. The importance of such extensive sulphate movement is discussed

later.
MUDSTONE.

The mudstones are reddish-brown, frequently massive, poorly jointed and
do not show distinct bedding structures. The only bedding which is
distinguishable is due to either variation in sulphate content or the degree
of fracturing of the mudstone.

In thin section the mudstones are seen to contain quartz grains between
0.175 and 0.030 mm. in diameter, with occasional plagioclase grains
(Plate 4.6A and B). The grains are angular to sub-angular with rounded grains
only rarely occurring (Plate 4.6C). The grains are randomly scattered through-
out the dolomite-clay matrix with no indication of preferential orientation.
In many of the mudstones the quartz grains are matrix supported (Plate 4.6C).
When the quartz content increases the grains touch to form a clast supported
rock (Plate 4.6A, B amd Plate 4.7). The larger quartz grains commonly form
"nests" where they accumulate together in a small area. The quartz content
varies between 15% and 40%. Dolomite is evenly distributed throughout the
mudstone and occurs as euhedral rhombs with an average diameter of 0.006 mm.

(Plate 4. 8'). The largest observed rhombs had a diameter of 0.03 mm.
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Plate 4.6A. Mudstone containing a high proportion of
moderately rounded, predominantly quartz clasts

(PPL, x 16).

Plate 4.6B. As above (XP, x 16). Note the unweathered
plagioclase and a (bright) carbonate clast on

the right.

Plate 4.6C. Typical mudstone from Fauld Mine containing
angular to subangular quartz and tiny dolomite

rhombs (PPL, x 10).
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Plate 4.7A. Sandier horizon in mudstone, from Fauld Mine
roof. Note angularitiy of some grains

(PPL, x 16).

Plate 4.7B. As above, angular quartz grains with scattered

dolomite rhombs (PPL, x 64).
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Plate 4.8A. Mudstone containing dolomite rhombs (higher

relief) (PPL, x 64).

Plate 4.8B. As above (PPL, x 205). Most of the dolomites

are anhedral with a few euhedral rhombs.
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Plate 4.9. Elongated anhydrite exposed in mine wall,

drivage beneath Tutbury Sulphate Bed.
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Plate 4.10. Close-up of elongated anhydrite.

Scale bar in cm.
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X.R.D. studies show that dolomite content varies between 20 and 40% (Fig. 4.2).
An exception to this . is the extensively dolomitized mudstones between the
elongated anhydrite lenses. Here the dolomite content rises rapidly to a peak
of 60% towards the base of the elongated anhydrite horizon (Fig. 4.2). The
dolomite within the inter-lens mudstone and the mudstones 50 to 75 cm. below
this layer occurs as evenly distributed euhedral rhombs 0.002 to 0.018 mm.
in diameter. Dolomite within underlying mudstones forms massive, well-
cemented nodules up to 10 cm. in length (Fig. 4.2), which occasionally coalesce
to form a chicken-wire texture (Plate 4.11). The nodules are composed of
tightly packed poorly formed dolomite rhombs 0.005 mm. in diameter (Plate 4.12)
Intranodular material comprises mudstone, sulphate and euhedral dolomite
rhombs up to 0.025 mm. in diameter (Plates 4.11, 4.12).

Sulphate occurs as intranodular material and as scattered grains within
the dolomite nodules. In all observed cases the boundary between sulphate
and dolomite is distinct with the dolomite rhombs forming preferentially to
the sulphate (Plate 4.13). There is no clear evidence of corrosion and
replacement of the sulphate by dolomite,indicating that dolomite growth was
displacive rather than replacive. The intra-nodular mudstones exhibit
similar signs of having been displaced by the growth of the dolomite nodules

(Plate 4.11B).

DEPOSITIONAL MODEL.

The precise depositional environment of the Trent Formation mudstones
is debat able. One school of thought favours deposition of wind-blown dust
on to a damp, essentially flat desert surface (Dumbleton and West, 1966;
wills, 1970), whilst another school argues that the sediment was deposited
subaqueously, either in scattered playa lakes (Bosworth, 1913), larger
hypersaline lakes (Audley-Charles, 1970b; Tucker, 1978), or an inland sea
(Warrington, 1970).

The sedim;nts at Fauld fail to yield any indication of whether they were
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Plate 4.11A. Nodules of fine-grained dolomite (dark) in a
matrix of coarser dolomite rhombs and sulphate

(PPL, x 10).

Plate 4.11B. Nodular dolomite, trapped intranodular
mudstone and parallel orientated anhydrite

laths (PPL, x 10).
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Plate 4.124. Edge of a dolomite nodule which is composed of
fine-grained anhedral dolomite. The matrix
comprises coarser grained euhedral dolomite and

minor sulphate (PPL, x 40).

Plate 4.12B. As above (PPL, x 64). Note contrast in

crystal size and shape from nodule to matrix.
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deposited ' subaerially or subaqueously. Any original bedding structures have
very probably been destroyed by both aeolian reworking and the growth of salt
within the sediment. The salt was dissolved by the mnext brine influx.

The nodular sulphate texture at Fguld is directly comparable with that
found in modern sabkhas on the Trucial Coast (Shearman, 1966; Butler, 1970)
and the Egyptian coast (West, Ali and Hilmy, 1979). Hence it is highly likely
that the sulphate at Fauld was precipitated interstitially, close to the
sediment surface, from concentrated brines. Stable isotope work indicates
that the Fauld area brines were of predominantly marine origin with minor
continental input (Chapter 5).

There is evidence at Fauld Mine of erosion of the sediments and the
Tutbury Sulphate Bed. The top of the Tutbury Sulphate Bed is marked by a
remarkably smooth, distinct, laterally contimuous junction between mudstone
and massive sulphate (Plate 4.1). This is contrary to the irregular surface
which would result from interstitial sulphate growth. Therefore the original
irregular top of the Tutbury Sulphate Bed was probably exposed, and thence
eroded away resulting in the flat surface now seen.

A small channel 1.2 m. wide and 25 cm. deep cut into the top of the
Tutbury Sulphate Bed provides further evidence of erosion (Plate 4.14). The
ctannel was probably cut by surface waters during the period of exposure and
erosion of the bed top. The channel is infilled with reddish-brown mudstones
ccntaining poorly developed sulphate. A 5 to 6 cm. thick mudstone layer
overlies both bed top and channel infill, marking the resumption of
sedimentation over the area.

The marked layering of the overlying strata reflects variations in the
pcsition of the water table relative to the sediment surface. A steady water
teble would result in the interstitial precipitation of sulphate across a
wide area within a restricted horizon close to the sediment surface. A fall
ir the water table level would halt sulphate precipitation as the brines are
stbjected to decreasing evaporation effects with increasing depth from the
seliment surface. Hence periods of high sediment input and/or low water
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Plate 4.14.

Channel cut into the top of the Tutbury Sulphate
Bed, Fauld Mine. The channel provides evidence
of temporary exposure and erosion of the Tutbury
Sulphate Bed. The channel was infilled by
sediment prior to the top of the Tutbury

Sulphate Bed being covered.

143






table resulted in the formation of blocky mudstones whilst low sediment
input or more importantly, high water table, gave rise to the gypsiferous
horizons. The height of the water table would be directly controlled by the
volume of brine input. The sediments at Fauld show that the brime input
volume was not constant. The control on brine input has been attributed to
fault movement (Tucker, 1978).

Dolomite formation associated with sulphate growth has been recorded
from the Trucial Coast sabkhas (Kinsman, 1969; McKenzie, 1981). The Trucial
Coast dolomite formed during early diagenesis by the interaction of Mg-rich
brines with pre-existing calcium carbonate. A similar early diagenetic
origin is postulated for the Fauld dolomites. The euhedral nature of the
dolomite rhombs indicates that they formed over a period of time with degree
of crystallinity improving with age (McKenzie, 1981).

The origin of the nodular dolomite beneath the Tutbury Sulphate Bed is
problematical. Petrographic evidence points to a displacive origin for the
nodules. As they are unlikely to be primary dolomite there must have been a
precursor carbonate mineral. The nodules appear to have displaced the
sulphate associated with them, implying that the nodules formed after the
sulphate. One possibility is that the nodules formed during a period of slow
sedimentation which was coincident with input of low salinity waters. The
slow sedimentation rate confined the carbonate precipitation to a thin horizon
resulting in the formation of a well defined nodular layer. The pre-existing
sulphate was deposited during an earlier phase of higher salinity brine input,
whilst dolomitization éccurred during a later phase of high salinity brine

input.

SULPHATE DIAPIRS.

Sherlock and Hollingworth (1938) and Stevenson and Mitchell (1955)
briefly described the occurrence of large sulphate masses lying just above
the Tutbury Sulphate Bed in Fauld Mine. The present author has recognized
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that the sulphate masses also transect the Tutbury Sulphate Bed and under-
lying strata. The morphology of the masses and their relationships to
surrounding strata is described, followed by an explanation of their origin.
The sulphate masses occur throughout the mine with no observable trend
to their distribution (Fig. 4.3). The separation between masses is variable;
in the area mapped (Fig. 4.3) the maximum separation was 25 m. (centre -
centre) but masses frequently coalesce to form large irregularly shaped
bodies. The boundary between two coalesced masses is often marked by a band

of trapped mudstone (Plate 4.15).
MORPHOLOGY .

The masses most commonly have a sub-spheroidal shape with diameters
varying between 2 and 12.5 m. whilst the thickness can reach 4 m. In plan
the masses apm ar near circular to sub-ovoid. The top of the masses pass
into the mine roof; where the masses have been removed it can be seen that
they extend above the roof for 1 to 1.5 m. and have very broad, shallowly
domed convex tops (Fig. 4.4). Some masses pass into the mine floor, whilst
the bases of others lie either within, or just on top of the Tutbury Sulphate
Bed. The variation in mass base position is a function of the line of section
through that mass, i.e. a section positioned towards the centre of a mass
will result in the mass appearing to have its base within, or below, the
Tutbury Sulphate Bed (Fig. 4.4A), whilst a section towards the edge of the
mass will result in the mass appearing to lie above the Bed (Fig. 4.4B).
Where the masses pass into the mine floor they often resemble a mushroom cap
with part of the stalk attached (Fig. 4.4A). The nature of the bases of the
sulphate masses below the mine floor was, until recently, problematical.
However, in the new drivage beneath the Tutbury Sulphate Bed a single small
sulphate mass was temporarily exposed (Plate 4.16). The top of the mass was
level with the top of the Tutbury Sulphate Bed and it had a total height of
2.10 m. and a width of 2.4 m. The base of the mass is irregular and passes

into the centre of one of the previously discussed lenses containing highly
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Fig. 4.3. Distribution of sulphate masses as seen in part of Fauld

Mine roof.
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Plate 4.15. Mudstone trapped between two large sulphate
masses expased in the mine roof. The mudstone

is some 0.3 m wide.
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Fig. 4.4a. Section through centre of displacive sulphate mass.
Structures associated with the sulphate mass are described

in the text. Scale as on Fig. 4.4b.

Fig. 4.4b. Section through edge of displacive sulphate mass. This
section gives the appearance of the sulphate mass resting
just above the Tutbury Sulphate Bed, but as in Fig. 4.4a
displacement of thin nodular sulphate horizons occurs

against the margins of the mass.
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Plate 4.16A.

Plate 4.16B.

Small sulphate mss in drivage beneath Tutbury
Sulphate Bed. Mass terminates at top of
Tutbury Sulphate Bed, just below the picture

top. Hammer on lower left margin of mass.

Closer view of left side of sulphate mass

above. The deep blue colouration is typical of
anhydrite. The nodular sulphates on the left

of the mss are markedly displaced and in places
are overturned. The mass is overlain by

mudstones.
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elongated anhydrite (Plate 4.10). The significance of this will be discussed

later.

INTERNAL STRUCTURE.

The centresof the masses are composed of very pure sulphate and in
general contain very little trapped mudstone. It is from the centre of
hydrated masses that alabaster (equigranular gypsum) was extensively worked
in the past. Minor extraction of alabaster blocks still occurs (Plate 4.17).
The margins of the masses contain variable amounts of mudstone. The mudstone
occurs as irregular patches or thin bands or stringers orientated parallel
with, or sub-parallel to the margin of the mass. This is well illustrated by
sections through the edge of the "mushroom stalk" which show ovoid sulphate
nodules elongated in a vertical direction parallel to the side of the stalk
(Fig. 4.4A, Plate 4.18). Many of the nodules have coalesced to form long
sulphate "snakes", orientated vertically and separated from each other by a
few centimetres of mudstone. The vertical nodule orientation is in marked
contrast to the horizontal orientation seen in the main sulphate horizon.

The textures seen around the stalk margins are interpreted as resulting from
extensive sulphate movement or flowage in a vertical direction.

The uppermost 50 cm. of hydrated masses frequently have an exfoliated
texture with 25 10.30 cm. thick foliations running parallel with the upper
surface of the mass. This texture has been noted in sulphate nodules in
borehole cores from the Trucial Coast sabkhas and it is thought to be a
rehydration effect (J. Rouse, per. comm. ).

In areas of the mine where anmhydrite is prevalent the centres of the
sulphate masses are frequently fissured. The fissureé are generally located
in the lower half of the "mushroom cap". They run horizontally for at least
2 m. and can be up to 20 cm. high with irregular margins. Fissures have not
been found in gypsum masses.

As previously noted, the cap sulphate generally contains only minor

amounts of mudstone, as thin stringers. Occasionally sinuous zones containing
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Plate 4.17A.

Plate 4.17B.

Alabaster blocks in the process of being
extracted from a large hydrated sulphate mass.
Note the "flow texture" on the right side of
right hand block. Scale - shovel handle at

bottom of photograph.

Extracted alabaster block.
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Plate 4.18.

Vertically orientated sulphate-mudstone partings
in the margins of a sulphate mass "“stalk"
(Fig.4.4A). This texture is thought to result
from vertical sulphate movement. The sketch

outlines the major features in the photograph.
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as much as 50% mudstone are seen cutting the sulphate masses. The maximum
width of a zone is 50 cm. In masses where these zones cut, or pass close to
fissures, the fissures contain halite cubes and fine acicular gypsum crystals
(Plate 4.19). Although the fissures have often been disturbed by blasting
the crystals appear to line the base of the fissures. No evidence has been
found for either halite or gypsum growing on a fissure roof. Gypsum crystals

3

up to 2 cm. in length and halite cubes up to 6 cm. were found. Halite

3

cubes up to 10 cm. .are reported as being discovered by miners.

The halite cubes show bevelled edges but no indications of hopper type
faces. The cubes commonly coalesce and in one case form a cube chain
(Plate 4.20A). The cubes in the chain have perfect faces on each side
indicating that crystal growth was not initially impeded by‘sediment or
sulphate. Such growth could occur at the air-brine interface with the halite
forming floating rafts (Arthurton, 1973). Eventually the rafts would sink to
the floor of the void where growth continued on the crystal faces surrounded
by the brine. Many larger cubes exhibit one irregular surface lacking im
crystal form (Plate 4.20B). These are interpreted as being the surface which
rested on the void floor. If the cubes sunk in such a way so as to rest with
some lower faces away from the void floor, then crystal growth could continue
on these faces as well.

The origin of the fissures and their mineral content will be discussed

later.

SURROUNDING STRATA.

Strata closely adjacent to the upper portion of a sulphate mass,
i.e. strata above the Tutbury Sulphate Bed, frequently show partial or complete
recumbent folding (Plate 4.21). The overturning can be easily picked out by
following an individual horizon in towards a sulphate mass. The highest
visible horizon affected is a layer which shows a gentle doming over the top
of the sulphate mass.

Sulphate-rich mudstones form more competent horizons than sulphate-poor
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Plate 4.19A. Interpenetrative halite cubes from a void in
the centre of an anhydrite displacive mass.

Scale bar in cm.

4.19B. Fine acicular gypsum crystals covering the irregular
surface of some nodular gypsum. From void in centre

of an anhydrite displacive mass. Scale bar in cm.
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Plate 4.20A. Halite cubes, the smallest of which form an
interpenetrating chain. Void in centre of

anhydrite displacive mass. Scale bar in cm.

Plate 4.20B. As above; note the irregular surface on one
side of the cubes. This is the surface which
rested on the cavity floor during the formation

of the cubes.
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Plate 4.21A. Overturning of strata overlying the Tutbury
Sulphate Bed adjacent to a sulphate nass. The
Tutbury Sulphate Bed is the white band at the
base of the picture. The blue colouration of

the mass is indicative of anhydrite.

Plate 4.21B. Strata overlying the Tutbury Sulphate folded
vertically against the margin of a sulphate
mass. Tutbury Sulphate Bed top lies just

above "“STOP".
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mudstones. This is well illustrated in Plate 4.22 where a sulphate-poor
mudstone immediately above the Tutbury Sulphate Bed shows a pronounced
thickening in the core of the fold. On the upturned limb the mudstone is
rapidly pinched out between a thin sulphate horizon and the sulphate mass.
More competent horizons contimue upwards for varying distances until truncated
by the sulphate mass (Plate 4.21B).

Sulphate nodules in the fold core are frequently deformed. Their long
axes show a fan type arrangement around the fold core, a feature due to
compressive folding and deformation (Plate 4.22B). Nodules on either limb
are undeformed with their long axes parallel to bedding.

The strata adjacent to the sulphate mass exposed below the Tutbury
Sulphate Bed showed similar overturning with deformed nodules across the fold

core (Plates4.23, 4.16B).

GENESIS OF THE SULPHATE MASSES.

The sulphate masses may be either primary depositional features or
have a secondary displacive origin.

A primary sulphate mass would act as a relatively incompactible body
whereas newly deposited mudstones would be readily compactible. On burial,
the differential compaction would result in folding of the mudstones over and
around the sulphate masses. However, a "compactional model"™ will not
satisfactorily account for the following observed features:-

i) recumbent folding. Differential compaction will only give rise to
open folds and variations in bed thickness across the sulphate mass (Fig. 4.5);

ii) +truncation of strata;

iii) vertical orientation of sulphate nodules around the margins of the
"stalk".

Both (ii) and (iii) imply that some degree of sulphate movement or flowage
has occurred, indicating that the masses are more likely to have a secondary

displacive origin.
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Plate 4.22A. Sulphate horizon and mudstones folded vertically
against a sulphate mass (on extreme right).

Note thickening of strata in fold core.

Plate 4.22B. Close-up of fold core above. Note the
thickening of mudstones in the fold core and
the fan type arrangement of sulphate nodules

around the fold axis.
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Plate 4.23.

Overturning and re-orientation of anhydrite
nodules and overlying sulphate rich mudstones.
Note fan-type arrangement of nodules around fold
core. Sulphate mass, drivage beneath Tutbury

Sulphate Bed (as on Plate<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>