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1. 

I N T R O D U C T I O N 

Among the most recent detailed accounts of the Northampton 

Sand Ironstone and the Frodingham Ironstone are those of the 

Geological Surrey, published as Memoirs by Taylor (19^9) and 

Hollingworth and Taylor (1951), and Whitehead et a l (1952), 

respectively* These Memoirs deal with the ironstones from many 

aspects, and provide much useful information f o r companies 

engaged i n mining them. Variations i n l i t h o l o g y and chemistry 

w i t h i n the Northampton Sand Ironstone have been related t o 

s t r a t i g r a p h i c a l subdivisions within the Ironstone, and to rock 

types w i t h i n these subdivisions. The Frodingham Ironstone has 

been less f u l l y described as f a r as chemical and l i t h o l o g i c a l 

relationships are concerned, although the p r i n c i p a l types of 

ores have been recognised by Davies and Dixie (1951)• 

Taylor (19^9) makes the following statement, when r e f e r r i n g 

t o the Northampton Sand Ironstone, and i t can we l l be applied t o 

the Frodingham Ironstone also: "As the exploration and development 

of the ironstone f i e l d proceeds by boring and by the opening of 

new workings i t i s most essential that f u l l and accurate data •= 

both chemical and petrographical «• should be collected". Recent 

d r i l l i n g , together with data obtained from opencast and underground 

C^JUN 1966 



mining operations w i t h i n the properties of the United Steel 

Companies l i m i t e d , has yielded further information r e l a t i n g t o the 

Northampton Sand and Frodingham Ironstones. Of p a r t i c u l a r i n t e r e s t 

i s that information r e l a t i n g to chemical and l i t h o l o g i c a l v a r i a t i o n . 

The present thesis i s an essay i n economic geology i n that 

i t seeks to show how l i t h o l o g i c a l and chemical data, and t h e i r 

i n t e r - r e l a t i o n s h i p s , can be used t o control the grade of i r o n ore 

mined by opencast and underground methods. Reliable control of 

the q u a l i t y of ore supplied t o the blast furnaces i s fundamental 

t o the economic success of an industry based on low-grade 

ironstone. The aim of the present work i s t o show how t h i s i s 

and can be achieved i n the operations of the United Steel Companies 

Limited. 

Information of academic value which has emerged from the 

United Steel Companies Limited d r i l l i n g and mining operations i s 

also referred t o , t h i s including the more recent in t e r p r e t a t i o n s 

of structure, r e l a t i n g to both ironstone f i e l d s , the presence of 

c a l c i t e o o l i t h s i n the Northampton Sand Ironstone, the apparent 

decrease i n the proportion of Type A Ironstone (Davies and Dixie, 

1951) i n the present Frodingham Ironstone workings, and the f a c t 

that the Frodingham Ironstone i s less variable i n nature than 

indicated by E l l i o t (19^5). 

Mining methods are described and techniques of grade con t r o l 

are discussed, including d r i l l i n g , sampling, assaying, presentation 

of data, and control during mining. 



To avoid disclosing confidential information, the exact 

geographical locat i o n of grade maps i s not shown. 

Data i n the t e x t and i n diagrams drawn from other works i s 

acknowledged i n the t e x t . 
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H 0 R T H A M P'T' OH' S A N D I R O N S T O N E M I N I N G 

OTBTJB R A T I O N S 

The United Steel Companies Limited mining operations are 

centred i n South Lincolnshire, close to the v i l l a g e of Colsterworth, 

eight miles south of Grantham, and i n Rutland, at Exton Park 

bordering oh the v i l l a g e of Exton, s i x miles north-west of 

Stamford (Fig* 1)* Apart from one underground mine at Colsterworth, 

a l l the mining i s opencast. Opencast mine.faces and the locati o n 

of the underground mine are shown i n Fig* 3» 

Much of the area around Colsterworth, north to L i t t l e Ponton 

and east to Burton Coggles and B i t c h f i e l d has been explored with 

boreholes spaced on a hOO feet g r i d , as has much of the area 

around Exton and Cottesmore*. To the east of the A*1 road the 

remaining area i n Fig. 3 has been explored with boreholes spaced 

on a one kilometre g r i d coincident with that of the Ordnance Survey. 

2.A GEOLOGY OF THE NORTHAMPTON SAND IRONSTONE* FORMATION 

I . " Review of Previous Work 

Previous accounts of the Northampton Sand Ironstone Formation 

have been given by Hallimond (1925)» who demonstrated i t s sedimentary 

r- k -



o r i g i n . Detailed petrological and s t r a t i g r a p h i c a l accounts have 

been given by Taylor (19^9) and Hollingworth and Taylor (1951) as 

Geological Survey Memoirs* General accounts of petrology and 

beneficiation problems were presented at the Geological Congress, 

Algiers, by Taylor, Davies and Dixie (1952). P a r t i c u l a r 

mineralogical aspects of the ironstone have been elucidated by 

Andrews (1950), Cohen (1952) and by Youell (194*8 and 1958)* 

Several reports r e l a t i n g to petrology, l i t h o l o g y and chemistry 

have been w r i t t e n by United Steel Companies Limited geologists, 

including the w r i t e r ; these are unpublished. 

Under the headings Stratigraphy, Structure, Lithology and 

Mineralogy, the w r i t e r has included certain fundamental observations 

s i m i l a r t o those made by previous workers* 

I I . Stratigraphy 

The Northampton Sand Ironstone Formation, generally o o l i t i c , 

i s present throughout most of Northamptonshire, Lincolnshire and 

the adjacent parts of Leicestershire and Rutland (Fig. 1 ) . The 

wr i t e r has also observed pockets of the Formation i n boreholes near 

Appleby, Scunthorpe, where i t occurs as a ferruginous sandstone or 

sandy o o l i t e * The Formation i s located at the base of the I n f e r i o r 

Oolite Series (Jurassic) (Hollingworth and Taylor, 1951, P*3), and 

i t s p o s i t i o n i n the Geological Sequence i s shown i n Fig.2 . Within 

the arc extending from Northampton, through Wellingborough and 

Stamford to Grantham, the horizon i s often of economic value as a low-

grade i r o n ore* At i t s margins, the ironstone becomes more siliceous 

„ 5 -
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and sand grains may predominate over ooliths. The eastern boundary of 
the ironstone i n part of the area being considered i s shown i n Fig.3, 
and here Lower Estuarine clays and sands rest directly on Lias clays. 

In the area about Colsterworth and Exton the ironstone may be 
superceded by topsoil only, however, i n the present workings i t may 
be overlain by various thicknesses of Lower Estuarine clays and 
s i l t s , Iiincolnshire Limestone and boulder clay •* i n places boulder 
clay may rest directly on the ironstone. To the east of 
Colsterworth the depth of the overlying strata may exceed 250 feet* 
The ironstone may be absent due to Lower Estuarine washouts or 
boulder clay washouts. 

The Ironstone Formation i s made up of a series of beds and 
lenses composed of various mineralogical types of ironstone, 
differing i n chemistry. The most important mineralogical type i s 
a s i d e r i t i c chamosite oolite. Whereas the f u l l thickness may be 
of economic importance, generally beds of substandard ironstone 
occur at the top or at the base. 

The Geological Survey has divided the Formation into five main 
stratigraphical groups (Table 1), and i t i s emphasised by 
Hollingworth and Taylor (1951* P» 39) that a continuous succession 
i s never found: erosion, non^-deposition and leaching are some of 
the factors responsible for t h i s . The groups reflect major 
differences caused during sedimentation, principally differences 
i n physico-chemical environments. Variations i n physico-chemical 
environment may give lateral as well as vert i c a l variations i n 
mineralogy and chemistry. 

^ 6 -
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At the present time, most of the ironstone of economic 
importance i s won from the Main Oolitic Ironstone Group of the 
Geological Survey. In the v i c i n i t y of the United Steel Companies 
Limited workings, the ironstone can be s p l i t conveniently into 
three main stratigraphical units, being equivalent to some of the 
Geological Survey's groups* These units reflect the economic 
value or grade of the ironstone. 

I I I . Structure 
The Jurassic strata, including the Northampton Sand Ironstone 

Formation, has a gentle dip to the east or south-east, although 
locally these directions may vary. -The contours on the base of 
the ironstone are shown i n Fig. 3, and the information i s plotted 
from the United Steel Companies Li mi ted borehole data. 

Small faults and folds are present locally, and i n the present 
workings one fault with a throw of 20 feet has been encountered. 
Much jointing i s present i n the Lincolnshire Limestone and i n the 
ironstone, and, i n the more disturbed areas, clay- and debris-* 
f i l l e d gulls may contaminate the ironstone; the l a t t e r condition i s 
particularly evident i n areas affected by cambering or valley 
bulging (Hollingworth and Taylor, 1951* P*3D* 

2.B QENEBAL LITHOLOGY AND MINERALOGY OF THE IRONSTONE 

I . Lithology 
Unoxidised ironstone i s generally grey, dark bluey*»grey and 

green; the upper and lower beds are generally l i g h t grey. 



PLATE 1 

3 

i 
Unweathered Northampton Sand Ironstone 

Upper h a l f of mine face south-west of Colsterworth v i l l a g e . 

The foot r u l e i s r e s t i n g on a 3 inch bed of s i d e r i t e mudstone 

- the marker hand separating the Upper Beds from the Main 

Oo l i t e of United S t e e l Companies Limited s u b d i v i s i o n s . 



PIATE 2 

Box-structures i n Oxidised Northampton Sand Ironstone 

Part of mine face south-west of Colsterworth v i l l a g e - s h e l l beds 

close to the top of the United Steel Companies Limited Main Oolite 

subdivision. Note s h e l l casts below the right hand edge of the 

foot r u l e . 



Oxidised ironstone i s characterised by i t s r i c h brown colour. 
A face of ironstone i s often massive~bedded arid generally blocky 
i n appearance, the boundaries of the blocks being formed by joints 
and bedding planes (Plate 1). In the middle and upper beds the 
blocks are 2 to 3 feet across, whilst i n the lower beds the blocks 
are more massive, and may be 10 feet across, or more* I n the 
oxidised ironstone, (generally under shallow cover), box-structures 
are characteristic; these have been formed as a result of 
percolating rainwater (Plate 2). The boxes, with weathered layers 
of compact and friable ironstone, frequently have an unoxidised 
core, and other litholo g i c a l features are often obliterated. 

I I . Mineralogy 
The better quality ironstone i s generally an oolite, i n which 

ooliths with an iron content of about 30 per cent, are set i n a 
matrix of siderite with an iron content of about *K) per cent. In 
the poorer quality ironstone, quartz grains, shell fragments and 
less iron r i c h ooliths (e.g. kaolinite and calcite) take the place 
of iron«rich chamosite ooliths, and chamosite or calcite may replace 
the matrix siderite. The main mineralogical constituents of the 
ironstone are shown i n Appendix I , together with their chemistry, 
and their mode of occurrence i s shown i n Table 2. 

In unoxidised ores, the main minerals are chamosite, siderite, 
calcite and quartz; kaolinite and limonite may also be important. 
The main minerals of oxidised ores are goethite, limonite, kaolinite 
and quartz. Taylor (19^9, p. 53) has detailed the main chemical 

•» 8 m 
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changes resulting from weathering, and these are summarised thus: 
( i ) An increased iron and s l i g h t l y increased s i l i c a content due 
to a general decrease i n volatiles, particularly carbon dioxide. 
( i i ) Oxidation of iron from the ferrous to the fe r r i c state. 
( i i i ) Decrease i n lime and alumina contents, ascribed to leaching 
and solution, accompanied by some redeposition of calcite and 
alumina-bearing minerals (allophane and aluminium sulphates) on 
joi n t faces and cavities. Analyses by the United Steel Companies 
Limited do not show conclusively that alumina i s removed on 
oxidation. 

( i v ) Iron redistribution - particularly i n box~structures. 

2.C PETROLOGICAL CLASSIFICATION, OF THE IRONSTONE 
t e g a a a g a a e a a a B a a a s g a a a i m i i i i u-i 

I Detailed Mineralogical Classification 
For detailed mineralogical work, the method of description 

used by the Geological Survey (Taylor, 19^9, p. 5) should be 
adhered to. Adjectival prefixes are used for the groundmass 
minerals, and substantival prefixes, for the minerals of the 
ooliths. For example, a sid e r i t i c chamosite oolite i s a rock 
consisting of chamosite ooliths enclosed i n a side r i t i c matrix. 

The Geological Survey's classification attaches much 
importance to groundmass, and i t i s on the variation of groundmass 
constituents that the Geological Survey has based i t s s t r a t i * 
graphical groupings. 

A complete classification, more comprehensive than that of 
the Geological Survey, i s based on the following (after Davies 

- 9 -



et a l . , 196^, unpublished): 
( i ) State of oxidation, 
( i i ) Proportion of d e t r i t a l constituents to matrix: based on . 
modern sedimentary petrology classifications, values of 10 per 
centt and 50 per cent, are used to differentiate between rock 
types, e.g. a rock with less than 10 per cent, detritus of sand 
or s i l t grade (0.01 * 2*0- mm) i s classified as a mudstone, whilst 
rocks with up to 50 per cent, of detritus are referred to as 
mudstones with a prefix indicating the most abundant type of 
detritus present, e.g. o o l i t i c mudstone. 
( i i i ) Nature of matrix (e.g. s i d e r i t i c , chamositic, c a l c i t i c , 
k a o l i n i t i c , clayey). 
( i v ) Nature of detritus (e.g.ooliths, shell fragments, sand or s i l t ) ' 
(v) Nature of ooliths (e.g.chamosite, limonite, kaolinite, calcite) 
( v i ) Other characteristics (e.g. replacement textures, such as 
spherulitic siderite, etc.). 

i 

I I Simplified Classification of the Ironstone - Log Types 
The previously described classification systems, which can 

only be applied with accuracy after microscopic examination, tend 
to be cumbersome when logging mine -faces and large numbers of 
borehole cores. A simplified classification system, shown i n 
Table 3i was introduced by Davies and Dixie (19^8, unpublished). 
Their system places an emphasis on the d e t r i t a l constituents, 
and particular types of ironstone are classified by l e t t e r s ; 
i t i s seen from Table 3 that there i s much variation i n the 
matrix constituents within each type. 

The system now used .by the writer i s based on that of Davies 

^ 10 -
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and Dixie. d91+8)» and the ironstone types are again classified 
by l e t t e r s , referred to by the writer as 'Log Types'* Whereas 
Davies' and Dixie's classification refers to unweathered iron­
stones, that of the writer caters for weathered ironstones; for 
example, type X of Davies and Dixie (19^8) refers to a chamosite 
oolite, whilst type X of the writer refers to a limonite or a 
chamosite oolite* The writer's classification, shown i n detail 
i n Table 4, allows for more types to be distinguished, i t also 
allows for reference to other distinguishing features within 
types* For;' borehole core and face logging, colour keys relating 
to the log types and to the state of oxidation are also useful. 

Detrital constituents, apart from silt-grade quartz and 
crystalline: calcite present towards the base of the ironstone, 
are easily visible with a hand lens. Visible calcite or obviously i 
limey bands are referred to by the l e t t e r C. The presence of s i l t ^ 
grade quartz with calcite towards the base can be inferred with 
experience; I t has been found convenient by the writer to combine ; 
reference letters to give further information; for example, XKy 
would represent a sandy, kaolinite oolite, XB would represent a 
dominantiy o o l i t i c rock with easily visible lenses ;of blue siderite 
mudstone. The dominant characteristic always appears f i r s t i n the 
combination, and capital letters help to emphasise major 
characteristics. Pebble beds and shell beds are also recorded, as 
i s the state of oxidation. 

Table 5 shows a borehole logged i n accordance with t h i s 
simplified classification, together with the par t i a l chemical 
analysis and a more detailed ndneralogical description of ore 
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SIMPLIFIED CLASSIFICATION- SYSTEM OF THE NORTHAMPTON SAND IRONSTONE 
LOG TYPES 

Xk 

Xy 

Su 

\s \J 

(or) 

Abundant or very abundant ooliths* 

Abundant pale ( k a o l i n i t i c ) ooliths 4 (Z of Davies 
and Dixie) 

Ooliths and quartz grains present* 

Abundant visible quartz grains* 

Calcite ( d e t r i t a l or as matrix) 
Few or no ooliths or visible quartz grains -
clayey appearance, Upper Beds 
Few or no ooliths or visible quartz grains -
clayey appearance, Basal Beds 

Basal transitional beds, much mica, no ooliths 

Siderite mudstone - often ' f l i n t y ' 

Sphaerosiderite present 

Pebbles or nodules 

Visible pyrite 

Markedly shelly 

Calcite and/or inferred s i l t grade quartz shown i n 
brackets - generally Basal Beds 

Unoxidised 

Oxidised 

The above symbols may be used separately- or i n 
combination. 

* Based on Davies and Dixie, 194B, unpublished. 

TABLE 4 



B O R E M O L E . L O C & E O I N A C C O W P A N I C E W I T H T u g S I M P L I F I E D 

C t - f t S S l P I C A T l O M S V S T E K A • T H E S T ^ T f c O F 0 « . ( O A . T . O . J , p A R T | « » t . C H 6 . M l t . o n 

A I N W L . T 5 I S P i . T f t l L £ C M i m a s t . O f t ' t . O L B g i c g l P T i o N I S S H O W S , 

l o o , T Y P E 
Oft i p 
ATIO* ToT«k 

51 1 

40-» 

i 5 * 

J J S 

3 * -4 -

3 S O 

3*-8 

M S 

35-8 

» i o 

M-8 

z o o 

>$.* 

lb-1 

I I - * 

«-7 

CoO 

' 7 

I to 

n 
3- 7 

2 0 

» ? 

* • « 

* • > 

J J 

• 8 

• • s 

4- .o 

i S S 

io > 

it-o 

11-1 

l i t 

>l-0 

*•>•! 

M-fc 

}•-! 

**• 
*••» 

10-1 

»-T 

» » 

9* 

10-1 

H-o 

i u - 5 

»»-o 

17-7 

0-07 

o-oi 

C ^ a m o f t i t i c s a n e l y t h f t m s i i k * 
K a o K n i t e o a t - t e -
S B h a c a l l O c f t k i c fii'olcptbib 
ehai-io«il:>& Icaol in l r lA . f a n d y o o l i t * -
O l u d i > £ d S i d e r i f c i c . K«**I:*;t: i c 
sondsb«nt> 

S i d t t'tTtc. c K A P U I t t i c M a a l i i w t i t -
S a a a t c o n t 

0-

0-07 

001 

04. — S i ' d e n ' t i c o e l i l s i c s a n d s t o n e . 

_ s : d e " f c i t c K A i n o » i t e o o l i t e . 

0-11) 

0.15 

o-7«-

fl.17 

0-4.1 

fi 51 

•>•?> 

S l d c F i t r i c c k o j n O b i t i c . c h o m o > i t e 
k a o l i n f c e o o l i t e . 

C h M o l i t i c . S l d c r i ' C i C . chu i -nc t^CC 
o o i i c e • 

C o . l c . l t i t ( i d o r i f c i c e h a r a o i ' i t i c 
00 | i r > c 5he.| l lJ Sa.na>COnft. 

C a l c i ' C f c J i d t i l t i t - c h o a i o v t i t 
£ o J c * r a . A l r e . ( S o w s c a i t - T C ooi:ert5^ 

S e e T~A,ai.e. -4* P o i t EKPLftwaTioM' 
Of SYMBOLS, & c o u o u A i 

TA8l-£ S 

http://CH6.Mlt.on
http://Co.lc.ltit


types. The mineralogy of the ooliths i s not always clear, 
neither i s the mineralogy of the matrix when this system i s used, 
and the variation of matrix and detritus within the main types 
has been ill u s t r a t e d i n Table 3 « Generally, however, i n 
unoxidised ore, log type X i s a si d e r i t i c chamosite oolite; 
type V i s fine grained and very variable i n composition. 

Photomicrographs of sectioned ironstone are shown i n Plates 
3 , 5 and 6 . They are classified i n detail, and log types 
are also shown. 

2.D IRONSTONE SUBDIVISIONS IN ACCORDANCE WITH UNITED STEEL 
COMPANIES LIMITED CRITERIA 

I General 
In the Colsterworth area, the United Steel Companies Limited 

subdivide the ironstone into three main units which are generally 
easily recognised and reflect the ore grade. They are ( 1 ) Basal 
or Lower Beds, ( 2 ) Main Oolite, and ( 3 ) Upper or Sandy Beds. 
Davies and Dixie ( 1 9 ^ 8 , unpublished) refer to three subdivisions, 
but do not comment on the recognition of boundaries. The 
relationship of these subdivisions to those of the Geological 
Survey i s shown i n Table 6 , together with their normal thickness 
range and grade characteristics i n the Colsterworth area. 

Subdivisions can be determined by using the simplified 
classification system, marker bands and other characteristics. 
Boundaries between subdivisions may be transitional and, i n 
places, less clearly defined. This i s true for the area north 
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of Great Ponton, the area south of Thistleton, and the area 

east of Bitchfield and Burton Coggles, where the Main Oolite may­

be d i f f i c u l t to separate from the Upper or Sandy Beds* In the 

Exton area, demarcation between the Main Oolite and the Upper 

or Sandy Beds i s often d i f f i c u l t . Furthermore, i n places i t 

i s d i f f i c u l t to separate accurately the Upper or Sandy Beds from 

the overlying Lower Estuarine sands and s i l t s , and Basal or 

Lower Beds may be transitional with Lias clays. 

The following occurrences may affect easy demarcation of 

the boundaries: 

( i ) transitional beds, or facies, 

( i i ) phases of non^deposition, 

( i i i ) intercolations of other typical lithologies, 

(iv) redistribution of some constituents after deposition 

diagenietic, 

(v) erosion of beds, 

(vi) washouts, for example overlying beds may channel downwards, 

and Lower Estuarine and boulder clay washouts occur locally. 

I I Demarcation between the Ironstone and Underlying and 
Overlying Beds 

(a) Basal Boundary 

In the normal succession, the basal boundary separating the 

ironstone from the blue Lias clay i s marked by a pebble or nodule 

bed (Hollingworth and Taylor, 1951. p.12) and i n places by a 

mudstone conglomerate. These normally underlie generally hard 

limestones (including calcarenites) or calcareous mudstones. Where 
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transitional type beds occur, micaceous clays and mudstones .(in places 

s i d e r i t i c ) may be interbedded with the hard limey beds, and 

phosphatic nodules and pebbles may be present throughout the 

transitional beds, but they frequently occur i n greater abundance at 

the base of the transition zone. Pyrite nodules may occur 

throughout the transitional beds but are again more abundant at the 

true base. Oolitic debris may also be present -within the 

transitional beds, as may lenses of chamositic clayey oolite. 

(b) Upper Boundary 

Whilst the junction between the Lower Estuarine Series and the 

ironstone i s often easily apparent, there are places where accurate 

separation i s d i f f i c u l t . Sideritic sandstones of the ironstone 

may have a leached appearance and may easily be confused with 

the light»coloured sands and s i l t s of the overlying Lower Estuarine 

Series. In places i t i s d i f f i c u l t to distinguish between the 

limonite stained sandstones and siltstones, which may occur at the 

base of the Lower Estuarine Series, and the oxidised upper sandy and 

s i l t y beds of the ironstone. Hollingworth and Taylor (1951» pp. 1^ 

and 39) state that demarcation between Northampton Sand and Lower 

Estuarine Series may be locally indefinite, and that kaolinitic 

oolites and sandstones of the ironstone may pass gradually upwards 

into sands and s i l t s of the Lower Estuarine Series. 

In the workings west and north-west of Colsterworth village 

and in boreholes to the north and east, the dark blue and grey , 

Lower Estuarine shales and clays which may have a thin shelly band 
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at the base, are underlain by a lilac-grey bed, generally between 

9 inches and 2 feet thick, which the writer and other United Steel 

Companies Limited geologists consider to be related to the Lower 

Estuarine Series. The nature of this bed varies, i t may be 

essentially a sandstone or a siltstone and often i t becomes clayey. 

I t generally contains f o s s i l roots and spherulitic siderite (Fig. 2*). 

.The spherulitic siderite may be scattered irregularly, particularly 

i n the clayey rock, but i t i s more often found concentrated i n 

nodules. Taylor (19^9, pp.33 and 88) suggests that sphaerosiderite 

occurs i n rocks of the Chamosite-Kaolinite Groups, or below the 

Lower Estuarine white sand, extending down into these beds; 

however, sphaerosiderite would appear to be present within the 

Lower Estuarine Series also. 

This lilac-grey bed may overlie oolites, or sandstones which 

in places are s i d e r i t i c or kaolinitic, and where sandstones occur 

demarcation may be d i f f i c u l t . In fact, these sandstones may be 

transitional Lower Estuarine-Northampton Sand fades. Examples 

of sections- showing an indefinite boundary between the Lower 

Estuarine Series and the Northampton Sand are shown in Fig.**, and 

i t i s seen that beds underlying the lilac-grey bed may be rooty 

and contain spherulitic siderite; these beds may represent part 

of Taylor's Chamosite-Kaolinite Groups (19^9, pp. 29 - 35). 

South towards Exton Park the lilac-grey bed i s absent, and 

the Lower Estuarine Series becomes sandier, particularly towards 

the base where i t i s softer, and separation i s generally simple. 

Now that some or a l l of the top beds of the ironstone are discarded 

and most of the ore i s won from the Main Oolite subdivision, 

- 15 -
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these transitional beds and obscure boundaries present fewer 

problems. 

I l l Demarcation of the Ironstone Subdivisions, and Marker, Bands 

(a) Criteria_Used 

The simplified classification system previously referred to 

(pp. 10 <? 12) i s useful when subdividing the ironstone, but a 

more effective subdivision i s possible i n the Colsterworth area 

by using 'Marker Bands' i n conjunction with this. Other 

characteristics such as colour and hardness are also useful. 

Table 7 shows how the subdivisions and boundaries may be 

recognised. 

(b) Basal or_Lower_Beds 

These massive beds are equivalent to the Geological Survey's 

Lower Siderite Mudstone^Limestone Group (Taylor, 19^9* and 

Hollingworth and Taylor, 1951)» and their normal thickness i s 

between 5 and 10 feet. They may, however, be thicker or thinner, 

or even absent, and the thickness of this subdivision bears no 

apparent relationship to the thickness of the overlying beds. 

The main log types would be Y, C and W, and the subdivision i s 

uneconomic when considered as a separate unit. 

The beds are generally obvious by their light bluey-grey 

colour and their hardness. They may take the form of limestones 

(including calcarenites), shelly sandstones, siltstones and mudstones, 

and they are less affected by oxidation than the overlying beds. 
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The upper part of the subdivision may be less hard than the lower 

beds, since i t i s often a sandy oolite. Lenses and bands,of 

siderite mudstone may be present, and more oolitic bands may occur 

locally. In places, particularly east of Colsterworth, a f a i r l y 

persistent, thin, dark blue siderite mudstone band runs immediately 

below the Main Oolite. Towards the base of the subdivision, thin 

bands of mudstone or conglomerates of mudstone may be interbedded 

with micaceous clays. As previously mentioned, the base i s 

marked usually by a mudstone conglomerate or a pebble and nodule 

bed, which may also be markedly p y r i t i c . 

In greater detail, microscopic examination w i l l show that the 

matrix of some rocks may be composed of considerable amounts 

of siderite, together with some chamosite. Where the beds are 

partly oolitic, ooliths-may be of chamosite, kaolinite or calc i t e . 

Plate 3 ( i ) shows calcite replacing chamosite ooliths, and similar 

occurrences have been observed within the Basal Beds in the 

Colsterworth area. This might be regarded as evidence against 

theories suggesting that the ooliths i n these ironstones were 

originally c a l c i t i c (Cayeux, 1909, 1922, and Deverin, 19^0, 19^5). 

A photomicrograph of a calcarenite from the Basal Beds i s shown 

in Plate 3 ( i i ) . 

(c) Main__Oolite 

This subdivision i s equivalent to the Main Oolitic Ironstone 

Group of the Geological Survey (Taylor, 19^9, and Hollingworth and 

Taylor, 1951)* but may include part, or a l l , of their Lower 

Chamosite^Kaolinite Group. The normal thickness i s between 7 and 

•r 17 



P L A T E 3 

NORTHAMPTON SAMP IRONSTONE 
Photomicrographs from rocks i n United S t e e l Companies Limited 

Basal Beds 

(Ordinary transmitted l i g h t X 15; depths are from top of ironstone). 

( i ) Borehole C, 18.0 feet, Chamositic s i d e r i t i c sandy o o l i t i c 
c a l c a renite (Wxc). Some of the ooliths, of r e l a t i v e l y coarse 
c a l c i t e , have cores and layers of pale green chamosite, suggesting 
replacement by c a l c i t e of t h i s mineral. 

( i i ) Borehole V, 18.0 feet, S i d e r i t i c chamositic calcarenite (Wc). 
The detritus i s mainly of comminuted s h e l l material, although there 
i s some quartz sand and a few pale chamosite o o l i t h s . 



12 feet, but the beds may be thicker or thinner or absent. The 

Main Oolite consists often of five or six massive beds which may 

be traced over considerable distances la t e r a l l y . Lensing i s 

evident, and current bedding may be present i n the upper part. 

When unoxidised, the upper and lower beds of this subdivision 

range i n colour from grey to green and brown. When oxidised, 

these beds are rich brown i n colour and exhibit box^structures. 
i 

The beds would normally be logged as type X. 

The base of the Main Oolite may be marked by an obvious 

bedding plane, and the lower greeny-brown or bluey-green beds of 

the Main Oolite are generally easily separable from the grey 

Basal Beds below the bedding plane. 

The top of the Main Oolite can be separated from the 

overlying subdivision by using two important marker bands. 

The Main Oolite i s generally overlain by a quite persistent 

bluey-^grey, 'flinty' siderite mudstone, (probably the compact 

massive siderite mudstone at the base of the Geological Survey's 

Upper Siderite Mudstone-Limestone Group, Hollingworth and Taylor, 

1951* P«39)* generally between 1 inch and 6 inches thick, and • 

this i s often underlain by a pebbly or conglomeratic bed about . 

9 inches thick, (the pellety, shelly oolite or detrital rock at 

the top of the Geological Survey's Main Oolitic Group:!, Taylor, 

19̂ 9* p.1^f and Hollingworth and Taylor, 1951. p. 39). The 

pebbles may be of kaolinite or siderite mudstone, and may be o o l i t i c . 

In the unoxidised state the pebble bed i s generally light grey and 

the ooliths are often pallid. When oxidised, the pebble bed has a 

- 18 -



mottled appearance, the pebbles weathering out as light grey or 

reddish blobs. In places, a thin, non-pebbly bed of oolite may 

occur between the overlying siderite mudstone and the pebble bed. 

Towards Great Ponton i n the north and Bitchfield in the east the 

pebble bed becomes less evident, and between North Witham and Exton 

in the south, i t i s rarely well developed. 

The pebble bed i s generally shelly, and the beds below i t 

are often markedly shelly to a depth of 3 to k feet, (Taylor refers 

to these shelly beds i n which the f o s s i l s are preserved as casts, 

19^9, p .1^). . Where the overlying siderite mudstone i s absent, 

the pebble bed alone w i l l indicate the top of the Main Oolite, 

and where both these marker bands are absent, the top of the shell 

beds w i l l be close to the top of the Main'Oolite. The shell beds 

appear less evident i n the areas mentioned above, where the pebble 

bed i s less evident also, although there i s no apparent reason 

for this. 

In the absence of the overlying siderite mudstone, the pebble 

bed and the shell beds, demarcation can be made where the density 

of ooliths appears to increase, and where visible quartz i s 

absent, as in the areas about Great Ponton i n the north and Exton 

Park i n the south. 

At Exton Park a fa i r l y persistent siderite mudstone band 

occurs within or at the top of log type X ironstone. Where type 

X beds overlie this siderite mudstone, i t i s suggested that there 

has been a return to a Main Oolite type of sedimentation i n the 

upper subdivision ( i . e . the Upper or Sandy Beds). 

The main rock types i n the Main Oolite subdivision are 
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P L A T E 4 

NORTHAMPTON SAND IRONSTONE 
Photomicrographs from rocks i n United S t e e l Companies Limited 

Main Oolite 
(Ordinary transmitted l i g h t X 15; depths are from top of ironstone). 

( i ) Mine face south-west of Colsterworth. S i d e r i t i c chamosite 
limonite oolite (XX). Chamosite and limonite ooliths are set 
i n a predominantly s i d e r i t i c matrix. 

f 

( i i ) Borehole P, 7.8 feet, Chamositic s i d e r i t i c o o l i t i c mudstone (XP). 
The ooliths are of chamosite and limonite and there are occasional 
pebbles of oxidised chamositic mudstone and s i l t y mudstone. 



s i d e r i t i c chamosite oolites (Taylor, 19^9» refers), and the 

uppermost and lowermost beds may contain considerable amounts of 

chamosite i n the matrix, and i n places they may be quite sandy; 

they may also contain kaolinite ooliths. Towards the base of the 

Main Oolite, primary limonite ooliths ( i . e . the ooliths were 

incorporated i n the rock in their present state - the limonite not 

being due to subsequent weathering) may be present, and lenses 

of siderite mudstone are more abundant. Other variations may 

include an increase of calcite or kaolinite i n the matrix, and 

lenses containing more detrital quartz may be present. When 

oxidised, both ooliths and matrix may be converted to limonite and 

goethite. Two photomicrographs of types occurring i n the Main 

Oolite are shown in Plate k. 

(d) The Upger or_Sandy_Beds 
These beds represent the upper three groups of the Geological 

Survey. In thickness and petrology this i s the most variable 

subdivision. The beds are generally about 3 or k feet thick, but 

may be thicker or thinner, or even absent; evidence of current 

bedding may be present. The base of the subdivision i n the 

Colsterworth area i s usually marked by the bluey-grey 'flinty' 

siderite mudstone referred to above in ( c ) , and i n some areas 

this mudstone apparently s p l i t s into an upper and lower portion, 

separated by about 6 inches of s i d e r i t i c sandstone. Demarcation 

between this subdivision and the Lower Estuarine Series has 

already been mentioned (p. 1V). Over much of the area the beds 

appear lighter i n colour than the underlying Main Oolite and 

overlying Lower Estuarine Series. 

The main rock types are sandy oolites, s i d e r i t i c sandstones, 
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PLATE 5 

NORTHAMPTON SAND IRONSTONE 

Photomicrographs from Rocks i n United S t e e l Companies Limited 

Upper Beds 
(Ordinary transmitted l i g h t X 15; depths are from top of ironstone) 

( i ) Borehole S, 2.7 feet, S i d e r i t i c sandstone (Y) 
There are some s i d e r i t i c mudstone pockets. 

( i i ) Borehole G, 5.5 feet, S i d e r i t e mudstone (B). 
Some sand grains are present. 



PLATA 6 

NORTHAMPTON SAND IRONSTONE 

Photomicrographs from rocks i n United S t e e l Companies Limited 
Upper Beds 

(Ordinary transmitted l i g h t X 15; depths are from top of ironstone). 

( i ) Borehole N, 0.2 feet, Sphaerosiderite (Sph). 
There are i n t e r s t i t i a l pockets of colourless k a o l i n i t e and 
some secondary p y r i t e . 

... 

( i i ) Borehole M, 0.5 feet, S i d e r i t i c k a o l i n i t e oolite (XK). 
The k a o l i n i t i c ooliths have been partly replaced by s i d e r i t e , 
which also forms the coarse mosaic of the matrix. There i s 
some quartz, and on the upper right side there i s a pocket of 
sphaerosideritic k a o l i n i t i c mudstone. 



kaolinitic oolites and sandstones, and the main log type would be 

Lenses and bands of blue siderite mudstone also occur, and the 

uppermost beds may contain sphaerosiderite. Photomicrographs of 

some of the rock types are shown in Plates 5 and 6. 

IV Example of Lithological Correlation of the Ironstone 

The simplified classification system together with marker 

bands i s useful i n correlating the ironstone over considerable 

distances* Fig* 5 shows a generalised vertical section through 

the ironstone, over a distance of 12 miles, and the line of 

section i s shown in Fig. 3. The section i s based on information 

obtained from United Steel Companies Limited borehole cores, and 

i t gives some indication as to how the ironstone varies both 

vertically and laterally; ' the section should not be regarded as 

being completely representative. The three main subdivisions 

(United Steel Companies Limited) have been recognised throughout 

the length of the section, except where the Main Oolite and 

Upper Beds are obviously absent in the north-east. The top of 

the ironstone on the section i s taken as datum. 

Samples from the borehole cores have been examined 

microscopically, and photomicrographs of some of these samples are 

shown i n Plates 3» 5 and 6; a detailed description of the 

samples i s given i n Appendix I I . 

(a) Ironstone ? Total Thickness 

At the eastern edge, the ironstone i s only 1^.5 feet thick, 

whilst i n the west-s-central part (N) i t reaches a thickness of 
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25.5 feet, and then there i s a gradual thinning to the north and 
east, u n t i l eventually the Lower Estuarine Series rests on Upper 
Lias clays. 
(b) Basal or_Lower_Beds 

From a minimum of 4 feet (E) i n the east, the beds thicken 
to 10 feet or more i n the west-central part. In the extreme 

j 

north-east, Basal Beds are the only representative of the 
Northampton Sand Ironstone, and they may be 12 to 14 feet thick 
before thinning out completely further to the north-east. The 
reason for assuming that the beds between (c) and ( f ) are Basal 
Beds i s based on the following: i t i s assumed that the siderite 
mudstone band at 7*8 feet i n borehole (W) i s the samd band 
occurring i n (X) at 5 feet and i n (Y) at 2.8 feet, i.e. the depth 
to the top of the Basal Beds i s decreasing. This reasoning i s 

i 

substantiated by the related litholo g i c a l and chemical data i n 
Fig. 7, and by samples that have been examined microscopically. 

I 

The most persistent remaining representative of this sub-?-
division i n the extreme north-east i s the pebble bed or mudstone 
of the transitional beds, and i n some surrounding boreholes i t 
i s found wedged between Lower Estuarine clays and sands and the 
Upper Lias clays. i 
(c) Main_Opl.it e 

Demarcation of the Main Oolite i s based on the c r i t e r i a 
cited under I I I (c), pp.17 - 20. I t i s seen from the section that 
the siderite mudstone and the pebble bed at the top of the subdivision 
are frequently encountered, and the underlying shell beds are 
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often recognisable* In the central and eastern areas, a blue 
siderite mudstone at the top of the Basal Beds i s useful i n 
determining the base. Substantiating evidence that this mud*-
stone i s relatively persistent has been obtained from underground 
mining operations i n close proximity to (M) and (0). 

In the extreme south-west, the Main Oolite i s only 6 feet 
thick at (h), but i t increases to 12 feet around (K) and (N). 
I t then thins out to the north-east u n t i l i t i s absent, although 
a thin representative apparently occurs at (b). 

(d) Upger or_Sandy_Beds 
These are generally thicker i n the south-west and west, 

and throughout range from 0 to 7 feet. 

2.E CHEMISTRY OF THE IRONSTONE 
in, n• in i mn m g s a a a a a s a n 11 in e a a 

I General 
The Chemistry of the ironstone has been described by Taylor 

09*+9) and Hollingworth and Taylor (195D. Taylor 09^9, pp. 8, 

9 and 50) i s c r i t i c a l of the ordinary commercial analysis, and 
emphasises the need to evaluate chemical and petrological 
relationships. The analytical procedure adopted i n the United 
Steel Companies Limited mining and ironmaking operations i s 
considered to be the best possible at the present time. 

At the mining operations, the procedure i s to analyse each 
one foot increment of ironstone for the following constituents 
( i n weights per cent., dried at 105°C): t o t a l iron, s i l i c a , 
calcium oxide and sulphur ( s i l i c a i 6 determined as a perchloric 



acid insoluble and graphically corrected to 'true' s i l i c a ) ; this 
applies to a l l boreholes and mine face samples. Composite 
analyses for alumina and magnesia are made for various thicknessest 

and i n certain instances analyses for alumina, magnesia and 
ferrous iron might be made on each foot. Loss on ignition at 
950°C. i s determined for the t o t a l ironstone thickness and 
anticipated working thickness and, at irregular intervals, for each 
foot of a borehole* The narrow l i m i t s of alumina and magnesia 
variation are not considered to be too significant i n present 
blast furnace control, but i n the future more importance may be 
placed on these constituents, and further analyses w i l l be necessary! 
An average chemical analysis for the t o t a l thickness of ironstone 
i n the immediate area around. Colsterworth i s : 

Total Fe •31.8* ^ 

S i0 2 17.556 

CaO 6.2* 

Al 0 
2 3 

6.k% > 

MgO 1.2S6 
S 0.295^ 

Moisture 15.0* 

Dried, at 105 C. 

N.B. A l l further quoted analyses are on a dry (watersfree) basis. 

I I Vertical Chemical Variation and the Inter-relationship between 
Lithological Subdivisions and Chemical Subdivisions 

The Geological Survey has shown the chemical composition of 
i t s stratigraphical groups and of the various types of ironstone 
(Taylor, 19^9. p. 57). 
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Table 8 shows the vertical variation of the main chemical 
constituents for four selected borehole cores; their log types are 
also shown, and three of the borehole cores (C, N and Z) are from 
the section shown i n Fig. 5» and the other (CLP 80) i s from an 
area three-quarters of a mile due west of Great Ponton. 

Throughout the Colsterworth area the chemistry of the three 
li t h o l o g i c a l subdivisions shows characteristic differences! and 
these are summarised i n Table 9. I t i s seen that the ironstone 
can be subdivided into three main subdivisions based on chemical 
data, and these subdivisions are coincident with the li t h o l o g i c a l 
subdivisions: variation i n t o t a l iron, lime and s i l i c a contents 
of the one foot increments alone enables easy recognition of the 
subdivisions. 
(a) Basal or_l£wer_Beds 

One foot increments of this subdivision have t o t a l iron values 
less than 30 per cent., s i l i c a values 20 per cent, or more and, 
where transitional beds occur, the s i l i c a content may be i n excess 
of kO per cent. Values for lime are usually more than 5 per cent., 
and i n certain beds exceed 20 per cent. Beds with a s i d e r i t i c 
matrix are usually responsible for the iron value being i n excess 
of 20 per cent. High sulphur contents ( i n excess of 1 per cent.) 
frequently occur towards the base. 
(b) Main_0olite 

Iron values for one foot increments are generally i n excess of 
30 per cent, and s i l i c a values are below 20 per cent, (frequently 
less than 15 per cent.). A higher s i l i c a value may be present at 
the base, due either to an increase of cnamosite i n the matrix, 

- 25 -



00 

m 
_i 
(0 
<£ 
\~ 

a 
c 
0. 

5 

i i 
? 5 H 

: 
• 

r \ 
> x > ̂  > > > 

z " 
4 

o <n 
u >—< a 
> 
V 

e> 

< i i 
s7 
•J 

< 0 J 
U i QC •* 

X 
0 

<£ > o 
•1 
0 

I -J « 

I P 

O <« 
«• 

O >—« ««*• 
« i 
V 

uJ 
UJ I 

z 

o 
(/) u l 

-1 -1 0 
X 
u 

o <£ * 
© o o 
a 

» — I «J ul j 
ul 

u 

U l 
O 

> 

2 * 

4 

p. #v O 

•> * 
»- r> f 

S 3! j IS S 

r» t* «» A 

J - « J 
? ? 9 * 

" 5 — T 
——rr 
VI o 

J 

i J 2. 

1 * | T 

* r. 

* -
S 3 * 

«> •» r . 

) * 

_ x 

• & • 

_ - - — •• e o • o o 
o « o o 0 b 

o i 
0 < 

S t o 
0 

• 0 
• 

1 
6 

»• 
tt 
o o 

a 
4 • tt tt 

i 
1 * 

MI j 
»v 
o 
M 

» 
0 

» * -» « M 
Ml 
1 • 5 • •»» 4 *• • J 

i m 
o 

2 
hi 
• 
0 

p 
O N 

r • •4 * o i » 
"* • 

k M k «• 
4 "* 

r« 
d 

• • • 
* 

$ 
M 

s • • 
M 

i 

i 
3 

5 
j 

a 
<• 

* 
4 

o • « »v. | 4 w • » •J • i 
« • 

&> * « • tt 
g •» r * • * * j 

g r- r- J <* 

- i+ *\ -r, /+ m 

• 
O 1 ) 0 

« + 
0 b ft 

J A -* 
n 

• 
4 

o 
m 

» . *f» 3 • -r A 
- 0 rj- * ^ *•« <̂  < ** 

A * • ftf 0 
r 

J 

•s 
+ 
o w\ • •»» 

•< 
i *• o 

•*» 
gi 

0 
3 
0 

o in - f 
r» 

«> 
-i 4 

• 
o r j *4 •in •X n 5 

r . t Ml 

H 
IV 
M » r 

ril 
r - M 

ft 
j 

0 « 
w 

O f* < 
•*» « 

D * <• 
j 
in t s 

O 
•» I 

• 4J 
m « O 

• 

« = a 
o - < 

? 5 f 9 1 ! f » b b 6 % • • i f f ? * 
• • • . a 

2 i * 8 • • • : ! • 
tt • - < -

** S a 
o 0 * ° » 
= J 3 « = « -

• - • • • 
t * * fr * 

- * • 
• r- * « 

** • 

[ i 
o - ° 2 

t « * 
s a s * f t 1 * 8 1 X 3 

| <• * f i 
< 1 3 * 
| 4 ». * 

** • 

[ i 
<? * • » 

m m a 
"* tt 0 O 4 * 
9 5 r- i a = i «. ^ r * -

| ^ - J 

: s 2 * i * • • 
* i 

u 
• * j 
- o 

• 4 r gv - - e 

» •» « m g) « • g | • ^ * »> r 

• a a ? 1 * 
* • 

• • u 

• n t 

* i - f 
• * o 0 0 • 
^ o * ^ •* T 
* m «n * «t • * 

» • f M • 

0 * o j r. 
• . • 
S S 2 4 

• * 
3 -

I 

X 

i ' 

V • m : 
g] 

L i . 
i 
* 1 1 1 1 1 1 1 1 L~ 1 1 1 ! 1 < ' 1- I 

| 
— i — r ? 1 



or to quartz grains, or both. 
A change from high iron values and low s i l i c a values to lower 

iron and higher s i l i c a values i s frequently close to the base of 
the Main Oolite, but this change may not be coincident, and in. the 
area west of Colsterworth, out of 110 boreholes, 27 showed a marked 
rise i n s i l i c a (a rise from about 15 per cent, to 23 per cent.) 
to-;be coincident with the marked drop i n iron (from more than 
30 per cent, to less than 30 per cent.); ^9 showed the marked rise 
i n s i l i c a content to be one foot above the marked drop i n iron, 
and 19 showed the marked rise i n s i l i c a to be two feet above the 
marked drop i n iron. The drop i n iron i s often coincident with, 
or one or two feet above the marked change i n lime content (from 
about 5 per cent, to 10 per cent.). 

Generally the pebble bed and the siderite mudstone at the top 
of the Main Oolite are either within or immediately above the 
30 per cent, iron, 20 per cent, s i l i c a zone. The colour change 
at the base of the Main Oolite i s usually coincident with the 
marked drop i n iron, 
(c) Upjjer or_Sandy_Beds 

The chemistry of these beds i s variable, and reflects the 
variable mineralogy. Where massive siderite mudstone i s present, 
iron values i n excess of 30 per cent, may occur and s i l i c a values 
may be less than 20 per cent; where o o l i t i c sandstones and 
kaol i n i t i c sandstones occur, iron values are usually less than 
20 per cent. Silica values, frequently over 20 per cent., may 
exceed 50- per cent, i n these Upper Beds, while lime values are 
generally less than 5 per cent. 
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These beds generally show, then, a marked increase i n s i l i c a 
and decrease i n iron when related to the underlying Main Oolite beds. 
Where these beds are kaolinitic there i s a marked rise i n alumina, 
and this i s seen from the core analysis of the borehole east of 
Great Ponton (Table 8). 
(d) Effect_of Oxidation 

With oxidation there i s generally an increase i n the iron and 
the s i l i c a contents, with a corresponding decrease i n lime. The 
average analyses for the ironstone t o t a l thickness and the Main 
Oolite have been plotted graphically i n Fig. 6 for boreholes (h), 
and (A) to (-L) (as i n Fig. 5)» together with a row of boreholes 
east of the River Witham. The estimated amount of oxidation has 
also been plotted. 

Table 10 shows the relationship between the a]umina content 
of the Main Oolite and the extent of oxidation. Where known, ferrous 
iron figures have also been shown. This and other available evidence 
does not support Taylor's conclusion that some «inmin« i s removed 
on oxidation (Taylor, 19̂ 9» P«55). 

Oxidation rarely masks the separation of the Main Oolite from 
overlying and underlying beds when chemical data i s used- to demarcate. 

I l l Lateral Variation i n Chemistry 
i 

Borehole core data plotted i n Fig. 6 shows how the main chemical 
constituents, (when taking the average analyses for given thicknesses 
between constant upper and lower horizons) and the extent of 
oxidation vary over distances of 6,600 feet and 1,775 feet. Generally, 
i t i s seen that high iron and s i l i c a values reflect a higher 
percentage of oxidation. I t i s clear that the iron i s more affected . 
by oxidation than the s i l i c a . 
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ALUMIHA COHTEHT BELATED TO VISUAL ESTIMATE]) AMOOHT OF OXIDATION 
US THE MAIN OOLITE PORTION OF THE NORTHAMPTON SAND IRONSTONE 

Mine Area Borehole Total Fe++ i l 2 0 Estimated 
Reference Fe Visual 

Oxidation 

H¥ of 89 41.8 1.5 7.4 100 
Colsterworth 
(after 95 39.0 16.2 7.2 + 50 
Coloring, 1964* 167(C) 35.5 27.5 7-1 - 15 
unpublished). I65 33.6 29.5 7.0 0 

119 40.7 6.0 6.6 + 75 
169 38.5 14.7 6.6 - 25 
57 33.7 29.0 6.5 0 

116 31.7 12.5 5.2 30 

East of mf 256 37.1 1.1 8.1 100 
River Witham Ntf 30 32.8 30.6 7.4 0 

CH 157(H) 36.2 29.2 7.2 12 
OH 97 37.8 6.6 8 
CH 181 34.8 6.0 0 
mt 251 39.8 0.3 5.9 100 
NW 216 33.1 25.4 5.0 - 20 
m i78(z) 27.5 26.7 4.3 0 

Great Ponton CLP 31 37.6 9.9 20 
Area CLP 80 40.2 7.6 52 

CLP 57 34.6 7.6 100 
CLP 121 42.1 7.3 100 

Ext on Park CEP 76 37.3 8.4 - 25 
CEP 78 39-1 8.1 66 
CEP 75 34.4 6.8 19 
CEP 82 36.1 6.7 64 
CEP 81 37.4 6.0 50 

TABLE 10 



Chemical variation of the logged Main Oolite thickness i s 
generally less than that of the overall thickness of the bed which, 
i n Fig. 6b, includes several feet of basal transitional beds. 
In Fig. 6a, however, the iron variation of the Main Oolite i s , when 
taking a l l the boreholes into account, greater than the variation 
of the overall thickness: this i s due to variable oxidation and to 
the particularly heavy oxidation at boreholes (D) and (£), and to 
the low average iron content i n borehole (A) where the Main Oolite 
has deteriorated. 

Where the Main Oolite i s mainly unoxidised (Fig. 6b), there 
may be l i t t l e chemical variation over considerable areas. 
Conversely, where the Main Oolite i s oxidised throughout i t s 
vertical thickness and over a considerable area, there w i l l be less 
chemical variation. (The Main Oolite, referred to i n Fig. 13, 

i s heavily oxidised throughout much of i t s thickness). 
Variation i n chemistry over a distance of 12 miles i s 

ill u s t r a t e d i n Fig. 7, and this i s related to the logged 
subdivisions of the ironstone. Using the c r i t e r i a mentioned i n 
Table 9, i t i s seen that the logged Main Oolite coincides with the 
Main Oolite based on chemistry, i.e. for consecutive one foot 
increments with 30 per cent, or more of iron and 20 per cent, or 
less of s i l i c a . Where the Main Oolite logged subdivision i s not 
coincident with t h i s , i t i s generally because of deterioration either 
at the top or at the base of the Main Oolite, and, of course, the 
chemistry i s for each foot, and logged subdivisions may have their 
boundaries within an analysed foot. 

Lateral chemical variation for one unoxidised bed within the 
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Main Oolite i s shown i n Fig* 8. Variation i s seen to be within 
narrow l i m i t s , and each sample i s characteristically similar. 

2.F THE RELATIONSHIP BETWEEN CHEMISTRY AND MINEBALOGICAL TYPES 

I t w i l l be realised that similar chemical analyses may relate 
to rocks of different mineralogy and microstructure. The 
relationship between chemistry and mineralogical types i s 
particularly important i n the study of sintering, blast furnace 
reactions, slags and techniques of beneficiation. 

Given complete analyses and with knowledge of the composition 
of the minerals comprising the ironstone, i t would be possible to 
calculate mineral compositions of samples and evaluate petrological 
variations. Taylor (19^9, p«9) suggests that a routine chemical 
analysis does not supply the necessary data to determine the 
mineralogical composition; however, using the United Steel 
Companies Limi,ted analyses, i.e. for t o t a l Fe, CaO, and SiO^, 
mineralogical rock types can be determined reasonably accurately 
and the presence of certain minerals can be inferred. Taking 
proportions of Fe, CaO and SiO^ rather than percentage weights, 
chemical differences due to oxidation are considerably reduced. 
These proportions, when plotted on three-component diagrams, f a l l 
into groups representing their particular rock types (c.f. Taylor, 
19*+9» p.67). Fig. 9 shows a three-component diagram on which 
the analyses of Taylor (19^9I PP« 60, 61 and62) have been plotted 
as Fe, CaO and SiO_ ratios and descriptions of the related thin 
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