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ABSTRACT  

Using the results of a multi-element stream sediment survey 
previously carried out over the environs of the Halkyn-Minera and 
Derbyshire Pb-Zn orefields as a base, a study was made of the 
relationship of anomalous metal contents to both natural and 
contaminated sources. Pb, Pb-Zn, and. Zn anomalies were found to 
be associated with contamination from mining and smelting and to 
various natural sources, with Mo, Ba, Cu and Ag as the principal 
associated elements. 

Smelting methods have changed with time and these variations are 
reflected in the metal associations found in the contaminated sediments, 
Pb or Pb-Ba anomalies with little or no Zn characterize smelters of 
early date and increasing amounts of Zn are found in more modern 
smelters, while very high Zn levels characterize anomalies derived 
from later metallurgical sites such as brass or galvanized iron 
industrial sites. The Pb:Zn ratio varies widely in natural 
anomalies, being influenced by the metal content of the primary 
mineralization, the history of leaching and erosion of the deposit 
and the mode of derivation of the stream sediment anomaly. 

The chemical form of the Pb and Zn in stream sediment anomalies 
differs systematically in a manner rslated to the nature of the 
source and the method of derivation of the anomaly. Different forms 
of the metal were found to be variously extracted by weak nitric 
acid attack. This allows anomalies to be classified by the extrac-
tabilities of their Pb and/or Zn content. By combining this 
information with the Pb:Zn ratio and considering also the other 
associated elements, anomalies can be classified into groups, and 
most of the anomalies due to contamination distinguished from 
natural anomalies. 

The use of these diagnostic criteria greatly facilitates the 
interpretation of the Pb-Zn anomalies found during regional geo-
chemical surveys in the test areas and carefUlly used, should be 
applicable to other areas in Britain where similar geology and 
secondary environment prevail. Most natural anomalies related 
either to mineralization or to other bedrock concentrations of Pb 
or Zn can be identified and exploration directed to the correct 
targets with minimal interference from spurious metal concentrations. 
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CHAPTER 1 	INTRODUCTION 

A. THE UNDERLYING CONCEPTS OF THE REGIONAL GEOCHEMICAL  
APPROACH TO PROSPECTING  

The cost of developing an individual prospect into a mine 

is high and the possibility of success in each individual case is 

small. This element of risk is an essential feature of all 

prospecting and the concept of the progressive elimination of risk 

is part of the modern philosophy of ore search, as outlined in the 

standard texts on mining geology 15..e. McKinstry (1948)). The risk 

is obviously diminished if several prospects are considered, rather 

than one alone. The problem here is to decide quickly where to 

concentrate one's resources; in other words, which prospects do 

you discard so that the total cost of exploration does not exceed 

the value of the prize. This problem is aggravated by the 

escalating cost of subsequent phases of exploration as we pass through 

the necessary stages from surface work to trenching or drilling and 

to underground exploration. 

As the known and outcropping occurrences of economic 

minerals are explored the search has moved to locating occurrences 

of economic minerals concealed from view. Here the prospect has 

first to be located before it can be explored at all and the need 

is for methods which can cover whole regions thought to be 

favourable hosts for economic mineralization and locate the prospects 

within them. The same factors of risk and cost apply to regions as 

apply to prospects and several indirect methods geological, geo- 

physical and geochemical, have been developed which allow large 

areas to be explored at low cost per unit area. The objective is 
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to isolate quickly and cheaply those parts of the area in which to 

concentrate the more expensive follow up work. To do this it is 

necessary to discard very quickly the greater part of the region 

without spending more than the minimum amount of time and money 

on it. 

B. THE DEVELOPMENT OF GEOCHEMICAL PROSPECTING TECHNIQUES  
HISTORICAL REVIEW  

The use of geochemistry as a prospecting tool grew out of 

the studies of fundamental geochemistry by the Scandinavian and 

Russian workers in the years before the second World War, by 

Goldschmitt, Fersman and Vernadsky. In the west the beginning 

came in 1947 and by the early 1950's the method was established 

in North America. 

These early surveys used plants and soils and were used 

essentially as an adjunct to other methods in the detailed search 

for ore. (Fersman (1939) Hawkes & Lakin (1949)). In the mid 

1950's a regional prospecting method was evolved; this developed 

from the old method of panning stream sediments for tin or gold 

and tracing the metals to their source upstream. The new methods 

of analysis for Cu, Pb and Zn or combined heavy metals were applied 

to stream sediments (Hawkes et al 1956), the fine fraction being 

used to give a rapid composite sample of the drainage basin above the 

sample point. The method proved outstandingly successful in humid 

climates where the run-off is channelled in definite drainages (see 

also Tooms 1955, Webb 1958, Webb and Tooms 1959). 
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Large areas in North America and Africa were prospected 

and much mineralization located by combined geological, geophysical 

and geochemical surveys. The results of this work indicated that 

not only were there metal anomalies related directly to ore deposits 

but there were regional metal distribution patterns, some of which 

correlated with the distribution of lithological units while others 

appeared to be correlated with mineralization on a regional scale. 

Webb (1957) suggested that multi-element analysis of broadly spaced 

stream sediments could detect these patterns and provide information 

useful for: 

(1) delineating broad mineralized districts; and 

(2) assisting in the discovery and interpretation 

of fundamental geological features. 

Subsequently work was carried out by members of the 

Applied Geochemistry Research Group of Imperial College in West and 

Central Africa, which corroborated and extended the co'icept 

(Harden 1962, Webb et al 1964, Nichol, James & Viewing 1966, Nicol, 

Garret & Webb 1967). Similar studies in eastern Canada indicated 

that even small differences in level between geological units coulA  

be detected using stream sediments under favourable conditions 

(Holman 1962). 

Work by members of the Applied Geochemistry Research Group 

in limited areas of Great Britain and Ireland (Atkinson 1967, 

Webb & Atkinson 1965, Webb & Nichol 1966) demonstrated the 

applicability of the method in Britain and in 1965 three larger 

test areas totalling 3000 square miles were sampled by the AGRG 
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(Fletcher (1968) and Horsnail (1967). The results showed 

significant variations in the level of a number of elements 

apparently related to both geology and mineralization and 

revealed a number of problems in the interpretation of these 

anomalies due to the effects of secondary environmental factors 

and human agencies. 

C. LEAD AND ZINC IN SOILS AND STREAM SEDIMENTS IN 
THE BRITISH ISTIRS 

The first trials of geochemical methods in the British 

Isles were made in 1939 by the Swedish Prospecting Co., who 

analysed plant ashes for Pb and Zn as a guide to prospecting. 

(Brundin 1939). Work was resumed in the 1950's, and the results 

of a number of prospecting operations were summarized by.  Webb (1959). 

Primary and secondary dispersions patterns were generally observed 

in rocks, soils, drainage sediments and waters in the vicinity of 

Pb-Zn deposits. Rapid colorimetric methods of analysis performed 

upon the minus 8o -mesh fraction of soils and stream sediments 

proved adequate to detect the anomalies present in most cases. 

Particularly satisfactory and clear patterns were found in residual 

soils overlying the deeply buried Gregory Vein in Derbyshire and in 

stream sediments below known or suspected mineralization in the 

Isle of Man. 

The success of these investigations was followed by other 

attempts to use geochemicsl methods in Great Britain, but 

contamination has proved a serious problem and interpretation of 
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anomalies has proved difficult (Harden 1966). Similar work in 

Ireland has been very widespread and has been attended by success 

in a number of instances, those of Tynagh in Galway, described by 

Donovan (1965) and Keele Co. Longford being especially noteworthy 

for the part played by geochemistry in indicating large bodies of 

mineralization concealed by superficial deposits. 

D. DilLTICULTIES ENCOUNTERED IN APPLYING REGIONAL GEOCHEMICAL  
METHODS IN THE BRITISH MINING AREAS  

The success of geochemistry in Ireland and in particular 

the proof that large tonnages of commercial ore were to be found 

close to the surface both in old mining areas and in wholely new 

districts again stimulated prospecting in Great Britain and several 

companies carried out stream sediment surveys as part of general 

prospecting programmes. Again the problem of contamination was 

encountered and it severely limited the effectiveness of the method 

near old mining districts (Harden 1966). 

The difficulties attendant upon using drainage reconnaissance 

methods in Great Britain are well exemplified in the Derbyshire 

and North Wales areas described in this thesis. The multitude of 

anomalies found in both areas in ground generally favourable for 

mineralization but heavily contaminated with metal from human 

activities, coupled with the fragmentary and incomplete nature of 

the historical record, negates the principal advantage of the method. 

Instead of our attention being focussed upon a small number of 

anomalies for follow-up, we have a large number of anomalies, some 
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of which are clearly related to contamination, but many of which 

have an unknown source. 

We have both a large number of anomalies for follow-up 

and relatively little ground which can be discarded as unfavourable, 

any natural pattern of values is concealed and we do not even know 

if there are any natural anomalies at all. In these circumstances 

the method has failed, because the cost of following up all the 

observed anomalies in an attempt to find the genuine ones is likely 

to prove prohibitively high, even if genuine anomalies have been 

detected. 

E. THE SCOPE OF THE PRESENT RESEARCH 

The problems caused by the extensive contamination of 

soils and drainages have severely limited the application of geo-

chemistry in Britain and largely negated the advantages of stream 

sediment reconnaissance methods in the vicinity of old mining 

districts. The purpose of the present study is to discover means of 

rapidly distinguishing between natural Pb-Zn anomalies in stream 

sediments and spurious anomalies due to human activities. 

Criteria are needed for identifying the kind of sources 

producing the observed stream sediment anomalies so that the 

spurious anomalies due to contamination can be identified and 

eliminated before the more expensive phase of ground exploration 

and follow up is undertaken. While it is unlikely that any one 

characteristic feature will suffice to identify definitely all the 

different types of anomaly due to contamination and differentiate 
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them from all the different types of natural anomaly, a 

consideration of all the readily determinable features of an 

anomaly should allow us to establish valid criteria for distinguishing 

the major type to which it belongs. A series of areas, covering as 

wide a range of anomaly types as could be found, was studied to 

establish the characteristic features of the different metal sources. 

F. CHOICE AND LOCATION OF FIELD STUDY AREAS  

Test areas were selected within the 3000 square miles 

sampled by two of the writer's colleagues from the Applied Geochemistry 

Research Group during 1965 as part of a continuing programme of 

research into the application of geochemical methods in the British 

Isles. The detailed study areas were located within two separate 

regions. 

1. Derbyshire, the area surrounding the main limestone 

outcrop and the mineralized inliers of Ashover, 

Crich and Mixon. 

2. Flint-Denbigh, the area surrounding the Halkyn-Minera 

mineral belt. 

The basic reasons for choosing these areas for study 

were: 

1. Both areas had yielded substantial tonnages of lead 

and zinc ores by deep exploitation earlier in this 

century. 

2. Informed geological opinion was optimistic about 

the possibilities for the occurrence of further 
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substantial tonnages at mineable depths. 

3. The results of the preliminary survey showed that 

the potentially favourable areas for the occurrence 

of these ores were characterized by high levels of 

lead variously associated with zinc in the stream 

sediments. 

4. Prospecting work by mining companies had shown that 

many of these values were in fact due to contamination, 

ancient and modern. 

5. Limited investigations in the past had shown that it 

was possible to detect the underlying mineralization 

by the usual geochemical prospecting techniques even 

when the mineralization was buried by several hundred 

feet of barren cap-rock (Webb ) 59). 

From this evidence it appeared that the Pb and Zn 

anomalies located during the preliminary reconnaissance survey could 

be derived from a mixture of natural and man-made sources of metal 

and furthermore, that the natural sources could well be substantial 

bodies of mineral of commercial interest. 

Field study of a number of anomalies was undertaken to 

establish the sources and modes of dispersion of typical anomalies 

of different derivation so as to establish a firm basis for the 

development of the diagnostic criteria needed to distinguish the 

provenance of the anomalous metal contents. 
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G. LAYOUT OF THESIS  

The thesis is subdivided into 8 chapters, with two 

appendices, and falls naturally into 5 subdivisions. 

(1) Chapters 2 and 3 contain general descriptions of the 

technological history of mining and smelting and descriptions of the 

two field areas and their local mining and smelting histories. This 

material is culled from a wide variety of literary sources. 

Chapter 4. gives a description of the lead, zinc and associated trace 

element patterns found by the regional geochemical reconnaissance 

survey ana reviews their relationship to the geology and the mining 

and smelting centres. 

(2) Chapter 5 contains descriptions of the type areas selected 

for detailed study and indicates the relationships found between 

geology or contamination and soil and stream sediment anomalies of 

lead and zinc for a wide variety of sources. 

(3) In chapter 6 the analytical work carried out on selected 

samples from tarious sources is described, and in chapter 7 criteria 

are derived for distinguishing between different types of stream 

sediment anomalies. These criteria are then applied to all the 

anomalous samples from the reconnaissance survey and a number of 

anomalies selected for further study. 

(4.) The summary of conclusions, recommenled methods and 

recommendations for further work occupy chapter 8. 

(5) Sampling and analytical methods are described in the two 

appendices. Place names referred to in the text are shown on 
5r 

Maps 1 and)), in the folder at the rear. 
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CHAPTER 2 	GENERAL HISTORY OF LEAD-ZINC MINING AND  
SMELTING IN BRITAIN  

A. EARLY DEVELOPMENT BY THE ROMANS  

Although the tin and copper ores of Cornwall were 

exploited from the earliest recorded times there is no evidence of 

any systematic exploitation of lead until the advent of the Romans, 

with the exception of a small production of lead, and later silver, 

from the Mendips. The Mendip lead mines continued to operate through-

out the Roman occupation, while the Flintshire field is known to have 

been in operation in the first, second and third centuries. The 

principal fields were however the Mendips and Derbyshire where mining 

continued until the fourth century. 

Roman lead smelting works were small and usually located 

near to streams and could be up to several miles from the mines they 

served. They appear to have been of the blast furnace type; the 

blast being provided by bellows worked by men or domestic animals. 

At the end of the Roman period all records of mining cease 

and it is probable that organized mining ceased then or shortly 
tcAt6 

thereafter (Collingwood and Myers 195.6) 

B. THE PRE-INDUSTRIAL ERA. 1000-1550 A.D. 

1. MINING METHODS  

At the beginning of the fifth century the Roman legions 

withdrew and it is likely that mining ceased completely, not to 

resume on any but the very smallest of scales until the Norman 

Conquest. There is some evidence of mining at Wirksworth before 
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this and the revival of mining when it came was greatest in 

Derbyshire. Other areas of considerable early activity were Alston 

Moor, the Mendips and Flintshire, in all of which communities of 

"free miners" with their own laws and "liberties" existed (Raistrick 

and Jenning Jenning 19.66, Lewis 1967). 

Throughout this period mining methods remained very 

primitive with all the power for rock breaking, hoisting and mineral 

dressing being supplied by hand. The two main difficulties in early 

mining were water and ventilation and these, singly or in combination, 

normally limited the depth of mining to a few scores of feet. 

The use of primitive mining techniques long persisted in 

marginal or poor areas and they are described in near eye-witness 

terms by J. Farey in his book "A General View of the Agriculture 

Minerals of Derbyshire" published in 1811, as follows: 

P.358 "As these first Mines, were all in the districts where 
the limestone has no other cover but the corn-soil, each miner 
went to work, and with Mattocks or Picks, and with hammers and 
iron wedges in the harder veins, loosened the Ore and Spar, and 
threw out the latter into a bank or ridge of their Vestry or 
Bowse, on each side of the vein: proceeding thus to sink and 
throw out the Vein-stuff, as deep as was practical; then a 
square frame, composed of four narrow planks of wood, laid across 
and pinned together at the corners, on which two others were 
erected, with holes or notches to receive the spindles of a turn-
tree, or rope-barrel, for winding up the ore in small tubs; this 
apparatus, called a STOWSE, being erected on each Meer, or Mine, 
the sinking was further continued, and the heaps on the sides of 
these open works, or open casts, increased until in numerous 
instances, a perpendicular ditch of the width of the vein, and 
many yards deep was opened, with proportionately large heaps of 
rubbish on each side, for many hundred yards in length, with 
similar Veins and heaps parallel to, and crossing them at certain 
angles. Great numbers of the Mines thus opened, proved too poor 
in their produce of ore, to be sunk lower than men cold throw out 
the stuff, before the miners abandoned them, and others, after 
some progress had been made in deepening them by means of "Stowses". 
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P.359 "As the mines which proved richer in Ore increased in 
depth, instead of continuing to draw all the veinstuff to the 
surface, the Miners constructed floors or stages of wood across 
the mine, called Bunnings, just above their heads, and on to these 
threw the refuse, or Vestry, for the whole length of their Mines, 
which thus became covered over, except just under the stowses, or 
drawing apparatus, at which point they sank six or eight feet or 
more lower, and after clearing some distance began other Bunnings 
under the former, on to which the refuse was thrown as before; 
and as the work thus proceeded, the shaft under the Stowse was 
either lined with timber or stone, called tinging it, and the 
veinstuff which was drawn being thrown on to the Bunnings on each 
side, a regular hill was at length formed, and increased round 
such shaft, and is called the Mine -hillack or Hillock". 

P.360 "In process of time, as the Mines increased in depth and 
having reached to water in the stratum the drawing of such in 
Barrels, and the Ore, and the Vein-stuff which could not be stowed 
on the Bunnings so increased the labour and expense, that many 
valuable mines were abandoned on that account, until HORSE GINS 
were erected for drawing the Ore and Water, and SOUGHS began to 
be driven for draining off the water". 

2. SMELTING METHODS  

During the entire period, and for a considerable time 

thereafter the only method of transport was by pack ponies, both to 

transport the ore to the smelter and then to carry the pigs of lead 

from the smelteries to the principal lead markets, to navigable water 

or to the line of the old Roman roads where carts were in use; as 

the early smelters consumed at least a 'cord' (128 cu ft) of wood 

to the ton of ore and as high grade concentrates could be readily 

hand picked it was usual to carry the ore to the fuel, rather than 

the fuel to the ore. Also, as the earliest smelters sought a good 

natural draught to blow the fires to a sufficient heat to smelt the 

ore, certain hilltop sites facing the prevailing wind were normally 

selected for smelting. Smelting of this type was especially wide-

spread in Derbyshire where, to quote Farey again: 
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P.380 "On the Smelting of Lead Ore" 
"In the early periods of the Mining in Derbyshire, the Ore was 
smelted on the tops or western brows of high Hills by fires made 
of wood, and blown by the Wind only,----: these ancient hearths 
are called Boles, and whence many of the highest hills in and 
near the Lead Districts obtained their names". 

The actual smelting site, only a few feet in diameter was 

walled around with stones and the fire built up inside of alternating 

layers of brushwood or peat and ore. A channel leading outside the 

stone hearth into a hollow carried out the molten lead which trickled 

out of the fire, when the latter had reached a sufficient heat. 

This is an essentially uncontrolled operation with the temperature 

varying in different parts of the fire and dependent to large measure 

on the strength of the wind. Lead melts at a temperature low enough 

(375°C) for this method to be effective but much lead is lost in the 

slags and, from early times, these slags were reworked to recover 

some of this lead. A hotter fire is needed for this and charcoal 

was used, together with foot bellows to augment or replace the wind. 

This smelting was usually done in the open fields near the bole in a 

similar furnace. Great quantities of lead were lost from these 

furnace sites both in slags and drosses and in fume, produced by 

volatilization of lead in the hotter parts of the furnace, and the 

vegetation in their vicinity was destroyed and remained blighted for 

long periods afterwards. Farey remarks: 

P.383 "The sites of these ancient Boles or wind smelting places 
are easily found, from the sterility of the spots, and the want 
of any herbage except a few minute weeds upon the ancient slag 
and ashes". 
And: 	"Most of the hard slag has been carried away from these 
Boles for repairing roads or perhaps for re-melting at the 
early Slag-mills in some instances". 



These barren patches are much less noticeable today and 

most of the old sites are essentially completely overgrown and even 

used for agriculture. 

C. THE EARLY INDUSTRIAL ERA. 1550-1700 A.D. 

1. IMPROVED MINING TECHNIQUES  

The increasing exhaustion of the workings above water 

level and the growing demand for lead attendant upon the peace and 

relative prosperity of Tudor times encouraged the mining industry 

to try to overcome the difficulties of deeper mining. Direct royal 

intervention and the introduction of German miners and more advanced 

German methods, further stimulated the process of technical 

innovation and advance resulting in Britain becoming the world's 

leading producer of lead in the eighteenth century. 

Adits for access to veins in hilly country had long been 

used, but apart from a few examples, deep adits designed to dewater 

mines or whole groups of mines only began to be driven in the 1630's. 

Early and successful examples in Derbyshire were followed by many 

others, particularly around Vlirksworth. Associated with and 

complementary was the development of deep single vertical shafts 

out of which water could be pumped and ore hoisted by means of a 

horse gin or whim. 

Improvements were also made in the means of mineral 

dressing with the use of iron sieves in water (a primitive form of 

jigging) and of buddies and simple inclined sluice boxes. All these 
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methods used water and resulted in the beginning of the concentration 

of ore dressing in places where water was abundant. The reworking of 

old mine hillocks and wastes using the new processes was begun and 

much galena was recovered. Stamp mills powered by water were 

figured by Agricola in 1556 as being used in Germany at that time 

but do not appear to have been used on lead ores in Britain until 

much later. By 1700 they were in use for stamping slags at some 

lead mills. 

2. DEVELOPMENTS IN SMP_JTING 

The smelting of lead made heavy demands on the local 

supplies of timber and by early in the sixteenth century a sustained 

search was made for improved ways of smelting which would use less 

timber and would allow larger quantities of lead to be smelted. 

Farey, writing of Derbyshire states: 

P.382 "It seems probable to me that it was the demand for wood 
or White coal to these lead Boles, and for Charcoal to the ancient 
Iron Furnaces, Forges, etc, which occasioned the entire cutting 
up and destroying of the wood. and Timber, which seems to have 
covered even the highest of the Hills in and near Derbyshire, at 
an early period". 
and further: 

"These very ancient Boles or Nina Hearths, were succeeded 
by SLAG MILLS or Hearths almost like a Blacksmith's forge on a 
large scale, blown by large bellows worked by men or water, one 
of which can still be seen attached to each of the Cupolas that 
can command a stream of water, for remelting the Black or drawn 
slag of their cupolas". 

The earliest lead blast furnaces were simply shallow 

hearths with the power of the wind superseded by a pair of bellows 

operated by a water wheel. Furnaces of this type are figured by 

Agricola (1556) and there is evidence that similar furnaces were 
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in use in Derbyshire in 1552/3. An improved style of ore hearth 

was quickly developed and a patent was taken out in 1565 by 

William Humphry for a furnace of the type which came into wide use 

in the Pennines for 200 years. Furnaces of the earlier type remained 

in use at least until 1729, when one was described in operation near 

Wirksworth. Both types burnt wood, charcoal or peat and resulted 

in a saving of fuel of half as compared to the bole (Raistrick and 
(V,3" 

Jennings 1-966). The process is one of oxidation roasting and then 

reduction to metal taking place in the same furnace and calls for 

much care. James Mulcaster, at the time in charge of the smelt mills 

at Langley Barony, Northumberland, writing about 1789 writes, in his 

description of ore-hearth smelting: 

"Without a frequent stirring up the whole mass of the Brouse 
(charge) tending as it always is to vitrification, would soon 
become so compact a body that neither could the fire agitated 
by bellows pervade every part and cranny of it, as it ought to 
do to operate rightly upon it, nor could the lead as it perspires 
from the ore or unexhausted part of the Brouse in the Hearth, 
find a passage down thro' to the bottom, where it ought speedily 
to be out of danger, for whilst it is suspended in the upper 
parts of the Hearth, it is in a state of evaporation and waste". 

The existence of good lead in the fumes or flight emitted 

by the smelthouse chimneys was well known to the eighteenth century 

smelters but no serious efforts to recover this were made. A loss 

of 5-10% of the charge as "fume" was usual while lead slags of this 

period normally carry up to 20% lead. 

D. THE "INDUSTRIAL REVOLUTION" IN MINING 1700-1870  

1. STEAM PUMPS, WINDING ENGINES AND DEEP LEVELS  

The eighteenth century saw the true beginnings of large 

scale industry in Britain. This both stimulated the demand for 
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metals and provided the technical means for their extraction from 

larger and deeper and wetter mines, until eventually British industry 

outgrew its basic natural resources and became dependent on imports 

of raw materials. 

The principal technical innovations in mining were the 

introduction of the atmospheric engine, harnessing the power of 

steam to pumping and winding, and the introduction of gun powder and 

rock borers to the driving of long hard rock tunnels. The combination 

of deep vertical shafts and powerful pumps with deep drainage levels 

allowed the water level in the vicinity of rich deposits to be 

lowered and resulted in much more concentrated mining and a great 

increase in the tonnage of concentrate raised throughout the country. 

2. THE CUPOLA FURNACE  

This great increase in production would have been 

impossible but for the coincident improvement in smelting which took 

place at the turn of the 17th and 18th centuries. The seventeenth 

century was a time of crisis for the smelting side of the industry 

with restrictive Acts being enacted to reserve timber for the navy 

and much experimentation with smelting iron and lead using "sea 

coal and pitte coale". For lead final success came with the 

establishment of reverberatory furnace or cupola furnace lead smelting. 

In furnaces of this type the fuel is coal and it does not 

come into physical contact with the ore, the fume and heat from the 

furnace being drawn over a firebridge and onto the ore by the draught 

induced by a tall tapering stack. The bellows is thus dispensed 
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with and the draught and thus the strength of the heat, is readily 

controllable by adjusting dampers. The process then became a two 

stage one of a preliminary oxidizing roast which converts the galena 

from lead sulphide to either oxide or sulphate, which is then reduced 

to the metal by the addition of more galena in a restricted supply 

of air, sulphur dioxide being given off and molten lead accumulating 

in the bottom of the furnace. The relevant reactions being: 

PbS + 2Pb0 = 3Pb + SO2  and PbS + PbSO4  = 2Pb + 2S02  

Volatilization of lead takes place in this process, as in the others 

but due to the better control obtainable with this furnace there is 

less loss than by the other methods and some condensation takes 

place in the flues and stack (Percy 1870, Lewis 1967). 

The ore hearth smelter was improved and remained 	use 

throughout the period, the choice between the two methods being one 

of fuel alfailability. When the smelteries were close to coal, as 

in Flintshire and Derbyshire. the conversion to reverberatory smelting 

was rapid in the second half of the eighteenth century; but in more 

remote areas with readily available peat the ore hearth remained the 

principal type. Where the ore hearths were in use, very long flues, 

up to 22 miles in length, were built to condense the fume. 

To minimise damage from the fumes the smelteries were 

generally located away from habitation and the preferred location 

was by a stream of water which could drive bellows for a slagmill, 

where the ore hearth blast furnace was used to resmelt the black 

slags from the cupola furnaces. Because of its lower draught the 

reverberatory furnace was able to smelt finer ores, indeed it was 
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advantageous that the ore be finely ground to facilitate roasting 

and this meant that the recovery and dressing of finer ores became 

worthwhile. In some cases stamps were erected at the smelt mill 

dressing floor, both to crush the black slags and roughly dressed 

ore. The London Lead Co. were using such equipment at their smelt 

mills in the north Pennines at least as early as 1737, and it is 

11-1a- probable that the practice was widespread (Raistrick and Jennings 	). 

3. THE RISE IN THE IMPORTANCE OF ZINC  

Despite government encouragement, the brass industry in 

Britain did not flourish during the late 16th and 17th centuries 

and the only source of calamine known was in the Mendips. At the 

beginning of the eighteenth century interest in brass making was 

revived and works were established for its manufacture at Bristol 

in 1704 and a little later at Cheadle and Macclesfield in North 

Staffs. and at Birmingham and Smethwick in the Midlands. Calamine 

was soon recognised in many other areas and minor "zinc rushes" 

developed, even old roads built of calamine being torn up again, as 

Pennant ( 	records from Flintshire in the 1720's. By the middle 

of the century it was discovered that sphalerite, when roasted, 

colIld also be used to make brass of the poorer sort and this ore 

also became saleable. 'Works for calcining zinc ores were set up, 

usually alongside the lead mills, in areas where sufficient zinc 

occurred to make it worthwhile, as in Flintshire. Commercial zinc 

or spelter was first produced in Britain in 1740 at Bristol; the 

process being to roast the carbonate or sulphide to oxide and then 
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to mix the oxide with coal and heat it, when the zinc distils over 

and is condensed as the metal. Heavy losses of volatilized zinc 

occurred at these works, the zinc being dispersed as "blue powder" 

in the atmosphere. 

Further development of the zinc industry came with the 

invention of galvanized iron in 1837, and new works for the production 

of spelter were established at this time. 

Because of the technical difficulties involved zinc smelting 

was concentrated in a few large centres, in marked contrast to lead 

smelting which was simpler and much more widespread. 

1.. DECLINE OF THE BRITISH INDUSTRY 

Following extensive development overseas, the second half 

of the nineteenth century saw the decline of the base metal mining 

industry in Britain. The low prices of imported concentrate and the 

increasing costs of deep mining in Britain caused the closure of 

many mines and the concentration of the smelting industry in a few 

locations convenient for the import of concentrates. For a time 

the decline in the number of mines was offset by great increases in 

production from a few mines that proved particularly rich, but by 

the middle of the twentieth century lead and zinc ore production in 

Britain had almost ceased except as a by-product of fluorspar and 

barytes mining. 

E. SUMMARY OF SIGNIFICANT ifEATURES  

The most important features of this history of the mining 

and smelting industry from the point of view of its effects on the 
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regional geochemistry of stream sediments are as follows: 

1. Until the 17th century lead ores only were sought, 

zinc ores being left at the mine site. 

2. Until the 17th century mining did not penetrate far 

below the water table; as a result most of the ores 

probably contained little zinc. 

3. Between the end of the Roman occupation and the 

late 16th century lead smelting was done on hill 

crests, after this it was done at the sides of streams. 

4. Loss of lead from smelters was in fume and slag. 

5. Because of technical problems zinc smelting did 

not become important until the 18th century and was 

concentrated on a few sites, lead smelting was simpler 

and more widespread. 

The net effect of these historical features is a 

marked variation in the location and metal content of smelter 

sites with time. The Roman and early hill crest smelters and 

the first streamside locations are likely to be much lower in zinc 

than the later sites, and, with the exception of a few specialist 

high zinc smelters, most sites will contain more lead than zinc. 

The coincidence in time of the beginning of deep mining below 

water table with the development of reverberatory furnace smelting 

means that, in areas where the reverberatory furnaces were 

established on new sites and the old locations abandoned, the new 

sites will be characterized by .tad and zinc anomalies and the 

old by lei anomalies only. 
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CHAPTER 3 	DESCRIPTION OF THE FIELD AREAS  

A. DERBYSHIRE  

1. LOCATION AlND SIZE  

The field area is that part of Derbyshire and the 

adjacent parts of North Staffordshire covered by the one inch 

(seventh series) sheets 111 and the northern part of sheet 120, 

an area of approximately 700 square miles selected from within 

the original reconnaissance area. The approximate corners are 

marked by the towns of Sheffield, Derby, CheacIle and New Mills, 

and the area of interest centres on the mineral field of the 

Derbyshire Dome and the associated minor domes of Ashover and Crich. 

2. TOPOGRAPHY DRAINAGE AND CLIMA1E  

The area is essentially upland, over 750 ft above sea 

level, with lower ground to the east, south and southwest. This 

upland, known traditionally as the Peak District, is divided by 

the River Derwent and its tributaries into three sections; the 

East Moor between the Derwent Valley and the town of Chesterfield, 

the High Peak north of the Hope valley, and the Low Peak, covering 

the high ground west and south of the Derwant and its tributaries. 

The High Peak, as its name implies, is the most elevated tract 

forming the southern end of the main Pennine moorland and culminating 

in the high moorland of Kinderscout, a level plateau just over 

2000 ft above sea level. The Eastmoor and the Low Peak are lower, 

reaching up to just over 1500 ft in the north and falling slowly 

south to a general level of around 1000 ft. 

With the exception of the northwest corner, which drains 
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northwards and westwards to the River Mersey, the whole area drains 

southwards and eastwards to the Humber via the Rivers Churnet, Dove, 

Derwent, Rother and Don. The most important of these is the Derwent 

which bisects the area and, with its tributaries the Viye, the Amber 

and the Ecclesbourne, drains the greater part of the mineralized 

area to the Trent just south of Derby. 

The climate is northwest European and maritime, strongly 

modified by altitude. Complete figures are available for Buxton 

in the northwest of the area and are quoted in table 1. 

This station lies in the wetter northwestern sector of the 

area at an elevation of 1000 ft; the higher moorlands have more 

extreme climatic conditions, with a rainfall of over 60 ins being 

recorded on the Kinderscout plateau, while the lower Derwent Valley 

and the lower ground to the south and east have a rainfall of less 

than 35 irs per annum. The 200 rain days per annum line trends 

roughly northeast-southwest across the centre of the area roughly 

in correspondence with the 1250 ft contour (Edwards 1962). 

3. GENERAL GEOLOGY  

(a) Principal Rock Types and Basic Stratigraphy  

The oldest rocks exposed (after Eftwards and Trotter 1954) 

are Carboniferous Limestones of upper lower Carboniferous age and 

these rocks occupy the centre of the area and also outcrop in two 

small inners at Ashover and Crich, east of the main outcrop (fig. 1). 

Fifteen hundred ft of "standarda  limestone outcrop, with a further 

900 ft known from borings and the whole sequence rests unconformably 
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Table 1. Climatic Summary for Buxton (Elevation 1000 ft) 

JAN FEB MAR APR MAY JUN JUL AUG OCT NOV DEC SEPT 

Mean Temps °F 36.1 36.2 39.2 43.3 49.7 54.2 57.7 56.9 53.0 46.9 40.9 37.4 
Rainfall: 
Mean (inches) 4.5 3.8 4.1 2.9 3.1 3.2 3.9 4.4 3.2 4.9 4.7 5.7 

Rain Days 19 1$ 19 16 16 14 16 19 15 19 19 21 

Snow Days 8 8 8 3 1 0 0 0 0 1 3 6 

Sunshine: 
Hours per day 1.0 1.7 2.9 4.2 5.5 5.9 5.3 4.7 4.1 2.6 1.4 0.7 

(A of possible 
sunshine 

12 17 24 30 34 35 32 32 32 25 17 9 

Figures (based on Air Ministry Records) given by E.G. Bilham, The Climate of 
the British Isles, and reproduced by Edwards (1962) 
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on a basement of supposed pre-Cambrian. Basic lava flows and tuffs, 

known locally as "toarlstones", are found at various horizons in this 

sequence. Fringing this Derbyshire Massif is a well marked series 

of reef limestones, which are either apron reefs banked against the 

limestone and unconformably upon it or a marginal facies between 

the standard limestone of the massif and the surrounding basin 

facies (Shirley and Horsefield 1940). Whatever their origin these 

reef limestones mark the limit of massive limestone deposition and, 

to the north, west and south the lower Carboniferous is both much 

thicker and markedly more shaley. These basin facies beds outcrop 

in the southwest in the Weaver Hills and underlie the Namurian Shales 

in the Friale, Mixon and Ashbourne-Derby areas. (figs. 1 and 2). 

To the east limestones of massif type with inter-bedded 

toadstones are exposed in the Ashover and Crich inliers and have 

been proved by oilwell drilling at Dukes Wood, Eakring, 20 miles 

to the east of Ashover. The picture which emerges for the lower 

Carboniferous is the familiar one of shallow-water thin mainly 

calcareous sedimentation on a stable block with thicker sedimentation 

of shalier character beginning earlier in the lower Carboniferous 

in the surrounding areas. 

This difference in thickness of sedimentation between 

basin and block continues into the Lower Namurian, although there 

is little difference in the facies developed over the two areas. 

The thickness difference is very great with some 400-800 ft of 

beds in the basins being represented by only I0 ft at Ashover over 

the stable block. Marine block shales, known as Edale Shales, 
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developed under conditions of restricted circulation, are typical 

of the Lower Namurian. In passing south westwards there is a 

orkito 
passage into typical 414imquartzite sediments, which appear to be 

derived from a southerly source (Holdsworth 1963). 

The upper Namurian forms a sharp contrast with the lower, 

being of true "millstone grit" facies and deriving mainly from the 

north. Massive coarse feldspathic grits characterize the group 

with interbedded sandstones and generally non-marine shales. The 

thickness of individual grits and of the group as a whole declines 

rapidly southwards and southwestwards. The grits pass laterally 

into shales and the entire Namurian, 3500 ft thick with four massive 

grits at the northern margin of the area, thins to only 1200 ft with 

two grits near Matlock, where the lower part of the Erlale Shale is 

very attenuated. A similar thickness is found in the Lawn Bridge 

borehole, just north of Burton-on-Trent, where grits are absent. 

The Lower Coal Measures of East Derbyshire outcrop in a 

broad belt lying south from Sheffield and west of Chesterfield. 

Massive sandstones occur, particularly near the base of the 

sequence which closely resembles the underlying Millstone Grit, with 

interbedded shales with a few, rather poor coals and much gannister 

and fireclay in places. They pass up into the middle or productive 

Coal Measures which outcrop on the east of the area, around the town 

of Cheadle to the southwest, and in the Goyt Trough in the north-

west (fig. 1). Upper Coal Measure strata and Permian beds do not 

outcrop in the study area, but Triassic rocks overlap unconformably 

across the upper and middle Carboniferous rocks to the south. The 
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lowest beds seen are assigned to the Bunter Pebble Bed unit and 

consist of massive inter-bedded unconsolidated conglomerates and 

cross bedded sandstones which vary widely in thickness from a few 

feet to 130 ft on a quite local scale. A sandstone from 15 to 50 ft 

thick with interbedded marl, classed as Waterstones, rests conformably 

on the Bunter Pebble Bed facies and is, in its turn, overlain by 

thick red marls assigned to the Keuper, which underlie wile areas to 

the south. 

CO_ Structural Geology (after Edwards and Trotter 1954) 

(i) Folding 

The dominant structure of the area is the major elongate 

domal anticline known as the Derbyshire Dome which brings up a core 

of Carboniferous limestone roughly 20 miles from north to south and 

12 miles from east to west, centrally located within the field area. 

To the west of this dome strong north south folding is developed 

with dips of up to 20-30 degrees on their flanks. Folds of this 

group bring up the limestone inller at Mixon and fold in basins of 

Coal Measures along the Goyt Trough and in the Cheadle Coalfield. 

Folding along this trend affects the west side of the main Derbyshire 

Dore in the Ecton-Weaver Hills area but in the central part of the 

block there is no discernible folding. To the north of the great 

scarps at Castleton which mark the northern limit of the block 

structure, gentle folding occurs on roughly E-V1 axes, as shown by 

the Fri  ale and Norton-Whitwell folds (fig. 1). 

The eastern margin of the main limestone outcrop is deeply 
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indented in the centre by a roughly E-41 trending synclinal fold, 

which divides the main lead and fluorspar producing districts into 

two main fields. The Brimington Heath anticline, well seen in the 

lower Coal Measures near Chesterfield has a similar trend at its 

western end near Totley but swings on to a N.NA. trend when followed 

eastwards past Chesterfield. A similar trend is seen in the 

elongation o'f the limestone cores brought up by the Ashover and 

Crich anticlines. Dips on these structures Ere generally much 

flatter than those on the folds to the west of the dome, rarely 

exceeding 15 degrees. The steepest structure in the area is the 

monoclinal flexure running from Holymoorside, just west of Chesterfield, 

to the south end of the Crich Anticline, almost due N-S, where dips 

up to 45 degrees are recorded (Smith et al 1967). 

(ii) Faulting  

There is no major faulting in the area but minor faulting 

is widespread, The principal direction is V1.N.V1. and, in the coal- 

field to the east, such faulting is widespread. Some of the faults 

cut the Permo-Trias as well as the Coal Measures, but the throw in 

the younger rocks is normally much less than that in the Carboniferous, 

while some affect the Carboniferous only. The throw of these faults 

is generally less than 100 ft, frequently only 10 or 20 ft. A few 

faults of similar size but with a northeasterly trend occur (Eden 

et al 1957, Smith et al 1967). In the limestone core of the main 

dome, a pattern of small fractures mostly with little or no throw 

is found. The strongest of these are roughly E-VI trending 'Rake Veins' 
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with throws generally of the order of 20 ft, some of which can be 

traced continuously for 5 miles across the limestone plateau (fig. 1). 

A second set of fractures, smaller and much less continuous than 

the rakes, occurs, principally in the southern half of the orefield, 

with a basically Northwesterly trend (see Map 1 for details). 

MINERALIZATION  

(21 Distribution of Ore Producing Districts  

Mineralization of Pb and Zn sulphides is widespread in 

the limestone, virtually throughout the area but concentrated 

particularly along the eastern side of the main limestone outcrop 

and in the two inliers at Ashover and Crich. Pb is the dominant 

metal and in the period of recorded production from 1840-1940, 

678,000 tons of Pb concentrates were produced, containing 70A-80% Pb 

while only 62,000 tons of Zn concentrates, grading WA-55% Zn were 

produced. These figures however do not cover the main period of 

production, which occurred in the eighteenth and early nineteenth 

centuries. Most of the recorded production came, in fact, from only 

one mine, at Mill Close near Darley Dale, which contributed 407,000 

tons of 80% Pb concentrates and 31,000 tons of 55% Zn concentrates 

to the total. 

Important producing areas at earlier times were the 

Castleton-Eyam area in the north, the Darley Dale, Matlock and 

Wirksworth area in the south east of the main limestone outcrop and 

the two inliers to the east. The total production of Derbyshire 

throughout its history is difficult to assess but various authors 
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have estimated it at between 2,000,000 tons and 4,000,000 tons of 

Pb concentrate (Schnellman and Willson 1947, Varvill 1959, 

Schnellman 1954). 

A very much less widespread mineralization, different in 

mineralogy and probably in source, occurs in the west, centred upon 

the Ecton and Mixon Anticlinal structures. The principal metal found 

here is copper with subordinate Zn and Pb and while occurring in the 

lower Carboniferous as in the east, the facies here is basin and not 

block. No complete record of production has survived but at its 

peak about 600 tons per annum of refined copper was being produced 

(Farey 1811). 

Lbi Geological Controls of Ore Distribution  

Within the general restriction of workable ore to the 

limestone, there are three more specific controls which localize 

the occurrence of the Pb—Zn ores. These are: 

Minor Faults, Fissures and Caverns. 

Impermeable Beds. 

Primary hypogene zoning. 

(i) Minor Faults, Fissures and Caverns as Ore Controls  

Individual Shoots of ore, or of the accompanying gangue 

minerals fluorite and barytes seem generally to be the results of 

infilling of open fissures, such as those provided by minor faults 

and open gash joints. Ancient cave systems are also often mineralized 

and, as at Millclose, these frequently extend far below the present 

water table and appear to belong to some very ancient circulation. 
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Many deposits are continuous for distances of several miles, as 

several of the great rake veins were, or form ramifying branching 

and irregular manto like systems of veins whose chief characteristic 

is irregularity and continuity (Varvill 1959). Examples of the first 

type are the great rake veins of Hucklow 'Ridge or the Gregory Vein 

at Ashover, while by far the best documented example of the latter is 

the Millclose Mine (Traill 1939). 

Deposits which do not seem to follow any system of veins 

occur in the extreme south, near Brassington, where massive irregular 

replacement bodies of barytes with some galena seem to be controlled 

by dolomitization in the limestone. The Golconda Mine is the best 

documented example. 

Li.1 Impermeable Beds as Ore Controls 

From early times it was known that the richest and most 

persistent ore shoots occurred immediately below the Edale Shale, 

and the greatest part of the production of the field has come from 

the limestone which lies between the -Male Shale and the top Toadston3 

or lava flow. Ore was also found immediately beneath the lava flows 

and during the working of the Millclose Mine the ore was worked 

continuously from a horizon just below the Male Shale downdip below 

successive toadstones for a horizontal distance of 10,000 ft, and to 

a depth of over 1000 ft below surface (Train 1939). The evidence 

from this mine strongly suggests that the oreshoots were fed from 

the lower end and that the rising solutions were trapped beneath 

successive impermeable horizons as they worked their way up towards 



the surface, depositing some of their metallic load each time before 

finding a gap which allowed them to rise to the next impermeable 

bed. The Er9ale Shale, being by far the thickest and most impermeable 

of these roof beds forms the top of the entire orefieId, and no ore 

is found above it. 

(iii) Primary Hypogene Zoning  

As pointed out by Dunham (1948) the gangue minerals of all 

the Pennine orefieIds are zonally distributed. In the case of the 

Northern Pennines a central zone of fluorite was surrounded by an 

outer zone of barytes, the richest Pb ores occurring at the junction 

of the two zones, while Zn showed a localization in one side of the 

orefield. In Derbyshire the zoning is one-sided with fluorite 

occurring only along the eastern side of the main limestone dome 

and in the two eastern inliers, with barytes in an outer zone 3 miles 

wide to the west of it (see Map 1). Calcite occurs in all the veins 

together with fluorite or barytes and it extends along the veins to 

the west beyond the occurrence of barytes to give an outer calcite 

zone, with little base metal. 

The production figures, given above show a preponderance 

of Pb over Zn in Derbyshire, with a Pb:Zn ratio of 16:1. This is 

similar to the ratio for the other Pennine fields, comparable figures 

being given in table 2. 



Table 2. Recorded Output of Pb and Zn Concentrates from the  
Pennine Orefields. 1840-1940  

Ore Field 	Pb Concentrates Zn Concentrates 
(75% Pb) 	(50%)  

Pb:Zn Ratio 

 

Derbyshire 	678,000 	62,000 

Yorkshire Dales 	331,000 	Nil 

North Pennines 	1,336,000 	247,000 

 

16:1 

8:1 

After Dunham 1944 

33. 



However, hen mining at Millclose was reaching the northern most 

and deepest part the proportion of zinc in the ore increased sharply 

and the final figures for the production of the plant at Millclose 

are: 

Millclose - Total Production 
	434,000 tons @ 80% Pb 

including tailings remilling 	91,000 tons @ 55/0 Zn 

Pb:Zn ratio 	7:1 

and this may be a truer reflection of the metal ratio in the field 

as a whole, although most of the mining so far has been in the 

shallow western Pb rich area. 

(5) LOCAL MINING ID SMELTING HISTORY  

LI Roman Mining  

The principal evidence of Roman mining in Derbyshire is 

the fifteen pigs of Pb bearing Latin inscriptions indicative of a 

Derbyshire origin found in or around the county. The mining and 

smelting sites are quite unknown but the pigs are stamped with the 

name Lutudaron, or contractions thereof, the Roman name for Matlock. 

_021 The Pre-Industrial Era 

SL) Mining 

The Domesday Book mentions three lead mines at Wirksworth 

and one each at Crich, Bakewell, Ashford and Matlock, and from then 

onwards throughout the Middle Ages Derbyshire was the most important 

of the English Pb mining districts. It is likely that all the 

mining areas known today were worked during this period as almost 
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the whole area became known as the Kings Field. 

The rights and freedom of miners within the Kings Field 

were first codified at the end of the thirteenth century but were 

based upon old custom. The rights included the right to free 

prospecting, the right to mine ore found, on payment of the thirteenth 

dish of ore to the king as his 'royalty', and the right to cut timber 

for mining and smelting. The results of these laws was a great 

fragmentation of ownership of mines with each miner owning his own 

mine, or meer, and a massive deforestation for fUel to smelt the ores 

Fragmentation of ownership remained a feature of Derbyshire Pb mining 

throughout its history, while the deforestation of the area around 

the mines led to the establishment of a separate group of smelters 

who bought the ores and smelted them where fuel was to hand, often 

some distance from the mines themselves. 

(ii) Smelting  

Throughout this early period and up to about 1550 all 

smelting was done at 'Bole Hills' using wind power. Place name 

historical evidence indicates the location of some of these sites, 

and others can be found readily in the field by studying suitable 

sites and locating either slags or ore fragments in the vicinity. 

Other sites, for which there is neither historical record nor physicc,_ 

remains, are known to local farmers because of the presence or former 

presence of barren spots, or the former incidence of Pb poisoning 

of cattle or fowls. 

;Awe, 
Twenty -sue bole hill smelting sites have been traced in the 
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course of the present study; sixteen are listed by Farey and 

fifteen of these can be located with certainty on the map or on 

the ground (fig. 2 and map 1). Many more are suspected to exist 

and it is probable that hardly a suitable hill occurs in east 

Derbyshire without at least one bole site upon it. Farey's list 

is as follows: 

'A List of Ancient Boles or Lead Hearths' 
Co-ordinates 
E 	N 

Bank, (near Holmsfield, mile southwest) 

Baslow, N.E. of the Colliery 

Bole-Hill, S. of Sheldon in Bakewell 

Bole-Hill 4 mile N.W. of Upper Hurst, 
in Hathersage 

Bole-Hill S.W. of Wingerworth 

Bole-Hill N.W. of Wirksworth 

Chatsworth Old-Park Plantation, 
S.E. of Baslow 

Cold Harbour, in Lea 

Cromford Moor S. of the Bridge 

Eyam 

Holymoor Top, N.E. of Harwood Cupola 

Matlock 

Slag-Hills, S. of Butterley, near Doway-hole 
Lane, in Ashover 

Stanton in the Peak 

Three Birches or Pudding-pie Hill W. of 
Brampton 

Unthank, 4  mile W., in Dronfield 

All except the Bank and Baslow sites have been located and are 
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shown on map 1. 

The most interesting feature of the distribution of these 

sites listed by Farey and the additional sites located in the present 

study, is that only 2 out of the 26 are located on the limestone 

near the mines. The other 2L lie in a north south arc 25 miles long 

and 8 to 12 miles wide on the east side of the limestone outcrop, 

extending from Hathersage in the north to Cromford Moor in the south. 

The most favoured locations are on westward facing scarps, 

exposed to the west or southwest and from 800 ft to 1000 ft above 

sea level, lying between the mining district and either Chesterfield 

or Sheffield. The reasons for this distribution are probably as 

follows: 

1. Exposure to the prevailing wind is at a maximum. 

2. There is evidence that the timber on the limestone 

was cleared very early, possibly in Saxon times, so that below 

1000 ft on the Eastmoor was the most accessible fuel source. 

3. The markets for Pb were traditionally in Sheffield 

and Chesterfield so that smelter sites between mine and market 

would be convenient. Only one early smelting site is known to the 

west of the orefield. 

(c) The Industrial Era 

11) Mining 

The proliferation of small mines continued, and in 1811 

Farey listed 293 mines, both active and temporarily inactive, most 

of which yielded less than 10 tons of concentrate per annum. There 
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were a few larger ventures, such as those of the London Lead Co. 

at Millclose, or the Gregory Mine at Ashover, which carried out an 

integrated programme of miningtdrainage and smelting, but for the 

most part the three activities were in different hands with many 

small mining groups, and larger drainage companies and smelting 

companies, with, however, much common share ownership in all three 

activities. 

The problem of drainage, which became the more acute as 

the mines reached greater and greater depths, was met primarily by 

driving long adits or soughs from the level of the River Derwent. 

The first of these was the Cromford Sough, driven to dewater the 

mines around Wirksworth and completed in 1690. Many others were 

driven over the next 100 years to drain most of the orefield to the 

Derwent. In a few areas where the veins were particularly rich, 

steam engines were installed to enable work to be carried below 

sough level, but over most of the field the veins became poorer 

or cut out with increasing depth and the workings were not carried 

down below edit level. 

(ii) Smelting 

The proliferation of small mines producing small parcels 

of ore were served by numerous small smelt mills which, following 

their introduction in 1550-1560, rapidly replaced the primitive 

bole hearths; so much so that in 1571, William Humphreys, who 

claimed a patent on the new process, claimed that 16 persons were 

infringing that patent in Derbyshire. The fuel in use was still 
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mainly wood and charcoal, together with peat and the demand for 

charcoal was probably responsible for the proliferation and widespread 

dispersion of 

in the north; 

The 

not wood took  

these furnaces, from Hunan' in the south to Beausheaf 

a spread roughly coincident with that of the bolehills. 

introduction of the cupola works which burnt coal and 

place in 1747 and by 1800 it had completely replaced 

all other types of smelter. Farey states this definitely and gives 

a list of 21 active or formerly active sites: 

"The CUPOLAS or low arched Reverberatory Furnaces, now exclusively 
used for the smelting of Lead Ore in Derbyshire, were introduced 
from 'Wales by a company of Quakers, about 1747, the first of which 
was erected at Kelstedge, in Ashover; but this is now disused 
and pulled down as will be seen from the following 

LIST OF CUPOLAS in and near Derbyshire, viz 

Co-ordinates 

Barberfields, in Dronfield, (formerly) 

Barbrook, in Baslow (and Slag Mill) 

Bonsai Dale (and Slag Mill) 

Bradwell 

Bretton, in Eyam 

Calow, E. of Hathersage 

E 

429500 

427000 

428000 

417500 

420000 

425000 

N 

383500 

374000 

358000 

381000 

378000 

382000 

Cappy-nook, in Stanton Harold, 
Leicestershire 

Cromford Moor (Steeple House) 

Devils Bowling Alley, in Alderwasley 

Ecton, in Warslow, Staffordshire (ani 
Slag Mill) 

Harwood-Moor near Loads 

438000 	321000 
approx 

432500 355000 

409500 	358500 

430500 368300 



Kelstedge, in Ashover (two formerly) 433500 363500 

Lea, near Cromford, (and Slag Mill) 431900 356500 

Lumsdale, in Matlock (formerly) 431300 360500 

Middleton Dale, in Stoney Middleton 421000 376000 

Stanage in Ashover, (and Slag Mill) 433500 367000 

Stanage in Ashover 

Totley (and Slag Mill) 432000 350000 

via Gellia, in Bonsai Dale 429000 357000 

Viirksworth, E. of the town 429000 354000 

Twenty sites of this age are known and are plotted on 

map 1 and figure 2. They fall into two groups, a northern group 

of 8 located between Eyam, Baslow and Sheffield, and a southern 

group of 12 between Wirksworth, Darley Dale and Chesterfield. The 

factors responsible for this location pattern are: 

1. Water power. 

2. Access to coal for the furnaces, either by road or, 

for the Matlock-Wirksworth district, by the Cromford Canal, opened 

in 1790. 

3. The concentration of the mining field into a northern 

centre around Eyam and a southern group from Alport to Wirksworth 

and around Ashover. 

4. The lead marketing centres were Sheffield and 

Chesterfield. 

Derbyshire Pb was not worth desilverization but a considerable 

trade grew up in processing the Pb, either into sheets and pipes or 



into red lead oxide for paint. Frequently this was carried out at 

the cupola works site, but in other cases separate works were set 

up. Farey lists 6 active red lead works and four other sites of 

former activity and many of these sites can be located today. The 

known separate works sites are plotted on map 1 and figure 2. 

(d)_ Copper Mining and Smelting  

Copper mining, smelting and brass manufacture were 

important eighteenth century industries in the west of the area. 

Farey, writing when the industry had passed its zenith, gives the 

following account of it: 

P.352 "2 Copper" 
"Near to this county is the famous Ecton Mine, in Warslow, 

in Staffordshire, whence most immense quantities of Copper Ore 
have been extracted; before 1770 this ore was smelted at Denby, 
in Derbyshire, on account of the Coal there being supposed to be 
particularly proper for the purpose; at which time works were 
first erected at Whiston in Kingsley, in Staffordshire, and much 
enlarged in 1780, for smelting and refining the Ecton Ore, with 
coals from Hazlescross in Kingsley. 

The Dukes Copper has mostly been sold to the Brass Company 
at Brook Houses, near Cheadle; but I believe the Ecton Ore was 
never smelted there". 

(e) Modern Times  

The peak production of Pb ore in Derbyshire probably came 

late in the eighteenth century but production remained high, but 

declining slowly until about 1880. Then a sharp decline set in 

in the fortunes of the smaller mines, which had long produced the 

greater part of the production of the field. However a few larger 

mines were developed and followed below sough level with great success 

and a moderate production was maintained until the 1920's. In 1929 
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the Millclose Mine was deepened through the top toadstone and a great 

new run of orebodies found which, in the 11 years to 1940,  produced 

as much ore as the mine had yielded previously from the upper 
-3,"4,",75 	,,b 

workings -(Rais-trick 1946+. This production was smelted at the mine 

in a modern works which still exists, but treats only scrap. 

Apart from this and a few other much smaller works the 

principal mining interest has been in fluorite and barytes. Fluorspar 

was worked from dumps and old Pb workings at Ashover and around 

Matlock, while the principal producer now is Glebe Mines at Eyam, 

where many of the great rake veins have yielded large tonnages of 

high grade spar. A large modern plant has recently been built at 

Eyam and the industry has a considerable future. 

(6) SPECULATIVE POSSIBILITIES OF NEV) ORE  

Since the closing down of the mines, advances in geological 

thought have given us a better idea of the processes of ore formation 

and the control of orebody location, and there has been much informed 

speculation on the possibilities of additional ore sources in the 

area. The work of Dunham (1948) in the North Pennines showed a clear 

concentric zoning of minerals in the ore deposits on a regional scale. 

Subsequent work in Derbyshire showed a zonal distribution which was 

one sided and not concentric, and this gave rise to the idea that 

the "other half" of the orefieId lay buried below the Namurian shales 

and grits to the east: a thesis which receives much support from 

the mineralization in the Crich and Ashover anticlines. Fluorite 

and Barytes is also reported from Carboniferous limestone of block 
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facies in deep borings at the Dukes Wood Oilfield at Eakring. This 

can be called the "Buried Oilfield" theory (Schnellman and Willson 

1947). 

A refinement of this theory was proposed by W.W. Varvill 

(1959) who noted the concentration of particularly rich and deep 

mines into two roughly parallel zones trending NW-SE from Castleton 

through Eyam to Calver, with the Ashover Anticline along its prolon-

gation to the southeast and from Alport through Millclose to 

Wirksworth, with its southeast extension at Crich. This may be 

called the "Lead Belt" theory and Varvill considered that the lead 

belts lay along anticlinal zones, with the richest deposits occurring 

on the flanks of culminations or small domes along the main axes. 

This in its turn directed attention to domal structures 

along the trend of the Pb belts where, however, erosion had not yet 

cut down to the limestone, in which the ore deposits would be expected 

to occur. Drilling carried out by the Geological Survey as part of 

the remapping of Derbyshire confirmed the presence of limestone cored 

domes roofed by Edale Shale at Uppertown and Highoredish, north and 

south of Ashover (Ramsbottom et al 1962). It is not known whether 

these structures (which are shown in map 1) are mineralized. 

(7) GLACIAL HISTORY  

The remnants of a sheet of boulder clay, deeply weathered 

and generally structureless, occurs as scattered patches up to an 

elevation of over 1000 ft to the west, south and east of the area. 

These are probably the remnants of an extensive sheet of older Drift 
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and contain erratics of mainly local materials. A tongue of ice 

carrying erratics from the Lake District was pushed across the water—

shed from the Mersey into the Derwent Valley and covered much of the 

limestone plateau to the east. Most of the higher Millstone Grit 

areas probably escaped glaciation, particularly the Kinderscout 

plateau. Red drifts of newer (veichsel) drift impinge on the area 

to the west and south extending up to about the 1250 ft contour on 

the hills overlooking the Cheshire Plain but they do not reach into 

the central area (Jowett and Charlesworth 1929, Eden et al 1957, 

Smith et al 1967). 

The very cold conditions have left their mark in the 

widespread development of solifluxion deposits under the prevailing 

permafrost conditions. These deposits, known as solifluxion—Drift 

or Heal  take the form of great spreads of landslip debris, often 

containing great blocks of grit, which lie below the scarps of the 

gritstones, particularly the lowest grit. In this way most of the 

valley sides of Edale shale are completely cloaked by this material 

and the great arcuate scars left by the slips can be seen today in 

the long concave scarps, such as those overlooking Ashover from the 

northeast. Alluvium is rare and thin within the upland area but to 

the south and east it floors many of the valleys in the lowlands 

(Men et al 1957, Smith et al 1967). To the south, just beyond 

the area studied, great spreads of alluvial gravels lie in the 

Trent Valley. 



(8) SOILS 

The soils fall into four chief groups dependent upon the 

nature of the source material so that soil types generally follow 

the geology, with some modifications due to altitude and degree of 

waterlogging (Edwards 1962). 

La).._ Limestone Soils  

The principal soil on the flatter parts of the limestone 

upland is a clayey residual lime-deficient soil of brown earth type, 

2-3 ft deep. On the highest and wettest parts incipient podzols 

are developed from this by leaching but true podzols are only found 

over cherty areas and not over true limestone bedrock. Thin soils 

on very steep slopes show less leaching and have a considerable lime 

content derived from bedrock and are classified as rendzinas. 

(b) Shale and Coal Measure Soils  

Shales and the patches of boulder clay have generally very 

similar soils. These are very clayey, cold, wet and rather sour 

with a heavy texture and are grey or yellow-grey in colour. Water-

logging and the development of gleys is common in poorly drained 

areas 

(c) Gritstone Soils  

The gritstone generally provides a sandy loam, the texture 

varying with the nature of the parent rock, so that some of the 

coarse grained grits produce a gravelly soil. Finer grits, sandstones 

and micaceous sandstones produce better soils, usually yellow, orange 

or brown in colour with a loamy texture and, because of the porous 
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nature of the bedrock these soils are usually well drained. 

(L.) Peaty Soils  

On the high damp moors of 1000 ft and over a peat bog of 

blanket type covers the surface. This tends to be 10-20 ft deep on 

the flat tops of the gritstone and sandstone hills of Kinderscout 

or the Eastmoor but it is much thinner on convex slopes and marginal 

areas. The heavy precipitation and high humidity cause the deeper 

peats to be waterlogged all year, but where the peat is thin the 

moisture causes thorough leaching and the development of lime deficient, 

ash grey podzols. 

(e) Pebbly and Sandy Soils developed from the Bunter  

Moderately elevated areas underlain by the coarser members 

of the Triassic are covered by well drained sandy learns of acid brown 

earth type, similar to those developed on the Namurian Grits 

(Bridges 1966). 

The soils can be further subdivided into natural or semi-

natural soils and agricultural soils with a plough horizon. Soils 

derived from non-calcareous parent materials are naturally acid and 

the pH is about 5.5 unless regular liming is done when it rises to 

about 6.5. In natural soils with a distinct surface peaty layer 

the pH at surface may be as low as 3.5-4.0, rising slowly in the 

subsoil to a more normal level of 5.0-5.5 (Fletcher 1968). 

Representative soil profiles were collected by vi.K. Fletcher 

from Namurian shale areas in North Staffordshire and South Derbyshire 

at some distance from mineralization or smelter contamination. 
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Agricultural soils of varying degree of waterlogging and natural 

soils with peat cover were sampled. In all the profiles studied, 

lead is enhanced in the surface layers, whether these are ploughed 

or peaty, while all of the soils are sufficiently acid for zinc 

to be leached, particularly in the subsoil layers below the influence 

of liming. The pH and Pb data are summarized in table 3. For most 

of the other elements an increase in metal content with depth was 

found, irrespective of soil type or drainage conditions, and 

Fletcher (1968) concluded that this was due to the leaching of 

these elements from the surface soils, with precipitation along 

with Fe and. Mn at greater depth in poorly drained soils. 



Agricultural Soils 

Very Poorly Drained Poorly Drained Imperf6ctly 	- L 
Drained 

Well Drained 

Depth pH Pb Depth pH Pb Depth pH Pb Depth pH Pb Depth pH Pb Depth pH Pb 

0-5 6.2 100 0-9 5.6 40 0-6 6.2 130 0-3 6.4 50 0-2 6.6 16o 0-2 6.6 300 
5-16 
16-19 

6.5 
6.4. 

30 
8 

9-14. 
14-30 

5.7 
5.9 

3o 
8 

6-11 
11-17 

6.2 
5.8 

130 
6 

3-9 
9-25 

6.4 
6.7 

130 
4.0 

2-8 
8-16 

6.6 
4.9 

16o 
85 

2-6 
6-18 

6.6 
6.2 

160 
130 

19-30 6.5 16 17-30 5.2 40 25-3o 6.6 10 16-19 4.9 130 

Moorland Soils 

Peaty surface horizons 
analytical values corrected for % ignition loss 

Depth pH Pb 

0-4. 
4-7 
7-10 
10-14 
14-22 
22-30 

3.8 
3.8 
3.8 
4.1 
4.3 
5.2 

100 
120 
90 
40 
30 
60 

Table 3.  Summary of Soil Profile pH and Lead Data 

Data from Fletcher (1968) 

Tables 33-38 
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B. 	FLINT DENBIGH 

ffi LOCATION iIND SIZE  

The area studied covers the whole of the county of Flint 

and that part of the county of Denbigh which lies between the Vale 

of Clwyd and the River Dee, from Corwen to the estuary. It is 

covered by sheets 108 and 109 of the seventh series, one inch to 

the mile, maps of the British Isles, and forms the northeastern corner 

of the Principality of Wales. Approximately 24 miles long from 

NNW-SSE and 12 to 18 miles wide it covers roughly 360 square miles, 

encompassing the whole of the Halkyn-Minera orefield and its environs, 

and forming the eastern 3  of the reconnaissance area. Place names 

cited in the chapter are shown in Map 5. 

(2) TOPOGRAPHY, DRAINAGE AND CLIMATE  

The dominant feature is a wedge shaped mass of high ground; 

at its broadest and highest in the south where it rises steeply from 

the Dee Valley between Acrefair and Corwen to an altitude of 1800-

1900 ft in Llantysilio Mountain and Cyrn y Brain, and tapering 

northwards along the Clwydian Hills, which rise to 1820 ft in 

Moel Famau, and Halkyn Mountain to the north coast at Point of Air 

and Prestatyn. This high ground divides two drainage systems, that 

of the River Clwyd draining the west side directly northwards to 

the Irish Sea, and the River Dee system which takes the south and 

east flowing drainage by a circuitous course into the broad tidal 

estuary of the Dee below Chester. The northeast drainage flows 

directly into this estuary by a series of short streams. The Clwyd 

receives most of its water from the Denbigh Upland and Denbigh Moors 
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to the west, outside the area studied the only sizeable tributary 

from the east is the River Theeler. 

The Clwyd below Ruthin and the Dee below the exit from 

the Vale of Llangollen at Acrefair flow through broad open valleys 

to the sea, the lower Dee Valley forming the western part of the 

great Cheshire Plain. 

The area lies on the boundary of the highland and lowland 

zones of Britain and the climate is distinctly western in type, 

but strongly modified by the rain shadow effect of the 'Welsh 

mountains immediately to the west. As a result of this effect the 

lower Dee and Clwyd valleys are unusually dry for their western 

location, receiving only about 27 ins of rain per annum, while the 

high ground in the south between the head of the Clwyd and the Dee 

and the Denbigh Moors to the west receive almost twice this amount. 

(3) GENERAL GEOLOGY 

(a) PRINCIPAL ROCK TYPES AND BASIC STRATIGR\PHY  
7based on Smith and George 1948) 

The rocks outcropping (in the area) belong to three groups, 

divided from one another by two major unconformities. These are: 

Top not seen 

3, Triassic 

unconformity - Permian Absent 

2. Carboniferous 

unconformity - Devonian Absent 

1, Ordovician and Silurian 

Base not seen. 
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1. Ordovician and Silurian Rocks  

The Ordovician rocks occupy two small areas of a few 

square miles each in the south central part, on the high ground 

between the Dee and the Clwyd systems (Fig. 3). Only the upper 

Ordovician is present and it consists of shales with thin sandstones 

which pass up with conformity into essentially similar Silurian 

strata. The Silurian, some 8000 ft thick is mainly shales, flags 

or fine sandstones. These rocks are moderately strongly folded and 

a good slatey cleavage has been impressed on the finer members, 

particularly in the south. 

2. The Carboniferous System  

These previously mentioned lower Palaeozoic rocks form 

the core of the high ground and geologically form the basement on 

which the Carboniferous rocks were deposited, after a long erosional 

episode which occupied not only the whole of the Devonian but much 

of the lower Carboniferous as well. The first Carboniferous rocks 

are a basal series of red and purple conglomerates and sandstones 

which have a very restricted distribution. They are succeeded by 

massive limestones of block facies with occasional shale bands, 

which become shaley or sandy at the top. The general succession 

is given in Table 4. 

The thickness of the limestone series varies markedly 

and it seems clear that the limestone was overlapping onto the old 

land mass so that successively younger beds covered wider and 

wider areas, banking around islands or promontories until they too 
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Southern Area  Northern Area Thickness 

500 ft 

800 ft 

Zone 

D3 

D2 

D1 -D2 

D1 

Black Limestone Series  

Shaley and cherty lime-
- tone with plant re-
mains. .Twb shale bands 
present on Halkyn 
Mountain. 
Upper Grey Limestone  

Fossiliferous lime-
stone. 

Sandy Limestone Series  

Calcareous sand-
stones and sandy 
limestones with beds 
of shale and chert. 

Grey coralline 
limestone 
Dark grey shale 
(Main Shale) 
Thickly bedded grey 
limestone with darker 
bands 

Thickness  

500ft 

150 ft 

25 ft 

100 -
500 ft 

1500 ft 
max. 

0 - 
960 ft 

Middle White Limestone  

Massive to well-bedded limestone, usually white or 
pale grey. 

Lower Grey and Brown Limestone  

Earthy grey and brown limestones, often dolomitic with 
subordinate shales and sandy or pebbly beds. 

52. 

Table 4.  The Carboniferous Limestone Succession in North Wales  

After Smith and George 194EL 
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were submerged. Thus in the Minera area, where the pre-

Carboniferous Cyrn y Brain anticline brings up a core of 

Ordovician rocks, lower Carboniferous sedimentation was much thinner 

than it was only a few miles to the south. 

Overlying the Black Limestone in Halkyn Mountain and the 

country to the north is a series of banded cherts with thin inter-

bedded shales which may be a facies of the Black Limestone. 

Like the top part of the limestone below it, the Namurian 

rocks show marked lithological changes when traced from north to 

south along the outcrop. In the north the sequence is argillaceous 

and is known as the Holywell Shales. Here they consist of 400-600 ft 

of blue and black carbonaceous shales with cement stones and thin 

coaly layers and thin ribs or seams of sandstone, grit, quartzite 

and gannister. 

North of the Bala Fault System the Holywell Shales are 

overlain by a well bedded fine grained sandstone known in the north 

as the Gwespyr Sandstone, up to 300 ft thick. These beds cannot 

be distinguished south of Minera and in this area, on Ruabon 

Mountain, the maximum thickness of the Cefn-y-fedw sandstone, 

600-800 ft is reached. First recognizable on Halkyn Mountain this 

group of grits, conglomerates, sandstones and quartzites, all more 

or less calcareous originally, lies below the Holywell Shales and 

progressively replaces them as the sequence is followed southwards. 

The increasing coarseness of grain to the south of both the upper 

part of the limestone group and of the Namurian above it probably 

indicates a source of sediment to the south. Nothing equivalent 
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to the great thicknesses of fluvial grit found_ in the Pennine region 

occurs here. 

Immediately overlying these sandstones comes the Coal 

Measures, divisible into two main groups, the lower Productive 

Coal Measures and an upper series of red bed facies. The productive 

measures reach 2000 ft in thickness with 18 workable coals, many 

of which can be traced throughout both fields. The beds are 

principally shaley with some inconstant sandstone horizons. Beds 

of ironstone occur in both fields but more importantly in Denbighshire. 

In Flintshire the upper members of the productive measures 

in the Leeswood Syncline are followed conformably by a series of 

hard and soft sandstones which grade laterally into fine siliceous 

"clunch" and fireclays. This is the Buckley Fireclay which is 

extensively exploited around Buckley for the manufacture of fire 

bricks and tiles (see map 5). 

Small patches of Upper Coal Measures are found in Flintshire 

but their main development is in Denbighshire, where up to 5000 ft 

of barren red beds overlie the Productive Measures. 

Folding and erosion took place before the deposition of 

the next group of rocks, the Triassic, which lie upon the 

Carboniferous with marked unconformity. 

3. The Triassic System 

Within the study area the Triassic rocks are very poorly 

exposed and are all referred to the Lower Mottled Sandstones of the 

Bunter Series. They are soft rocks, mainly red in colour but also 
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mottled or variegated, and they consist largely of false bedded 

sandstones with conglomerate lenses near the base. 

While unfolded, these rocks are cut by some of the north-

south faults, particularly along the Vale of Clwyd. 

(b) STRUCTURAL GEOLOGY 

(Based on Smith and George 1948) 

IL) Folding  

The Caledonian earth movements caused strong folding of 

the thick sequence of lower palaeozoic rocks throughout North Wales. 

The core of this structure is the Harlech Dome, well to the west of 

the area and from this extends a more or less east-west anticline 

(The Harlech-Derwen Anticline - fig. 4) along which lie the domes 

of Mynydd Cricor and Cyrn y Brain (fig. 3). To the south of this 

lies the tightly folded Llangollen Syncline while to the north lies 

the more openly folded Silurian area of the Denbigh Moors and Uplands 

and the Clwydian Hills (fig. 4). This structure of the basement 

influenced the sedimentation during the lower Carboniferous, when 

the anticline remained a positive area, and uplift along much the 

same axis caused the separation of the two coal basins in late 

Carboniferous times (fig. 4). 

At the end of Carboniferous times there was renewed strong 

earth movement, usually referred to as Hercynian, which was marked 

by uplift of the Welsh massif and an accompanying downwarping of 

the Cheshire plain area. This gave rise to broad folding along 

north-south axes, which resulted in a synclinal downfold along the 

line of the Vale of Clwyd with an anticline between it and the Dee. 



Fig4 
Simplified Outline Map of 

the Solid Geology of 
North East Wales 

from Smith & Georgel948 
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Post-Triassic folding has been restricted to broad regional doming 

affecting the whole of North Wales. 

(ii) Faulting  

The main effects of the Caledonian earth movements were 

folding and cleavage and in the north east of V/ales overthrusting 

was not developed. The great Bala transcurrent fault system was 

initiated at this time, probably as a late-tectonic feature. Much 

minor faulting of small magnitude occurs in the less cleaved 

Silurian rocks of the Clwydian Hills but is of little importance. 

By the time the post-Carboniferous Hercynian earth 

movements came these older structures formed part of a stable block. 

The Carboniferous lay as a wedge of strata on the margin of this 

stable block. Thickening northeastwards into the Cheshire basin 

they developed relatively gentle folds parallel to the block margin, 

as described above. Two main types of faulting occurred very 

different in their style and effect but both, together with the 

folding, the product of the same stress field. 

The Bala fault system was reactivated at this time 

hnd its comwm,,nts the Bryn eglws, Nant y Ffrith Llaneliden and 

Llangollen faults (fig. 4), all show transcurrent movements with 

horizontal displacement of the Carboniferous outcrops of about 

4 miles. The fault lines themselves are marked by sheared zones 

up to 4  mile wide containing slices of both Carboniferous and pre-

Carboniferous rocks with much crushing and shearing. 

The second main group are essentially normal faults. 
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There are basically two directions of faulting, north-south parallel 

to the axes of the Hercynian foiling and east-west, at right angles 

to it and these faults are related to the folding and developed 

along with it. By far the largest faults are the north south ones. 

They parallel closely the axis of the folding, trending 25 degrees 

east of north in Denbighshire near the River Dee at Acrefair, roughly 

north-south in the vicinity of 14rexham and Ruthin and swinging slowly 

to 10-20 degrees west of north in the country north of Holywell 

(fig. 3). 

The most important fault of this group is the eastern 

boundary fault of the Vale of Clwyd, which in places throws Silurian 

against Triassic, but is mainly pre-Triassic in age. Other major 

faults of this group are the Nant Figgilt and the Great Ewloe, which 

form the west and east boundaries of the Leeswood Coal Basin and 

the Wx-xham fault, which forms the eastern boundary of the Denbighshire 

Coalfield (fig. 3). These faults are of major dimension and must 

extend right through the Carboniferous and into the older Palaeozoic 

basement, and they are accompanied by many smaller faults of similar 

trend in the coal basins themselves. Most of these small coal 

basin faults are of much more superficial nature and eliminate one 

another in depth. Faults of similar trend occur in the Carboniferous 

lirulstones, where they are known as "cross-courses" and can be 

fol:owed for many miles. 

The second set of normal faults are approximately at right 

angl:s to the first set and most of them down throw to the north. 

A few of these faults have throws of up to 500 ft, or if the Minera 
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fault zone is included, of over 1000 ft, and they can be traced 

into the upper Carboniferous of the adjoining Coal Measures, but 

the great majority have throws of 100 ft or less and they are 

confined essentially to the limestone (see Map 5 for details). 

They are probably cross faults related to the elongation of the 

cover of the fold consequent on the essentially domal nature of the 

folding and they form a conjugate set with the crosscourses, which 

are related to the stretching of the arch of the fold. Such minor 

cross faults would not be expected to persist downwards into the 

pre-Carboniferous basement, nor upwards into the dominantly shaley 

beds above (Schnellman 1939). 

The Bala fault system does not extend into the Trias, 

and the age of the main movement must be Hercynian. Movement 

along the north south Faults flanking the Vale of Clwyd was renewed 

in post-Triassic times and the rift-like structure of the Vale was 

accentuated by these movements. 

(4) MINERALIZATION 

LOCATION OF THE PRINCIPAL METAL PRODUCING AREAS  

Mineralization is widespread in lower Palaeozoic rocks 

but is widely scattered and commercially unimportant. The main 

mineralization is in the Carboniferous limestones with a little 

locally in the Cefn y fedw sandstones overlying it, with the chief 

workable orebodies in the E-W fractures in the upper part of the 

limestone in two areas, a northern area following the main outcrop 
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of the limestone from Prestatyn in the north to Llanarmon yn Ial, 

and a second smaller area extending from Bwlchgwyn just north of 

Minera to ViorIds End, 33f  miles north of Llangollen. These veins 

are shown in map 5 and the principal mining districts in fig. 5. 

In the period of recorded production both Pb and Zn 

were produced in large quantities and the production between 

1845-1940 was 685,000 tons of galena concentrates (roughly 75% Pb) 

and 342,000 tons of Zn concentrates (roughly 50/0 Zn). This output 

was not evenly distributed and the great part of this output has 

been derived from the area known as Halkyn Mountain, between 

Holywell and Mold or from the workings along the Minera fault 

system. The total production is not known but the industry 

flourished through both the 18th and early 19th centuries, with 

shipments of metal from Chester equivalent to a production of 

1000-8000 tons of lead per annum. The total output probably lies 

between 1,500,000 and 2,000,000 tons of lead concentrates and 

500,000 to 750,000 tons of zinc concentrates. Schnellman (1959) 

quotes an output of lead concentrates from 1692-1958 of 

1,870,000 tons. 

(b) GEOLOGICAL CONTROLS OF ORE DEPOSITION  

Three geological factors control the distribution of ore 

shoots within the mineralized district These are: 

(3-) 	The conjugate vein and crosscourse system of 

minor fractures. 

(ii) The presence of shale bands to act as impermeable 

roof beds. 
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(iii) Primary hypogene mineral zoning. 

IL The Conjugate Vein System  

The great bulk of the ore found in this region has been 

produced from the E-W fracture systems, both major faults, such as 

those at Miners, and minor fractures with little displacement 

have yielded ore. The north-south faults are generally poor or 

barren, although they have produced some ore between Holywell and 

Rhosesmor on Halkyn Mountain. The E-W faults are known as 'veins' 

and the north-south as 'cross courses'. The cross courses are 

generally the more persistent features and the veins were often 

observed to terminate against them (Schnellman 1939 and 1959, 

Earp 1958). 

.1.141 Shales as Impermeable Roof Beds  

In north Flintshire, as in Derbyshire, the ultimate roof 

of the orefieId as a whole is the Namurian Shales, here known as 

the Holywell Shales and no ore is known in or above them. To the 

south this shale series thins and the roof is less definite with 

some mineralization occurring in the Cefn y fedw sandstone. The 

main oreshoots however occur lower in the sequence and Schnellman 

(1939) describing the Halkyn Mountain area, shows the main control 

to be two shale beds within the Black Limestone Series. Ore shoots 

occurred on minor fractures below these shales and were at their 

widest immediately below the shale and tapered downwards, wedge 

like in cross section, to a thin crack at the base. Their 

extension downdip was normally several times their vertical extension. 
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Earp (1958), writing of the Llanarmon and Minera 

districts notes that the principal orebodies lay in the upper part 

of the White Limestone and in the Upper Grey Limestone below the 

Main Shale. He notes: 

"Mine sections show large ore shoots in these strata, and the 
upper limits of many orebodies is approximately where the Main 
Shale forms the hanging wall of the vein. At this horizon the 
fault fissures tend to be plugged by shale gouge." 

In places between Mold and Llanarmon ore shoots occur 

in beds higher in the sequence and the biggest 'flat' deposits 

occurred here. Some of these flats seem to be due to selective 

replacement of thin limestones in the sandy limestone group. and 

even in the Cefn y fedw sandstone group. Extensive runs of ore 

also occurred in the Cefn y fedw sandstones at Bwlchgwyn north of 

Minera apparently unrelated to limestones, but close to the major 

Bala fault system. 

(iii) Mineralogy and Mineral Zoning  

The mineralogy is very simple and most of the veins 

contain only calcite, galena and zinc blende in varying amount 

(QzmegeztesSmith 192$). Fluorspar and barytes are rare; the only 

fluorspar producer was the East Pant-du mine in the Llanarmon area, 

while barytes is mainly found in scattered outlying areas, such as 

the Pennant mine in the Clwydian Hills (in Silurian) and the Eyarth 

mine in the Carboniferous limestone on the west side of the Vale 

of Clwyd south of Ruthin (fig. 5). Quartz is found in abundance 

at Minera, sometimes being more abundant than calcite, but 

elsewhere in the area it is rare, except for veins in the cherts 
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in north Flintshire. This dominance of calcite in the gangue means 

that zoning of the Pennine kind is absent, but the relative 

abundances of Pb and Zn gives a detectable zoning. 

There are marked variations in Pb/Zn ratio in different 

parts of the field and also along the same vein. The published 

statistics for concentrate production for the whole field, given 

in Table 5, show a ratio of Pb:Zn of 2.9:1. The principal centres 

of production during this time were the Halkyn Mountain area from 

Holywell south to Mold and the Minera area. The figures for 

Minera alone show a Pb:Zn ratio of 1:1, leaving a ratio for the 

remainder of the field, chiefly Halkyn Mountain, of 4.8:1. 

The other principal area of Zn deposition extended from 

Holywell to Prestatyn with major production from Holway, Trelogan 

Talacre and Talargoch Mines. Some Zn was obtained from Halkyn 

Mountain but virtually none from that part of the orefield lying 

between Mold and Llanarmon yn Ial (fig. 5). On a regional scale 

this means that the northern and southern extremities of the 

orefield are higher in Zn than the centre. 

The Pb:Zn ratio changes sharply along the same vein or 

group of veins. Schnellman (1939) noted that at Halkyn Pb was 

dominant in the upper parts of an oreshoot while the narrower 

root of the oreshoot was higher in Zn. This phenomenon is best 

illustrated by the Minera group of veins, where in the eighteenth 

century, workings at the shallower N\ end of the vein system 

yielded at least 60,000 tons of Pb ore and no Zn ore. Reopened 

in 1852 the mines worked a series of ore shoots from then until 1875 
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Table 5. Output of Pb-Zn Ores in the Halkyn and Minera Districts  

District Pb Concentrate Zn Concentrate 
(tons) 

Pb:Zn 
ratio 

Entire Halkyn-Minera 
District 658,000 @ 75% 342,000 @ 503 2.9:1 
Minera Mines 120,000 © 75/. 174,000 @ 540 1 	:1 

Remainder of Field 
(mainly Halkyn) 538,000 168,000 4.8:1 

Dunham 1944 
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which yielded Pb and Zn varying in ratio from 15:1 Pb:Zn to 2.8:1. 

In 1879 the output of blende exceeded that of galena and, as the 

working continued down the plunge of the orezone to the southeast 

the Pb:Zn ratio moved to 1:5 ana Zn remained dominant in all the 

deeper workings (Wynne 1932). 

(5) LOCAL MINING AND SMELTING HISTORY  

EVIDENCE OF ROMAN MINING ACTIVITY 

The fact that the Romans both mined and smelted in 

Flintshire is proved by the location of Roman smelting hearths 

at Pentre FfWrndan just south of Flint. Chert found with the slag 

here suggests that the source of the ore was Halkyn, but no 

definite evidence for the location of the mines is known (Collingwood 
lqt3 

and Myers 93.Er). 

(b) MINING BEFORE 1600  

There are various references to the mining and smelting 

of lead in Flintshire in this period and the "free miners" had a 

charter of liberties similar to Derbyshire and. Menaip, but the 

scale of activities seems to be much smaller than in these other 

areas. 

Almost no written records remain of these early activities 

and the smelting sites are unknown. A reference of 1284 shows that 

"the Welsh of Northope, Ledebrook Major, Ledebrcok Minor, Kedreston 

Vlolfinston, Vieper and Sutton" (all between Flint and Connahs Quay) 

agreed to allow the burgesses of Flint to go beyond their assigned 
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boundaries, that they might "have all the necessaries both for 

founding lead and for other business" (Lewis 1967). There was 

however, even at this time a serious shortage of charcoal and 

this seems to have hindered the industry throughout this period. 

The industry seems to have been widespread but on a very 

small scale until the time of the Tudors. Poor communcations and 

the generally unsettled nature of the country may have depressed 

the industry, and the low silver content, though higher than 

Derbyshire, did not encourage mining (Dodd 1933). 

(c) THE BEGINNINGS OF DEVELOPMENT 1600-1700  

The scale of activities increased in the 17th century 

and lead hearth furnaces, driven by waterwheels, were introduced. 

A.H. Dodd writes of this period: 

"On the Plintshire coast, which had been lurid with smelting 
hearths since the later Middle Ages, Sir Roger Mostyn was in 
Charles II's day reducing the produce of his extensive lead 
mines in a large furnace with a water wheel to work the bellows 
(ref. Pennant p.281). By this time the old Roman workings at 
Minera had been reopened, and small quantities of lead ore were 
sent to be worked up in the town (Wrexham) (ref. Y Cymmroder, VI 
p.44; Palmer, Parish Church, p.134)". 

The pattern of the industry which emerged was that of 

substantial landowners owning both mines and smelters, often at 

several places with small partnerships of free miners often only 

working part time, mining on the margins of the main leases and 

selling their ore to the nearest smelter. Smelting works of this 

period were established near Mostyn and in Mold and probably at 

many other places but the shortage of charcoal was still a serious 

hindrance to the development of the industry. 
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L.1 THE MAIN PERIOD OF EXPLOIT.LTION 1700-1900  

..(1.1 The London Lead Co. at Gadlys and the Development  
of the Smelting Industry. (from Bevan-Evans 1961-3) 

The London Lead Co. began work in the area in 1692 and 

remained for almost 100 years as one of the major mining concerns. 

In 1703 they were well established and began to build, at Gadlys 

near Bagillt in Flintshire, the first of the reverberatory or 

cupola furnaces which they had just developed. The lead works 

were finished in 1704 and the refining of silver from Flintshire 

ores for the first time was put in hand. Both ventures were a 

great success and the favourable location of Deeside, with coal, 

and shipping for export close by the mining area led to great 

increase in the output of the area. Several of the older style 

of lead works were forced out of business completely and the 

smelting industry became concentrated on or near the coalfield. 

The sites of 13 smelting works of this type dating from the 18th 

and 19th centuries are known, two in the Minera area and eleven on 

the Flintshire coalfield between Hawarden and Mostyn (map 4 and fig.5). 

(ii).  The Problem of Drainage  

The problem of drainage was met partly by driving 

drainage tunnels and partly by the use of steam engines, the first 

of which, a Newcomen steam engine, was installed at Trelogan in 1731. 

During the eighteenth century a series of drainage tunnels were 

driven, each one designed to serve a particular mine, from the 

various valleys leading up from the Dee Estuary. To effect a more 

lasting improvement in the drainage of Halkyn Mountain the Duke of 

Westminster, Lord Grosvenor, began in 1818 a tunnel from the 
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Nant y Flint at the 170 ft level, but work on this was suspended 

in 1822 until 1838 when it was completed. 11- miles in length, 

this tunnel dewatered a considerable area and workings from it 

were extended a farther 21- miles to the south in 1876, draining 

and opening up a considerable area of rich ground. 

The key to the success of this development was the 

amalgamation of mining interests in an area to allow a common 

drainage level to dewater all the mines together. This was also 

done at Minera and the Deep Day Level on the 520 ft level was 

driven in 1852 and dewatered the mines so effectively that the 

main shafts were sunk to a maximum depth of 1220 ft, about L4-lf0ft 

below sea level, without serious water problems, thus allowing 

the working of the zinc-rich deep ores. An even deeper tunnel, 

to dewater the Halkyn Mines, begun on the shore at Bagillt in 

1896 was driven 14 miles and dewatered the Milwr mines and was then 

extended southwards. Most of the production in the second half of 

the nineteenth century came from the areas drained by the Halkyn 

tunnels and the Minera Deep Day Level. A more detailed account of 

the mining industry is given in Lewis (1967). 

One effect of the deeper workings made possible by the 

new tunnels was an increase in the output of zinc relative to lead 

in both Flintshire and Denbighshire. This is probably a combined 

effect of working totally unoxidized ore from well below the water-

table and of extending mining into the deeper zinc-rich parts of 

zoned orebodies. 
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(iii) The Manufacture of Lead and Zinc  

A.H. Dodd writes: 

P.183 "D The Manufacture of Lead Zinc and Chemicals. 
If the mining of lead was widely diffused, smelting 

and manufacture were highly concentrated. From the time when 
coal came into use, Flintshire enjoyed an undisputed pre-eminence 
in these branches of the industry: it was estimated in 1849 
that more than a quarter of the lead of the United Kingdom, 
including nearly all that of North Wales and some of the coal-
less parts of South Wales, of Scotland, Ireland and the Isle of 
Man, was brought here for smelting". 

The principal centres of the industry were Llanersh y Mor, 

Bagillt and Flint, Bagilit in particular being a major centre of 

manufacture throughout the 18th and 19th centuries with the sites 

of at least 5 lead works in the 2 square miles around the town. 

A.H. Dodd writes: 

"It was at these three exporting centres that the bulk 
of the smelting was done; but sometimes the owners of mines 
further inland if they had coal handy, preferred to work up 
their ores on the spot rather than hand over the profit to 
other smelters. Near the Mold mines were two smelting houses 
and a rolling mill, the produce of which was carried to Flint 
by road for export; and John Wilkinson, when he was working 
there, set up another furnace on Buckley Mountain. There was 
also some smelting in the neighbourhood of the Minera mines". 

During the eighteenth century a considerable industry 

grew up in preparing calamine for the brass makers by calcining or 

roasting it, and many of the leadworks added calamine roasting to 

their other activities. A.H. Dodd writes of this period: 

P.186 "Zinc ore, one of the raw materials for the manufacture 
of brass, is a sort of by-product of the lead mines - a by-
product which the miner used to throw on the rubbish heap until 
the knowledge of its use was brought from Somerset (an old zinc 
mining county) early in the eighteenth century (Pennant Tours I 
p.84, II pp.69-70). Soon after the middle of the century a 
Bristol firm began to "engross" the zinc ores of the Holywell 
district, and set up a plant to prepare them for use in the 
brass manufacture. But the Bristol monopoly did not long remain 
unchallenged. The Cheadle Company was making brass at Greenfield 
from 1765; sixteen years later the Birmingham manufacturers 
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sent Matthew Boulton to the district to take precautions 
against the cornering of calamine, or zinc carbonate (the ore 
used for brass) with the result that calamine was being calcined 
at Holywell for the Cheadle and Macclesfield brassworks by 1784, 
and at Flint for the Smethwick Brass Company by 1794". 

Works for the production of spelter were established in 

the 1840's at Greenfield and Bagillt in Flintshire and, a little 

later, at Wynne Hall on the Afon Eitha in Denbighshire, where they 

continued until some time after 1870. 

(iv) Other Metal Smelting and Fabricating Industries  

During the course of the eighteenth and nineteenth centuries 

the Flint shire and Denbighshire coalfields were the scene- of con-

siderable industrial development and several industries came into 

being; flourished and then died during this period. The three 

principal metal fabricating and smelting industries were brass 

founding, copper rolling and slitting and iron smelting and founding. 

The brass industry grew up naturally from the local zinc 

industry and was early established on the Holywell Stream, between 

that town and Greenfield, in the mid eighteenth century (Pennant 1796). 

In the nineteenth century brass founding became an established 

industry on the Denbighshire coalfield, where it was often combined 

with ironfounding. Despite being active only 100 years ago, the 

history of this industry in Denbighshire is little known and is 

virtually undocumented. The copper industry was established on 

the Holywell stream, adjacent to the Brassworks, by the Parys and 

Mona Copper Company in the mid-eighteenth century to make use of 

the power of the Holywell stream to roll copper into sheets, to draw 

wire and to make nails (Pennant 1796). 
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The iron industry grew up on both coal basins on the 

basis of local coal measure ironstones. A small industry existed, 

smelting with charcoal at Bersham, just south of Wrexham on the 

Clywedog River; water power being used to drive the bellows and 

the blooming hammers. The industry expanded enormously with the 

introduction from Coalbrookdale in Staffordshire, of the coke-iron 

process for producing cast iron, and of the puddling process for 

converting this to wrought iron. Fourteen ironworks were established, 

twelve of them on the Denbighshire Coalfield. Local ironstones were 

used but the source proved inadequate to supply a large scale 

industry and the last works closed down in 1888 (Dodd 1933). The 

close proximity of iron production and spelter production in the 

Ruabon area in the 1860's and 1870's makes it likely that gal-

vanized iron would be produced at the ironworks but there is little 

documentary evidence relating to these industries at this time. 

(e) THE MODERN ERA  

LI_ THE SEA LEVEL TUNNEL  

In Denbighshire mining came to an end in 1913 with the 

final closing of the Minera mines; no pumping had been done since 

1909. The principal production in North Wales in this century has 

come from the ground drained by the two Halkyn Drainage tunnels. 

During the first world war the Sea Level Tunnel was extended south-

wards for 12 miles from Milwr towards the rich mines under Halkyn 

Mountain, but financial difficulties and disagreements amongst 

the mineowners brought work to a standstill and by 1921 all work 
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ceased, no ore remaining above the level of the 170 ft tunnel. 

Work on the Sea Level Tunnel resumed in 1928 but it was 

1933 before the rewards materialized and from then until 1939 over 

15,000 tons of ore per annum were raised while production continued, 

at a reduced rate of 3000 tons per annum until 1958 (Lewis 1967). 

(6) SPECULATIVE POSSIBILITIES OF NEW ORE  

All the known ore above the drainage levels has been 

removed, and any rich oreshoots which were known above these levels 

have been followed down by shafts and pumping and also largely 

exhausted, but this does not mean that the orefield as a whole has 

been bottomed. The structural control of the ore by vertical 

fractures and impermeable beds means that the favourable zone within 

which ore occurs dips down to the east with the regional dip at 

10-20 degrees, and because of the heavy influx of water encountered 

little work was done in following these zones down dip. Successively 

deeper drainage tunnels at Halkyn showed that this zone extended 

downwards to below sea level with no diminution in the amount of ore 

present and a boring, put down in 1917 for water at Greenfield, 

collared at just above sea level, passed into chert at 945 ft and 

then passed through 43 ft of brecciated chert with galena bearing 

calcite (Thomas 1961). This proves the extension eastwards of the 

ore mineralization for roughly the same distance as it has already 

been mined. The mineral zoning along ore-zones such as Minera, 

shows a shallow lead zone passing into a deeper zinc zone downdip; 

and this suggests a considerable extension to the Halkyn Mountain- 
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Mold-Llanarmon field in depth. For economic reasons it is 

unlikely that ore deposits of this type can be mined below alit 

drainage which limits the area of economic interest to ground north 

and south of the Sea Level Tunnel. There are three areas of 

interest: 

(i) East of the Holywell-Trelogan mines, where 

present alit drainage is on the 200-400 ft level. 

(ii) East of the established old mines between Mold 

and Lianarmon where the adits are 400-700 ft above sea level; this 

area lying along the prolongation of the Sea Level Tunnel. 

(iii) Southeast of the Minera Field. 

In addition to these any anticlinal or domal structures in the 

younger rocks east of the orefield which could bring up the limestone 

to a reasonable level are potential "Buried orefields" of the type 

postulated by Schnellman (1955). The most obvious structure of 

this type in North Wales is the 'Horse shoe Anticline' north of 

the Bala fault system where it brings up a core of Sandy Limestone 

and Cefn y fedw Sandstone between Hope Mountain and Hawaxden. 

Minor faulted_ anticlines, such as the one bringing up the Holywell 

Shale in the middle of the Leeswood Basin are also attractive, but 

all such theoretical orefields are much more speculative than the 

vein extension possibilities listed above. 

GLACIAL HISTORY  

The glacial history of north-east Wales is complex with 

a variety of glacial and fluvio-glacial deposits developed. Two 
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ice sheets, one originating in north and central Males and the 

other derived from Scotland and the north over-rode parts of the 

area (fig. 6). The main mass of the northern or Irish Sea Ice 

extended into the area from the north, filling the bottom of the 

Vale of Clwyd and extending around the northern coast of Flintshire 

and up the Dee Estuary, barely impinging upon the present land, 

until the vicinity of Hawarden. Here this ice margin turns south 

and runs west of Vlrexham and Acrefair, so that the whole of the Dee 

Valley below the Vale of Llangollen was occupied by this ice mass 

(Smith and George 1948). 

A distinctive red boulder clay with intercalated sand 

and gravel was deposited by this ice sheet, filling valleys such as 

that of the Lower Dee, with over 100 ft of exotic drift containing 

erratics of granite from Scotland. Similar erratics, well rounded 

and obviously exotic are found on the higher ground around Halkyn 

Mountain and the northern Clwydian Hills, in a dominantly local 

drift full of angular blocks of local rock type. Limited move-

ment of ice from the west is indicated by the spread of this local 

material and it is possible that the highest ground of the Clwydian 

Hills and Ruabon Mountain were not overtopped by this ice, which is 

of local Welsh origin, but with some mixing of Irish Sea Ice. 

This local ice melted on the hills before the Irish Sea 

Ice melted in the Dee Valley and a series of meltwater lakes 

developed in the lower Vale of Clwyd and along the edge of the Dee 

Valley and great spreads of sand and gravel were deposited in them 

by melt waters. Direct drainage to the Irish Sea was blocked and 
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at first all the meltwater drained south, cutting overflow channels 

and gorges; and some of the drainage deviations produced at this 

time have persisted, the most striking being the diversion of the 

upper River Alyn from its old path northwestward via the River 

Wheeler to the Clwyd, to a new course east and south through Mold 

to the River Dee. This diverted drainage deposited great spreads 

of alluvium in old lakes near Mold, and built up the great fan of 

gravels known as the Wrexham Delta Terrace. 

The final melting of the Irish Sea Ice left behind a 

hummocky surface pitted with kettle holes which characterize the 

Cheshire Plain and through this the River Dee picked a new course, 

entirely unrelated to its previous one. 

The principal post glacial deposits are extensive spreads 

of alluvium at the mouth of the Vale of Clwyd and particularly in 

the Dee Estuary, which is silting up very rapidly with major changes 

and infilling in historic times. 

(8)  sorLs 

Most of the soils in the Halkyn-Minera district are 

moderate to well drained brown earths; gleying is frequently de-

veloped over clayey subsoils derived either from shales or boulder 

clay but true peaty gley soils are rarely developed, although some 

occur over the Cefn y fedw sandstone areas. In the Denbigh Moors 

to the west peaty gleys are dominant, underlying large areas of 

rolling moorland at elevations of 1200 ft and over (Ball 1960). 

Freely drained brown earths are uniformally coloured in 
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shades of brown or reddish brown, indicating that the iron is in 

an oxidized state and the soil aerated. Organic matter is completely 

humified and mixed with the mineral matter and no movement of 

sesquioxides or clays down the profiles takes place. With increasing 

waterlogging these soils grade into brown earths with gleying and 

the B horizons begin to show morphological features typical of 

gley soils. In true gley soils the pore spaces are almost con—

tinually filled with water and colours are grey due to the reduction 

or removal of iron compounds under anaerobic conditions. Surface 

water gleys normally have a dark A horizon with strong rusty mottling 

along root channels with a grey completely gleyed horizon a few 

inches thick beneath this, grading down into an orange or brown 

mottled BC horizon. These mottles are frequently accompanied by 

rusty or black concretions of iron or manganese oxides. 

Peaty gleys develop where site and soil drainage are 

very poor, particularly where temperatures are low all the year 

round. Plant remains accumulate at the surface and are not mixed 

with the mineral soil, but form a thick Ao peat horizon. 

When, due to low biological activity in the soils, organic 

matter accumulates at the surface of a well drained soil, the acid 

conditions resulting cause intense leaching of the A horizon. 

Sesquioxides leached from this horizon are deposited in part in 

the underlying B horizon which becomes rusty brown and is sometimes 

indurated into an iron pan. Podzols grade into peaty podzols with 

increasing accumulation of peat, while induration of the B horizon 

may lead to waterlogging and the development of a gleyed horizon, 
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In elevated country peaty gleys occur in flat areas and 

podzols on steeper slopes at elevations of 1000 ft and over. Below 

that level brown earths with variable gleying dependent upon local 

drainage conditions, are developed. The thickness of the soils is 

dependent on the ease of weathering of the bedrock and the rate of 

erosion of the weathering products. In the Halkyn-Minera district 

the hilly tracts are strongly dissected and the upland soils are 

thin and stony and reflect closely the nature of the underlying 

bedrock. In the lowlands the soils are deeper and are derived 

largely from the glacial till. This is frequently calcareous and 

good deep agricultural soils are found overlying the red drifts 

of the Dee Valley, the northern part of the limestone outcrop, 

and the Vale of Clwyd. Characteristically the topsoils are neutral 

or alkaline and the pH increases down the profile. In soils of 

this type both lead and zinc are largely immobilized, while in acid 

brown earths, podzols and peaty gleys zinc is leached and separated 

from lead. 
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THE RESULTS OF THE REGION.i,L STREN-1 

SEDDaVT R.IONNLISSLNCE SURVEY  

The sampling on which this section is based was carried out by two 

of the writers colleagues, R.F. Horsnail and W.K. Fletcher, and the 

description of the patterns for barium, copper, molybdenum, cobalt and 

silver in stream sediments arc based entirely on their results. (Fletcher 

1968 and Horsnail 1967). 	In areas of high Pb and Zn content additional 

stream sediments were collected and all the anomalous stream sediments 

were reanalysed using a nitric acid sample attack with colourinetric or 

atomic absorption determination of the Pb and Zn content. The description 

of the stream patterns for Pb and Zn are based on these results, which 

differ in detail from the original results and are at a higher sample 

density in the more anomalous areas. 	These results are shown on Maps 

1-7 in the folder at the end of this thesis. 

The bedrock sampling carried out by Fletcher, mainly in the west of 

Derbyshire, was supplemented and extended into the eastern area through 

the saerpling, by the writer, of three borcholes, at Tansley, Uppertown 

and Hucklow Edge. 	These samples were anclysed spectrographically for 

Pb, Sn, Ga, Bi, V, Mo, Cu, Yig, Ni, Co, Mn and Ba, and colourimetrically 

for Zn and these results are incorporated in the consideration of the 

correlation obtained between bedrock geochemistry and stream sediment 

geochemistry (see Figs. 40 8,, 41). 	Horsnail, working principally in 

North ':h-.1es and Devon, has established the effects exerted by variations 

in secondary environment on the more mobile elements hn, Co, Ni, Js and 

Zn; but in most of the areas considered below these secondary effects 

are unimportant and modify only slightly the stream sediment-bedrock 



relationship. 	The description of these effects given below is based on 

the work of Horsnail. 

DERBYSHIRE 

Several of the elements show patterns in the stream sediments which 

can be correlated with the bedrock geology while other patterns of 

distribution coincide closely with mining and metallurgical industry, both 

past and present, and as a result show less evidence of geological control. 

I, third group of elements gives evidence of both types of control in 

different parts of the area. 	ho, Ni, V and Co have patterns of 

distribution essentially controlled by the bedrock geology, Pb has a 

close correlation with ancient mining and smelting sites, while Cu, Zn, 

Ba and Lg show both types of control. 	laps giving the distribution of 

Lead, Zinc and Barium are enclosed in the folder at the rear. 

(1) DISTRIBUTION OF TEE ELEhENTS  

(a) Lead 

The normal concepts of"thresholeand "anomalous" levels commonly 

applied to regional geochemical data have little validity when applied 

to Pb in this area due to the gross, widespread and persistent 

enhancement of the natural lead values attendant upon mining and smelter 

contamination. 	Low background can be outlined in areas remote from 

contamination and shows Pb values of less than 50 ppm throughout, while 

within the main mining and smelting ar.;as values of less than 100 ppm 

are distinctly rare (see hap 1). 	Ls a result the level at which values 
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can be considered anomalous varies in different parts of the area. 	For 

convenience an arbitrary level of 200 ppm Pb is taken as anomalous 

throughout the area, with 1400 ppm Pb as highly anomalous, and consequently 

the contrast between background and anomalous values varies considerably 

between "high background" and "low background" areas. 

Pb has a very wide range of values from around 10 ppm to 83 and very 

high relief with sharp variations in level within small areas. 	Peak 

values are concentrated north, east and southeast of the limestone while 

lowest values lie along the northern and western margins of the area and 

in the southwest corner. 	The peaks can be outlined by a contour at 400 

ppm (Fig. 7), and if the distorting effect of the persistent downstream 

anomaly extensions is eliminated, six anomalous centres can be seen. 	Low 

background can similarly be outlined by a contour at 50 ppm. 	The main 

high background area outlined by the 50 ppm Pb contour extends from NW-SE 

and encloses the six main peaks. 	1 weaker subsidiary high lies parallel 

to 	S'll of the main high from Nixon in the n to south of Lshbourne, 

while a third small area is located around Cheadle, in the extreme south-

west (Fig. 7 and compare with Figs. 1 & 2). 

The two largest areas of high Pb (400 ppm) clearly overlie the 

northern and southern portions of the main orefield, but extend eastwards 

on to Namurian rocks, apparently as a result of smelter contamination 

(Fig 2). 	L similar pattern can be detected around the minor orefield 

at /1shover with extensions northeast and south due to ancient smelting 

activity. 	The three other Pb highs, two to the cast and one to the 

south, seem to be due to local concentrations of smelting sites (Fig. 2). 

The broad regional high ( 100 ppm) within which the peaks are enclosed 

coincides essentially with the regional trend of the mineralization and 
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may be a reflection of a fundamental geochemical feature (c.f. Figs. 1 & 7). 

The weaker zone of elevated values to the SW of the main zone 

coincides on the northwest with the mineralized structures of Teton and 

kixon; and while some contamination has taken place from mining there 

has been little smelting activity to distort the natural pattern and the 

weak regional enhancement (<50 ppm) of Pb is probably a natural feature 

(Figs. 1 & 2). The weak values in streams draining the Triassic south 

of lishbourne is probably also a natural feature. 	The highs around 

Cheadle are derived in large part from contamination, the strongest 

anomaly is in the stream draining the site of the works of the Cheadle 

Brass Company (Fig. 2). 

(b) Zinc 

The Zn values found in streams draining the old mining areas and 

some smelters are noticeably enhanced by contamination and, as was the 

case with Pb, the distortion this introduces into the distribution of 

values renders the usual concepts of threshold and anomalous values 

related to mineralization of doubtful utility. 	The Zn pattern shows a 

high relief with values in the range 30-7000 ppm, but both range and relief 

are considerably less than for Pb. Peak values are concentrated in 

drainages from mineralized areas, which gives a distribution of highs 

north and east of the main limestone outcrop and over the two mineralized 

inners of Crich and 2ishover (compare Figs. 1 & 8). These highs are 

enclosed by a much broader zone of intermediate-high values enclosed by 

the 300 ppm Zn contour. This zone forms an irregular ring around the 

limestone, coinciding roughly with the outcrop of the lower part of the 
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Namurian Shales and the limestone and shales of the basin facies of the 

Lower Carboniferous (Fig. 1). 	Isolated moderately high Zn contents are 

also found to the northwest in the lower Goyt Trough, over the Bunter 

Conglomerate southeast of Lshbourne, over lower Coal Measures west of 

Balper and associated with later smelter sites of Cupola type at various 

places to the east of the orefield. 	The high Zn around Cheadle 

coincides, in part at least, with the works of the Cheadle Brass Co. (Figs. 

2 & 8). 

Background areas are defined by the 150 ppm contour and low 

background by the 100 ppm contour. The main low background areas are 

found where the Namurian Grits and the arenaceous facies of the Lower Coal 

heasures outcrop in a broad arc from Kinderscout to the hills above 

Matlock, and again around the Cheadle Coalfield, or in the south and 

southwest where the Keuper Sandstones and Marls form the bedrock. 

Extensive areas with values of >150 ppm are virtually confined to these 

two geological units, while extensive areas of 200 ppm Zn are virtually 

confined to areas underlain by Edale Shales or Productive Coal Measures. 

This suggests a basic stratigraphic control of Zn values in the <300 ppm 

range with the higher areas superimposed upon it. The causes of the 

highs vary, some are due to mineralization and contamination from mining, 

some to smelting and industrial contamination and others to geological 

controls, such as anomalously high shales. 	Secondary enhancement of 

Zn due to environmental factors does not seem important except locally 

in the north and west of the area, where in the Goyt Trough and NE of the 

Ladybower Reservoir in the Derwent Valley the Mn-Co-Zn association is 

found. 
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The Zn highs fall into three NVI-S2 trending zones and, if the highs 

obviously related to smelting and industrial contamination are excluded, 

these three zones can be seen to be clearly correlated with the zones of 

strongest mineralization, but to extend sell beyond the limits of 

obvious mine contamination, as can be seen by comparing Figs. 1 & 8. 

(c) Associated Elements 

(i) Barium 

High Ba values of 1250 ppm - 1% are found along the eastern side of 

the limestone and the peak values coincide closely with the distribution 

of old mining and smelting sites (Figs. 1, 2 & 9). 	Similar highs are 

found in the immediate vicinity of the Eaton mines. 	Over the Bunter to 

the south of the block and in particular to the SW of .ilshbourne there is 

a zone of high values, reaching more than 74O, which may be related to 

barytes cementing these beds. 	It is interesting to note that the Zn and 

Ba patterns on the Triassic do not overlap (Figs. 8 & 9). 

Background contents of Ba ( 700 ppm) are found in the west, north, 

and north-east of the area, over Namurian and Coal Measure Bedrock, 

except in the vicinity of Barytes occurrences in a sandstone quarry at 

Danebower, just south of the Goyt Trough (see hap Li. for location). 

(ii) Copper 

Two areas of high values in the range 100-300 ppm Cu are present 

related to mining; the most important is around the Eaton-Mixon copper 

mining area and the other is in the heavily contaminated drainage below 
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the minus in the Crich In tier. Other drainages carrying similar values 

are near Cheadle, associated generally with copper smelting and brass 

founding, near Denby in the south east corner of the area, again associated 

with copper smelting and in the northeast around Bronfield just south of 

Sheffield. 

In addition to these more strongly anomalous streams there is a broad 

zone of moderately elevated values (<70 ppm Cu) over the outcrop of the 

lower Namurian Shales. This is particularly well marked around the kixon 

In lien and again north of Lshbourne where the outcrops of these beds reach 

their maximum width. The lowest levels are found near the west, south 

and east boundaries, where values in the range 16-40 ppm Cu are found. 

(iii) 'Molybdenum  

This element shows a very close correlation with the marine black 

shale facies of the lower Namurian Shales, all the significant levels on 

the range of 7-70 ppm being found in streams draining these rocks. These 

values are grouped all around the limestone outcrops with maximum 

concentration and widest extent where the shale facies is best developed 

in the Mixon and ;ishbourne areas. 

(iv) Silver 

The great majority of the samples contain less than the detection 

limit of 0.1 ppm Lg. 	There is a marked concentration of samples with 

0.5-2.0 ppm range in the northwest in the industrialized country towards 

haoclesficld and Stockport over Coal heasures and Permo-Trias. Silver 

contents of from 0.4-1.0 ppm are found in the drainages most heavily 
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contaminated by mine wastes in the barley Dale-Matlock, Crich and 

Wirksworth areas, presumably associated with the mineralization. 	A 

pattern of similar level is found in the Lower Namurian Shale around Mixon 

and north of Ashbourne. 	There is no association with Pb smelting sites. 

(v) Cobalt  

The main feature of the cobalt pattern is the low zone (>15 ppm) over 

the Trias to the south of Ashbourne. Minor moderate concentrations of 

30-70 ppm are found locally, over the Namurian Shales. The most anomalous 

samples are found erratically distributed in the northern half of the area. 

Some may be due to environmental effects, others are associated with lead 

smelting sites, while the peak value of 1000 ppm occurs immediately below 

the Dronfield Alloy Steel Co. works (this particular sample shows high 

levels of Fe, Mn, Co, Ni, V, Cu, Zn, and Pb). 

(vi) Other Elements  

Of the other elements analysed As, Ni and V show patterns related 

generally to the black shale facies, Cr, Ti, Sn, and Ga show diffuse or 

erratic patterns and Mn a very erratic distribution. Mn and Fe show a 

general low level over the Keuper Marl to the south and west. 

(d) Pb:Zn Ratio  

There is a marked pattern of Pb:Zn ratios on a regional scale which 

can be correlated with the geology and the smelter distribution. Figure 

10 shows the broad pattern and the detailed distribution of ratios is 

shown on Map 3. 	Three zones characterized by distinct ranges of ratio 
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can be recognised; with high Zn in the west and south (Zones 1, lb and 1B) 

correlated with Namurian Shales and Bunter Pebble beds, (Fig. 1), 

intermediate-high Pb over the main mineralized area (Zone 2) along the 

eastern margin of the Derbyshire Dom° (Fig. 1), and an arcuate zone of 

very high Pb to the east and southeast (Zone 3) over the maximum 

concentration of early smelters (Fig. 2). 	Zone 1 is characterized by 

Pb:Zn ratios of from 1:2 - 1:10, Zone 2 by ratios from 1:2 - 8:1 and Zone 

3 by ratios of from 4:1 to 50:1. 	In detail the patterns are complex, 

particularly in Zone 3 where the smelter contamination overlaps the 

contamination from the (shover and Crich inliers (Fig. 1), and in the 

south where the smelters are located on the Bunter and high Pb ratios from 

smelting are found in close juxtaposition to high Zn ratios from the 

Bunter Pebble Beds. 

(2) CORREL,TION OF lyliNOR 75TuENT ASSOCLTIONS WITH BEDROCK GEOLOGY 

There are four element associations which seem to be correlated with 

the fundamental geology of the area. 

(a) Correlation of Marine Black Shale facies with Mo,  

As, Zn, Cu, V, Ni, Co, and Lg.  

The association of metals correlates with the greater part of main 

outcrop of the Namurian Shales and is found with varying intensity around 

the edge of the limestone wherever the shale outcrop contributes to the 

drainage. Although the metal ratios show considerable variation, peak 

values for Trio, Ls, Ni, V and Zn tend to concentrate together locally 

within the overall pattern. 



This pattern of metal distribution is related to the metal content 

of the bedrock. 	Table 6 shows the results obtained on samples from 

three boreholes through the Namurian and shows the clear enrichment of 

those shales in lib, Cu, V, Ni, and Co as compared to the rest of the 

Namurian sequence. 	Zn shows a concentration in the shales relative to 

the overlying grit with the highest Zn concentration occurring in the 

calcareous shales below the main molybdeniferous black shales. 	Samples 

collected by Fletcher from the liixon area showed a similar pattern of 

metal enrichment in these lithologically similar rocks. 

Silver is below the detection limit in all the rock samples except 

one, where 0.5 ppm is reported. 	This is in the deepest sample from the 

Hucklow Edge Boring and represents the lowest 10 ft. of the black shale 

and contains maximum concentrations of all the other elements besides the 

silver, including 800 ppm of Zn. 

(b) Correlation of the Ecton hineralized urea 

with Zn, Cu, Pb and Ba.  

The Ecton—hixon mineralized area (Fig. 1) is surrounded by generally 

high Cu and Zn, some of which is clearly derived by contamination from old 

mine workings but much of which appears to be natural. 	much weaker but 

still discernable Pb aureole (Fig. 7) coincides with the high Zn area 

(Fig. 8) and correlates closely with the Ba pattern (Fig. 9). 	';;hile the 

main regional pattern of Cu and Zn is clearly due to concentration of these 

metals in the black shale facies, the level in the sediments, particularly 

the Zn, is markedly higher than that in the rocks. Neither Ba (Table 6) 

nor Pb (Fig. 40) shows any comparable increase in the shales. 	it 



Table 6. Trace Element Content of Namurian Rocks from Boreholes,East Derbyshire  

Lower Namurian Shales Upper Namurian Shales Ashover Grit 

Element Tansley 
Boring (6) 

Uppertown 
Boring (6) 

Hucklow 
Edge Boring 
(13) 

Average 

(25) 

Tansley 
Boring (7) 

Uppertown 
Boring (4) Average 

(11) 

Tansley 
Boring (4) 

V 	M 160 130 222 185 126 144 132 35 
R 100-200 100-200 130-500 100-500 100-160 85-200 85-200 20-60 

Mo M 54 52 61 57 <2 10 4 <2 
R 13-130 2-200 2-200 2-200 <2 <2-40 <2-40 < 2 

Cu 	M 130 77 145 125 50 48 49 5 
R 40-200 40-100 40-200 40-200 40-85 16-85 16-85 5-6 

Ni 	M 190 147 238 205 100 127 118 25 
R 100-300 100-200 130-400 100-400 60-130 50-200 50-200 10-40 

Co 	H 77 30 91 73 27 47 34 12 
R 50-130 20-40 30-130 20-130 20-40 30-100 20-100 10-16 

Mn 	M 1090 2750 1780 1845 360 65o 427 890 
R 500-3000 500-10000 300-8500 300-10000 200-500 400-1300 200-1300 500-1600 

Ba 	M 370 272 580 406 290 210 260 .550 
R 200-800 20-600 300-800 20-800 200-600 40-300 40-600 400-800 

Footage 
Sampled 300 340 130 350 200 200 
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is possible that the pattern of Cu-Zn-Lg detected in the sediments is due 

entirely to the syngenetic concentration of these elements in the black 

shale facies, the distribution of Ba and Pb suggests that the pattern is 

in part epigenetic reflecting the mineralization. 

(c) Correlation of the hair 	area with Pb, Zn and Ba.  

Coincident very high Pb-Zn-Ba anomalies are found over each of the 

main centres of mineralization in Derbyshire. 	These anomalies are 

probably due largely to contamination of the drainage channels by the 

wastes of mining and ore dressing but it is likely that this contamination 

has merely enhanced the pattern of natural values and also likely that, 

being very local contamination, it reflects the natural pattern of element 

distribution, with little distortion of such features as metal ratios. 

The Pb-Zn ratio in the stream seal:lento deriving their metal content from 

the :wining areas range from 1:2 - 8:1, averaging approximately 4:1, a 

result in line with the known preponderance of Pb in the ores, suggesting 

that the sediments, though contaminated are reflecting the real geochemical 

features of the ores. 

(d) Correlation of the "Buried Orefield" with Pb, Ba and Zn.  

The various theories of the geological controls and genetic origin 

of the ores in this area lead to a series of predictions as to the possible 

extensions of the mineralized districts under a blanket of newer rocks in 

various directions. 	The principal areas where there are potential ores 

at depth are to the southeast and east of the main limestone outcrop where 

the known veins pass beneath the overlying shales, and in these directions 
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there arc extensive metal anomalies of Pb, Pb-Zn, Zn, Pb-Ba and Pb-Zn-Ba. 

The strongest and most extensive of these are the Pb-Ba anomalies found 

widely spread ever the ground to the east of the limestone in a zone 6-7 

miles wide and including the two mineralized inliers of Crich and .;shover. 

Some Zn occurs with some of these Pb-Ba anomalies and the pattern of metal 

ratios is very varied. 	These anomalies coincide closely with the "other 

half" of the "buried orefield" indicated by the calcite-barite-fluorite 

zoning. 

Separate Pb, Pb-Zn, Zn and Ba anomalies occur to the IW of the 

orefield and to the SE of the oiefield over Namurian and Coal Measure rocks, 

along the extensions of the "lead belts" of 	Varvill, and this overall 

NW-SE trend can be detected in the general pattern of distribution of Pb, 

Zn and Ba. 

Other patterns such as the widespread Pb, Zn, Ba dispersions over the 

basal Trias in the south of the area and the high 	concentration to the 

M; do not correspond with any features of the known mineralization. The 

Pb, Zn and Ba patterns over the Trias are of extreme interest as the 

three elements occur essentially separately in the basal beds in 

different parts of the area with Ba to the east and west, Zn in the east 

central part and Pb in the central area. 	This suggests a metal zoning in 

the parent material and forms a marked contrast to the Carboniferous 

mineralized areas where the three elements are closely associated. 

(3) COEREIIATION OF hiNING AND ShELTING ACTIVITIES  

WITH LETAL DISTRIBUTION 

When the sites of the known mines, smelting sites and metallurgical 
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industries are plotted a series of correlations with the geochemical 

patterns emerges. 	The principal ones are: 

(a) Correlation of high Pb, Zn and Ba with old mined areas.  

The observed correlation of anomalies of these three metals with 

mineralization is equally a correlation with mines end most of these 

anomalies, if followed up, would lead beck to shafts, adits,waste dumps 

and dressing areas. 	The principal effect of this has probably been to 

enhance and slightly extend the natural patterns and to contaminate some 

of the main drainages for long distances downstream. 	One result of this 

is that the contrast between background and anomaly has been increased and 

the geochemical relief enhanced for the main elements of economic interest. 

(b) Correlation of high Pb and Ba with early smelting sites.  

Some of the old Bolehill smelting sites on the Eastmoor lie up-

drainage from very high anomalies of Pb and Ba in the sediments (Laps 1 

and 4). 	Zn is typically absent from these anomalies while Ba shows 

levels equal to or higher than Pb. 	Some of these anomalies are very 

persistent; dispersion trains are similar to those found below mine dumps 

and in both cases the cause is probably the contamination of the stream 

with very coarse waste which as it breaks up during transport gives rise 

to very long contamination trains. 

(c) Correlation of high Pb and Ba and moderate to high 

Zn with Cupola Smelter Sites.  

Some of the eighteenth and nineteenth century Cupola works sites are 
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the source of strong anomalies of Pb and Ba with associated Zn. 	The Pb: 

Zn and Pb:Ba ratios are variable and may be related to variations in the 

type or source of the ore smelted at the different sites. 

(d) General Correlation of high  Pb:Zn Ratio with Smelter Sites  

With the exception of some of the Cupola works sites there is a 

definite correlation of Pb:Zn ratios of 8:1 and over with smelting. 

Such high ratios are only reached in fairly close proximity to the 

smelter as only here does the Pb-level rise high enough to make such 

ratios possible, further downstream declining Pb level causes the ratios 

to fall towards unity as the Pb level falls towards the regional Zn 

background of 100-200 ppn. 	Pb:Zn ratios of 8:1 and over are not 

confined to known smelting sites, but are found thr)ughout the zone 

south and east of the main limestone outcrop where smelting was 

concentrated. 
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B .bLINT DENBIGH 

On a regional scale the work of Horsnail (1967) indicated that there 

is a general decline in level of all the elements except Pb and Zn from 

the west and south to north and east and for several elements there is a 

prof re 	decline in level over younger geological formations. 	The 

following data (Table 7) taken from the thesis of R.'31. Horsnail (1967), 

shows this feature, and the reverse relationship of Pb and Zn, on passing 

from Silurian to Carboniferous and Tria,.-“sic. 

The reduction in bean  content of the first group of elements from 

the Silurian to the Carboniferous correlates with the change from the 

greywacke-s late sedimentary environment to the limes t on e-orthoquartzite 

environment and is a feature of the primary sedimentary geochemistry of 

the area. 	The increase in Pb and Zn is due to the extensive epigenetic 

mineralization of these two elements in the Carboniferous. 	The average 

metal contents for the Triassic of the Vale of Clwyd are distorted by 

two factors, the spread of Silurian derived drift from the west into the 

Vale of Clwyd, and the widespread Pb-Zn anomalieo at the mouth of the 

Vale which are derived from mineralization in the neighbouring 

Carboniferous Limestone. 	Away from these influences the Triassic of the 

east side of the Vale shows very much lower levels for all elements and 

this probably reflects the true metal content of the Triassic bedrock. 

The area underlain by Triassic in the Dee Valley is buried by over 100 ft. 

of red exotic drift and exerts no direct influence on the geochemistry of 

the stream sediments, which reflect the trace element levels of the drift. 

1\laps. 5 and 6 showing the distribution of Lead and Zinc arc enclosed at the 

rear of the thesis; place names referred to in this section appear on 

Map 5. 



Table 7. Relation of Trace Element Contents of Drainage  
Sediments to Geology in North Wales  

EIEMENT SILURIAN 

TRIASSIC 

VALE OF CLWYD 	 Di; VALLEY CARBONINEROUS 

Fe20300 3.1 1.5 1.8 1.9 

Ivin 430 360 240 750 

Co 21 13 13 10 

Ni 43 32 34 32 

V 110 36  67 38 

Cr 78 47 61 53 
Ti 3730 1420  2370 1530 

Fb 40 185 90 115 

Zn 165 24.0 230 135 

Cu 33 29 36 24. 

No, of 
Samples 358 189 39 27 

93. 
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(1) DISTRIBUTION OF THE ETFTENTS RELATED TO hiNMALIZATION  

(a) Lead 

The intense contamination from mining and smelting has distorted the 

natural pattern of Pb values to such an extent that the usual concepts of 

threshold and anomalous levels is of doubtful value and arbitrary 

divisions are used. Pb shows a very wide range of values from 10 ppm 

to 712'6 and a very high relief, with sharp variations in level within small 

areas. 	Peak values, outlined by the 1000 ppm contour, occur within a 

more extensive area outlined by the 200 ppm contour. 	There are four 

main highs, numbered A-D in Fig. 11, occurring over the Carboniferous 

Limestone and the immediately overlying rocks and five smaller highs, 

numbered 1-5 in Fig. 11, in the surrounding areas over rocks of various 

ages. 	Low background is outlined by the 50 ppm contour and a very wide 

area with less than 50 ppm is found, mainly in the south and west. Most 

of the areas of Silurian bedrock fall into this low background zone, as 

does the main Triassic outcrop in the Vale of Clwyd, the main outcrop of 

the Cefn y fedw sandstone and the spreads of fluvio glacial gravels and 

sand along the; edge of the deep drift of the Dee Valley (Fig. 3). 	As 

one result of this the Pb highs are divided into a northern and a 

southern group by a low zone along the Cefn y fedw sandstone outcrop to 

the north of the Nant y ffrith fault. 

The four main Pb highs on the li2lestone outcrop correspond exactly 

with the main centres of mineralization at Talargoch-Talacre 

Trelogan (B), Holywell-Llanarmon (C) and Minera (D) (Figs. 5 & 11). 	The 

Trelogan and the northern (Holywull-Halkyn) part of the Holywell-

Llanarmon area anomalies extend well to the east of the known mineral-

ization onto the Coal Reasures and right down to the Dee Estuary, 
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probably as a result of smelter contamination. 	Three of the outlying 

anomaly areas, at Bodfari on the Silurian (1), over the Namurian of the 

Horseshoe Anticline (2), and on the Productive Coal heasures of the 

Denbighshire Coalfield around Rhosllanerchrugog (4) are associated in 

part with known smelter sites. 	The remaining two highs, on Llantisilio 

hbuntain (5) over Silurian bedrock and in the area of deep exotic drift 

east of Wrexham (3), are not related to any known mining or contamination. 

(b) Zinc 

Zn, like Pb, is greatly enhanced by contamination from mines 

and smelters in some areas and threshold and anomalous levels cannot 

readily be established. Ranging from 25 ppm to 62,x, it shows high 

relief. Peak values of greater than 1200 ppm are concentrated in six 

areas, numbered 1-6 on Fig. 12, four of which occur over the 

Carboniferous Limestone or the immediately overlying beds and two over 

younger rocks. 	The highs arc enclosed by broader areas of lower 

intensity outlined by the 300 ppm contour. 	Low background areas, 

outlined by the 100 ppm contour, are found over the Trias in the Vale 

of Clwyd, over the main outcrops of the Cefn y fed, Sandstone and over 

the sandy fluvioglacial deposits of the edge of the deep exotic drift 

area in the Dcc Valley (Figs. 3 & 12). 

The main Silurian outcrop south and west of the Vale of Clwyd has 

a higher background, varying from 100-300 ppm and averaging 175 ppm, 

than the northern part of the Clwydian Hills, and much higher than the 

Pb background in the same area. Within the Silurian there are two 

areas, labelled A B on FIG 12, of '300 ppm Zn, A in the extreme west, 
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is correlated with high hn and Co in a high moorland area and is thought 

to be an effect of the secondary environment, while B coincides with the 

high Pb anomaly area on Llantysilio Lountain in the south. 

The four areas of high Zn falling on the lain Carboniferous Limestone 

outcrop coincide with the main centres of zinc mining at Talargoch and 

Talacre (1), Trelogan (2) and Holywell-Halkyn (3) in the north and at 

hinera (4) in the south. 	That part of the known mining area lying 

between Halkyn and Llanarmon is outlined by the 300 ppm Zn contour only 

and this corresponds to the lower Zn tenor of the ores in this district. 

The 300 ppm Zn contour closely outlines the mineral field, particularly 

along its western side. 	On the cast the area it encloses is more 

extensive than the mineralization and the higher values extend out in 

places towards the Flintshire Coast where the main calamine roasting and 

Zn smelting plants were located (Fig. 5). 

One of the high anomalies (5) located on the younger rock is found 

in the country around Rhosllanerchrugog in the Denbighshire Coalfield in 

close proximity to a group of iron and brass foundries and a Zn smelting 

works from the 19th century. 	The main greater than 1200 ppm high 

coincides with these but the area enclosed by the 300 ppm contour extends 

well away from the obvious contamination upstream towards the mineralized 

district. 	The second high anomaly east of the limestone (no. 6) lies on 

the deep drift area east of Wrexham, coinciding with the Pb high in that 

area. 	A third, much weaker, Zn high (no. 7), coincides with the Pb 

high over the smelters on the Horseshoe Anticline area and is outlined by 

the 300 ppm Zn contour. 

An interesting feature is the occurrence of scattered Zn in the 300- 
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400 ppm range along the lines of the Nant y Frith, Llanuliden and Bryneglys 

faults (Fig. 4). 	In the case of one of these located at 320700 E 350200 N, 

a Zn value of 325 ppm, with 50 ppm Pb, is found in a stream below a small 

level driven for Pb on a branch of the Bryneglys Fault, near to a slice of 

faulted limestone. 

(0) Associated Elements  

Only two elements are associated in their distribution with lead and 

zinc, and these to only a limited extent. 

(i) Copper  

The Cu level over the Carboniferous is low, averaging 30 ppm and the 

great majority of the values are below 50 ppm. There are four anomalous 

areas with values rising to 150-400 ppm, only one of which is directly 

related to the mineralization. 	In the extreme north of the orefield 

the Talargoch-Talacre Pb-Zn anomaly (no. 1 on Figs. 11 & 12) is 

accompanied by Cu, rising to 150 and 200 ppm in drainage below the mines. 

A second anomaly extends over a narrow zone from the area of the Leeswood 

Coal Basin to the Horseshoe Anticline (Fig. 4) with peak values of 150 ppm 

Cu. 	It is roughly coextensive with the Pb Zn anomaly (no. 8 on Fig. 12) 

and is of unknown origin. 

The third high Cu area coincides with the high Pb-Zn anomaly around 

the Denbighshire Coalfield metallurgical area around Rhosllanerchrugog 

(no. 5 on Fig. L2), high Cu being restricted to the obviously contaminated 

part. 	The peak value is 200 ppm. 	The fourth Cu high coincides with 

the high Zn on the deep exotic drift to the east of Wrexham (no. 6 on Fig. 

12). Values are higher than elsewhere, reaching 600 ppm Cu and the 
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anomaly is also unusual in containing up to 160 ppm Ni as against a level 

of less than 50 ppm over the remainder of the Pb-Zn anomaly areas, and 13 

ppm of ho against a background of less than 2 ppm. 

(ii) Silver  

/1g is below the detection limit of 0.2 ppm over most of the area and 

scattered, apparently randomly distributed highs up to 8 ppm in single 

samples are scattered over the whole area. 	11 more rational pattern 

ranging from 0.2 ppm to 2.0 ppm is found associated with each of the main 

mining districts, the peak values being normally found associated with 

the strongest Pb anomalies. 	The highest values are found in the 

Talargoch and Halkyn hind areas, with lower values in the hold-Llanarmon 

and hinera areas. 	/1 few of the smelter sites also show detectable 11g 

but the level is lower and the pattern loss consistent than that below 

the mines. 	Pb-Zn anomaly areas which show no lag are those over the 

Horseshoe /diticline. (No. 7 Fig. 12) and the deep drift area east of 

Wrexham (no. 6 Fig. 12). 

(d) Lead:Zinc Ratio  

There is a wide range in the Pb:Zn ratios related to the areas of 

known mineralization in the Carboniferous, and those variations are 

systematically distributed and correlate with the mineral zoning of the 

orefield. 	The detailed distribution is shown on hap 7. 	The Talargoch- 

Trelogan area in the extreme north (Fig. 13) and the Holywell-Halkyn 

Mountain area have ratios more Zn rich than 1:2 reachinp a maximum of 

1:11, while the Liold-Llanarmon area displays the reverse relationship 
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with ratios more Pb rich than 2:1 reaching a maximum of 90:1. 	Similarly 

at Bwlchgwyn—hinera the ratio changes systematically from NW—SE from more 

than L+.:1 to more than 1:4, with a maximum range from 20:1 to 1:7. 	it 

Bodfari and at two places on the Flintshire Coast the ratios exceed 441 

in streams draining smelting works, maximum ratios being 25:1 at Bodfari 

and 1L3.:1 on the coast. 	In the east Denbighshire area of smelting 

contamination Zn predominates by over 1:4., reaching maxima of 1:19 below 

Pant Ironworks and 1:7 below the 'aynne Hall Spelter 'corks (Figs. 5 & 13). 

The isolated anomalies over the Horseshoe Lnticline, Llantisilio 

Mountain and east of Wrexham show wide variations in Pb:Zn ratios. 	In 

the Denbigh Moors where Zn is enhanced in stream sediments by the effect 

of the secondary environment the samples are generally more Zn—rich than 

1:4-. 	The work of Horsnail (1967) showed that the Pb:Zn ratio, which 

averages about 1:4 in normal background sediments increases to an average 

of 1:7 in Mn—Zn enriched samples. 

The overall pattern produced is a complex one in detail but it shows 

two areas of high Zn in the north and south with an intervening high Pb 

area. 	Both cast and west of the high Zn area of the main HaLkyn Mountain 

mining areas there are Pb rich spots, related mainly to smelting sites. 

(2) CORRELLTION OF BEDROCK GEOLCGY .klET:IL DISTRIBUTION  

(a) High and Low Background Alreas  

Zn, together with Cc, Ni, V, Cr, and Ti, is higher in areas of 

greywacke—shale facies than it is in areas of dominantly arenaccous rocks, 

such as the Cefn y f,aav, sandstone or the Trias. 	Background Zn over the 

Silurian normally ranges from 110-250 ppm averaging 165 ppm, while in the 
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low background areas the level is loss than 100 ppm, with an average 

concentration only half that of the Silurian. 	These variations must 

reflect the fundamental geochemistry of the bedrock. 

(b) Effect of Known ijineralization  and mineral Zoning 

Jill the known mineralization is indicated by strong patterns of Pb 

and Zn in the stream sediments. 	The variation of ore types within the 

field is reflected by the pattern of Pb:Zn ratios and also by the absence, 

in the few samples tested, of any Ba pattern associated with the Pb and 

Zn. 	Cu, which shows a significant pattern related to mineralization 

only in the extreme north, and Lg which is hig,her in the Flintshire part 

of the orefield, also probably reflect the underlying geochemistry of the 

ores. 

( 3 ) CORREDITION OF LINING /..ND SiiLITING SITES 'WITH 1:1;I'LL DISTRIBUTION  

(a) Correlation of High Pb and Zn with dines  

Contamination from mine dump and mineral dressing sites gives rise 

to very intense anomalies and very high and persistent anomalies of Pb 

and Zn are found, even in major drainages. 	The anomaly in the Nant y 

flint below the outlet of the drainage tunnel is 1://a Pb and 7000 ppm Zn 

while 7250 ppm Pb and 1050 ppm Zn are found in the River Llun immediately 

below the dumps from the ilacshafn Vein. 	The persistence of this 

contamination is shown by the occurrence of 370 ppm Pb and 660 ppm Zn in 

the Clywedog River 7 miles below the portal of the Linera Deep Day Level. 

The most extreme samples of contamination known is in a small stream 

below the main dumps at Trelogan line which contained 1.8";:b Pb and 6.5i6 Zn, 
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and below the Jamaica Flats at haushafn (bap 5) where at the head of a 

small stream 7. L4.% Pb and 820 ppm Zn is found. 

(b) Correlation of High Pb and High Pb:Zn Ratios with  

Flintshire Smelting Industry  

On both sides of the Holywell-Halkyn uines there are smelter sites; 

the inland ones showing uniformally high Pb and Pb-Zn ratios and the 

Deeside Sites very much mare variable Pb:Zn ratio but in places very high 

Pb. 	No markedly Zn-rich anomalies are found in this area. 

(c) Correlation of High Zn _anomalies with hinor Pb 

And Cu with the Denbidashire Coalfield around Rhosllanerchrugog 

The metallurgical sites in this area, which include a spelter (Zn 

metal) works, several ironworks and iron and brass foundries, are the 

source of strong and persistent anomalies whose Pb:Zn ratio lie between 

1:2 and 1:19. 	hinor Cu anomalies are associated with these sites. 	The 

strongest anomalies contain up to 1.3;;O Zn, 2400 ppm Pb, and 200 ppm Cu 

anomalies below the main sites arc persistent, even in strong streams 

like the Ilfon Eitha where the sediment anomaly is 1250 ppm Zn 12 miles 

downstream from the site. 

GEN:LiftilL Fiii:TURLS uF 2Th; 	PLTT:jr-NS  

Certain features of the patterns of Pb and Zn ore common to both 

areas and probably represent features of widespread occurrence in the Pb-

Zn mining areas of the United KinRdom. These arc in summary: 
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1. The extensive distribution of anomalous metal well beyond the 

areas of known mining activity. 

2. The general correlation of many of the strongest anomalies 

with contamination from mining, smelting or industrial activity. 

3. The very wide range of Pb:Zn ratios in anomalies derived 

from mineralization or other natural sources either naturally or by 

mining contamination. 

4. The very wide range of Pb:Zn ratios in anomalies derived 

from smelting and industrial sites. 

5. Thu coincidence of contaminated areas with areas of mineral 

potential downdip from the orefields. 

6. The difficulty of distinguishing between anomalies due to 

contamination and natural anomalies where the nature of the source is 

otherwise unknown. 



CHAPTER 5 	SECONDARY DISPERSION PATTERNS ASSOCIATED WITH 
VARIOUS METAL SOURCES 

1. INTRODUCTION  

The trace metal content of a stream sediment sample collected 

during a drainage reconnaissance is the result of the interaction of the 

primary source of the metal and the mechanism by which it is being disper-

sed from that source and incorporated into the stream sediment. To 

establish the essential characteristics of the different types of both 

natural and contamination anomalies in the stream sediments, a series of 

type areas were selected from both Derbyshire and Denbighshire to cover as 

wide a range of both primary sources and secondary dispersion mechanisms as 

could be found. The following factors were taken into account in select-

ing type areas for study: 

(1) Geological environment. 

(2) Geographical location. 

(3) Metal associations. 

(1+) Time range of Smelting. 

(5) Secondary environments and dispersion mechanisms. 

(6) Possibility of previously undetected mineralization. 

The field work involved in following up the anomalies on the 

ground followed a fairly standard pattern, as set out below: 

(1) Confirm values in discover; sample, trace stream sediment 

anomaly back to source and sample the surrounding drainage. 

(2) Take soil and overburden samples to locate the source and 

extent of the metal pattern. 

1fl3. 
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(3) Check on the written records of the area and interview local 

residents of long standing. 

(4) Select samples for spectrographic analysis. 

(5) Identify the nature of the source and the mechanisms of 

dispersion. 

(6) Select critical samples for laboratory study. 

A considerable number of the anomalies disclosed by the recon-

naissance survey were followed up in this way to stage (2) or (3) and 19 

were selected as suitable for detailed study to establish the characteristic 

Secondary dispersion patterns associated with the principal types of metal 

sources. On the basis of these studies a selection of stream sediment 

samples representing all the observed kinds of dispersion mechanisms and  

metal source types was made and these samples were used to investigate the 

variations in the chemical form of the Pb and Zn. Descriptions of the 19 

areas selected for detailed study are given in this chapter. 

2. DESCRIPTIONS OF THS DISPERSION PATTERNS STUDIED IN DETAIL 

The descriptions are divided into two subsections, A and B. 

The first contains descriptions of the dispersion patterns associated with 

natural mineralization, while the second contains the descriptions of those 

related to contamination. 	Subsection A is subdivided into three groups, 

group 1 including those dispersions derived from sub-outcropping mineraliz-

ation, group 2 those derived from leakage dispersions related to ore less 

directly, and group 3 those deriving from high metal source rocks unrelated 

to ore. Subsection B is subdivided into 4 groups based on smelter types. 
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To facilitate the location of these sites the 22" 

sheet number is given with each example and the national grid 

reference of the centre of the metal source is quoted to the 

nearest 100 metres. The approximate locations are shown in 

figs 14. and 15., 

Classification of metal sources  

A. Natural sources: Metal Content derivedfrom a 

bedrock source by way of natural secondary dispersion mechanisms. 

(1) Sub-outcropping mineralization. 

(a) Lower Palaeozoic country rock. 

1. Llantysilio Mountain, Denbighshire. 

(b) Carboniferous Limestone or chert country rock. 

1. Holywell, Flintshire. 

2. Pentre Halkyn, Flintshire. 

(c) Carboniferous sandstone or grit country rock. 

1. Bwlchgwyn, Denbighshire. 

(2) "Leakage dispersions" overlying deeply buried mineral-

ization in the Carboniferous Limestones. 

(a) Barren caprock, Gregory Vein, Ashover, Derbyshire. 

(b) Faults. 

1. Distern extensions of the Westminster, 

Blaen y Nant and Belgrave Veins, Denbighshire. 

(3) Metal concentrations in sedimentary rocks, not 

directly related to mineralization. 

(a) High background zinc source rocks, zinc 

definitely syngenetic. 
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1. Edale Shales, N. Staffs/Derbyshire. 

(b) High lead and zinc in the New Red Sandstone, 

source of metals unknown. 

Bunter pebble Beds, Hulland Ward area, 

Derbyshire. 

B. 	Contamination sources: Metal Content of Surfic-

ial materials due to contamination from metallurgical industry. 

(1 ) Early wird-blown lead smelters. 

1. Ramsley Moor Bole, Derbyshire. 

2. Ashover Bole, Derbyshire. 

3. Butterley and Coldharbour Bolehills, 

Derbyshire. 

(2) Ore-hearth lead smelters. 

1. Mansellpark Hulland, Derbyshire. 

2. Bodfari, Flintshire. 

(3) Reverbatory or Cupola Furnace lead smelting works. 

1. Baslow Cupola Works, Derbyshire. 

2. Stone Edge Cupola Works, Derbyshire. 

3. Gadlys Smelting Works, Bagillt, Flintshire. 

4. Tinkers Dale Smelting Works, Hawarden, 

71intshire. 

(4) ''ac Works. 

1. Wynne Hall Smelter Works, Pen y cae, 

Denbighshire. 

2. Pant Furnace, Rhosllanerchrugog, 

Denbighshire. 
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It is difficult without expensive follow-up beyond the 

means of the present study to be certain that 'natural' disper-

sion patterns do in fact derive from mineralization at depth. 

To increase the confidence of the work examples of anomalous 

stream sediments from proven mineralized sites were obtained 

from Cominco ( U.K.) Ltd. from two areas in the Northern 

Pennines and R.T.Z. from a stream draining the Keele Orebody 

near Longford Eire. These samples were used along with the 

other samples to establish the criteria for recognizing 

dispersions from mineralization from those derived from 

contamination. 

In the area descriptions which follow the details of 

the geology and mineralization are derived from the various 

memoirs, maps and Bulletins of the Geological Survey. 

A. NATURAL SOURCES  

(1) ANOMALIES DERIVED FROM MINERALIZATION AT SHALLOW DEPTH 

(a) IN LOWER PALAEOZOIC COUNTRY ROCK 

LLANTYSILIO MOUNTAIN.  D7NBIGHSHIrE. 

1. Location  

21" sh,et ST 1I 

313500 E 

345500 N 

The anomaly studied lies in a deep valley draining the 

south eastern end of Llantysilio Mountain to the River Dee, 

roughly three miles upstream from Llangollen. Figs. 16-17. 
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2. Description of the Area 

(1) Topography and Drainage. 

The area is very hilly and steep, falling from 1460 ft. 

on the hilltop by the slate quarries to around 360 ft. on the 

banks of the River Dee one mile to the south. The hills are 

rounded in profile with a gently sloping smoothly rounded summit, 

then a steep drop into the main valley where there are narrow 

alluvial strips and less steep slopes. The steepest slopes show 

abundant outcrop near their tops and long scree slopes below, the 

latter now stable and largely vegetated. 

The drainage is by short steep streams which rise just 

below the edge of the summit plateau in small reedy seeps and 

flow straight down through steep V-shaped valleys to the Dee, 

falling 900-1000 ft. in one mile. 

(2) Solid Geology. 

The whole tract is underlain by slatey rocks of Silurian 

age and lies near the core of the Llangollen Syncline where dips 

are steep with the development of a strong slatey cleavage. Some 

minor faulting related to the major faulting of the Bala Fault 

System crosses from Ng-SE. One member of this system is shown as 

an inferred fault (fig. 16) passing through the centre of the Pb 

anomaly. No mineralization is known but four miles away to the 

south west minor barium mineralization in rocks of similar age 

occurs in small N-S fractures. 

108. 
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(3) Superficial Deposits and Secondary Environment. 

A thin stony loam overlies the bedrock on all the higher 

ground while the lower steep ground is largely buried by stony debris 

from the hills. The shallower slopes near the main valley again 

have bedrock at shallow depth with thin brown stony loams. 

(4) Human Activities. 

Farming, forestry and slate quarrying are the principal 

human activities. There is no sign of base metal contamination. 

3, Geochemical Dispersion pattern  

(1) Stream Sediments. 

Three streams draining from the mountain showed 

anomalous Pb in the reconnaissance sampling; between 300 and 400 

ppm against a regional background of 10 - 60 ppm. Stream 'A' 

(fig. 16) was followed up to a peak value of 4275 ppm Pb with 

820 ppm Zn. 400 ft upstream the Pb had fallen off to 60 ppm 

but the Zn still remained high at 410 ppm, a level which it 

maintained to the head of the stream 800 ft further upstream. 

A similar pattern was detected in the stream 'B' 

to the west, but was not followed up in detail. 

(2) Soils. 

Sample traverses along both banks of the stream 

revealed the presence of very strong Pb anomalies with a little 
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accompanying Zn on both banks, but the peaks are not apposite each 

other, suggesting that the strike of the source of the metals is 

crossing the stream at a very acute angle (fig. 16). On the east 

bank the anomaly is closely related to the less steep ground near 

the stream, the very steep ground behind this is scree from above. 

At the anomaly peak the stream is incised 8-10 ft. 

into very stony brown clay but bedrock is not exposed. An 

auger probe at the anomaly peak showed a general increase of Pb 

and Zn with depth (table 8a), samples of the material being eroded 

into the stream from 6-8 ft„ down in the overburden (at the point 

where the anomaly crosses the stream) show the persistence of 

both Pb and Zn in depth (table 8b).  

4. Interpretation of Results 

The most likely explanation of the Pb - Zn anomaly 

found in the soils is that it represents a minor mineralization 

striking through the stream at an acute angle. The stream 

sediment Pb anomaly is derived by mechanical erosion of the anomaly 

in the overburden, as is part of the Zn anomaly. 	That part of the 

Zn anomaly that persists upstream above the cut-off of the Pb 

anomaly is probably o` hydromorphic origin but whether it is related 

to mineralization or to some kind of secondary environment effect 

is not clear. 



Table 8a. Soil profile at the anomaly peak, Llantysilio Mountain 

Sample 
No. 

Depth 
ins Description 

Pb 
PPm 

Zn 
PPm 

Co-ordinates 
E 	N 

2038 0-6 Brown loam 4300 460 318600 	345450 

2039 6-12 Stoney brown loam 4790 530 

2040 12-18 Ditto 6950 630 

2041 18-24 Ditto 9700 685 

2042 24-30 Yellow brown stony loam 7700 625 

Table 8b. Bank material supplying anomalous  
stream sediment. Llantysilio Mountain 

Sample 
No. Location Description Pb Zn 

2053 West Bank Slate fragments and 
brown clay 110  70 

2054 East Bank Ditto 2060 490 
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(b) IN CARBONIFEROUS LIMESTONE OR CHERT COUNTRY ROCK 

HOLYVIRT7, AREA. FLINTSHIRE  

1. Location  

22" Sheet No. SJ 17 

316800 E 

376900 N 

The main part of.  the area lies astride the A55 trunk 

road between the villages of Carmel and Holway, northwest of 

Holywell in Flintshire (Fig. 18). It is the eastern half of the 

area studied by A. Rubio A. (1967). 

2. Description of the Area 

(1) Topography and Drainage 

The highest ground lies to the south of the area, where 

the flat-topped Pen y ball Hill rises to 840 ft above sea level. 

From this level plateau area at 750-800 ft the ground falls sharply 

to the north and north east to about 500-550 ft contour, below 

which it levels off and becomes undulating. The drainage rises 

at the base of the steeper slope and flows to the Dee via two 

short fast streams, both of which become deeply incised about 

half a mile downstream. The most important of these streams, the 

Afon Marsiandwr, has two headstreams, both of which drain from the 

area of interest. 

(2) Geology 

The upper parts of Pen y ball Hill are underlain by 

massive limestones belonging to the Upper grey Limestone group, 
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dipping to the northeast, and these are followed in sequence to the 

northeast by the Black Limestone, with shales, and then by cherts 

and sandstones forming the top of the Lower Carboniferous in this 

area; these beds occupying the steeper slopes of the hill (too 

complex to showin fig. 18). The gentler, undulating country between 

the base of the steep slope and the Dee is occupied by the Holywell 

Shales and Gwespyr Sandstone in the main with a fringe of Coal 

Measures along the estuary. 

strong fault system centred on the Holway Vein throwing 

north and heavily mineralized cuts through the strata, trending 

generally about 100 degrees true and lying at or near the base of 

the steepest slope (fig. 18). The throw is variable but is at its 

greatest at the east end where two main veins are found. These 

unite and, as the Great Holway Vein, can be followed for just over 

one mile. This vein has several 'fliers' on its north side, striking 

65-70 degrees true and it is intersected by a set of N-S veins or 

'cross courses' which, in this area, are also mineralized. The 

strongest of these, the Pant y Nef cross course, is over 3 miles 

long and has been followed well to the north of the Great Holway 

Vein. Most of the other N-S Veins known on Pen y ball Hill have 

not been traced north of the Great Holway Vein. In general the E-V 

veins, such as the Great Holway and the Milwr to the south have 

been more important producers than the N-S veins. 

The principal minerals in the veins were galena, generally 

moderately argentiferous, 'calamine', a mixture of oxidized zinc 

minerals, and sphalerite, all in a gangue of calcite or other 
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carbonates. No fluorspar, barytes or copper minerals were ever 

produced. 

(3) Superficial Deposits and Secondary Environment 

The whole of the sampled area is overlain by stony drift 

at least 4 ft deep with the exception of the low northward 

projecting spur on the east side. On this spur cherty sandstone 

lies only some 1-2 ft below the surface and has been exposed in a 

small quarry (fig. 20). In the area where the superficial deposits 

have been exposed by trenching they are seen to be very stoney 

brown clays, largely decalcified and with much of the included rock 

fragments severely weathered by post glacial weathering. In places 

they become dominantly sandy clays with some lenses of dirty sand 

The great majority of the rock fragments are of very local derivation, 

with angular blocks of chert and sandstone dominant, but there are 

a few rounded cobbles of granite, probably derived from the Irish 

Sea Icesheet. The full thickness of this till is not known. 

The area is, in general, well drained with waterlogged 

ground confined to the immediate proximity of the headwaters of the 

streams. The pH of the freely drained soils was found by A. Rubio 

(1967) to lie between 6.9 and 7.9; while measurements made in the 

course of this study show similar results for soils at 18 ins, the 

surface loams show somewhat more acid pH of from 5.0 to 6.2. The 

permanently waterlogged swamp soils show much higher pH readings of 

6.4-8.6, the pH rising on passing into the swampy area, as shown 

in Table 9. In general dry loams away from the swamp show higher 

pH (Table 9). 
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TABLE 9 

PH of Soils at Holy well 

Sample 
No. Type of Ground Soil Description pH 

meter 
pH 
BDHind 

2295 Dry pasture Brown sandy clayey load 5.4 5.8 

2294 Bog margin Wet dark grey clay 7.2 6.8 

2296 Centre of bog Dark grey wet swamp muck 8.6 8.5 

2298 Dry pasture Brown loam 5.6 

2299 Bog margin Brown wet mud 6.8 

2300 Permanent swamp Wet black swamp mud 6.4 

2301 Dry pasture Brown loam 5.0 

2302 Bog margin Wet brown mud 6.9 

2303 Centre of bog Brown swamp muck 6.9 

2304 Dry pasture Brown loam, away from 
swamp margin 

6.2 6.5 

2305 11 	it - do - 6.2 6.5 

2306 It 	it - do - 6.2 6.5 
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The neutral-alkaline reaction of the swamps must be due to the 

resurgence of ground waters from the limestone area upslope. The 

pH of the freely flowing surface waters in the Afon Marsiandwr was 

between 7.0 and 8.0, with an average from 12 samples of 7.5. 

(if) Human Activities 

Shallow mining on Pen y ball Hill probably dates back to 

the earliest periods of mining in Flintshire, but the main period of 

production followed the driving of the Boat Level. Begun in 1780 

at the 220 ft level on the Holywell Stream, this level was driven 

along the line of the Great Holway Vein. A lode of great-thickness 

was discovered in 1798 and from then until 1825, dividends totalling 

over £160,000 were paid out to the shareholders. The peak output 

came in the period 1810-1815 when up to £130,000 of ore per year 

was produced which at the then current price of £25 per ton of 

Pb metal, represents an annual output of around 7000 tons of concentrate. 

After 1825 drainage difficulties lead to a reduction in output 

despite the installation of steam engines, and in 1848 flooding 

caused a temporary closure. In 1884 the original company was bank- 

rupt and although the mines were several times reopened for Zn no 

further rich discoveries were made (Lewis 1967). 

There are no known smelting sites within the area studied 

and most of the ore was probably smelted either on the Holywell 

stream or at the smelters on the banks of the Dee Estuary. One of 

the chief shareholders of the mine, was also part owner of the 

Nant y moch smelting works near Bagillt and it is likely that the 
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main production after 1780 was smelted here (Lewis 1967). 

3. Geochemical Results  

(1) Stream Sediments 

Both headstreams of the Afon Marsiandwr are highly 

anomalous for both Pb and Zn and the anomaly persists in the com-

bined stream right down to the Dee Estuary, a distance of 1I miles 

(Fig. 18). The level in the western tributary at its head is 

3015 ppm Pb and 14400 ppm Zn and in the eastern 3260 ppm Pb and 

15700 ppm Zn while at the coast li miles downstream the level is 

800 ppm Pb and 1800 ppm Zn, The decline is not however a smooth 

one and it may be that there are other sources in both tributaries 

besides those outlined by soil sampling. Three minor streams in 

the general area not draining known mineralization show a range of 

values from 150 ppm - 325 ppm Pb and 100-250 ppm Zn, showing that 

the general background is rather high, but very much lower in level 

than the anomalous stream. It is interesting that the Pb and Zn 

values vary sympathetically in the stream sediments. 

(2) Soils and Overburden 

The strongest anomalies located by A. Rubio not related 

to known veins lie at the head of the Afon Marsianawr and these were 

selected for further study (Fig. 18-20). Detailed soil sampling 

at 18 ins depth was used to delimit the anomaly peaks and augered 

probes to 30-48 ins were made over these peaks to try to locate the 

source of the metal in depth. Subsequently two short trenches were 
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dug on anomaly peaks and two larger trenches dug by builders for 

sewage drains were sampled. 

Extensive soil anomalies were outlined with well marked 

peaks rising to maxima of 5,000-10,000 ppm for both Pb and Zn 

against a very high local threshold of 500 ppm for both elements. 

These anomaly peaks at the eastern end of the area display two trends 

intersecting one another at 70 and 0 degrees true. The eastern 

north-south trending anomaly follows a topographic depression which 

is dry and two other N-S trending anomalies occur to the west with 

shallow streams flowing along them. In general the strongest 

anomalies in this area lie in gentle topographic lows, their margins 

following base of slope features. 

Auger probes across or in anomaly peaks show several 

locations where metal values increase with depth and this is true 

of sites in bog and seepage areas as well as in dry ground, as 

shown in Table 10. 

Two trenches were dug on anomaly peaks in the eastern 

part of the anomaly. They were 20 ft long, 3 ft wide and 4,5 ft 

deep and they both struck water at that depth, but no sign of bedrock. 

Trench (fig. 22) was sited in a stony area where auger probes were 

stopped by rock at 24 or 30 ins while still very anomalous. The 

trench cut down through this stony ground into boulder clay with 

decomposed rock fragments much lower in Pb and Zn content, revealing 

the superficial nature of the anomaly at this point. The accom-

panying profile shows the possibility of a source just upslope from 

the trench site. 
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Table 10. Distribution of metal in soil profile on anomaly peaks, 
Holywell, Flintshire  

Anomaly Peaks in Wet Ground 

Sample 
Nos. 

Location Depth 
ins 

Type of 
ground and 

sample 

Description of 
sample material 

Pb 
ppm 

Zn 
ppm 

E 
_ 	. 

N 

2188 
2189 

2190 

2191 

316835 377155 0-6 
6-12 

12-18 

18-24 

Corner of 

swamp 

Auger 
samples 

Wet black swamp 
muck 
Moist stony:brown 
loam 
Moist medium brown 
loam 
Moist medium brown 
clay 

1400 

340 

1950 

3375 

925 

2060 

3150 

2575 

2192 

2193 

2194 

316905 377140 0-6 

6-12 

12-18 

Within swamp, 
very soft 
and wet 
ground 
Auger 
samples 

Black wet loam, 
rusty at surface 
Wet dark grey 
swamp muck 
Moist yellow grey 
clay 

3700 

4750 

6750 

2950  
4825  
2550 

2257 

2258 

2259 

2260 

316925 376912 0-6 

6-12 

12-18 

18-24 

Seepage 

Auger 
samples 

Soft brown mud 
pH 6.5 
Wet brown clay 
pH 6.6 
Soft wet brown 
clay 
Wet brown clay 

1650 

1500 

2300 
4975 

2000 

2180 

3060 
4980 
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Table 10 - continued 

Anomaly Peaks in Dry Ground 

Sample 
Nos. 

Location Depth 
ins 

Type of 
ground and 

sample 

Description of 
sample material 

Pb 
ppm 

Zn 
ppm 

E N 

2153 

2154 

2155 

2156 

2157 

, 

316591 

316589 

376945 

376946 

0-12 

12-24 

0+-36 

36-48 

36-48 

Edge of Foot- 
ball field 
Contractor's 
trench 
(Trench 3) 

Channel 
samples 

Sandy loam numer-
ous small stones 
Orange brown 
sandy clay, many 
sub-angular rock 
fragments 
Rusty brown sandy 
clay many small 
rock fragments de
composed in situ 

5200 

5130 

5000 

6500 

-5900 

18500 
 

20000 

22000 

15500 

13500 

1685 

1686 

1687 

1688 

1689 

316880 376940 0-6 

6-12 

12-18 

18-24 

24-30 

Open Field 

Auger sample 

Brown loam 

Grey brown 
loamy clay 
Yellow brown 
loamy clay 
Stony brown clay 

Moist grey brown 
sandy clay 

3700 

5230 

2130 

5780 

4450 

5520  

5020 
 

5050  

3950 

6300 

2145 

2144 

2143 

316933 377069 0-6 

12-18 

21+-30 

Bottom of 
dry N-S 
valley 

Auger 
samples 

Brown loam 

Grey brown loam 

Moist grey brown 
clay 5150  

3770 

150 

1+700 

3570 

1+600 

2280 

2281 

2282 

2283 

2281+ 

2285 

316945 376993 0-6 

6-12 

12-18 

18-30 

30-36 

36-1+2 

Dry ground 
6 ft SW of 
Spring and 
Chert out-
crop 

Brown loam 

Brown clayey loam 

Yellow brown 
sandy clay 
Orange brown 
sandy clay 
Stony yellow 
sandy clay 
Dull orange 
sandy clay 

900 

825 

225 

2825 

350 

410 

1580 

181+0 

1710 

1+560 

2380 

2800 



121. 

Trench 2 (fig, 23) dug across the N-S anomaly showed a 

similar superficial pattern of Pb values with the highest Zn values 

also close to the surface. Two fragments of naturally weathered 

and corroded galena were also found at depths of 18 and 24 ins in 

apparently undisturbed ground in definite subsoil material. Zn 

values persisted quite strongly to the lowest level reached, 

associated with black manganiferous wad of secondary origin and 

also with crumbly brown limonite fragments. Samples of these 

materials were analysed separately with the following results: 

Pb(ppm) Zn(ppm) 
2554 Black crumbly manganese wad 620 5800 

2555 Soft crumbly limonite 190 3240 

No limestone fragments or pieces of calcite gangue were found in 

either of these trenches. 

Samples from the floor of a 730 ft long, 4ft.6ins-5 ft 

deep trench dug for sewage pipes from the road passing Saith Aelwyd 

Hall down towards the Halfway House showed the presence of anomalous 

Zn with subordinate Pb in the drift overlying the mapped location 

of a flier from the Great Holway Vein, followed downslope by a zone 

500 ft long with background values, averaging 92 ppm Pb and 140 ppm 

Zn, and then by anomalous Zn with little Pb in the last 200 ft 

(figs. 19 and 20). A second trench, in the field opposite the 

Halfway House, showed highly anomalous Pb and Zn (see figures for 

'Trench 3' table 10). 

The close correlation of Pb and Zn in the soil and stream 

sediment anomalies is not matched by an equally close correlation 
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in the till below the soil profile, where the two elements show 

very much greater independence with Zn frequently very much higher 

than Pb. Variations in the Pb:Zn ratio of the -80 mesh fractions 

are related to the depth of the samples in the soil anomalies and 

the ratios show a much greater scatter in soils than in stream 

sediments. The 0-6 ins soils show a range of ratios from 1.5 to 

0.1 with a mean around 0.7 while the deepest samples available 

36-60 ins show a range from 0.5 downwards with a mean around 0.1 

(fig. 24). Stream sediments with a range from 0.7 to 0.2 and a 

mean of 0.14. lie almost exactly midway between the surface and deep 

samples and probably represent a composite of the whole of the 

overburden available for erosion. 

Seven soil samples from Traverspl were analysed spectro-

graphically for the usual elements, but the only element showing a 

significant correlation with Pb and Zn was Ag, which rose 

0.5-0.6 ppm over the zone of peak Pb-Zn (fig. 21). Cu, present in 

the range of 13-30 ppm, is not associated with the Pb and Zn, thus 

confirming the results obtained by Rubio on a larger number of 

samples. Ba too, in the range 200-600 ppm is in the background 

range and is not significantly associated with the Pb and Zn. 

4. Interpretation of Results  

The ultimate source of the metal in the soil anomalies 

is unknown as bedrock has not been reached in the anomalous area 

and no clear signs of contamination by mine wastes have been found. 

The very close spatial correlation of the Pb and Zn anomalies in 
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the soils indicates a common origin and mole of dispersion for 

both metals, while the high pH conditions in both dry soils and 

seepages indicates conclusively that the Pb certainly and the Zn 

probably are being dispersed mechanically in the surficial environment. 

The presence of fragments of weathered galena, completely 

free of gangue, at the base of the soil profile in trench 2, together 

with the presence of Zn in secondary Fe/Mn hydroxides in the same 

trench indicates that the two elements are basically independent 

in the till, but very closely associated on a broad scale. The Pb 

occurring in resistant primary Pb minerals having a very spotty 

distribution while the Zn, occurring in widely disseminated secondary 

minerals, is much more evenly distributed, the Pb minerals are not 

finally broken down until they are incorporated into the soil, where 

the Pb accumulates near the surface by a process of residual 

accumulation and enrichment in organic material. 

The correspondence of general shape of the soil anomalies 

in plan with the two clear directions of 70 degrees true and 0 degrees 

true coinciding with two of the principal vein directions in the 

adjacent mined areas (fig, 18) is strongly suggestive that the 

sources of the soil anomalies are buried veins of similar type. 

Another explanation is fortuitous contamination with mine wastes 

of great antiquity. This is improbable because of the high content 

of Zn and the very systematic way in which the Pb and Zn are 

associated in the soils. The absence of gangue in the trenches and 

the mode of occurrence of the Zn in natural weathering products in 

the till also indicate a natural source. 
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It is possible that the metal is in till transported by 

ice action from the mineralized area nearby and is not related to 

mineralization in depth beneath the soil anomalies, but the 

orientation of the anomalies, the very sharp peaks and the relation 

of these peaks to the topography all indicate a local source 

beneath the till, which is largely ground moraine. 

On balance the evidence favours the explanation suggested 

below. The anomalies in the soil are derived by the weathering of 

locally derived ground moraine overlying Pb-Zn mineralization in 

the underlying Carboniferous Limestone. The weathering of this 

material resulted in the release of the Zn from primary and 

secondary Zn minerals and, under the high pH conditions prevailing 

this was little dispersed al d rapidly incorporated into secondary 

hydroxides. During the processes of soil formation the Pb and Zn 

were homogenized and incorporated together into the soil, this 

process only taking place in the upper two or three ft of the profile, 

The resultant soil anomalies were dispersed mechanically and eroded 

into the streams to give rise to the observed stream sediment 

anomalies. At no stage in this process did the pH fall low enough 

to allow the Zn to disperse hydromorphically so that in this area 

both elements dispersed mechanically together. 
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(z PEN= Hid, 	FLINT SHIRK, 

1. Location 

22" Sheet SJ 27 

320600 E 

372650 N 

The centre of the anomaly lies close to the farm of 

Lygan y wern just below the A55 trunk road immediately downslope 

from the village of Pentre Halkyn (fig. 25). 

2. Description of the Area 

(1) Topography and Drainage 

The height of land, rising to 900-950 ft lies to the 

west and southwest forming part of the long ridge known as Halkyn 

Mountain. The ground slopes, steeply at first and then more gently 

to the north east into the valley of the southeasterly flowing 

Nant y Flint. The minor streams rise at about the 700 ft contour 

and flow northeast or east into the Nant y Flint. Their valleys 

become incised below the 500 ft contour but are generally shallow 

and indistinct above that level. Springs of considerable size 

rise in two places, feeding streams directly. 

(2) Solid Geology 

The major geological boundaries roughly parallel the 

contours and the major drainage line in this area and the 

topography is clearly controlled by the bedrock geology. The 

western side of Halkyn Mountain is underlain by Carboniferous 

limestone but the actual crest and eastern side in this area is 
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occupied by cherts. These massive cherts dip east or northeast 

at 15-20 degrees and pass, just above the 700 ft contour, underneath 

the Holywell Shales. These generally soft shales underlie the 

main valley to just beyond the Nant y Flint where the rather thin 

local developement of the Gwespyr Sandstone, the local top of the 

Namurian, builds a distinct scarp. Only one outcrop is known in 

the area sampled, in the stream below the geochemical anomaly source, 

and in this exposure the shale shows a dip of L1.0 degrees to the west 

and evidence of minor faulting. 

The usual pattern of mineralized faults occurs in the 

limestone to the west on Halkyn Mountain and extends up into the 

overlying cherts. 

(3) Superficial Deposits and Secondary Environment 

The area covered by the anomaly is underlain by Holywell 

Shales but these are everywhere overlain by a layer of clayey over-

burden. Generally this is a yellow-grey, yellow-orange or brown 

stony clay, rather sandy in places and generally wet and heavy. 

It is probably ground moraine of local origin and while its thick-

ness is unknown over most of the area it is probably 5-20 ft. 

Springs and wet swamp and seepage areas, together with 

zones of reedy waterlogged ground lie in a zone between 550 and 

650 ft where the ground waters from the limestone-chert uplands 

emerge but above and below this level the ground is drier, with 

isolated patches of waterlogging in particularly clayey ground. 

There is a narrow strip of swampy alluvium in the bottom of the 
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main valley on the west side of the Nant y Flint. 

(if) Human Activities 

There is a very long history of Pb mining on and under 

Halkyn Mountain, beginning in all probability in Roman times and 

continuing until 1957. The latest phase beginning in 1928 and 

continuing until 1957 was south of this area but their main hoisting 

shaft and mill are only 1* miles to the south. Mining in the 

mountain west of Pentre Halkyn ceased about 1920 with the exhaustion 

of the ore above the Sea Level Tunnel (map 5). 

The two main producing veins were the Caeau, with a 

strike length of 7500 ft which, from a typical strike of 90 degrees 

at its west end in the limestone, veered to 110 degrees in the 

chert and was last worked by the New Caeau Mines from the Sea Level 

Tunnel, and the Pant, a typical E-74 vein with a strike length of 

7500 ft. This vein was a rich producer of Pb in the eighteenth 

century and of Zn later and is worked out down to the level of the 

Sea Level Tunnel. An earlier tunnel to drain these mines on about 

the 350 ft level to the Nant y Flint is recorded but the precise 

location is unknown. 

The nearest major leadworks is at Gadlys, one mile to 

the northeast, but the presence of Pb in streams draining off the 

prominent hill of Gwespyr Sandstone just east of the Nant y Flint 

suggests the presence of other, earlier, smelters of bolehill type 

in this area. There is no sign of smelting within the area soil 

sampled. 
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Immediately by the small stream at Lygan y Vern is the 

remains of a small 3 ft diameter brick lined shaft or well (fig. 25), 

There is no discernible dnmp of material but scattered nearby are 

a few fragments of chert and gossan, the latter showing empty cubic 

boxworks and containing, on analysis, 5600 ppm Pb. This was 

possibly a small prospect shaft and its antiquity is indicated by 

the large beech trees, at least 150 years old, which are growing 

in its immediate vicinity. 

3. Geochemical Results 

(1) Stream Sediments 

An unnamed west bank tributary of the Nant y Flint, rising 

in a strong spring at an elevation of 650 ft just below and to the 

north of the village of Pentre Halkyn was found to contain high 

levels of both Pb and Zn just above its confluence with the Nant y 

Flint and these values were traced back to a peak anomalous sample 

carrying 3850 ppm Pb and 11000 ppm Zn just below the farm of 

Lygan y Vern. Between the farm and the A55 road the values fall 

off abruptly to 260 ppm Pb and 280 ppm Zn and low levels persist 

up to the headwaters spring, which contained only 85 ppm Pb and 

140 ppm Zn. The anomaly is clearly detectable for L- mile down-

stream in the main stream, at which point the level is 890 ppm Pb 

and 1680 ppm Zn. A short tributary north of the anomalous area 

carries 170 ppm Pb and 160 ppm Zn and this, with the upper part of 

the anomalous stream, establishes a local background. 
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(2) Soils 

Soil sampling delineated a small but intense soil anomaly 

on both banks of the stream, coinciding exactly with the cut-off 

point of the anomaly in the stream sediments, surrounded by a broader 

and very irregular anomalous zone. Local background proved_ to be 

quite high, the lowest Pb value found being 110 ppm and the lowest 

Zn 120 ppm, the range of background for both elements being up to 

about 300 ppm, with the peak anomalous value at 18 ins of 11,000 ppm 

Pb and 9,300 ppm Zn. The anomalous area as a whole is outlined by 

the 250 ppm Pb contour and within this the central part of the 

anomaly is defined by the 500 ppm Pb contour which encloses a very 

irregular area roughly 1000 ft in diameter bisected by the stream. 

Within this there are a number of anomaly peaks, the strongest of 

which has a strike length of 700-800 ft, a strike of 110 degrees 

true and lies almost exactly upon the strike extension of the 

Caeau Vein some 2000 ft beyond its last mapped location. In the 

centre of this anomaly peak the small shaft described above is 

located with fragments of chert ani gossan, Two auger probes on 

the peak of this anomaly (table 11) show a similar pattern of high 

values near the surface, the highest possibly due to contamination 

from the small shaft nearby, falling off sharply at a depth of 

18-30 ins and then beginning to increase slowly again below this 

level. Two other smaller and weaker anomaly peaks within the general 

anomaly area also show the same phenomena (see Table 11); elsewhere 

there is no increase with depth (figs. 27 and 28). 

The ratio of Pb:Zn stays remarkably constant being close 

to unity in both the 0-6 and 12-18 ins soils with the range of 
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Table 11. Metal Variations with Depth over Anomaly Peaks at Pentre Halkyn  

Location note: 6 ft from drive to Lygan y wern farm amongst mature beech trees 

Sample 
Nos. 

Co-ordinates 

E N 

Depth 
ins Description of Sample Material 

Pb 
ppm 

Zn 
ppm 

2066 320550 372710 0-6 Brown clay loam and in leaf 
mould 47500 13000 

2067 6-12 Pale brown clayey loam 33600 13400 

2068 12-18 Pale brown clayey loam and 
stones 7700 5500 

2069 18-24 Brown sandy stony clay 3820 2760 

2070 24.-30 Moist brown clayey sand 1630 11+60 

2071 30-36 Moist soft sandy clay 2800 1060 

2072 36-1+2 Moist brown sandy clay 3610 131+0 

Location note: 	1+00 ft SE of first probe, across stream 

1721 320630 372650 0-6 Brown loam 1600 1550 

1722 6-12 Brown loam 1900 1760 

1723 12-18 Brown clayey loam 1090 900 

1724 18-24 Yellow brown sandy clay 1+60 480 

1725 24.-30 Pinkish brown sandy clay 510 470 



Table 11 - continued 

Location note: 300 ft NE of 1721 

Sample 
Nos. 

Co-ordinates 

E N 

Depth 
ins Description of Sample Material 

Pb 
ppm 

Zn 
ppm 

1751 320720 372730 0-6 Brown loam 1650 1680 

1752 6-12 Brown clayey loam 1440 2020 

1753 12-18 Pinkish yellow sandy clay 560 1070 

1754 18-24 Grey-orange clay 490 680 

1755 24.-30 Brown -clay 620 900 

Location note: 	200 ft NE of 1751 

1771 320800 372790 0-6 Brown loam 920 900 

1772 6-12 Yellow brown clayey loam 700 680 

1773 12-18 Yellow brown clay 300 300 

1774 18-24 Yellow clay 550 320 

1775 24-30 Yellow clay 640 370 



132e 

normal variation from 2.0 to 0.5 (fig. 29). The anomaly peak 

however deviates sharply from this norm, with both the surface 

soils and deep samples much more Pb rich than this. The stream 

sediments also deviate from the norm but in the other direction 

ranging from 0.5 down to 0.3, with much more Zn than Pb in five 

of the six anomalous samples. 

13 soils and 2 stream sediments on spectrographic analysis 

showed Ag to be the only element clearly related to Pb and Zn 

(fig. 27) rising to 6 ppm in the peak soil sample and to 1 ppm in 

the highest stream sediment against a background of less than 0.2 ppm. 

Cu showed a slight anomaly of 50 ppm in the peak soil sample against 

a background of 8-30 ppm. 

4. Interpretation of the Results  

'While it is possible that this anomaly is due to 

contamination from ore brought to the site from the nearby mines 

for an unknown purpose, possibly washing, this is unlikely for the 

following reasons: 

(1) The very close correlation of the Pb and Zn in the soil 

anomalies. 

(2) The size of the anomalies and the persistence of values 

in depth in several places, not all of them near the 

stream. 

(3) The presence of totally oxidized natural gossan in the 

soil and the location of a small shaft-like excavation 

right on the peak of the anomaly. 
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These same considerations rule out a smelter of any age 

as a source of the anomaly and the most likely explanation is that 

it is a natural anomaly derived from subjacent mineralization below 

shallow, locally derived till, similar to but smaller than the 

Holywell anomaly described in the previous section. The location 

of the peak of the anomaly exactly along the strike of the Caeau Vein 

is suggestive, but no more, that the anomaly might be due to minor 

mineralization in a thin hard band in the Holywell Shales along the 

same fracture line. 

The close association of the two metals indicates that 

they are dispersing together, probably mechanically, into the soil 

profile and as the soils are being eroded into the stream the 

dispersion throughout is probably mechanical. The higher level of 

Zn than Pb in the stream sediments as compared to the soils however 

indicates that the sediment anomalies are not so simply related to 

the soils, and it may be that, as at Holywell, the till shows a 

higher Zn content than the surface soil. Mechanical dispersion 

downstream is clearly indicated by the sympathetic variation in the 

two metals over about 4  of a mile of transport below the anomaly 

peak. 

On balance it seems that this is a natural anomaly related 

to mineralization in the bedrock which, because of high pH in the 

till, is dispersing in a strictly mechanical way into the drainage.  
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(c) IN CARBONIFEROUS SANDSTONE OR GRIT COUNTRY ROCK 

1. 	BWLCITCWYN, DENBIGHSHIRE  

1. Location  

21" Sheet SJ 25 

326500 E 

353600 N 

The geochemical anomalies studied lie northeast and 

south of the village of Bwlchgwyn 52 miles west of Wrexham (fig. 30). 

2. Description of the Area  

(1) Topography and Drainage 

The area is elevated with the high ground to the north 

and west forming part of an extensive plateau at the 1000-1200 ft 

level. From this high ground the land falls away to the east in 

a long descent into the Dee Valley drained by streams which are only 

slightly to moderately incised at first, but which become more deeply 

incised. An exception to this pattern and the sharpest feature of 

the topography is the deep gorge of the Nant y ffrith which slices 

through the high ground from southweSt to northeast._ 

(2) Geology 

The ground over 1000 ft and the valley of the Nant y ffrith 

are carved from the Cefn y fedw Sandstone and Sandy Limestone members 

of the Carboniferous while the long slope to the east is underlain 

by the thin representatives of the Holywell Shales and the Gwespyr 

Sandstones and then by the Coal Measures of the Denbighshire Coalfield, 
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The regional dip is to the east but most of the observed 

contacts are faulted. The major fracture is the Nant y ffrith Fault, 

which crosses from southwest to northeast. A second inferred fault 

with the same trend some 4 2 mile southeast of the main fault, 

separates Cefn y fedw sandstones from Coal Measures along much of 

its length (fig. 30). 

The area is unique in North Wales in that extensive minera-

lization is developed in the Cefn y fedw sandstones. Veining of 

calcite and galena, with little sphalerite, is widespread along 

joints and in shatter zones in the sandstones. An old plan, dating 

from the nineteenth century, shows six veins or cross courses carrying 

mineralization. Three of these trend parallel to the Nant y ffrith 

Fault 60-70 degrees true, while the other three trend 20-25 degrees 

true. Minor galena occurrences, in shatter zones in quarries north 

of the village show the first of these trends while in a quarry 

south of the village two in situ galena strings in joints show the 

second trend. 

(3) Superficial Deposits and Secondary Environment 

The ground below the 1000 ft contour to the east is largely 

covered by glacial drift but the higher ground and the valley of the 

Nant y ffrith are essentially drift free. The boulder clay in this 

area is largely local and derived from the Coal Measures. It is 

generally a sticky grey sandy clay, impermeable to water, and the 

soils developed from it are generally heavy and poorly drained. 

The drift free parts of the area are covered by a thin poor stony 
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sandy soil with an organic rich surface layer. 

The hollow N.E. of the village is occupied by a wet peat 

bog, which appears to be still accumulating (fig. 30); the peat 

is 44 ft deep and wet and the vegetation in the hollow is largely 

cotton grass 

Below the organic rich surface layer of the uncultivated 

soils, and below the brown loamy ploughed zone in the cultivated 

areas the soils are generally a bleached grey or grey-yellow colour 

and the clayey soils often show waterlogging at shallow depth. 

The streams usually rise in swampy seepage areas of considerable 

size and soil conditions are generally wet and acid throughout. 

A few pH readings, using BDH indicator in the field, showed that the 

relatively dry soils had a pH of 6.0 - 6.2 both in the surface 

0-6 ins and at 18 ins and in the seepages both water and wet mud 

had a pH of 6.0. The free flowing stream waters had a pH of 

7.0 - 7.5. 

(4) Human Activities 

The Cefn y fedw Sandstone, although originally calcareous, 

has been decalcified completely and is quarried extensively for 

silica sand. Large quarries are found north and southwest of the 

village and there are many smaller quarries scattered across the 

hill. Dumps of overburden and waste stone from these quarries are 

extensive and have been used for the construction of roads and 

tracks. 

The 1870 edition of the six inch map shows three locations 
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as mine shaft sites and one old level, at about 650 ft above 0.D. 

on the Nant y ffrith. The site shown as 'old shafts' south of the 

village is the only one where mine dumps can be found. The others 

cannot be distinguished from the more extensive quarry dumps. 

Mining began early but was probably never carried out on 

a large scale, the oreshoots being generally small and discontinuous. 

The last recorded mining was carried on in 1824. No smelting is 

known and no remains of smelting have been found, but the topography 

and location are such that bole type smelting is quite likely to 

have taken place. 

3. Geochemical Dispersion Patterns  

(1) Stream Sediments 

The three streams draining east from the known mineralization 

are all anomalous for both Pb and Zn, with peak values of 1700 ppm Pb 

and 675 ppm Zn, and the Nant y ffrith is also anomalous with 900 ppm 

Pb and 500 ppm Zn adjacent to the mineralization (figs. 30 and 31); 

but the extent to which this is a natural anomaly, as opposed to 

contamination, is difficult to determine. The Nant y ffrith has 

certainly been contaminated by quarry wastes, but the easterly 

flowing streams are not obviously contaminated, although the centre 

one drains part of the village. 

All the stream sediments have higher levels of Pb than 

they have of Zn with the Pb:Zn ratio varying from 1.5 to 4.5. Local 

threshold for both elements appears to be about 100 ppm, with back-

ground drainages varying from 10-105 ppm Pb and from 50-90 ppm Zn. 
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(2) Soils 

An extensive Pb anomaly is developed in the soils over- 
and 

lying the known mineralizationLin the peat bog. Zn shows a much 

lower and more restricted pattern, a weak anomaly occurring over 

the peat bog and over a line of the inferred fault, which is also 

a line of low relief with springs, seepages and a stream course 

following. The Pb anomalies N.E. of the village in the dry watershed 

area overlying the mapped old veins are, however, unaccompanied by 

Zn, values in the low background range being found associated with 

anomalous Pb (fig. 31). 

In contrast to the stream sediments, where the Pb:Zn ratio 

varies within narrow limits, the soils show a much wider range, with 

ratios varying from around 1:1 in wet seepage areas to 30:1 in favour 

of Pb in the watershed soils, and up to 38:1 in favour of Pb in the 

central peat bog. 

Zn values double on passing from dry soils into seepages, 

as shown in traverse1(Fig. 32 and 33). This increase is sharp, 

independent of the Pb and occurs precisely at the edge of the seepage, 

as is shown by the three samples, 20 ft apart collected across the 

edge of the seepage feeding the southern stream (Table 12). 

Soil profiles (fig. 33) were collected along traverse 1 

(fig. 32) in the northeast of the area across two anomalies, one 

in the dry watershed area and the other in a seepage area down slope 

near the line of the inferred fault with the results shown in 

figure 33. Pb values fall off with depth in all profiles, particularly 

those down slope which suggests that this anomaly at least is 
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transported and is probably largely the result of contamination. 

Seven samples from traverse 1 were analysed spectro- 

graphically for the usual elements and three associations were 

found. The Pb anomaly on the watershed showed no associated elements, 

the Pb anomaly between the seepage and the stream showed silver 

associated with lead, while the seepage showed the association 

Mn, Co, Ni, Zn. No significant variation was shown by Ba while 

Cu showed a very weak pattern following Pb (fig. 32). The metal 

association in the seepage indicates a hydromorphic origin for the 

Zn, possibly laterally from the watershed area. 

L4. Interpretation of Results  

The high background level of Pb in the soils, only three 

samples show less than 100 ppm, together with the signs of widespread 

Pb mineralization in the bedrock, is strong evidence that a genuine 

anomaly related to bedrock mineralization is present. To what degree 

the observed Pb anomaly peaks are genuine is however much more 

difficult to determine, as the area is known to have been mined, but 

the magnitude of this early working is now largely obscured by the 

much larger ground disturbance caused by quarrying. The anomaly in 

the soils coincides closely with the known extent of the mineralization 

and the extreme NE and SW extensions are more likely to be wholely 

natural than the centre. 

This area is of particular interest because the mineral-

ization occurs in an unusual host rock, which is gererally regarded 

as less favourable for mineralization than the underlying limestones, 
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and it is possible that much better mineralization is developed 

in these underlying limestones at mineable depth, The high Pb 

content indicates the probability that the mineralization represents 

the outer zone of the mineralization and the presence of Pb, with 

some Zn, along the major fault to the south suggests that this may 

have acted as a feeder for the mineralization. 

(2) ANOMALIES DERIVED PROM "LEAKAGE DISPERSIONS" OVERLYING DEEPLY 

BURiK0 MINERALIZATION IN THE CARBONIFEROUS LIMESTONE 

(a) LEAKAGE DISPERSION IN BARREN CAPROCK 

GREGORY VEIN, ASHOVER, DERBYSHIRE  

1. Location 

21" Sheet SK 36 

434000 E 

361800 N 

The anomalous area studied lies on the hill overlooking 

the village of Ashover from the west (fig. 34). 

2. Description of the Area 

(1) Topography and Drainage 

The anomaly lies on the smooth crest of the hill at an 

elevation of 1000 ft. To the east this is bounded by a steep scarp 

falling into the valley of the Riirer Amber (fig. 3L) while to the 

west the ground falls more gently towards the River Dement at 

Matlock. No surface drainage occurs within the anomaly area. 
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(2) Geology 

The anomaly is underlain by the upper part of the Ashover 

Grit, the lowest grit of the Namurian sequence in east Derbyshire. 

The main body of the grit forms the scarp on the east and is a 

massive, rudely jointed coarse grit; the upper part of the grit is 

finer grained, flaggy and micaceous and dips west at a shallow angle, 

passing under the shales lying between the Ashover and Chatsworth 

Grits at about the 5'7)0 ft contour. Below the grit comes the Peale 

Shale, some 500 ft thick in this area, and below that again the top 

limestone of the Carboniferous Limestone Series. 

Pb/Zn mineralization with fluorite and a little barytes is 

widespread where the limestone is exposed in the core of an anticlinal 

fold one third of a mile to the east, around Ashover (fig. 34). The 

two strongest veins the Gregory and the Overton extend west under 

the capping of shale and grit for roughly 4 of a mile. 

(3) Superficial Deposits 

The bedrock on the hilltop is overlain by a 2-6 ft thick 

layer of stony yellow, orange or orange-brown sandy soil. This is 

the natural residual soil deriving from the upper part of the Ashover 

Grit, and there are no other types of overburden present. 

(4) Human Activities 

The shafts and spoil dumps of the eighteenth century mining 

are prominent on the dip slope of the hill and the old openworks and 

shallow workings in the limestone around Ashover are still clearly 

visible. Prominent too at the foot of the scarp is the 40 ft stack 
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of the eighteenth century cupola smelting works which treated the 

ore from the deep workings. At the north end of the hill the site 

of an ancient bole hearth was known to the farmers as a sterile patch 

of soil in former years. 

3. Geochemical Dispersion Patterns  

(1) Stream Sediments 

There is no active drainage within the area of the known 

residual soil anomaly as defined but the traverses do not extend 

to background. Drainage off the dip slope shows no anomalous values 

(figs. 34 and 35) for either Pb or Zn except for drainage from the 

old mine dumps. A stream rising below the scarp midway between the 

Gregory Vein and the ancient smelter site contains 54.0 ppm of Pb 

and 430 ppm of Zn, some of which may be of natural origin. 

(2) Soils 

The soil anomalies detected in this area previously 

(J.S.Vlebb 1958) were corroborated and the area sampled extended to 

cover the whole hilltop (figs. 34 and 55). 

(a) Lead Dispersion 

The strongest Pb anomaly is found over the site of the 

ancient bole smelter, where values of over 1000 ppm Pb are found 

at 18 ins depth (fig. 34). A weak and rather inconsistent pattern 

of Pb values is found overlying the general location of the Gregory 

Overton Vein system with values of up to 450 ppm Pb in soils at 

18 ins, against a background of less than 100 ppm. Broad weaker 
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anomalies of 100-250 ppm Pb occur to the south and occasional 'spot' 

highs of over 1000 ppm occur in random fashion. 

(b) Zinc Dispersion 

The principal zone of anomalous Zn coincides closely with 

the position of the Gregory-Overton Vein system (fig. 35). The main 

anomalies are outlined by the 200 ppm Zn contour and rise to peaks 

of between 350 and 850 ppm. There is a close association of peak Pb 

and Zn values with the Zn values being invariably higher than the 

Pb (figs. 36 and 37), both metals increasing down the soil profile 

(table 13), By way of contrast the old smelter site to the north 

shows only a weak Zn pattern, no correlation between Pb and Zn, and 

Pb levels much in excess of Zn (fig. 37). The Pb values typically 

decline downwards from the surface while the Zn values increase, and 

appear ';o be due to a different source (table 13). 

(c) Other Elements 

soil samples across the line of the Gregory Vein were 

analysed specrographically for the usual elements, No other elements 

were found to le associated with the lead and zinc (fig. 36). 

4. Interp:etation of  Results 

The anooalies found over the deeply buried Gregory Vein are 

an excellent example of the development of residual soil anomalies 

over 'leakaze' distersions in otherwise barren cap rock. The 

immediately subjacent source of the soil anomalies observed is not 

ure hut very much sub-ore grade primary dispersions of metal in an 
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TABLE 12 

METAL VARIATION ACROSS SEEPAGE MARGIN, BWLCHGWYN. 

SampleE  Depth Type of material Co-ordinates  E PH Pb 
(PPm) 

Zn 
(PPEI 

2336 0-6 Brown dry loam 326275 35314C 6.2 425 180 

2335 0-6 Dark grey wet 
swamp soil 

6.0 500 340 

2334 0-6 Black swamp muck 326280 35316C6.0 750 320 

TABLE 13 

COMPARISON BETWEEN DISTRIBUTION OF LEAD DUE TO 
NATURAL SOURCES AND ANCIENT SMELTING, GREGORY VEIN . 

AREA. 
Gregory Vein, 

Natural Anomaly 
Ancient Bole 

Smelting Site. 

Sample Depth Pb Zn Sample Depth Pb Zn 
No. (ins) (ppm) (ppm) No. (ins) (ppm) (ppm) 

6796 0-6 260 350 6804 0-6 1050 260 

6797 6-12 300 485 6805 6-12 490 260 

6798 12-18 350 520 6806 12-18 235 380 

6799 18-24 410 680 6807 18-24 310 390 
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unfavourable host rock overlying oreshoots in a favourable host 

rock at depth. 

The ancient smelting site is a good example of the wide-

spread group of small bole hearth smelters found in Derbyshire. 

The site is not particularly favourable for large scale smelting 

and the anomaly is small. There is no place-name evidence or 

historical record of this site, no traces of ore or slag on the 

ground, and with modern farming methods, no barren patch to mark 

the site. 

1121 TRAKAGE DISPERSION ALONG FAULTS 

EASTERN EXTENSIONS OF THE  WESTMINSTER, BLON Y NAM 

MID BELGRAVE VEINS. LLANARVON,  DENBIGHSHIRE 

1. Location 

2.4-" Sheet SJ 25 

321400 E 

356700 N 

The area studied lies on the east side of the watershed 

between the upper River Alun and the River Terrig, 4 miles NW of the 

village of Bwlchgwyn, too distant to show on detailed map of the 

area. 

2. Description of the Area 

(1) Topography and Drainage 

The area of interest lies on high open country above the 

1000 ft contour and rising in irregular knolls to just over 1200 ft, 
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which forms the broad and rather indistinct watershed between the 

upper River Alun on the west and the River Terrig on the east, the 

anomalous drainage flowing to the latter. 

(2) Geology 

The drainage to the River Alun is largely underground 

through the Carboniferous Limestone and the watershed mainly follows 

the outcrop of the Main Shale. The drainage to the River Terrig 

(fig. 38) is from the Sandy Limestone Group and the Cefn y fedw 

Sandstone. The succession dips uniformally to the east and is cut 

by a series of northward hading mineralized faults, striking 120-

130 degrees true. The veins carry galena in a calcite gangue with 

some sphalerite and fluorite as accessory minerals. Workable ore-

shoots are confined to the beds below the Main Shale. 

(3) Superficial Deposits and Secondary Environment 

The high ground is drift-free and may not have been 

overridden by ice. Outcrops of limestone are common and the 

topography is complex and irregular in detail with the drainage 

being partly underground. Soils on the limestones are thin and 

generally rich brown in colour and clayey. The Cefn y fedw Sandstones 

were formerly calcareous but have been largely decalcified and in 

places are sufficiently loose to be worked and washed for silica 

sand. The soils overlying these are sandy and porous with blocks 

and fragments of sandstone scattered through them. 

The waters of the south flowing headstream of the River 

Terrig (fig. 38) seep slowly through a very irregular valley, with 
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much underground flow and they are quite alkaline, with a pH of 

8.0, below perennial springs. 

(4) Mineral Deposits and Mining History 

The three principal veins crossing the area were described 

by J.R. Earp in Bulletin 14 of the Geological Survey (1958) and the 

following descriptions are extracted from this Bulletin: (fig. 38) 

(i) "The Belgrave Vein .... occupies a fault throwing down 
north which forms a single and nearly straight line of fracture 
from the Alyn to the Cefn y fedw Sandstone at Pant - terfyn, 
where it is lost in thick sandstones. 	 There were thirteen 
main runs of ore all inclined fairly steeply to the east at 
angles greater than the dip of the country rock. No ore is 
known to have been obtained above the Main Shale but a number 
of small shafts, sunk on the vein where it cuts the sandy 
limestone group, east of Craig Wolf, may have got a little ore. 
The mineral constituents of the vein are essentially calcite 
and galena." 

(ii) 'Tlaen y nant Vein .... is along a fault which hades to the 
north and downthrows about 100 ft." 

(iii) "'Westminster and Pant y gwlanod Veins .... East of the 
(Bryn Alyn) crosscourse, at which the two veins are shifted 
100 yards or so to the south, they diverge somewhat; at 
Pant y gwlanod they lie 250 yds and at Bog East 500 yds apart. 
Both faults downthrow north about 100 ft and both hale north. 
The chief minerals are calcite and galena, but there is also 
a fair amount of fluorspar and blende. It is recorded that 
there was sufficient barytes in the Pant y gwlanod Vein to inter-
fere with dressing but no barytes was observed on the old tips. 
Westminster Vein was productive throughout the whole thickness 
of the White Limestone, but ore was concentrated in two main 
shoots in the upper and lower parts of this group, divided by 
poorly mineralized strata. The upper limit of the top, or Bog, 
ore shoot, is formed where the shaly beds overlying the coral-
line limestone are thrown against the Main Shale on the 
footwall (fig. 39). Little ore was found above the coralline 
limestone. 	 
	 Workings on Westminster Vein must have begun early, probably 
well before 1800. The western ore shoot had been extensively 
wrought in the early part of the last century and by 1849 was 
practically worked out.------- 
------ At Bog Mine the older shafts were sunk to the shallower 
western portion of the ore shoot. Bog Issa was 340 ft deep and 



•777"t-, 

—BOG I SSA 
SHAFT 

BOG NEW 	 MARY ANNE 
SHAFT 	 SHAFT • BOG EAST 

SHAFT LLANARMON 
SHAFT 

CEFN Y FEDW 
SANDSTONE 
• 

* MAIN SHALE 

+ 200 FT. 0.D, 

a. 

FIG 3Q 	LONGITUDINAL PROJECTION OF THE WESTERN END OF THE WE STM INVER VEIN LLANARMON DENBIGHSHIRE  

OLD STOPES 

0 	 500 	1000 FEET 
• . •  

SCALE 

AFTER EARP J.R. (1968) 

FIG 39 



148. 

cut the vein at 290 ft; Bo r, New Engine Shaft followed the vein 
from near its outcrop to a depth of 530 ft. Very little ore 
was raised from these shafts after 1849. Later the Bog ore shoot 
was worked until 1868 from Mary Anne Shaft, east of Bog New 
Shaft, and the ore was dressed at the mill near Bog Issa. East 
of Mary Anne Shaft, two trial shafts, Bog East and Llanarmon, 
were sunk to test the vein in the Sandy Limestone Group and in 
the lower part of the Cefn y fedw Sandstone (fig. 38). Bog 
East Shaft, 410 ft deep, cut the vein at 80 ft thence following 
it down; Llanarmon Shaft 450 ft deep, apparently missed the 
vein during sinking, but it was proved north of the shaft in 
the 66 Fathom Crosscut. Neither Bog East nor Llanarmon Shaft 
seems to have been successful." 

3. Geochemical Dispersion Patterns  

(1) Stream Sediments 

The two headstreams of the River Terrig which drain the 

eastern extensions of the Beigrave, Blaen y nant and Westminster 

Veins both show anomalous Pb values of 210-1500 ppm, against a local 

background of 35-70 ppm, while the westernmost shows anomalous Zn 

also, with values ranging from 320-960 ppm against a local background 

of 70-145 ppm (fig. 38). At least three separate sources are 

indicated by the stream sediment results, two of them in the south 

flowing stream. These two in particular do not seem to be associated 

with the old mine dutips; the lack of any anomaly associated with 

the Bog East Shaft is clear, and supports Earp's assertion that the 

shaft did not find any ore. 

The ratio of Fb:Zn ranges from just below 1 to just below 

2 in most of the samples. 

(2) Soils 

Three soil traverses were run across the Westminster Vein 
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just above the peak stream sediment sample and two traverses were 

run across the line of the Belgrave Vein (fig. 38). The traverses 

across the 14estminster Vein showed moderate to high Pb values in 

the soils, ranging from 300 ppm to 2200 ppm, with Zn ranging from 

250 ppm to 500 ppm; background for Pb appearing to range from 

70-150 ppm and Zn from 100-200 ppm. Insufficient samples were taken 

to outline the anomaly completely, but the indications are that some 

of the highest values lie along the mapped trace of the vein, very 

close to the anomalous stream. 

The two traverses across the extension of the Belgrave 

Vein show Pb values of up to 320 ppm against a local background of 

20-120 ppm, with Zn values fluctuating from 70-145 ppm and not 

correlated with the Pb. The traverse passing close to the old shaft 

site shows Pb values in the low background range, suggesting that 

the old trial was unproductive (fig. 38). The best values were 

Obtained at the north ends of the two traverses, not apparently over 

the vein extension itself, although lack of outcrop makes the precise 

location of this uncertain. 

4. Interpretation of Results  

Some at least of the Pb values found in the soils seem to 

be of natural origin and their location suggests that they could be 

deriving from weak metal dispersions upwards along faults, which old 

development shows to be barren of ore grade mineralization in 

immediately underlying beds, but richly mineralized in more favourable 

strata along strike. The anomalies detected woulc9 then be leakage 
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dispersions from ore at a depth of about 700 ft below the surface or 

possibly a reflection of sub ore grade mineralization in the fault 

planes. 

The stream sediment anomalies would seem to be derived 

from the soil anomalies with little or no contamination from the 

old mines; the wastes and drainage water from these being fed west-

wards. Both Pb and Zn are being dispersed mechanically as the high 

pH of the groundwaters precludes hydromorphic dispersion of either 

metal. The higher level of Pb than Zn in the anomalies generally 

is the result of the metal content of the primary mineralization. 

_(11 ANOMALIES DERIVED FROM NATURAL BASE I\ETAL CONCENTRATIONS 

IN SEDIMENTARY ROCKS. ITGT DERIVED DIRECTLY FROM MINERALIZATION 

ILI HIGH BACKGROUND ZINC SOURCE ROCKS. ZINC DEFINITELY SYNGENETIC  

EDATE SHALES, NORTH STAFFORDSHIRE - DERBYSHIRE  

1. Location 

These rocks outcrop in a ring extending around the central 

limestone core of the Derbyshire Dome. They are particularly well 

developed around Mixon in N. Staffs and between Ashbourne and 

Wirksworth (fig. 1). 

2. Geology  

The lower Edale Shales are a marine black shale facies 

with interbedded thin dark limestones and calcareous siltstones. 

These beds vary from 250 to probably 1000 ft in thickness and pass 
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upwards into mudstones and fine sandstones until finally they are 

overlain by coarse fluvial grits of typical Millstone Grit facies 

3. Geochemistry 

(a) Bedrock 

The lower part of the shale sequence, the true black shale 

facies, shows an association of elements at a concentration which, 

while not anomalous for black shales, is very much higher than the 

level of these elements in any of the other rocks in either of the 

study areas. The association of Mo, Cu, As, Co, Ni and V with these 

shales has been established by other workers in the department 

(Fletcher 1968), and to this list should be aJded zinc, which was not 

previously analysed for in these rock samples. 

Twenty samples from the Tansley Borehole, between Matlock 

and Ashover, were collected and analysed spectrographically for the 

usual elements and by atomic absorption for Zn (fig. 40). The 

expected pattern of Mo, Cu and Co, correlated closely with the black 

shale facies, was accompanied by higi levels of Ni and Zn associated 

with the bottom 80 ft of the black shale and with the 60 ft of 

calcareous and bituminous shales between the black shale proper and 

the top of the limestone. The Zn values in this 140 ft of beds 

vary from 125 ppm to 440 ppm, averaging 330 ppm on 4 samples. The 

11 samples in the upper parts of the Edale Shale, up to the Ashover 

Grit range from 85-135 ppm Zn averaging 97 ppm while the level in 

the Ashover Grit is still lower, ranging from 15-110 ppm and 

averaging 51 ppm on 5 samples. 
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Samples of shales collected from the West Brook, Mixon, 

N. Staffs by W.K. Fletcher, were analysed for Zn and the bottom six 

samples showed zinc values ranging from 50-450 ppm and averaging 

245 ppm Zn in beds of the same age as those at Tansley (fig. 41). 

Similar results were obtained on samples from the boring at Uppertown, 

5 miles north of Ashover, where the bottom 5 samples in the shale 

showed values ranging from 80-340 ppm, averaging 212 ppm Zn as 

against values ranging from 90-130 in the upper part of the shale, 

averaging 105 ppm. 

Lead is low in all these shales with values ranging from 

10 ppm to 50 ppm by spectrographic analysis. 

(b) Stream Sediments 

Very widespread stream sediment anomalies with values 

ranging from 200 ppm to 800 ppm Zn are found in the drainage crossing 

the lower parts of this shale sequence. The broad regional scale of 

these anomalies and their spacial association with rocks of known 

high zinc content makes it likely that these anomalies are due to 

the presence of the high background source rock. The lack of any 

significant lead in these areas is an additional indication of this. 

LI HIGH LEAD AND ZINC IN NEW RED SANDSTONE  

1. BUNTER PEBBLE BEDS  

HULLAND WARD AREA, SOUTH DERBYSHIRE  

1. Location 

The area of interest lies between 6 and 8 miles NW of the 
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centre of Derby and between one and two miles due south of the 

village of Hulland Nara (fig. 43). 

2. Description of the Area 

(1) Topography and Drainage 

Lying just to the south of the watershed between the 

River Ecclesbourne and the Mercaston and Brailsford Brooks, the 

area studied is occupied by elevated ground, reaching up to 680 ft 

above sea level. The main streams lie in broad flat-bottomed valleys 

with considerable spreads of alluvium in their lower reaches, much 

of it wet and rather boggy. The anomalies selected for study lie 

in the northern headwaters of the Mercaston Brook and in an eastern 

tributary of the Brailsford Brook (fig. 43). 

(2) Geology 

Two major rock types are present in the area. The oldest 

rocks are of lower Namurian age and the sequence consists of dark 

marine shales with thin intercalated limestones and silststones. 

These rocks are equivalent in age to the similar beds of the Mixon 

area in North Staffordshire and, as in that area, the underlying 

lower Carboniferous, which does not outcrop, is of basin facies and 

is quite dissimilar from the massive limestone block facies of the 

Derbyshire Dome (Frost 1967). These Carboniferous shales outcrop 

under the watershed to the north and also floor the lower valleys 

of the Mercaston and Brailsford Brooks. 

The remainder of the area is occupied by Triassic rocks 







154. 

which lie, with marked unconformity, flatly on the Carboniferous 

shales. The plane of the unconformity is irregular in detail and 

dips gently to the south and this results in a very irregular contact 

between the two formations with outliers of the basal Triassic 

formation capping hills to the north of the main spread of these 

beds. These basal Triassic beds are composed of massive pebble beds 

and poorly consolidated cross bedded yellow sandstones, up to 

130 ft in thickness, referred to as the Bunter Pebble Beds. These 

beds thin rapidly to the south and east and disappear completely 

about 3 miles to the south against what appears to be a mid-Triassic 

shoreline (Frost 1967). Younger members of the Trias, mainly red 

marls with sandstones, overlie the Bunter to the south and locally 

overlap onto the underlying Carboniferous. 

The most important rocks from our point of view are the 

Bunter Pebble Beds. In detail these are a very variable group of 

rocks and they are well exposed in the large gravel pits on both 

sides of the Black Brook, the northern tributary of Mercaston Brook 

(figs. 42 and 4.3). Massive uncemented quartzose conglomerates are 

intercalated with variously cemented but generally soft sandstones 

and rapid lensing out of one facies into the other is frequent. 

Occasional beds of pink mudstone a few inches thick are seen and 

broken pieces of similar beds are not uncommon in the other rock 

types. Coarse current bedding occurs in the conglomerates and in 

the sandstones indicating rapid deposition in shallow water. The 

pebbles found in the conglomerates are very variable and, together 

with the current bedding, indicate a source to the south or west. 
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The following description of the pebble content is taken from the 

Memoir of the Geological Survey, sheet 125 (Gibson et al 1908). 

"The pebbles consist chiefly of well rounded quartzites, 
sometimes reaching the size of a coco -nut, in the shingle beds. 
Vein quartz, light green marl or shale, and white or buff lime-
stone are often fairly frequent as pebbles, while felsites and 
other igneous rocks also occur. The quartzite pebbles exhibit 
different types and colours, white, pinkish-grey and purple 
predominating; but black ones are not uncommon. A white speckled 
feldspathic quartzite, sometimes banded, is very abundant, and 
in hand specimen closely resembled that of the Lickey Hills." 

	"these Bunter Quartzite pebbles as a group certainly bear 
a strong resemblance to the Hartshill, Lickey, Wrekin and other 
pre-Cambrian quartzites of the Midlands." 

These beds, and the pebbles contained in them, have been 

strongly weathered during the present cycle of erosion, having been 

exposed to weathering since glacial times, and this weathering has 

been very pervasive because the very high porosity, up to 30%, has 

allowed the reedy flow of ground water through them. The result is 

that all the pebbles except the quartzites and the vein quartz have 

been variously attacked and leached so that the igneous pebbles are 

now clays; impure fossiliferous limestones have been decalcified and 

reduced to siliceous skeletons and even the quartzite pebbles show 

marked solution pitting where they are in contact with one another. 

Interspersed with the pebbles are cavities of similar size and shape 

but filled or partly filled with soft structureless and frequently 

fluffy and pulverulant chocolate brown limonite. The frequency of 

distribution of these cavities varies widely. 

The matrix of both the pebble conglomerates and the 

intercalated sandstones is markedly ferruginous in places giving 
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the beds a rusty orange-brown appearance. At its strongest this 

gives rise to hard conglomerates, strongly cemented by hard orange 

limonite, which form distinct beds in the sequence; but such strong 

development is rare and usually the amount of limonite is too small 

to cement the bed effectively, simply imparting a rusty stain. 

No faults of any size cut the Trias in the area studied 

but faults trending WNW are mapped cutting both Carboniferous and 

Triassic to the southeast. 

(3) Superficial Deposits 

The watershed area is overlain by a tenacious yellow clay 

classified as early drift by the Geological Survey, and this extends 

southwards, wrapping round the east end of the Hulland Concrete 

Products Factory Triassic outlier and extending up to, but not onto, 

the edge of the main Triassic outcrop between the Mansell park 

Smelter site and the Black Brook. The main area of Bunter is free 

of drift and there is only a thin cover of residual soil, full of 

quartzite pebbles, overlying the bedrock. The valley of the Black 

Brook and that of the upper Mercaston Brook are floored with stony, 

sandy alluvium derived from the Bunter. These alluvial flats are 

very wet with extensive seepage of groundwater and much development 

of bog. 

(4) Human Activities 

(a) Farming 

Most of the area is occupied by arable land or improved 
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pasture while the wet alluvial flats are used for rough pasturage. 

There are small areas of woodland on some of the steeper slopes. 

(b) Quarrying 

Two large opencut gravel workings are operated in the 

Bunter Pebble Bed area. The quarry to the east of the Black Brook 

is currently being mined while that on the west bank is being re-

filled with slimes. 

(c) Old Smelters 

An old lead hearth smelter site was found at Mansell park 

and this is described in another section of this chapter. Similar 

Pb anomalies in the other branch of the Mercaston Brook and in the 

heart of the Brailsford Brook probably have a similar kind of 

smelter site at their source. 

3. Geochemical Dispersion Patterns  

(1) Stream Sediments 

Anomalous Zn contents occur in stream sediment along a 

three mile stretch of the Mercaston Brook and a two mile length of 

the tributary Black Brook with values ranging from 300 ppm to 1100 ppm 

(figs. 42 and 43). The source of these anomalies is in a series of 

springs and seepages feeding out of the hills of Bunter either 

directly or through extensive seepages in the alluvial floors of the 

valleys. Values in springs range from 680 ppm to 1350 ppm Zn, 

while wet organic rich seepage soils in the alluvial flats contain 

up to 23,000 ppm Zn. Pb values in drainage not contaminated by 



158. 

the lead smelting works range from 50 ppm to 120 ppm and are 

essentially background, as are the values in the seepage areas where 

the peak Zn value of 2.3% Zn is accompanied by only 125 ppm Pb. 

(2) Soils 

A weak and erratic pattern of anomalous Pb and Zn is found 

in the residual soils. Away from the smelter site there are a few 

Pb-Zn anomalies and several Zn only anomalies. Peak values in 

residual soil are: 

Co-ordinates 

(a) Pb/Zn anomalies Pb 840 ppm Zn 690 ppm 426200 	344300 

(b) Zn anomaly 	Pb 160 ppm Zn 1290ppm 426400 	343500 

against a threshold of about 150 ppm for both elements (figs. 42 & 43). 

Values of over 300 ppm for either element occur as isolate spots 

in one or at most two adjacent samples. The Zn within these spot 

highs increases with depth as is shown by the sample at 426600 E 

344810 N. 

0- 2 ins Pb 165 ppm Zn 250 ppm 

12-18 ins Pb 115 ppm Zn 580 ppm 

The Pb concentration in the surface soil is probably due to the 

Mansell park Smelter, which is only 600 ft away to the west. 

(3) Bedrock 

The Bunter conglomerates and sandstones exposed in the 

extensive quarries on both sides of the Black Brook (fig. 43) prove 

to have a very variable and at times very high content of Zn and a 
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generally lower but occasionally very high content of Pb. The 

highest values were found in the fluffy chocolate brown limonites 

in pebble cavities with up to 2.5% of either Pb or Zn (table 14) 

in massive limonite cements from pebble conglomerates with up to 

1250 ppm Pb and 10,000 ppm Zn and in strongly cemented sandstones 

with up to 2.8% Zn and less than 100 ppm Pb. The general matrix 

of the conglomerates where this is not massively limonitic is also 

frequently high in base metals and reflects the metal content of 

the pebble hole limonites in its vicinity carrying up to 1400 ppm Pb 

and 1900 ppm Zn (see table 15). 

By combining the results for the bulk conglomerate and 

bulk sandstone matrices samples together an estimate can be made of 

the mean level of Pb and Zn in the bedrock matrix. The result 

varies depending on whether the high Pb sample is included in the 

average or not; the results are shown below: 

Calculation of Average Grade of Matrices of Bunter Pebble Beds  

(data on -80 mesh fractions extracted after light crushing) 

Average grade of conglomerate matrix 	Pb 	Zn 	Pb:Zn 

	

ppm 	ppm 	Ratio 

(a) Without high Pb sample 	140 	1900 	1:13 

(b) With high Pb sample 	215 	1900 	1:9 

Average grade of sandstone matrix 	95 	590 	1:6 

Assume the volume of the two facies is equal, then: 

Bulk grade of matrix of the Bunter: (-80 mesh fraction) 

(a) Without high Pb sample 	120 	1250 	1.10 

(b) With high Pb sample 	155 	1250 	1.8 
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LEAD AND ZINC CONTENT OF BUNTER PEBBLE BED 
MATERIALS - HIGH AREA 

1.Undifferentiated 

Conglomerate Matrix 
(-80 mesh fraction) 

No.of 
sample Pb(ppm) ZN(ppm) 

17 

one say 

Range 
mean 
le with 

omitted 

80-240 
140 

1250 ppm 

130-7700 
1900 
Pb 

2.Undifferentiated 

sandstone Matrix 17 Range 40-175 40-1820 
(-80 mesh fraction) Mean 95 590 

one sample with 2.8%Zn omitted 

SELECTED ROCK MATERIALS FROM BUNTER PEBBLE 
BEDS - HIGH AREA 

3.Limonite cement Range 440-1250 4800-9600 
from conglomerates 
(crushed to pass 

-80 mesh) 

4 Mean 900 6500 

4.Limonite from Range 70-625 2500-25000 
Pebble cavities 

(a)Zn rich 12 Mean 290 9300 
(b)Pb rich 3 Range 8000- 925-5250 
(ground to pass 24000 

-80 mesh) Mean 18000 3300 

5.Matrix surrounding 
pebble cavities 

(a)Zn rich 6 

Range 

Mean 

50-190 

90 

450-1600 

850 
(b)Pb rich 1 1400 600 

(-80 mesh fraction of 5 prepared as 1 and 2 above but 
cavity material excluded) 

I 	i 1 

Note. 	These samples were obtained by disintegrating 

these loosely cemented rocks by hand and then sieving 

out the fines after very light crushing to free the matrix 

from the grains, all friable rock materials including 

disintegrated pebbles, will pass into the fines. 
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The Pb:Zn ratio shown in this latter figure compares favourably 

with that obtained from selected limonite cement from massively 

cemented beds viz: 

	

Pb 	Zn 	Pb:Zn Ratio 

Limonite cement 
	

900 	6500 	1:7 

but less well with averages computed from the analyses of pebble 

cavity limonites, this result being due to the high Pb level of some 

of these. 

To establish the background level of metal in the Bunter 

Pebble Beds an area roughly one mile to the east, where beds of 

similar lithology were being quarried but with no anomalous base 

metal dispersion in the drainage, was sampled. The results are 

shown in table 15. 

These figures indicate that the rocks in the anomalous 

area contain twice as much Pb and ten times as much Zn as the rocks 

in the background area. 

Nine samples of rock materials from the anomalous area of 

the Bunter were analyzed colourimetrically for Fe and spectrographi-

cally for the usual elements; the results are shown in table 16. 

These results show that the pebble hole limonites have significant 

concentrations of Fe, Mn and Ba in all samples and enrichment in 

Co, Ni, V, Mo, and Ga in one or more samples relative to the 

surrounding rock matrix. The Zn rich and the Pb rich limonites 

show the same elements to be enriched. The Pb:Zn ratio of the 

pebble cavity limonite is reflected in the surrounding matrix, while 
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TABLE 15 

LEAD AND ZINC CONTENT OF BUNTER PEBBLE BED 
MATERIALS 

Background Area 

Sample Material No. of 
samples Pb(ppm) 

1 
Zn(ppm) 

l.Stream sediment 2 Range 15-100 90-145 

Mean 60 120 

2. Conglomerate 2 Range 50-70 130-150 

Mean 60 140 

3. 	Sandstone 1 80 115 

4. Estimated Bulk 
Rock 70 130 

5. Pebble Cavity 
Limonite 3 Range 70-250 700-950 

Mean 130 830 
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the metal content of the limonitic material (as indicated by the 

ratios of Fe:Pb. Fe:Zn and Fe:Ba)decreases on passing from the 

pebble cavity to the matrix, as shown in table 17. 

The massive cementing limonite proves to have a very 

different composition, with very low Mn and low Ba, no significant 

Co or Ni but levels of V and Mo comparable to those of the pebble 

cavity limonites. The level of metal: Fe is lower than in the pebble 

hole limonites as shown in table 17. 

L. Interpretation of Results 

(1) Secondary Dispersion 

The high level of Zn present in the Bunter bedrock matrix, 

1250 ppm, is not reflected in the overlying residual soil where 

values are generally below 300 ppm and frequently below 150 ppm and 

the process of soil formation has clearly been accompanied by leaching 

of both Fe and Zn. The Zn content of the stream sediments however 

closely reflects the Zn level of the bedrock and this Zn, together 

with Fe is being introduced to the drainage by circulating ground 

water by way of springs and seepages. The infrequent occurrence and 

low level of Pb in the soils confirms the rock data on the low level 

of Pb, while the stream sediments show no Pb, other than that from 

the old smelters. This is in accordance with the low level of Pb 

and with the hydromorphic derivation of the Zn. 

(2) Primary Source 

INhile the anomalies in the present—day stream sediments 



F SPECTROGRAPHIC ANALYSIS OF SELECTED SAMPLES FROM THE BUNTER PEBBLE BEDS. 
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Colorimetric 	--- 
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10 
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it variations were found for Sn, Bi, Ti, or Cr. 
ua internal standard, shows strong suppression in Mn rich samples. 
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Table 17. Relationship between Pebble Hole and Matrix Materials  

Average Concentrations ppm metal per 1% Fe 

Sample Material 
No. of 

Samples Fe% 
Pb 
ppm 

Zn 
ppm 

Ba 
ppm Pb Zn Ba 

Cavity Limonite 

High Zn 3 14 460 7,700 8,700 33 550 620 
t 

Matrix 3 2.7 100 930 730 37 345 270 

Cavity Limonite 

High Pb 1 7.8 24,000 4,000 3,000 3,000 500 375 

Matrix 1 3.4 1,400 600 1,000 410 175 295 

Hard orange 
cementing 
limonite 

1 16.2 650 3,000 1,000 41 188 62 



are undoubtedly related to the metal enrichments in the Bunter Beds, 

the primary source of the metal is problematical. Possible 

explanations divide themselves into two groups:- 

a) Syngenetic introduction of Zn and Pb rich material as 

pebbles, with the subsequent weathering of these pebbles giving 

rise to impregnations of metal throughout the matrix of the beds, 

with metal-rich limonitic residues in the cavities left by the 

oxidized pebbles. 

b) The introduction of metal rich solutions into the beds, 

either contemporaneously with the detrital material or at any sub-

sequent time up to the present cycle of weathering, and the replace-

ment of pre-existing Pebbles or the infilling of cavities left by 

the prior solution of such pebbles from these solutions. Pebble 

cavity and cementing limonites would then be contemporaneous. 

The evidence in favour of the first hypothesis is as 

follows:- 

(1) The widely different Pb:Zn ratios in pebble cavity 

limonites. 

(2) The decline in the Fe: metal ratios on passing from 

pebble cavity to matrix. 

(3) The presence of very high levels of Pb, higher than Zn, 

in a few of the pebble cavities. 

(4) The sharp contrast between the trace metal assemblage 

and Fe:metal ratios in the pebble cavity limonites 

and the massive cementing limonite. 
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(5) Wide variations in the metal content of the matrix 

in the same exposure. 

Points in favour of the second hypothesis are:- 

(1) The absence of any obvious gangue minerals or 

residual boxworks textures in any of the pebble 

cavities. 

(2) The presence of similar limonitic cavities in the 

background area with a much lower level of Zn. 

(3) The pebble cavity materials show enrichment in the 

typical suite of elements found associated with 
and 

Fe/Mn precipitates, viz. Ba, Co, Ni and MoLs low 

in the trace elements associated with mineralization, 

viz. Cu and Ag. 

The contradictory nature of the evidence suggests that 

neither explanation is wholely satisfactory and the possibility that 

the metals are derived in some other way cannot be ruled out. 

Because of the resemblance of the pebble cavities to weathered iron-

stone nodules a series of ironstones of coal measure age were 

analysed to determine the level of Pb and Zn in them. The results 

are tabulated (table 18) and show that while the levels observed 

could account for the Zn content of samples from the background area, 

they cannot account for the high levels found throughout the Bunter 

sequence in the anomalous area 

Irrespective of the mechanism of their introduction the 

Pb, Zn and Ba found, occurring as they do throughout the 100 ft 

thickness of the Bunter over an area of at least one square mile, 
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TABLE 18 

Pb and Zn Content of some Carboniferous Ironstone 
Nodules. 

Sample 
No. Location and Description 	. Pb Zn 

7473 Mapplewell Boring, Kirkby in Ashfield, 
Notts. Lower Coal Measure Ironstone 
nodule. 

240 520 

7474 Alfredon, Derbyshire. 
Middle Coal Measure oolitic ironstone. 70 180 

7498 Gedling Colliery,Notts. 
Ironstone forming roof of Two Foot 
Coal 15 1370 

7502 Barnsley, Lancs. 
Lower Coal Measures, ironstone nodule 100 60 

7503 Ridsdale, Northumberland. 
Ironstone shale. 50 60 
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indicate the presence of a large and previously unsuspected base 

metal source, which cannot be too far distant. 

B. SPURIOUS OR CONTAMINATION ANOMALIES  

(1) EARLY VIND-BLOWN LEAD SMELTERS  

1. RAMST;RY MOOR BOLR, DERBYSHIRE 

1. Location 

22" Sheet Nos. SK 27 & SK 37 

429500 E 

375500 N 

Located in elevated country this site is six miles NW of 

the centre of Chesterfield and 32 miles due east of the nearest 

mines at Calver. (map 1). 

2. Description of the area  

(1) Topography and Drainage 

The area lies along a prominent scarp at the east side of 

the Eastmoor, the scarp runs north-south, faces west and rises to 

996 ft at its highest point. To the southwest the ground is very 

open leaving the site very exposed to southwest or west winds. 

Four streams drain the area to the east flowing Barlow 

Brook, one flowing in a deep valley along the foot of the scarp 

and the other three flowing north or north east off the dip slope. 
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(2) Geology, Soils and Vegetation 

The scarp itself is formed from the Greenmoor or 

Brincliffe Edge Rock, a prominent sandstone about one third of the 

way up the Lower Coal Measures, with thick shales above and below, 

into which the drainage is deeply incised. The soils along the 

crest and face of the scarp are sandy, while those on the dip slope 

are sour clays. To the west of the main stream at the foot of the 

scarp is an area of boggy moor with a peaty surface soil overlying 

waterlogged grey clay; beyond this on the drier ground are sandy 

clays 

(3) History of the site and Physical Evidence of Smelting 

'Tole Hill" is marked on the 22 ins and 6 ins maps at the 

south end of the hill and the site was known to Farey as an ancient 

site of smelting. The last evidence of smelting is sixteenth 

century and relates to men being fined for making a poisonous smoke 

on Ramsley Moor (Harden 1966). There is no clear evidence of 

smelting on the Bole crest itself, but an extensive area of slag 

dumps occurs on the west side of the stream at the foot of the scarp, 

and it would seem that the boles were reworked later to recover lead 

by washing or resmelting in a slaghearth. 

3. Geochemical Dispersion Pattern 

(1) Stream Sediments 

The stream in and immediately below the slag reworking 

area shows a very high level of Pb, 2., with a small amount of 

Zn, and the stream below this is very heavily contaminated with 
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Pb from this and at least one other source for 4i miles downstream, 

where 1000 ppm Pb is found. The dip slope streams are all anomalous 

for Pb only with little or no Zn. These anomalies are much less 

persistent than that derived from the slag area, the values declining 

from 1620 ppm Pb to 100 ppm Pb in one mile  (fig. 44, see also map 1). 

(2) Soils 

(a) Pb Dispersion 

An extensive Pb anomaly is developed in the soils (figs. 44.-

47) both at 0-6 ins and at 12-18 ins, although the former is the 

more extensive. The 1000 ppm Pb contour in the shallow soils encloses 

an irregular area roughly one third mile in diameter embracing both 

the bole crest and the slag dumps, while the 200 ppm contour encloses 

an area roughly 1 mile from E-W and at least 1 mile from north to 

south. Within this there are two zones of extremely high values: 

one along the crest of the hill where the bole hearths used to be, 

with values reaching 3% Pb, and a second around the slag dumps, where 

values up to 11% Pb were found. These slags, when crushed, yielded 

flakes of lead metal and the area of the dumps is largely devoid of 

vegetation. The long "tail" of values extending down the dip slope 

and much more markedly developed in the shallow sample than in the 

deep sample is due to the Pb dispersed from the smelter as fume 

(fig. 47). 

(b) Other Elements 

All the soil samples were analysed also for Zn, but the 

only Zn present was a low order anomaly of up to 1000 ppm confined 
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TABLE 19 	Trace Element Content of Selected Soils and Stream Sediments — 
Ramsley Moor Bole. 

Sample 
No. Description Pb Zn Ba Mn Cu Ag 

5128 Stream sediment below slag area. 850 90 2000 3000 20 <0.2 

5134 Stream sediment below fume area. 550 170 200 1600 10 <0.2 

5350 Highest point on Bole crest 30,000 160 6000 500 5 1.3 

5355 on Bole crest 3,500 245 3000 160 2 <0.2 

5361 High Zn spot at south end 480 3000 400 200 4 <0.2 



173. 

to the slag dumps, and a spot high up to 3000 ppm at the south 

end of the scarp. 

Six samples from one of the traverses and six samples 

selectee from the rest of the area were analysed spectrographically 

for the usual elements. These showed that the slag area was high 

for Ba, Cu and Ag, the bole crest for Ba and Ag, but that the fume 

area contained only Pb (fig. ).7).  These contrasts between the 

slag anomalies and fume anomalies are carried over into the stream 

sediments. 

2. ASHOVER BOLEHT17,, ASHOVER, DERBYSHIRE  

1. Location 

21" Sheet No. SK 36 

436000 E 

363600 N 

The prominent hill 4 mile NE of Ashover Village and roughly 

6 miles SSW of the centre of Chesterfield is the site of this 

bole. 

2. Description of the Area 

Topography and Drainage 

The boles are located along the crest of a prominent 

curving south to west facing scarp, reaching an elevation of 980 ft 

in the centre. Massive outcrops of Grit 20-30 ft high occur in the 

centre and at the south end of the scarp feature, while on the east 
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and northeast the ground falls smoothly away to the Press Brook, 

which drains the area south eastwards (fig. )48). A stream rising 

high up on the dip slope conveys the drainage from the hill to this 

stream. There is no surface drainage from the scarp slope side. 

(2) Geology, Soils and Vegetation 

The scarp is formed from the Ashover Grit which dips 

flatly to the northeast and more steeply in the south to the east, 

under shales and then under the Chatsworth Grit. The Male Shales 

are not seen because of the extensive landslip of grit which cloaks 

the slopes below the scarp. The highest part of the hill is covered 

by a thin sandy soil; clay soils are developed on the shales which 

overlie the grits on the dip slope side and the surface drainage 

rises on these. 

(3) History of the Site and Physical Evidence of Smelting 

There is no historical evidence of smelting on this site 

but at two places on the hill slag fragments are found scattered 

in the soil and a fragment of fluorite was also found amongst the slag. 

3. Geochemical Dispersion Pattern 

(1) Stream Sediments 

The stream draining the dip slope contains almost 1000 ppm 

Pb and 350 ppm Zn near its head and these values decline downstream 

to 560 ppm Pb and 250 ppm Zn just above the confluence with the 

Press Brook 4 of a mile below the head (figs. 48-50). The anomaly 

cannot be followed any further because the Press Brook is 
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contaminated from another source (map 1). 

(2) Soils 

(a) Pb Anomaly 

A strong Pb anomaly is present in both the 0-6 ins sample 

and in the 12-18 ins sample, the values being almost invariably 

higher in the former. Just over T. of a mile of the ridge crest 

shows values in excess of 1000 ppm Pb in both shallow and deep 

samples, with two centres of maximum values coinciding with the 

visually slag contaminated areas at either end of the prominent 

central outcrop. A third centre of peak values lies 600 ft down 

the dip slope. Peak Pb values in these three areas are 10,000 ppm, 

15,000 ppm and 48,000 ppm. At 18 ins depth the anomaly, as outlined 

by the 200 ppm Pb contour, is 1000 ft wide from SW—NE and extends 

for at least 2000 ft along the crest of the hill (figs. 48 and 49). 

CO Other Elements 

All the samples were analysed for Zn as well as Pb and 

6 soils from one traverse and one stream sediment were analysed 

spectrographically for the usual elements. Zn shows three weak 

highs coinciding with the three centres of maximum Pb concentration; 

the peak Zn value of 5000 ppm occurring in the southern slag area 

on the crest of the hill. The Zn anomalies rise sharply from a 

background of around 100 ppm. Ba is the only other element occurring 

in significant concentrations and it shows a close relationship 

to Pb, the peak value being 8000 ppm (figs. 50 and 51). 
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4. Interpretation of Results  

The two anomaly peaks on the hill crest are the bole 

hearth sites and the blast was supplied by wind power. The site on 

the dip slope probably represents the place where the slags were 

reworked using foot bellows to supply the blast. The presence of 

Zn on all three sites, in contrast to Ramsley Moor, may be due to 

the fact that the bole crest sites are much less disturbed, with 

much slag remaining. The limits of the fume anomaly have not been 

reached by the sampling but it would seem that the stream sediment 

anomaly is due to the erosion of the lower smelting site and of the 

fume dispersion area. 

The ore to feed these boles was probably drawn from the 

Ashover area and it is interesting to see that the Ba level is much 

the same as at Ramsley Moor, which was presumably fed from the 

northern part of the orefield. The very low level of Ag (less than 

0.2 ppm in all samples) is noteworthy and indicates a very low 

silver content in the ore. 

3. BUTTERLEY AND COLDHARBOUR BOLEHTFTS,  DERBYSHIRE  

1. Location 

21-" Sheets SK 35 and SK 36 

435000 E 

359500 N 

Both sites lie on the spur of high ground extending south— 

eastwards from the high ground between Tansley and Ashover to the 
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site of the old chapel at Highoredish, approximately three miles 

due east of Matlock (fig. 52). 

2. Description of the Area  

The prominent rocky scarp of the Ashover Grit forms the 

northeast face of the hill while the southeast and south sides of 

the hill mre also steep, forming part of the eastern edge of the 

millstone grit hills; the grit beds here dipping steeply east under 

the lower Coal Measures. The main drainage is north and east 

through the deep hollow between Highoredish and Ashover Hay, a hollow 

eroded into the Elale Shales, and southwards from the steep southern 

face (fig. 52). Drainage to the southwest and west rises much 

further down the slope and does not drain the old smelters. The 

hill reaches an elevation of 968 ft and much of the ground above the 

900 ft contour is rough pasture or scrubby woodland. 

The area was known to Farey as two separate areas of 

ancient smelting and he listed them as "Coldharbour in Lea" and 

"Slag-Hills south of Butterley, near Doway-Hole Lane, in Ashover." 

The names "Coldharbour" and "Slag-Hills" have persisted till the 

present day and the site is readily identified. 

3. Geochemistry 

(1) Stream Sediments 

The streams draining north into the Highoredish hollow 

contain anomalous levels of Pb, reaching 1000 ppm in the upper 

sample, with much lower Zn, only 320 ppm being reported in the 
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upper sample. The south flowing drainage carries 980 ppm of Pb 

with 195 ppm of Zn near its head. At a distance of 3000 ft below 

the top samples the values have fallen to 300 ppm Pb with 185 ppm Zn 

and to 370 ppm Pb and 70 ppm Zn respectively in the northern and 

southern drainage, while a further 4000 ft down the southern drainage 

a Pb value of 830 ppm is found, which may be from the same source. 

(2) No soil samples were collected from this area. 

4. Interpretation 

The observed stream sediment values are almost certainly 

derived from the ancient smelting sites. 

(2) ORE HEARTH LEAD SUELTERS  

1. MANSFLL PARK T,ELD HEARTH SITE, HULLAND, SOUTH DERBYSHIRE 

1. Location 

22" Sheet No. SK 24 

426400 E 

344900 N 

The area lies 72 miles NN of the centre of Derby and 1.3 

miles due south of the village of Hulland Ward (fig.14). 

2. Description of the Area 

(1) Natural Features of the Area 

The site lies alongside a small stream flowing south through 

smooth rolling country, with hills rising to 550-650 ft and falling 
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away southward to the main valley of the River Trent. The hills 

are built up of conglomerates and sandstones of the Bunter Pebble 

Bed sequence which rest with marked unconformity on Namurian shales 

(fig. 42). 

(2) History of the Site and Physical Remains of Smelting 

There are no direct references to smelting on this site 

and no local tradition of smelting exists. There are however vague 

records of smelting in this general area, the earliest clear record 

being of the smelting of lead at a site "near Duffield" in 1552/3 

by Burchard. Mansell park lies 5 miles west of Duffield town in 

the area formerly known as Duffield Frith (forest). The physical 

remains of smelting are limited to a few fragments of slag in the 

soil and stream bed and a lump of vein calcite in the stream. 

3. Geochemical Dispersion Patterns  

(1) Stream Sediments 

Immediately below the site of the smelting works the 

stream sediments contain 5000 ppm Pb and 375 ppm Zn. The Pb values 

fall off steadily downstream while the Zn values increase and the 

Zn is probably largely derived from natural sources in the Triassic 

rocks. The Pb anomaly declines to background level of 70 ppm at 

a point 11 miles downstream from the source of the contamination; 

the first third of a mile being very heavily contaminated with Pb 

values over 2000 ppm (fig. 42). 
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(2) Soils 

The small flat area near the stream with scattered slag 

fragments shows very high levels of Pb in the soils, peak values 

in adjacent samples being 11,600 ppm Pb with 875 ppm Zn and 7000 ppm 

Pb with 210 ppm Zn at 18 ins sample depth. This high central area 

is surrounded by a weak Pb anomaly with no accompanying Zn which 

at 18 ins depth is discontinuous. Scattered Pb values greater than 

300 ppm are found within an area roughly 1700 ft from E-IN and 500 ft 

from N-S (fig. 42) and a tongue of high Pb values extends down the 

swampy ground adjacent to the stream below the site. Scattered 

values occur in bank soils for at least 4  of a mile (fig. 42), these 

latter probably being due to ditching operations and the deepening 

of the stream bed by the local farmers to improve drainage. 

4. Interpretation of Results  

The high Pb centre of this anomaly, with little or no 

Zn and the weak Pb dispersion from fume around it with no associated 

Zn indicates that this type of smelter, along with the bolehill type, 

is characterized by a Pb:Zn ratio in excess of 10:1 and this ratio 

carries over into the stream sediment anomalies mechanically derived 

therefrom. 
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2. BODFARI FLINTSHIRE  

1. Location:  

Sheet SJ o7 
309400 - E 
372300 - N 

The site lies in the northern Clwydian Hills, some two miles 

south of Rualt and 12 miles due north of the village of Bodfari (fig 15). 

2. Description of the Area  

(1) Natural Features of the Area. 

The site lies at an elevation of 550 ft above sea level in 

the semi-circular head of a small valley draining westward to the Rive:: 

Clwyd. A small patch of bog about 600 ft long and 200 ft wide lies 

in the bottom of the valley and the active stream now rises in this 

swampy area and flows rapidly down into the valley (fig 53). A small 

rill flows down into the swamp from the hill to the N.V. Bedrock 

throughout is at shallow depth and is slatey and shaley Silurian with 

occasional thin quartz veins. The overburden, 12 - 24 ins deep except 

in the floor of the bowl, is very stony brown loam. 

(2) History of the Site and Physical Remains of Smelting. 

There is no historical record of this site and the age of 

the smelting is not known. Fragments of green glassy vesicular slag, 

ranging in size from * ins chips to fragments up to 2 ins diameter are 

found sparsely scattered over an area roughly 250 ft in diameter in the 

bottom of the valley head. These slags, when crushed, yield flakes 

of lead metal. 
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3. Geochemical Dispersion Pattern 

(1) Stream Sediments 

The stream draining the valley is very anomalous for 

Pb at the point where it rises as an active stream with a 6700 

ppm Pb and 265 ppm Zn (fig 53). These values fall off slowly to a 

point one third of a mile downstream where a tributary stream with a 

background content of 85 ppm Pb joins the anomalous stream. The 

combined stream contains 4-30 ppm Pb and 65 ppm Zn and the Pb values 

then decline smoothly to 150 ppm 12mlles further downstream. Back-

ground values for both Pb and Zn are very low in this area, Pb 

generally varying from 10-25 ppm and Zn from 25-100 ppm (fig 53). 

(2) Soils 

The soils contain Pb only in anomalous amounts, peak values 

are from 1 to 50;Pb with 90-150 ppm Zn, and the anomaly peak squarely 

overlies the area of slag fragments, values over 1/0 Pb occurring in 

both dry stony loamy and peaty bog soils. Values of over 1000 ppm Pl. 

in the soils at 18 ins occupy an area roughly 800 x 250 ft. lying in 

and alongside the bog, and the anomaly is small, sharply defined and 

restricted to the bottom of the valley. Background values in the soi3 

are in the range 5-65 ppm and the total extent of the anomaly, as skim—

by the 100 ppm Pb contour is at least 1400 ft along the valley from 

E-W and 800 ft from N-S. 
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4. Interpretation of Results  

The anomaly is due to the old smelter which produced 

the slag. This was probably a small lead hearth smelter, but its 

age is unknown. The sheltered location precludes the use of the 

wind for draught, and the lack of historical record makes any date 

later than 1700 unlikely. The site could be Roman but it is more 

likely 16th or 17th century. 

(3) REVERBERATORY OR CUPOLA FURNACE T;EAD SYTLTING WORKS 

1. BASLOV CUPOLA WORKS, BASLOW, DERBYSHIRE  

1. Location 

22" Sheet No. SK27 
426700 E 
373500 N 

This is a complex site with two and possibly three separate 

smelting sites on the banks of the Bar Brook, close to the main Baslow-

Sheffield road between 1 and 12 miles N.E. of Baslow (fig 54). 

2. Description of the Area  

(1) Natural Features of the Area 

The siteslie in the funnel shaped valley of the Bar Brook, 

the upper site just below the point where the stream begins its descent 

from the plateau above the scarp of the Ashover Grit through the Grit 

to the broader valley below, and the other sites within the scree filled 

valley below the scarps (fig 54). The elevation of the highest works 

is about 800 ft. 
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(2) History of the site and Physical Evidence of Smelting 

The presence of an active cupola works and slag hearth in 

this area was noted by Farey in 1811, but the site is probably more 

ancient than this, as readily available water power was one of the 

requirements of the earlier Lead hearth furnaces. The works had 

ceased production before the survey for the 1870 edition of the six 

inch map. 

Physical remains of smelting are found on two sites. 

Smelter 1 shows the remains of a mill pond and tail race, together 

with some coarse slag (fig 5k), while the ruins of a smelting house 

and piles of slag mark the site of Smelter 2. The presence of coal 

on this second site indicates that this was a reverberatory or cupola 

furnace, but a site known locally as the cupola is some i mile 

downstream opposite the cupola Cottage (fig 54). 

3. Geochemical Dispersion Pattern 

(1) Stream Sediments 

All the streams in this area show a high level of Pb with 

150-230 ppm Pb in streams not draining the known smelters (fig 54) 

suggesting other Pb sources upstream. Contamination from the known 

smelters raises the level to between 510 and 3000 ppm Pb in the main 

stream, which is a powerful, rapidly flowing mountain stream. 

Neither Smelter 1 nor Smelter 2 contributes any Zn to the stream, 

the Zn level above the smelters being 125 ppm and below both sites 

only 90-110 ppm (fig 56). Zn is added to the stream below this 
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and reaches a level of 460 ppm near the Cupola Cottage. Some of this 

Zn appears to be deriving from the main road (fig 56). 

(2) Soils 

Strong Pb anomalies are developed in both the 0-bins 

and the 12-18" soils but are generally stronger and more extensive 

in the former (figs 54 and 55). Peak contents centre on both known 

smelter sites, with values up to 2.5A Pb on Smelter Site 1 and 7.20 

in the slag dump area around Smelter Site 2. Anomalous values of 

greater than 1000 ppm Pb in the 0-6 ins soil occur not only in the 

valley adjacent to the sites but locally up the steep flanks of the 

valley and onto the level moor behind the escarpments (fig 524). The 

entire area sampled is anomalous for Pb in the 0-6 ins soils with 

values everywhere over 200 ppm but the 200 ppm contour in the 18 ins 

soils outlines an anomalous area roughly 1000 ft wide, parallel to the 

stream and extending for at least 3000 ft along the valley. 

The distribution of Zn is much more restricted than that of 

Pb and there is no significant variation with sample depth. Spots 

of high Zn occur over both Smelter Sites 1 and 2, in the case of 2 

being associated with the slag dumps, and the bottom of the valley 

shows a slightly higher level of Zn than the level moor above the scarp 

line. The most striking feature of the Zn plan however is the close 

association of high Zn with the line of the main road (fig 56) 

Six soil samples from a traverse across Smelter Site 2 
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were submitted for spectrographic analysis for the usual elements, 

including the peak sample from the slag dump area. (fig 57). 

Sample 
Nos. 	Pb 	Zn 	Ba Cu Ni Co Ag Sn 

Peaksample: 6548 66,000 1375 — 1/040 30 13 2.0 8 600 

Av. of 5 
Samples: 460 	120 360 3 8 7 0.2 5 1C40 

The elements significantly associated with the Pb in the slags are 

Zn, Ba, Cu, Ni, and Ag. There are no elements associated with the 

Feb in the samples from the surrounding area (fig 57). 

L4. Interpretation of Results  

Both known smelter sites give rise to very strong Pb 

anomalies in the soils around them. Near the furnaces there is 

much contamination of the ground by slags which contain Pb and Ba 

and a little Zn. The stream is contaminated by these and is 

anomalous for Pb and Ba, but not for Zn, when it leaves the area of 

the smelters. Contamination of Pb only extends away from the 

smelters in all directions, including uphill, and is most marked in 

the 0-6 ins samples. This is due to the volatilization of Pb in 

the furnace and the dispersion of the resultant fume in the wind. 

The source of the Zn in the lower stream sediments is 

not known but it is clearly not coming from the known smelter 

sites. Some of the Zn, together with some Pb appears to be 

deriving from the road, which may be built on a foundation of mine 

waste; but this in itself seems inadequate to explain the levels 



FIG 51  BASLOW CUPOLA WORKS DERBYSHIRE 

N-S TRAVERSE THROUGH CENTRE OF LOWER SITE 

PPM 	
501. 

 
Cu .& Ni 

•0 
• • • • 

"". gr 	 • 	 =0 • Igen a. 

   

	4 

   

   

100001-

PPM 10001. 
Zn & Bs 

0 

 

0.‘ 	024  

• 
%. 	s- 

  

20000 F. 

PPM 
10000 

Pb 
10001- 

2..MMAAA• 

o 

1" 

Pb o.‘" ..... 

* 
••=k 	 41=1 

 

N 

   

S 

SOO  FEET 4 

 

900 1. 

800 1- 

700 1' 

 

WORKS 	BAR 	MAIN 

SITE SLAG 
BROOK ROAD 

DUMP 

  

ri3  57 HEIGHT ABOVE O.D. 

 

SCALE 9 

 

    



187. 

found in the main stream by the Cupola Cottage. The dressing of 

ores preparatory to smelting, or a further smelter site, as yet 

unlocated, may be the cause. 

2. STONE EDGE CUPOLA WORKS, DERBYSHIRE  

1. Lo3ation  

22" Sheet SK36 
433500 E 
367000 N 

The works lies 4 miles SW of Chesterfield by the side of 

the ChesterfieldDarleyDale road (fig 10. 

2. Description of the Area  

(1) Natural Features of the Area 

Located 1000 ft above sea level, this site lies across the 

headwaters of a minor stream system draining north to the River Hipper 

(fig 58). Immediately to the south of the works is an area of wet 

moor, from which water seeps into a reservoir immediately behind the 

works. From here the water seeps underground through the works site 

to re—emerge 500 ft below in a reedy seepage which begins the open 

drainage. Two other streams rise similarly on either side of the 

works site and all three unite to form a single stream before joining 

the River Hipper two thirds of a mile below the works site. 

(2) History of the Site and Physical Remains of Smelting 

Smelting works on this site were noted by Fhrey in 1811 and 

are referred to several times in the nineteenth century. The physical 
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remains on the site are well preserved with the 50 ft stone stack 

still intact (fig 58) and the remains of the arched reverberatory 

furnaces clearly visible. Slag is piled around the site, together 

with much clinker and cinder from the furnaces, and several buildings 

formerly belonging to the smelting works are still inhabited. 

3. Geochemical Dispersion Patterns  

(1) Stream Sediments 

All three streams draining the ground below the works are 

anomalous for both Pb and Zn, more Pb than Zn is present and the central 

stream which drains the main works area is the most anomalous for both 

elements; the highest values being 8000 ppm Pb and 4020 ppm Zn 

(fig 58-60). Of particular interest is the occurrence in this stream 

of an iron hydroxide precipitate in great abundance containing 2400 ppm 

of Pb and 3400 ppm Zn, the base metals Clearly being precipitated from 

the water along with the iron by change of pH. The combined stream 

is still anomalous to the extent of 2330 ppm Pb and 1520 ppm Zn about 

300 yardsabove its confluence with the River Hipper. 

(2) Soils 

Within the area of the works both Pb and Zn values are 

very high, reaching maxima of 4.4% and 2.7;710 respectively. Outside the 

area obviously contaminated by slag the Zn values fall off very rapidly 

and reach, in the 18 ins sample, background levels of less than 

100 ppm 200-400 ft from the boundary wall (fig 59). By way of 

contrast the area of strong Pb contamination, as outlined by the 200 ppm 



FIG 59 STONE EDGE CUPOLA WORKS DERBYSHIRE 

Distribution of Lead in Soils & Stream Sediments 

tat.. 

' 36700ON 

~CUPOL~ F4 (! 
• STACK- 

 .4.'1 	• • 
4t • 	 --_—a 

• 

/ . 	 ) 

.11AVERSE 1 

PPM LEAD 

+ o o o 

• ./ BOLE 
—1 400-1000 SITE 

200.400 

I 100 - 200 

	I -100 

)2"0 TYPE STREAM SEDIMENT SAMPLE 
2d12o Loi 

SOIL SAMPLE DEPTH 12.18 INS. 

SCALE : 6 INCHES TO I MILE 

o 
t 	 I  

Yards 

Soo 



OAKS 

• <1.CUPO 
STACK 

• 
• - • 

too 	- 
_ 	. 	• 	_ _ • - 

• 
% • •••• 

-TRAVERSE ._ 

FIG 60 STONE EDGE CUPOLA WORKS DERBYSHIRE 

Distribution of Zinc in Soils & Stream Sediments 
7, 
( 

,C0 

365000 N  

	

- 	 _ 
• / 

• -A,  - 	• • • 
( . 

	

0 	• 
, 	• 

170 

.367000 

• - __...TRAVERSE 

N. 

tu 
0 
0 
0 

0 
0 

-BOLE 0 
SITE 366000N  

SOIL SAMPLE DEPTH 12=1 
SCALE: 6 INCHES TO I MILE 

goo 
• 1  yards 

PPM ZINC 

nri + 1000 

C';1  400- 1 000 

200 -400 

77  100.200 

--1-1 -100 



contour, extends 400-800 ft outwards in all directions. There is 

little difference in the level of Zn between the 0-6 ins sample 

and the 12-18 ins sample but the Pb pattern in the shallow sample 

is markedly stronger than that found at 12-18 ins, particularly to 

the east and northeast where the 200 ppm Pb contour lies at least 

1200 ft from the works site, beyond the limit of soil sampling. 

Values in this downwind anomaly area fall off sharply with depth 

(table 20) 

To the south and west values fall off sharply in both the 

shallow sample and in the deeper sample and then, in the boggy moor 

to the south there is an extensive Pb anomaly rising to 1400 ppm Pb 

and entirely confined to the peaty surface material, the waterlogged 

underlying soils containing less than 100 ppm Pb. It is not known 

whether this Pb comes from the Stone Edge works or from an old 

bole site known to occur on the higher ground to the south (fig 59)„, 

Spectrographic analysis of 9 samples from this area shows 

the concentration of Ba strongly and Cu, Co, Ni, Mo and leg weakly 

in the material from the slaggy area around the fern aces (fig 61). 

Of these elements only Ba (strongly) and Cu carry over into the stream 

sediment anomaly (table 21). 

4. Interpretation of results  

The anomaly is divisible into two sharply contrasted portions: 

a centre covering the slag contamination which contains high Pb-Zn-Ba 

with minor associated elements and a peripheral envelope of high Pb 

with no associated elements extending assymmetrically downwind and 
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TABLE 20 	Decline of Pb and Zn with depth in fume contaminated Soils. 
Stone Edge Cupola Works. 

Sample 
No. 

Depth 
(ins) 

pb(ppm) Zn(ppm) Description Co-ordinates 
B N 

6727 0-6 2500 340 Brown loam 

6728 6-12 675 320 Orange sandy loam 

6729 12-18 550 200 Orange sandy loam 433520 366990  

6730 18-24 390 140 Orange-brown sandy loam 

TABLE 21 	Trace Element Content of Lead-rich samples. 
Stone Edge Cupola Works. 

Sample 
No. Description Pb Zn Ba IvTn f.Cu Ag Mo Ni Co 

5783 Very anomalous stream sediment 
draining main site. 

4800 3125 4000 600 85 <0.2 <2 13 16 

5784 Slightly anomalous stream 
sediment draining marginal 
ground. 

1000 300 800 500 40 (0.2 <2 8 16 

5748 High soil sample in slag 
dump area. 

1250011500 10000 600 85 0.2 6 30 13 
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deriving from the Pb fume from the smelter stack. 

The strongest stream sediment anomaly is deriving from 

the central anomaly partly by mechanical washing of fines down the 

slope but also by the leaching out of Pb, Zn and Cu by the percolating 

peaty waters from the moor behind, which seep through the site, and 

the precipitation of these metals with iron hydroxide when these 

waters return to the surface. The variation in Pb:Zn ratio between 

the bottom sediment and the precipitate is due to this variation in 

origin. 

Pb Zn 

Bottom Sediment 8000 4020 

Iron Hydroxide Scum 2400 3400 

Nonetheless the high level of Pb in the iron hydroxide means that 

in areas like this the Pb is moving hydromorphically in solution. 

This is probably a reflection of the fact that the Pb in the dumps 

is in the form of Pb oxides or native metal dispersed in slags and is 

therefore somewhat soluble in acid groundwaters. 

3. GADLYS SMELTING WORKS, BAGTT  , FLINTSHIRE 

1. Location 

22" Sheet SJ27 
321350,E 
374400 N 

This works stood on elevated ground 1 mile from the Dee 

above Bagillt. The farmhouse of Gadlys Wood farm was formerly 

the residence of the London Lead Companies agent and the actual 
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site is occupied by a patch of poor woodland and scrub by the 

house (fig 62). 

2. Description of the Area  

(1) Natural Features of the Area. 

The works lies at an altitude of 300 ft on a smooth 

slope facing northeast over Bagillt town to the Dee Estuary. A 

small stream rises near the works aryl begins to incise a channel some 

1000 ft below the works site. Larger more deeply incised streams flow 

to the Dee on parallel courses roughly 1000 ft away on both sides of 

the site (fig 62) 

(2) History of the Site and Physical Remains of Smelting 

The history of this site is well documented (Bevan-Evans 1961-3). 

It was leased in 1703 by the London Lead Company who erected a works 

using their newly perfected reverberatory furnaces. Four smelting 

furnaces, one refining furnace and a slag hearth were built and 

production of lead began in 1704. Silver, both from local Flint shire 

ores and of ores from other parts of Wales was begun almost immediately. 

In 1733 the works were extended and smelting continued, but in either 

1786 or 1792 they were sold and dismantled. Many new methods were 

pioneered here, including devices to trap the lead fume and recover 

the metal from it. The company was mining calamine by 1727, and this 

was probably calcined at Gadlys from this time on. 

As the works were demolished at the end of the eighteenth 
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century the physical remains are somewhat meagre. Old washing troughs 

are still there, as are piles of rotted coal and some slag. 

3. Geochemical Dispersion Patterns  

(1) Stream Sediments 

The minor stream rising just in and below the works site as 

a very small ditch carries high levels of Pb with a little Zn where 

it becomes active, about 1000 ft below, with peak values of 5240 ppm 

Pb and 670 ppm Zn, declining to 1350 ppm Pb and 265 ppm Zn at a point 

2500 ft below the works (figs 62-4). The streams flowing down on 

either side show weaker patterns of Pb. In the first stream to the 

south-east 1450 ppm Pb and 1060 ppm Zn are found but this stream is 

deriving much of its metal content from slags, used to build up an 

old track crossing it. The next stream to the south-east shows 

Zn values in excess of Pb (Pb 325 ppm and Zn 750 ppm) and drains the 

same track (figs 62-64). 

(2) Soils 

77ithin the old works site both Pb and Zn are very high in 

soils reaching 5.327, Pb and 1.8% Zn. These soils are essentially 

made up of the wastes and rubble left behind after the demolition 

of the works, now supporting a completely natural looking vegetation. 

A profile at this point showed very high Pb and Zn in the top 2 ft 

falling off sharply when the natural soil is reached (table 22a). 

The dispersion of metal over the surrounding country is 
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extensive and the contour of 1000 ppm Pb in the 0-6 ins soils 

encloses an area roughly 2000 ft in diameter centred upon the works 

site (fig 62). The 400 ppm Pb contour encloses an area greater 

than that sampled and it is likely that the contamination from 

neighbouring works such as Nant y Moch and Dee Bank, overlaps. At 

18 ins sample depth the anomalies are much more restricted but the 

area enclosed by the 500 ppm Pb contour is still some 1800 ft in 

diameter (fig 63) and rather more extensive downslope from the works. 

The background level of Pb in soils in this area is high with values 

varying from 70-250 ppm, with Zn values ranging from 100-200 ppm 

(figs 62-63). 

The Zn pattern (fig 64) is essentially similar to the Pb 

pattern with the highly anomalous centre overlying the works site 

surrounded by a broad area of lower values, but the Zn pattern covering 

the surrounding area is much weaker than the Pb pattern. A profile 

taken 500 ft NE of the edge of the works shows the distribution of 

metal in depth (table 22). This shows both the concentration of Pb 

in the ploughed surface soil typical of fume dispersions and the 

weak extension of Pb into the subsoil. Zn is present in much lower 

concentration than Pb rith a similar decline with depth. 

Spectrographic analysis of 9 soils and one stream sediment 

from this area shows that in the works site itself there is a marked 

concentration of Cu, Ag, Igo and Sn which does not extend out into the 

surrounding anomalous area, or into the stream sediments (fig 65 

and table 22 (b)) 
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TABLE 22(a) Lead and Zinc Distribution with depth in 

the Soil. Gadlys Smelting Works. 

Profile in Centre of Works Site. 

Depth 
ins 

Soil Type Pb(ppm) Z;n(ppm)  

0-6 Black stony loam 16800 '3700 
6-12 ) Black and yellow 15800 13700 
12-18 sand 16400 15400 
18-24 Black clayey sand and stone 22500 6900 
24-30 Brown clay 2900 720 

Profile 500 feet N.E. of Works Site. 

Depth 
(ins) 

Soil Type Pb(ppm) Zn(ppm) 

0-6 

6-12 

12-18 

18-24 

24-30 

Brown loam \Ploughed 
Brown loam 

Orange brown 

Red-brown stony 

Red-brown stony 

layer 

clayey 3 
loam subsoil clay 

clay) 

3360 
3200 
950 

560 

320 

880 

860 

240 

195 

100 

TABLE 22(b) 	Trace Element Content of Soils and Stream 
Sediment. Gadlys Smelting Works. 

Description of 
Sam.le Site. Pb Zn Ba Mil Cu Ag McNiCo 

1306 Highly anomalous 
stream draining 
works site. 

5800 366 100 200 10 43.2(2 6 5 

0836 Soil sample from 
centre of works site. 

16500 8700 400 500 200 6.01C 302C 

0826 Soil sample 500' 	SE 
of works site. 

1800 350 200 200 20 .CL2<2 1610 



196. 

4. Interpretation of Results  

The anomaly shows two distinct portions; a central core 

over the works itself which shows high Pb and Zn with minor associated 

elements and a broad envelope of high Pb with rather less Zn and no 

associated elements. The core of the anomaly is related to slag 

and the outer part to fume dispersion, as is shown by its equal extension 

upslope alongslope and downslope around the site. The anomaly centre 

is not being physically eroded into the drainage and the strongest 

stream sediment anomalies below the works are deriving most of their 

metal from the envelope area and they reflect its metal content. The 

two streams to the south east derive part of their metal content from 

the envelope area anomaly and part from slags used in road construction 

and the metal ratio of Pb:Zn shows marked variation with distance from 

the smelter site. The Pb:Zn ratio in the most anomalous stream, 

draining mainly the fume anomaly is about 10:1, in the first stream 

to the southeast, draining from both the fume anomaly and from slags 

it is 1:1. The high level of Zn in the slags is probably due to the 

works being both lead works and zinc works for much of its history. 

4. TINKERS DALE SMELTING WORKS, HATARDEN, FLINTSHIRE 

1. Location  

22" Sheet SJ36 
330500 E 
364300 N 

The works site lies on the bank of the Broughton Brook one 

mile south of Hawarden in Flintshire, at the head of the incised wooded 
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valley known as Tinkers Dale (fig 67). 

2. Description of the Area  

(1) Natural features of the Area 

The site lies on fairly level ground just above the confluence 

of two small streams at an elevation of 350 ft above sea level in a 

broad open valley. The incised part of Tinkers Dale below the lead 

works follows the line of a strong N-S fault which separates Holywell 

Shales on the west and Cefn y Fedw sandstones on the east; the latter 

formation forming the core of the Horseshoe Anticline, a possible 

"buried orefield" 

(2) History of the Site and Physical Evidence of Smelting 

The site is shown on a map published in the book 

"A History of the Parish of Hawarden" in 1822, but by this time the 

works had been demolished. Other records indicate that the works 

was built around 1751. From 1751 to 1781 some 10,000 tons of ore 

from Minera was smelted here (Dodd 1936). 

The works were completely demolished and the site is 

now agricultural land, but is still known locally as the Smelting 

Mill Field. There al.e some buried brick foundations and fragments of 

slag are common in the soil over an area 4.00 ft by 100 ft adjacent to 

the stream. 
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3. Geochemical Dispersion Patterns  

(1) Stream Sediments 

A strong anomaly for both Pb and Zn is present in the 

stream which flows past the works. The peak value obtained immediately 

by the works site is 6000 ppm Pb and 1800 ppm Zn (figs 67 and. 68). 

This falls off rapidly at first to 2160 ppm Pb and 700 ppm Zn, below 

the confluence 500 ft downstream and to 940 ppm Pb and 360 ppm Zn 

in a further 500 ft but then stabilizes at about this level until 

the confluence by the town of Hawarden one mile downstream where two 

samples, collected independently in sandbars in the stream save 1770 

ppm Pb and 660 ppm Zn and 1220 ppm Pb and 535 ppm Zn (figs 67 and 68). 

Below this confluence the values fall to 660 ppm Pb and 270 ppm Zn and 

the decline continues; one mile further downstream, 2 miles below 

the site, the lead value is down to 100 ppm. 

(2) Soils 

The anomaly in the 18 ins soils is quite small but very 

intense, the 200 ppm Pb contour encloses an area 600 ft from NW-SE 

and 800 ft from NE to SW, while the peak value rises to 9500 ppm Pb 

and 4.300 ppm Zn against background values of 30-100 ppm Pb and 90-150 

ppm Zn. The Zn anomaly is even sharper than the Pb and the elements 

are very closely correlated in the soil. Two probes, near the centre 

and the edge of the anomaly respectively, show this correlation 

(table 23a). 
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The Pb values are higher at the surface in bath cases and 

they extend further down into the profile than the Zn. 

Five samples from the area were analysed spectrographically 

for the usual range of elements but only Cu and Ag, showed any 

correlation with Pb and these only weakly (fig 69 table 23b). 

Soil samples, taken over the line of the fault separating 

the Holywell Shale from the Cefn y Fedw sandstone show the presence 

of a low order Pb anomaly occurring locally in the vicinity of the 

fault line (fig 67), with peak values ranging from 160-450 ppm Pb 

against a regional background of 10-100 ppm. There is little or no 

Zn associated with these values, which show no relation to the knowr_ 

smelter, the best values occurring 4  mile to the north near Hawacden,. 

4.. Interpretation of Results  

The stream sediment anomaly is due to the direct erosion of 

material from the smelter site into the stream course, and probably 

also to the crushing and washing of slags directly into the stream. 

The small size of the anomalous area, relative to the other examples 

shown, is most probably related to the small tonnage of concentrates 

smelted here, probably less than one tenth of the tonnage smelted at 

Gadlys for instance. The anomaly due to fume is very poorly developed 

and this results in a close correlation of Pb and Zn in the main 

anomalous area. 

The weak association of other elements may be due to the 

small tonnage smelted, or, in the case of silver at least, to the 

relatively low level of silver in Minera ores. 



FIG b9 TINKERS DALE SMELTING WORKS HAWARDEN FLINTSHIR 

E-WTRAVIIII,St THROUGH CENTRE OF SITE  

0-41. 
PPM 	0-21- 

0 L 

PPM 1001. 

CIA 	SO F 
0 L 

1000 F 
PPM 

5001. Ba 0 L 

PPM 
zn 

50001. 
10001' 
5001' 

01- 

100001- 

PPM 
1 000 1. 
000 1. 

Pb 	500 h. 	' 
0 	 e• a. a a• aJ 

W 	 STREAM RAILWAY 	A550 

4001. 
300 1- 

HEIGHT ABOVE O.D. 

141 NOR ISMELTING 
ROAD HILL FIE  

HOLYWELL 	I CEFN'Y FEDW 
SHALE 	1 SANDSTONE 

FAULT 

 

0 	400 	800 

SCALE IN FEET 



200. 
TABLE 23(a) 

Decline of Pb and Zn with depth in soil profile. 

Tinkers Dale Leadworks. 

Depth 
Kins) 

Centre of 
ppm Pb 

Anomaly 
ppm Zn 

Edge of Anomaly 
ppm Pb1 ppm Zn 

0-6 

6-12 

7850 

8140 

1250 

1090 

1160 

1030 

354  
300 

) 
-
Ploughed 
layer ) 

12-18 4660 710 290 125 ) 
) 	Well drained 

18-24 1350 120 325 80 - 
subsoil 

24-30 790 120 250 100 ) 

TABLE 23(b) 

Comparison of trace element content of anomalous 
and background soils. 

Sample 
No. Location of Soil 

Sample 
Pb Zn Ba Cu Ni Co Ag Mn 

0606 Centre of Works Site 9000 4300 200 40 8 <5 0.2 300 

0650 990 ft.E. of Works 30 120 80 6 10 10=0.2 40 
Site 



The lead values specially related to the fault line may be 

due to 'leakage' from mineralization at depth, or to some other cause 

as yet unknown, but they do not effect the drainage anomaly to a 

detectable extent. This is entirely due to the smelter, 

4. ZINC WORKS 

1. WYNNE HALL SEELTER WORKS, PEN Y CAE, DENBIGHSHIRE 

1. Location 

*" Sheet SJ 24 
328800E 
345100N 

The works site is situated astride the Afon Eitha at the eaL% 

end of the village of Pen y cae, at the point where the road from 

Rhosllanerchrugog to Ruabon crosses the Afon Eitha (fig 70)... 

2. Description of the Area 

(1) Natural Features of the Area. 

The Afon Eitha is a major stream draining a wide area of RUd03:-. 

Mountain and When it reaches Peny cae it is 8-10 ft wide and flowing 

swiftly through a broad valley with narrow strips of alluvium on either 

bank. The area is underlain by productive Coal Measures with 

interbedded seams of ironstone and fireclay. Mining of coal, ironsto:-.3 

and fireclay and iron smelting and refractory brick making were major 

local industries in the last century. Only brick making survives 

and much of the area is typical decayed industrial country with overgrown 
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workings and tips and declining towns and villages (fig 70). 

(2) History of the Site and Physical Remains of Smelting 

The works were established for the production of spelter, 

commercial zinc metal, sometime in the 1850's and were active certainly 

in the period 1868/10 but closed and demolished by 1912. They belong 

to the phase of activity in zinc manufacture stimulated by the growth 

of the galvanizing industry. The establishment of the works coincides 

with the reopening of the Minera mines and their main period of blende 

production and this was probably the source of the metal. The site 

is now marked by large dumps of crumbly vesicular red and purple slag 

and cinder, very different in appearance from lead slags, on both 

banks of the Afon Eitha (fig 70) 

(3) Geochemical Results  

The slat  dumps are being eroded directly into the stream 

along about 100 ft of bank and analysis of these slags show that they 

contain 10% Zn and about 	Pb. This is normal for Zn slags of this 

period when losses of up to 	on smelting were commonplace. 

The stream sediments immediately below the works are very heavily 

contaminated and this extends downstream for at least a mile and a half. 

Below the works the sediment carries 2400 ppm Pb and 11000 ppm Zn, 

one mile downstream the values are still 520 ppm Pb and 3340 ppm Zn and 

11- miles downstream the Zn value is still 1250 ppm. The surrounding 

area is semi-urban and no soil samples were taken. 
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if. Interpretation of Results  

The observed stream sediment anomaly is the result 

of the mechanical erosion and transport of zinc works slag by the 

river. 

2. PANT FURNACE RHOSLLANERCHRUGOG, DENBIGHSHIRE  

1. Location  

21" Sheet SJ24 
328600 E 
345850 N 

This works lies one mile north of the Wynne Hall Spelter 

Works in the southwest corner of the urban area of Rhosllanerchrugog. 

Formerly an iron works the site is now occupied by a works, making 

refractory bricks and tiles (fig 70) 

2. Description of the Area  

(1) Natural Features of the Area 

The works lies on elevated ground at the head of a minor 

south bank tributory of the Afon Goch at an elevation of 600 ft 

above sea level. Coal, ironstone and fireclay are obtained from the 

higher ground west and north west of the works, where there are 

extensive old workings. The Afon Goch is a medium sized stream 

draining from Ruabon Mountain and flowing through Rhosllanerchrugug 

(fig 70) before swinging northwards to the River Clywedog just south 

of Wrexham (map 5). 



204. 

(2) History of the Site 

An ironworks was established either late in the eighteenth 

century or early in the nineteenth, using local ironstone and coal 

for smelting. The date on which the site ceased to be an ironworks 

and switched to brickmaking is unknown but it is shown as an ironworks 

on a map of 1868. Slag from the ironworks is abundant and most of 

the minor roads are built from it. 

3. Geochemical Results 

The minor stream draining tne site shows a very high level 

of Zn with only a little Pb, respective levels being 13,350 ppm Zn 

and 690 ppm Pb (fig 70). This is diluted on entering the main stream 

to 3280 ppm Zn and 300 ppm Pb, at which point the stream enters the 

sewage works. Just over one mile downstream below the town the 

values have fallen to 700 ppm Zn and 275 ppm Pb while at a point 32 

miles downstream from the works the values are 600 ppm Zn and 100 ppm Pb. 

No soil samples were collected in the area. 

4. Interpretation of Results 

Although the site was an active metallurgical one only 100 

years ago the lack of records prevent us from identifying the actual 

process which gave rise to the Zn contamination. There are instances 

on record of the cinder resulting from roasting Zn bearing sulphide ores 

being used as blast furnace feed (with disastrous results) but the Wynne 

Hall wastes would not be likely to contain sufficient iron to make 

this likely. More probably the proximity of the spelter works and 
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the iron works resulted in the establishment of galvanizing plant 

at the latter site. The anomaly is in all likelihood due to the 

direct incorporation into the stream sediments of waste metal from 

some such process. 

3. SUMMARY OF RESULTS ANT SELECTION OF REPRESENTATIVE EXAMPLES OF 
GEOCHEMICAL DISPERSIONS FROM DIEWERENT METAL SOURCES  

A. NATURAL ANOMALIES  

Of the eight natural anomalies studied the two most likely 

to represent economically interesting mineralization are Holywell 

and Pentre Halkyn. Llantysilio Mountain appears to be an example 

of minor mineralization in an unfavourable host rock while the 

Westminster—Belgrave Veins extension is most probably related to 

subeconomic ore or "leakage" dispersions similar to those over the 

Gregory Vein. At Bwlchgwyn the observed metal patterns are complicate_ 

and may be partly due, in unknown amount, to ancient contamination. 

The widespread Zn anomalies in the Hulland Ward area are essentially 

independent of Pb and are deriving hydromorphically from Zn dispersions 

in the basal Triassic beds. The lower part of the Edale Shales are 

markedly higher in Zn than other rock units in the area and this metal 

enrichment is reflected in the level of Zn in the stream sediments. 

Considerable variation in Pb:Zn ratios were encountered 

in the stream sediments derived from different types of sources and 

in general these variations appeared to reflect mainly the metal 

ratios in the parent source material, rather than the effect of the 
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secondary environment. In contrast to this the soils show a 

much wider range of ratios with Zn much reduced in anomalies with 

acid secondary environments such as Bwlchgwyn, while in alkaline 

environments such as Holywell the two metals are closely linked in the 

overburden and the ratios in overburden and sediment are very similar. 

Whilst it can be demonstrated conclusively that the Zn 

anomalies deriving from the basal Trias and the Eldale Shales are 

of strictly natural origin this is not so for the anomalies related 

to mineralization, where it is not possible with the resources 

available to delineate unequivocally the anomaly source. It is 

possible in all cases that some of the metal detected in the stream 

sediments may be due to human contamination from long abandoned 

mining. All the anomalies except Llantysilio Mountain are in close 

proximity to old mining districts and, while it is reasonably certain 

that the anomalies are not due to actual old workings, which are 

normally easily seen, nor to early smelting sites which have very 

different geochemical characteristics, the possibility of contamination 

from early mineral dressing must not be overlooked. 

The most closely investigated anomaly, at Holywell appears 

to be largely natural with the Pb and Zn in the overburden in natural 

form. This anomaly and the closely similar one at Pentre Halkyn 

were selected as the best examples of natural Pb/Zn anomalies. 

Similarly Hulland Ward was selected as an example of a hydromorphic 

Zn anomaly. Samples for detailed study were taken from the whole 

length of the available anomalies in each case. 
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To extend the geographical spread and provide a greater 

insurance against the possibility of contamination, stream sediment 

samples from two sites in the North Pennines, where the source of the 

anomalies had been proved, to be mineralization, by prospecting 

operations, were used as type samples for both Pb and Zn. Samples 

from drainage below the Keele Orebody in Ireland were used as type 

samples for Zn. Only limited details are available regarding these 

samples, which are none the less invaluable as an independent check 

on the other type samples. 

B. CONTAMINATION ANOMALIES  

The eleven examples of anomalies due to smelter contamination 

fall into three main groups differentiated by the variation in Pb 

and Zn content. The first group, characterized by the presence of 

much Pb and little or no anomalous Zn,are due to early Pb smelters of 

bolehill or lead hearth type. Cupola or reverberatory smelter sites 

form a second group characterized by both Pb and Zn with the former 

generally dominant while the third, much less common group is 

represented by the zinc works of the Denbighshire Coalfield where Zn 

greatly outweighs Pb in the anomalies. In addition to these differences 

caused by smelter type there are subsidiary variations dependant upon 

which part of the soil anomaly is undergoing erosion to provide 

the stream sediment. The amount form and ratio of the metals in the 

stream sediment varies dependant on which part of the anomaly, the 

slag contaminated heart or the fume contaminated envelope, is 
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contributing most to the sediment. In most cases it is not possible 

to separate clearly the two types but the samples chosen as typical 

were selected to embrace both types, and also to represent as long 

a dispersion train as possible below the anomaly sources  or sources. 

The thirteen samples of Pb contaminated stream sediments 

were selected from 7 sites, 3 in Derbyshire and L. in Wales to give 

geographical spread and from smelters of different ages and. types to 

include all the main groups. In addition the specific samples chosen 

from each area were selected to give examples of slag and fume 

contamination from smelters of all ages and also to give an example 

from near the source and one from well downstream. The detailed 

relationship of each sample to the source ard the nature of the source 

are given in tables 24 and. 25in the next chapter. The much smaller 

number of heavily Zn contaminated smelter sites available for study 

results in a much more restricted geographical spread of examples, 

and. 14 out of the 16 type samples are from two areas in Denbighshire, 

and the remaining two samples are from Flint shire leadworks of cupola 

type. The samples from the Wynne Hall and Pant furnace sites were 

selected to cover as great an extension as possible of the anomalies 

downstream. 

An interesting feature of the contamination is that the 

generally close and. intomate association of Pb and Zn in the natural 
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sites is modified during mining transport and smelting to such an 

extent that almost pure Pb anomalies in one place and almost pure 

Zn anomalies in another can be derived from smelting ores from the 

same source. The Pb dominant anomalies at Tinkers Dale and the 

Zn dominant contamination from 'aynne Hall are both derived from 

smelting Minera ores, although from different zones of the mineralization. 
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CHAPTER 6  
THE FORM OF THE LELD AND ZINC IN Sim-al lit)STRUAlei 

SEDIBMITS SliNTEES FROM DIRbERENT MZTLL SOUR=  

Samples of .stream sediments were carefully selected from various 

metal sources described in the previous chapter and tested in the 

laboratory to establish any significant differences'in the chemical form 

of the Pb or Zn in samples of varying provenance which could be used to 

distinguish contaminated samples as a group from samples whose Pb or Zn 

content was of natural origin. Selective extraction tests have been 

widely used in prospecting for the more soluble elements Zn and Cu, to 

detect patterns of these elements introduced into the stream sediments 

by ground waters, and freshly precipitated there as hydromorphic anomalies, 

from metal anomalies due to the incorporation of metal rich soil or 

overburden by mechanical erosion. The ratio of readily extracted (or Cx) 

Zn or Cu to the total oontent of the element is found to be much higher 

in hydromorphic anomalies than in mechanical dispersions. 

Due to the extreme insolubility of the main compounds of Pb under 

the normal pH and eH conditions of groundwaters it does not give rise to 

hydromorphie anomalies and tests for extractable Pb similar to those for 

Zn and Cu have not been developed and used in prospecting. However, 

some work in the Bawdwin hIne area in Burma showed that severely 

contaminated soils from an old smelting site had a proportion of CxPb 

more than twice that of natural anomalous soils in the same area. The 

normal method of carrying out extractable metal determinations is by 
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shaking the sample with a buffer solution of fixed pH which extracts the 

metal from the sample, and simultaneously reacting the extracted metal 

with dithizone in solutions in an immiscible organic solvent. The pH 

and composition of the buffer solution is selected to ensure that the 

required metal only reacts with the dithizone and not specifically to 

extract the metal from the sample. 	In the case of Zn and Cu the pH 

of the buffers is sufficiently acid to ensure the extraction of a 

considerable proportion of the metal but the more alkaline Pb buffer is 

less suitable for the task. 	It seems, therefore, that the Bawdwin 

results could be improved upon by improved analytical techniques. 

The normal mode of transportion of Pb is almost wholely mechanical 

in natural dispersion processes. With soil and ground-water pH of 

7.0-7.5 or more the dispersion of Zn is also almost wholely mechanical 

and under these high pH conditions both Pb and Zn disperse togother At 

lower pH some of the Zn is transported hydromorphically and below a pH 

of 5.0 almost all the Zn is moving in solution in the ground-water. 	As 

a result of this it is probable that, whatever the extractant used, the 

majority of samples from natural Pb anomalies will show similar 

extractabilities while the extractability of anomalous Zn samples will 

vary widely depending on the local conditions. 	It should, therefore, 

be easier to find a method which will discriminate natural Pb anomaly 

samples from contaminated samples on the basis of the extractability of 

the metal in a weak extractant because the effect of the secondary 

environment on the form of the metal is much less for Pb than for Zn. 

Unfortunately the chemical form of Pb and Zn and the extent to which 
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it varies with changing eH—pH conditions in natural soil and overburden 

anomalies is not known. 	It is therefore necessary to proceed empiricall: 

to find an extractant which is sufficiently selective in its attack on 

samples from differing sources to allow us to discriminate them one from 

the other. 

Pb contamination is more widespread and pervasive in both space and 

time and presents the more serious problems of interpretation; it is 

also theoretically _ -.)re amenable to an approach by chemical means and 

the main effort in the laboratory was devoted to Pb in the first instance. 

Ducause it readily attacks the common Pb compounds expected in smelter 

contamination nitric acid was selected as the extractant. 	The 

extraction of Zn was also investigated in the same strengths of acid as 

were found useful for Pb. 	It was hoped that useful subsidiary 

information might be obtained which could assist in the interpretation 

of anomalies which contain both metals, despite the complications causer1  

by the wide variations in the forms of Zn in natural anomalies. 

L. THE SETaITIVE EITEXTION OF IaLD. 

(1.) ,inalytical Technique.  

The methods of analysis used are based on the standard colorimetric 

methods of analysis used at the 	(Stanton 1966) and described 

briefly in appendix I to this thesis. Modifications to the sample 

attack stage to obtain selective incomplete attack on the Pb content of 

the samples were made using several reagents. 	Limited test work was 
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done using ammonium acetate and cold citrate Pb buffer as extractants bte.; 

the main attack reagent used was nitric acid in varying dilutions from 

11103 to 0.006% HNO3. 	The results of this limited work are shown in 

table 24, and the best separation of typos is obtained using the nitric 

acid attack. The 0.025% BN03  was substituted for the 25% HNO3  and 

7.5% HN0.3 solutions used in the standard method and the time allowed on 

the hot tray was also varied, 30 minutes being the usual time allowed. 

The Pb content of the resultant leached solution was then determined 

either colorimetrically or by atomic absorption against standards made 

up in the same strength of acid. The operating procedures are given in 

appendix II. 

(2.) Location of Type Samples.  

Samples from three areas where the metal content of the stream 

sediments was thought to be derived from natural mineralition were 

chosen for testing through a range of acid strengths to establish the 

normal extractability of the Pb in anomalies of this type. 	Lltogether 

22 samples of stream sediments from natural anomalies were analysed,  

while 13 samples of stream sediments from known areas of contamination 

were analysed along with them to establish the extractability of 

anomalies deriving from smelter sites. 	The location of these samples 

and their relationship to the sources are given in tables 25 and 26. 

These samples are from the most interesting areas of mineralization 

studied in mainly calcareous rocks, where the most important orebodies 

are found, and from a range of smelters of different ages, the samples 

chosen being divided between slag derived and fume derived anomalies. 



214. 

TABLE 24 

COMPARISON OF Pb EXTRACTABILITY IN VARIOUS REAGENTS 

Sample 
No. 

Source of Pb content 
%Cx Pb 
(Cold 
Citrate) 

%Ex Pb 
(Ammonium 
acetate) 

%Ex Pb 
0.025% 
HNO3  

0010 Bodfari-slag contamination 5.1 33.3 26.9 

6820 Ramsley Moor - slag 
contamination 

8.2 64.3 12.5 

6722 Stone Edge - limenitic 
and slag contamination 

9.4 80.9 9.4 

2062 Gadlys - fume 
contamination 

20.9 100 34.3 

6685 Ramsley Moor - fume 
contamination 

19.1 95.6 49.4 

1806 Pentre Halkyn - natural, 
mechanical dispersion 

9.1 66.8 10.0 

8754 North Pennines No.1 - 
natural source, supplied 
by Cominco Ltd. 

7.7 65.8 2.9 

533 North Wales - a sample 14.8 21.6 10.1 
from an unspecified natural 
source supplied by Cominco 
Ltd. 



TABLE 25 
	

TYPE SAMPLES OF NATURAL LEAD ANOMALIES 

Name of Type 
Area 

Distance from 
source (feet) 

Sample 
No. 

Co-ordinates 
E N 

Description Total 
Pb. 

Total 
Zn. 

Pb:Zn 
Ratio 

Holywell - 0 0039 316520 377050 Stream deriving its 2730 6250 
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  H
  T-1 

Main Stream 0 2082 316530 377050 metal content from 3016 14400 
1000 0041 316700 377280 very strong soil 770 4500 
1000 2081 316700 377300 anomaly. 1075 3320 
3000 2079 317260 377685 Possibly a fresh source 2875 9700 
5500 2078 317690 378020 835 3380 
7500 2077 318350 378540 1115 1820 

Holywell - 0 0038 316850 377200 Minor flow in alkaline 2530 10000 1:4 
Eastern 0 2087 316825 377175 bog at head of stream 3260 15700 1:4.8 
Tributary 750 2086 316995 377140 1115 2430 1:2.2 

1500 2084 317280 377175 Probably a freshsource 3875 8900 1:2.3 
2250 2083 317430 377275 1700 3460 1:2 
3200 2080 317370 377650 Just above confluence 575 1300 1:2.3 

Pentre Halkyn 0 2076 320570 372700 At upper end 9:LEW 915 640 1,4:1 
500 1807 320727 372790 Stream begiultpdARe 3850 11000 1:3 

1250 1806 320875 372900 2200 6100 1:2.8 
2000 1808 321025 373100 Just above confluence 1630 3220 1:2 

North Pennines 0 8754 Location not Catchment mainly lime- 520 3520 1:7 
Camino() 1 2700 6042 known stone with subordinate 

grits and shales 
560 4660 1:8 

North Pennines 0 7540 Location not Catchment limestones 880 1900 1:2 
Cominco 2 4500 7533 known shales and sandstones, 140 1200 1:8.5 

roughly equal. ____— 



TABLE 26 
	

TYPE SAMPLES OF CONTAMINATED LEAD ANOMALIES 

Name of Type 
Area 

Distance from 
source (feet) 

Sample 
No. E 

Co-ordinates 
N 

Description Total 
Pb. 

Total 
Zn. 

Pb:Zn. 
Ratio. 

Ramsley Moor 0 6820 429420 385820 Sample in slag dump area. 28000 675 41:1 
Bole, 6500 5053 430660 376640 Series of samples in main- 6000 370 16:1 
Derbyshire. 13000 5055 432600 376060 stream below a group of 1020 440 2.8:1 

17000 6398 434130 375600 smelters, lead derived from 970 240 4:1 
2 main slag areas. 

1500 6685 430200 375225 Drainage from the fume 
anomaly area. 

1620 315 5:1 

Ashover Bole, 2500 6704 436300 364100 Drainage on the dip slope 990 350 2.8:1 
Derbyshire 4500 6705 437000 364300 from the fume anomalyarea. 510 250 2:1 

Bodfari,Flint- 0 0010 309310 372350 Drainage from the heart of 6700 265 25:1 
shire 
Lead Hearth 

2500 0009 308550 372400 the site, much slag contam- 
ination. 

390 '65 6:1 

Stone Edge Cup- 
ola Works, 
Derbyshire. 

2500 6720 433080 367710 Stream formerly flowed 
through works,much slag 
contamination. 

2330 1520 1.5:1 

Tinkers Dale 1000 2065 330600 364320 Stream flows alongside 2160 705 3:1 
Cupola Works, 
Flintshire. 

5000 0065 331400 365400 works sites and is heavily 
contaminated with slag. 

1770 660 2.7:1 

Gadlys Cupola 
Works,FlintshirE 

1000 2063 321590 374620 Sediment probably mainly 
derived from fume anomaly 
but some slag likely. 

5100 670 7.6:1 

Wynne Hall 
Spelter Works, 
Derbyshire. 

1500 0237 329360 344390 Sample from strong stream 
heavily contaminated by 
 slag from the zinc works. 

950 6850 1:7.2 

Note: 
	

The extractability of the lead in sample 6820 is much lower than in the 
others and this sample is excluded from the averages used to prepare the 
graphs. 
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(3.) Extractability from different types of sample  

with varying strenKth of sample attack.  

The percentage of the total Pb extracted from the two classes of 

anomalous samples, natural and contaminated, by varying strengths of 

nitric acid from 1.0% HNO3  down to 0.006% HNO3  was determined, and the 

results are shown in Fig. 71. 	In both cases the average amount extracted 

from all tha samples in a class declined smoothly with the increased 

dilution of the acid, the time allowed for reaction being constant at 

30 minutes. 	This decline is true for all the samples studied as can 

be seen in the parallel descent in the extractability range. 	This is 

particularly consistent in the lower limit of extractability, and 

closely follows the line of the average, while the upper limit of the 

range is more erratic, particularly in the contaminated samples; this 

effect being caused mainly by analytical variance. 

The two classes of samples have similar extractabilities at the 

extreme ends of the acid strength range used, but, at intermediate 

strengths there is a marked difference in the shape of the curve produce:. 

The extractability of naturally anomalous samples falls rapidly from 

84% Ex Pb at 1.0% Nitric Laid to 20% Ex Pb at 0.05% nitric acid and then 

more slowly to 1% extraction at 0.006% nitric acid; while that of 

contaminated samples falls more slowly at first from 95% to 54 Ex Pb 

and then more quickly to 4% at 0.006% nitric acid. The range of 

extractability obtained from both classes of samples is very wide at 

the higher strengths of nitric acid used but the range contracts sharply 

for naturally anomalous samples at acid strengths of 0.05% and less. 
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Ls a result of these trends not only the average decline curves but 

also the range limits become essentially separated at the lower strengths 

of nitric acid, this separation being best developed between 0.025 and 

0.012% 11103. 

This separation is well shown in all three natural anomaly areas 

but the degree of separation achieved varies somewhat from area to area. 

(a) Hblywell  

The samples from this area were obtained from two streams, the main 

stream draining the western half of the anomaly and a tributary stream 

draining the eastern part of the area. 	Seven samples were used from 

each of these streams and there is a considerable difference in 

extractability between these two, with the eastern tributary showing 

both a higher average extractability and a wider range than the main- 

stream. 	This tributary is much less active than the main stream and 

shows a much greater range of total metal values, with the highest 

percentage extractabilities being found in the samples with the lowest 

total Pb content. 	There is a much greater separation obtained between 

the samples from the main stream and the contaminated samples, as 

compared to the samples from the tributary (Fig, 72). 

In the tributary stream the range of extractability is separate from 

that of the contaminated samples only at 0.012% HNO3  extraction but in 

the main stream samples the separation extends from 0.00 to 0.006% HNO3. 

(b) Pentre Halkyn  

Four samples from the tributary of the Nant y Flint draining this 
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area were used, and all four showed very similar extractability 

throughout the range from O.lb to 0.006 (Fig.73). The one sample 

analysed at the higher strengths shows the form of the curve at higher 

extractability, a form which the others would probably also show. The 

range of extractability of these four samples remains less than that for 

the contaminated samples throughout the range from 0.1% to 0.006'4 HNO3  

but maximum separation is found at 0.025% BN03. In the range from 0.25 

to 1.0% HNO3  there is no difference between the one natural sample 

analysed over this acid range (1806) and the average extraction curve 

for the 13 contaminated samples. 

(c) North Pennines.  

These four samples obtained from two locations in the North Pennines 

were supplied by the prospecting section of Cominco Ltd. from anomalies 

found to be due to mineralization, but the exact locations have not been 

revealed. 	They show a narrow range of extractability between 0.1 and 

0.0I2% HNO3 and are much less extractable than the contaminated samples 

throughout this range (Fig. 74). The ranges of extractability begin to 

overlap from 0.253 HNO3  upwards. 

haximum separation of the two ranges is obtained at 0.05A; HNO3  

which is higher than for any other samples tested, but the general shape 

of the curve is similar to that found in the other areas. 

(d) Smelter-contaminated areas.  

The extractability curves for 5 samples contaminated mainly with 
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Fb fume as compared to + mainly slag contaminated samples are shown in 

Fig. 75, together with the results obtained on a synthetic mixture 

containing slag. 	In the range from 1.0-0.05-A HNO3  fume anomalies are 

more extractable, but below that there is overlap between the two types, 

although slags in general remain less extractable throughout. 	It is 

likely, however, that these samples are all to some extent mixtures of 

slag and fume contamination. Sample 6820 from Ramsley hoer is very 

heavily contaminated with slag in coarse as well as fine sizes and it 

shows a lower extractability at low acid strengths than the other 

samples. 

When followed downstream. there is a tendency for the percentage 

extractability of Pb in slag contaminated samples to increase somewhat 

at first, as shown in table 27, and then to reach a stable level. 	Ln 

exception is provided by the Zn-rich slags from li'ynne Hall where the 

reverse relationship is found, but all three types of Pb smelter show 

this effect in some degree. 

(e) Idne Dumps.  

L limited number of samples from below major mine dumps or drainage 

tunnels were analysed for Ex Pb at two strengths of acid, and many of 

these gave results very similar to those obtained on natural samples 

with low extractability of the Pb in the weaker acid. 	However, when 

followed downstream some of these anomalies showed a very marked increase 

in extractability suggesting a change in the form of the metal during 

transport. 	L selection of these results arc shown in table 28. 
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TABLE 2Y 
	

PERCENTAGE EXTRACTION OF LEAD FROM SLAG CONTAMINATED SAMPLES 
WITH INCREASING DISTANCE FROM SOURCE. 

Area and Type Sample No. 
and feet 
downstream 

Total Ph. %Ex.0,1%HNO3  %Ex.0.025% HNO
3 

	--...J 

Comments 

Ramslay Moor Bole 
Bolehill Slagdump. 

South tributary 

Separ:.te site - 
North tributary 

Combined stream 

Bodfari 
Lead Hearth 

Tinkers Dale 
Cupola Works. 

Wynne Hall 
Spelter Works. 

6820 	0 2800 	. 43% 122% Sample contains fragments 
of coarse slag. 

5f7T 
6397)3000 1590)  2680) 62% 51%) 	

37i% 44%) 
Replicate samples show 
)high variance, probably 

6367 	0 
6396)2000 
5054) 

950 
2510) 
1130) 

557 ) 
- 	) 	66% 
80% ) 

- 
29%) 	35*% 
42%) 

)due to the presence of 
)much lead in coarse high 
)grade spots of slag. 
) 

Recce 2030) 
5053) 
6500 

5055)13000 
R. 	2025) 

6368)17000970) 
R. 	2019)  

6250) 
6000) 

1020) 
850) 

1050) 

48%) 38%) 
38% ) 	43% 

57%) 	62% 67%) 

51-L% 	57%  
62 

	

eN 	36% 
34A) 

36% - 

	

36/1 	.., ),, ), 	0  31% 

The increase in level may 
be due to the accumulation 
of lead-rich slags in 
alluvial flats at this 
point. 
Much better agreement 
between replicate saulles. 

0010 	0 

0009)2700 R. 	1502) 

6700 
390) 
360) 

YN--% 2analyses)27% 
60% 	( 	do 	

)-1b2ic
-1,f64%)) 

53% 54% 44i%) 

Some fume contamination. 
also present. 

2065) 800 
2064) 
0065 4800 

2160) 
2120) 
1770 

59% 	do ) )59% 
59% 
64% 	do 

 42%  
51%) 
34%) 
47% 

Some fume contamination 
also present. 

0766 	200 
0237 3400 

R. 1202 4900 

2400 
950 
520 

100% 
68% 
62% 

77% 
42% 
46% 

The stream is massively 
contaminated with zinc 
from large slag dumps on 
both banks. 
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TABLE 28 

EXTRACTABILITY OF LEAD FROM MINE DUMP CONTAMINATED 
SAMPLES. 

Area Sample 
No. 

Feet 
below 
source 

Total Pb %Ex.Pb.in 0.1%HNO3  
%Ex.Pb.in 
0.025%HN05  

Holywell 0037 3000 15000 40% 1.3% 

0036 7500 610 95% 31% 

Trelogan 0439 0 18000 10.5% 2.3% 
Mine 

Pant Vein 0497 4500 5100 22% 3.9% 
Pentre Halkyn 

Nant y Flint 
below portal 
of 170'level 

R.1111 1800 10000 45% 3.2% 

Nant Alyn, 
just below 
main dumps 
from Maeshafn 
vein. 

0682 

0216 
(other 

0 

L0000 
Sources 

15000 

1480 

18% 

47% 

2% 

22% 

may contribute) 
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(4-) Relationship of Extractability to Reaction Time. 

Five samples representative of smelter fume contamination, smelter 

slag contamination and the two natural anomalous locations in limestone 

and sandstone from the North Pennines, were tested to establish the 

variation of extractability with increasing reaction time (Fig. 76). 

Successive aliquots were taken at 10 minute intervals from samples held 

at a constant temperature of just below boiling on a sandtray, up to 1 

hour, and then at longer intervals thereafter. 	The acid strength used 

was 0.1;6 BN03. 

The Pb in the fume contaminated sample 6685 at Rams ley Moor was 

the most extractable and the extraction proceeded evenly until Lnlo 

extraction of the Pb was achieved after 120 minutes. 	Extraction of the 

Pb from the slaL, contaminated sample 0010 taken adjacent to the lead 

hearth at Bodfari was only half that of the Ramsley Moor fume sample at 

any given time but the extraction proceeded on a parallel course to 

reach completion in 240 minutes. The two samples 6042 and 8754 from 

the same anomaly in limestone in the North Pennines showed a uniformally 

low extractability of 1.0-206 throughout the 120 minutes they were heated 

with no tendency for extraction to increase with time, while sample 

7540 from a different Pennine anomaly in yoredalos while showing 

similar low extraction at first, slowly increased in the amount extracted 

from it until extraction reached 100/(; in 120 minutes. 

These results indicated that the greatest separation between sample 

types occurred after very different times of extraction but that if 

both natural anomalies were to be grouped together a short extraction 

gave the greatest separation. 
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The similarity of form but different level of the curves obtained 

from the slag contaminated sample 0010 and the fume contaminated sample 

6685 (of Fig. 75) suggests that the Ib is in the same chemical form 

but is in coarser particles in the slag contaminated sample. 	These two 

samples, and the natural sample 8754 were then ground to pass 200 mesh 

and re-analysed (Fig. 76). No significant variation was found in sample 

8754 but both the other two showed enhancement of extraction in the 

ground samples, this enhancement being particularly marked in the slag 

contaminated sample, the extractability of which was increased by around 

70%. 	The form of the extraction curves remains constant, only the level 

changes and this clearly indicates the dependence of the -80 mesh 

extractability on thef-ain size of the bulk of the Pb in the sample. 

However, the slag contaminated sample still shows appreciably lower 

extractability at -200 mesh which suggests that there is also some 

variation in chemical form. 

(5.) Selection of  Optimum Conditions for Maximum Discrimination.  

The two factors determining the degree of discrimination 

obtainable, solvent strength and duration of attack have been considered 

separately. Maximum discrimination has been shown to occur using nitric 

acid strengths of between 0.05% and 0.012% and a sample attack time of 

between 20 and 30 minutes. 	The optimum conditions for discriminating 

between the two types of anomalous samples would seem to be 0.025% HNO3  

with a 30 minute sample attack. 

(6.) 'Extractability of Pb from Common Mineral Forms.  

The ex YVPID values of natural samples shows that there are large 
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variations in the extractability of Pb with variable strengths of acid. 

Those features show several characteristic patterns which are 

correlated with the nature of the metal source and are most probably due 

mainly to systematic differences in the chemical form of the Pb in the 

different sources. 

The variations in extractability of the common mineral forms of 

Pb were determined for the range of acid strengths used on the stream 

sediment samples to provide a comparison of ex Pb/Pb of common Pb 

minerals and to indicate the likely forms of the Fb in the stream sediments. 

(a) Preparation of Samples.  

To prepare synthetic standards with a Pb content similar to that 

of stream sediments but of known chemical form a number of natural pure 

minerals were crushed and blended with background stream sediment 

material. 	Galena (PbS), bnglesite (PbSO4) Cerussite (Pb CO3), hinium 

(Pb304) and Pyromorphite (3Pb3P2082Pb312) were the mineral forms used 

together with glassy Pb slag from Gadlys, Flintshire, containing 13% Pb. 

Pure fragments of minerals were selected and crushed to pass a —80 mesh 

sieve and sufficient mineral was then added to background stream sediment 

material to give a final assay of around 2000 ppm Pb. Care was taken 

to avoid overgrinding the minerals by frequently sieving out the —80 

mesh fraction during the progress of the crushing. The mixtures were 

placed in small bottles and loft on an electric rolling mixer for 6 

hours. The Pb content of the mixture was then determined by taking 4 

separate samples from each bottle and determining them by the normal 

total lead method. 
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Natural limonite scums containing anomalous Pb were analysed along 

with the mineral mixtures. 

(b) ExPbMD of Pb hinerals.  

The samples were leached for 30 minutes in a series of strengths of 

nitric acid ranging from 0.2 o to 0.012% HNO3  and the results are shown 

in FII. 77. 	ado variations in extractability were found for different 

mineral species and all species showed steadily declining extraction with 

decreasing acid strength. 	Highest extractability was shown by cerussite, 

closely followed by minium; anglesite showed an intermediate extract-

ability, while galena and pyromorphite show similar low extractabilities 

at all strengths. 	The sample containing slag showed an extractability 

midway between those of minium and anglesite. 	L11 these simple mineral 

forms of Pb show decline curves of very similar shape, with the amount of 

Pb extracted simply proportional to the acid concentration used. 	By way 

of contrast the limonite scum samples show much greater variation of 

extraction with changing concentration of acid, the amount of Pb 

extracted being comparable to that for minium at 0.2% HNO3 but falling 

to the level of extractability of pyromorphite at 0.02576 and 0.012% HNO3. 

The extractability curves fall into four main groups: 

1) High extractability throughout-cerussite and minium. 

2) Medium extractability throughout-slag and anglesite. 

3) Low extractability throughout-galena and pyromorphite. 

4) Extractability varying from high to low-freshly precipitated 

iron hydroxide with trace Pb. 

The first three groups are identifiable throughout the range of 
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acid strengths used. This means that there is no optimum point where 

the separation of these three groups is at a maximum nor will any mixture 

of these mineral forms give an extractability of type (4.). 

(7.) Comparison of Stream Sediment and 

Liineral Form 'Extractabilities.  

.;ihen the extractability curves for smelter contaminated and 

naturally anomalous stream sediments are compared to those relating to 

the synthetic samples three correlations are immediately apparent, as 

can be seen in Figs. 75 and 77. 

(a) Correlation of lead oxide extractability with contaminated 

stream sediments. 

(b) Correlation of crushed slag extractability with the less 

extractable slag contaminated sediments such as 6820. 

(c) Correlation of the extractability of Pb from iron 

hydroxide scums with that from naturally anomalous stream 

sediments. 

This does not mean that the Pb in the stream sediments is 

necessarily in these forms but it does mean that the Pb in the contaminated 

samples is in a simple oxidized form with a simple linear extractability, 

while the Pb in the naturally anomalous samples is held in a different and 

more complex way. 	It also shows that only a little of the Pb from the 

smelters can be in the form of lead sulphate, which is less extractable 

throughout than most of the smelter contaminated stream sediments, and 

that lead sulphide (galena) is not a normal constituent of either clnss 

of stream sediment. 



	

. feele Orebody 	7248 

	

Longford Eire 	7247 

TABLE 2(.., 	DETAILS OF NATURAL ANOMALY SA14PLEb USED IN ZINC EXTRACTION TEST WORK, 

Location Name 
Sample 
No. 

	

Co-ordinates Distance from 	Nature of Source and mode of to ,m Zn. 
N 	source (feet) 	dispersion of metal. 

Holywell 
!Main Stream 

2082 	316530 377050 
2081 	316700 377300 
2079 	317260 377685 
2078 	317690 378020 
2077 	318350 378540 

	

0 	Large Pb/Zn soil anomalies 

	

900 	overlying strong Pb/Zn. anomalies 

	

2700 	in glacial till. Metal probably 

	

4800 	derived from underlying miner!, 

	

7500 	isation. Transport entirely 
mechanical, 

14400 
3320 
9700 
3380 
1820 

IFentre Halkyn 2076 	320570 372700 
1807 	320725 372790 
1806 	320875 372900 
1808 	321025 373100 

North Eennines 	8754C 
No.1 	6042C 

	

0 	Lead/Zinc soil anomaly astride 	640 

	

600 	stream. Scattered gossan frag- 11000 

	

1200 	ments in soil & signs of old 	6100 

	

2100 	prospect shaft indicate origin 	3220 
in mineralization. 
Transport entirely mechanical._ 

	

1500 	Lead/Zi.nc soil anomaly in mainly 3520 

	

2700 	limestone area wjth some shale 	4660 
and sandstone. 
Transport probably  mechanical. 

0From minor stream draining 	860 

	

1000 	Keels Orebod.Sphalorito 	1640 
mineralization in Dolomitic 
Conglomerate. Transport 
probably mainly mechanical. 



TABLE 29 Continued. 

Location Name Sample 
No. E 

Co-ordinates 
N 

Distance from 
source 	(feet) 

Nature of source and mode of 
dispersion of metal. ppm Zn. 

North Pennines 
No.2 

7540C 
7533C 

0 
4500 

Stream crosses soil anomaly, 
mineralization in Yoredales - 
limestone/shale/sandstones. 
Transport probably hydromorphic. 

1900 
1200 

Hulland Ward 
Area 

6879 
6882* 
6885 
6910 
6913 
6916* 
6917 
6920* 
6921 
6376 
6378 
6383 
7036 
7038 
7039 
7245 
7253 
7254 
7495 
7497 

427450 
427600 
427300 
426025 
426100 
426150 
426200 
426250 
426250 
426780 
426975 
424725 
425450 
425000 
424880 
425625 
425560 
425600 
428050 
428900 

344750) 
344850) 
344600) 
343850) 
343750) 
343750) 
343700) 

343500) 
343025) 
343525) 
345150 
345920 
345780 
345750 
346040 
34600 
346020 
342550) 
341950)-  

343600)-Mercaston Brook 
& Black Brook 

) 
)4Iulland Hollow 
) 	Brook. 
) 
) 
) 

Mercaston Brook 

Drainage flowing on a bed of 
carboniferous shales with a 
fringe of sandy alluvium. 
Zinc is derived from surrounding 
low hills of Bunter Pebble Beds 
and Sandstones and inigrates into 
the swampy alluvium and streams 
hydromorphically. 
Samples marked * are springs, 
other samples are active stream 
sediments. 

1100 
1100 
1100 
440 
460 
1350 
500 
680 
560 
335 
595 
635 
690 
790 
925 
430 
630 
315 
970 
1000 



TABLE 30 
	

DETAILS OF CONTAPiINATION ANOMALY SAMPLES USED 
IN ZINC EXTRACTION TEST WORK. 

Location Name Sample No. 
E 

Co-ordinates 
N 

ppm.Zn. Nature of source Distance below 
source (feet) 

Wynne Hall 0766 328900 345125 10950 Severe contamination 200 
Spelter Works. 0236 329160 345020 4000 of the Afon Eitha is 800 

0235 329250 344980 9000 caused by the direct 1200 
0239 329290 344850 5000 erosion into the river 2000 
0238 329330 344550 4000 of large slag dumps 3000 
0237 329360 344390 6850 from the old zinc works. 3400 
0099 329360 344390 3000 3500 
0100 329780 344370 2600 4900 
0101 329990 343990 2600 5500 
0102 330420 343480 1250 7500 

Pont Furnace 2050 328900 345750 13350 Severe contamination of 900 
2051 329100 345600 3280 minor tributary & Afon 1200 
0240 330830 344925 700 Goch by wastes from old 9300 
0241 332100 345730 500 ironworks site. 15000 

Gadlys 2063 321590 374620 670 Contamination from margin 
of leadworks site. 

1000 

Tinkers Dale 2065 330600 345320 700 Contamination from centre 
of leadworks site. 

300 
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B. THE STM7CTIVE EXTRACTION OF ZINC.  

(1.) .=analytical Technique.  

The analytical technique used was identical to Pb insofar as the 

sample attack stage was concerned, the Zn content of the solution was 

determined either colorimetrically or by atomic absorption. 	In each 

case both Pb and Zn can be determined on the same sample solution, which 

facilitates analysis where both elements are present. 	The operating 

procedures are given in appendix II. 

(2.1 Location of the Type Samples Used. 

Samples from Holywell and Pentre Halkyn in North daleswhere the 

dispersions were thought to be largely mechanical and from Hulland Ward, 

Derbyshire where the dispersion of the Zn was largely hydromorphic, 

together with samples from the two areas in the North Pennines supplied 

by Cominco and from a minor drainage from the Keefe Ore body, Co. 

Longford, Ireland, supplied by Rio Tinto Ltd., were used as type examples 

of natural anomalies. 	Samples of smelter contaminated stream sediments 

were of two kinds, Zn-rich samples from the Wynne Hall Spelter Works 

and Pant Furnace sites in Denbighshire and Lead smelter samples with 

some Zn from Gadlys and Tinkers Dale in Flintshirc. The location of 

these samples and their relationship to the Zn sources are given in 

tables 29 and 30. 

(3.) Extractability from different types of sample with varyinw, 

strength of sample attack.  

The percentage of the total Zn extracted from the three main classes 
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of anomalous samples by various strengths of nitric acid from 0.4% to 

0.006% was determined (Figs. 78-80). 	Ls was the case with Pb, the 

different classes of samples showed a smooth decline in the amount of 

Zn extracted with decreasing strength of acid, with each class yielding 

a distinctive shaped curve. This can be seen in Pig. 78 where the convex 

curve obtained for the contaminated samples and for the hydromorphic 

anomaly samples is contrasted with the concave curve obtained for the 

natural mechanically derived samples. liaximuat separation of the two 

types of curves is obtained at 0.012;>0 EN03  when not only the average 

curves but also the range limits of the mechanically derived samples 

are separated from those of the other two groups. 

Lt low acid strengths there is no perceptible difference between 

contaminated and hydromorphic anomaly samples but at the higher acid 

strengths the contaminated samples and the mechanically derived samples 

are significantly more extractable than the hydromorphic anomaly samples. 

Thu ranges, however, show a considerable overlap so that clear separation 

into groups is not possible. 

(a) Mechanically derived natural anomalies.  

(i) Holywell and Pentre Halkyn :Areas.  

The Holywell mainstream samples and the Pentre Halkyn samples, 

totalling 9 in all, were used and the extractability curve produced is 

very similar to that obtained for Pb on the same samples (Fig. 79), the 

average extractability falling from 85,ro in 0.4/0 HNO3  to 1;1/.0 in 0.006% 

HNO3. The range of extractions was at a maximum with a 0.lA HNO3 
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attack, the spread of extractabilities declining both above and below 

this strength. 

(ii) Keele Orebody Longford, Ireland and  

North Pennines 1 and 2 

The results obtained on six samples from these three natural 

anomalies are shown in Figs. 79 and 80. 	The sites are not known fro 

field study and so the precise type of dispersion is not known. The 

Keefe and North Pennines No. 1 extractabilities are similar to those 

obtained for the Holywell and Pentre Halkyn anomalies which suggests 

that they arc mechanical dispersions, while North Pennines No. 2 is 

largely a hydromorphic dispersion. This is borne out by the fact that 

in North Pennines No. 1 the Pb:Zn ratio remains constant during 

dispersion downstream suggesting mechanical dispersion, but in North 

Pennines No. 2 there is a sharp change in the ratio downstream, the 

Zn dispersing much more strongly suggesting that the two elements are 

travelling separately. 	This would be in good agreement with what little 

is known about these Pennine anomalies as the geology around No. 1 is 

largely limestone, as at Holywell and ?entre Halkyn where high pH 

prevents hydromorphic dispersion of the Zn, whereas No. 2 is from a 

yoredale environment where some hydromorphic dispersion of Zn is likely. 

(b) Hydromorphically derived natural anomalies, Hulland Ward.  

Twenty samples of stream sediments and spring deposits containing 

anomalous contents of Zn introduced hydromorphically from the Triassic 
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rocks were selected from three separate streams in the Hulland Viard area 

of Derbyshire. The Most striking feature of the extractability is the 

extreme flatness of the curve between 0.4% HNO3 
extraction and 0.05% of 

HNO3  extraction (Fig. 80). The average falls from 64 EXZn to 59% Dan 

over this range of acid strength, a much smaller decline than any other 

group. Below 0.05% HNO
3 

the extractability declines more steeply, 

falling to 18% at 0.006% HNO3'  the range narrowing slightly with 

declining extraction. 

(c) Extractability of contaminated stream sediments.  

The extractability of 16 samples contaminated by Zn introduced 

mechanically into the stream sediments from metallurgical sites is very 

similar to the curve obtained for Pb from smelter contaminated samples; 

the Zn is rather more extractable, but the trend of the curve and of the 

range limits are the same (Fig. 78). Extractability is high throughout 

falling from 88% at 0.4% EN03  to 111;./O at 0.006%. 

(4..) Selection of Optimum conditions for Maximum Discrimination. 

Zn dispersing, along with Pb in purely mechanical dispersions under 

the high pH conditions of calcareous rocks and drift has an extractability 

very similar to the Pb in the same samples and can be readily 

distinguished from both contamination anomalies and from pure hydromorphic 

anomalies of Hulland type by comparing the extractabilities in HNO3  in 

the 0.025% — 0.006% range. 	The separation obtained is similar to that 

found between similar types using the standard CIZn procedure (table 32 

and Fig. 81). 	Samples from North Pennines No. 2 show an intermediate 
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position between the mechanical and pure hydromorphic samples and it is 

probable that in natural examples a complete gradation between the types 

exists. 	These results indicate that while a purely mechanical Zn 

dispersion can be clearly distinguished from contamination, Zn anomalies 

in which much or all of the Zn has migrated hydromorphically cannot be 

so distinguished. 	Some hydromorphic dispersions can be separated from 

the other types by their slightly lower extractability at the stronger 

acid extraction, but this is not a complete separation. 	L possible way 

of discriminating between the three main types is by carrying out 2 

extractions at different strengths and then utilizing both the level of 

extraction and the difference between the two extractions. 	By choosing 

0.2% and 0.025% HNO3 attacks it can be seen that a large difference 

between the percentages extracted is typical of natural mechanical 

dispersions, an intermediate difference between them of contamination and 

a small difference between them of a hydromorphic anomaly. 	i.hile this 

combination of extractabilitios can distinguish the three "pure" types 

one from the other, a mixture of mechanical and hydromorphic dispersion 

can clearly produce the characteristics of contamination. 

L few samples from below mine dumps and drainage tunnels were 

analysed at two strengths of acid and those gave variable results (Table 

31). 	Some closely resembled natural mechanically dispersed anomalies 

while others showed very low extractabilitios at both strengths, a 

feature not shown by any of the type area samples. 	\then these latter 

anomalies are followed downstream there is often a sharp increase in 

extractability of the Zn similar to that seen for Pb, which suggests a 



Table 31. Extractability of Zinc from Mine Dump Contaminated 
Samples, 

Area Sample 
No. 

Feet below 
source Total Zn % Ex Zn in 0.2% HNO

3 

% Ex Zn in 
0.025% HNO

3 

HOinEuri 

TREICGAN 

MINE 

PENTRE 
HAIKYN 

NANT Y 
FLINT 

 	0037 

0036 

0439 

0300 

0497 

R1111 

3000 

7500 

0 

1200 

4500 

1800 

20,000 

4,300 

65,000 

8,400 

7,260 

7,800 

12.6 

59 

19.6 

- 

100 

92 

5 

28 

3.9 

15 

5.4 

9.7 

236. 
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change of form of the metal with transport. 

It is clear from these results that the extractability of Zn itself 

cannot yield unequivocal diagnostic criteria, although the extractabilit:' 

of the Zn can assist in the interpretation of Pb/Zn anomalies when 

considered with the Pb results. 	The reason for th.3 failure to establis:-

diagnostic criteria is fundamental and due to the solubility of Zn in 

certain common natural secondary environments. 	Lccordingly, there is 

little reason to hope that a different oxtractant or a variation in the 

analytical conditions will result in a workable method. 

(5.) Comparison of Extractability in Weak Nitric  

Laid with Standard Cold Extraction.  

L number of samples from a selection of type areas were analysed 

for cold extractable Zn by the standard method (Stanton 1966) to 

establish the correlation between cold citrate extractable Zn and nitric 

acid extractable Zn. 	L clear correlation was obtained between the two 

types of extractions (table 32) 	L close correlation was obtained 

between CxZn and ExZn in 0.012;%o EN03  for mechanically dispersing nature'_ 

anomalies, while both hydromorphic and smelter contaminated anomalies 

were more strongly extracted by the weak nitric acid attack (Fig. 81). 

This shows that the distinction normally found by Ox testing between 

mechanically dispersed and hydromorphic anomalies is equally well 

displayed by ExZn in 0.012;6 or 0.025% EN03. 	correlation plot of the 

two sets of data shows the clear separation found between mechanically 

dispersed and hydromorphically dispersed Zn by either method of 
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TABLE 32 

COMPARISON BETWEEN COLD CITRATE EXTRACTABLE ZINC 
AND WEAK NITRIC ACID EXTRACTABLE ZINC IN SELECTED 

SAMPLES. 

1. 	Natural Mechanically Dispersed Anomalies. 

Location Sample 
Nos. 

Total 
Zinc %CxZn %ExZn in 

0.012% 
HNO3 

%Ex Zn in 
0.025% 
HNO3 

Holywell - 0039 6250 4.6 0.8 4.3 
Main Stream 0041 4500 6.6 7.7 18.6 

R1434 1790 6.8 8.0 26.3 
(=2077) 

Holywell - 0042 7300 14.3 8.8 15.1 
Tributary (=2084) 8900 - 16.3 

0043 2900 18.6 31.7 55.2 
(=2083) 3460 - 19.1 

Pentre 1807 11000 1.0 3.9 7.0 
Halkyn 0450 8400 2.1 0.6 4.5 

1806 6100 4.0 4.1 11.5 
1808 3220 2.7 8.4 21.4 

North 8754 3520 2.7 1.9 8.2 
Pennines 6042 4660 5.8 1.1 2.5 
No.1 

Average % Extractability of 
-80 mesh) fractions 4.0% 4.1% 11.5% 
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TABLE 32 Continued 

2. 	Natural Hydromorphically Dispersed Anomalies. 

Location Sample 
Nos. Total Zn. %Cx Zn %ExZn in 

0.012% 
HNO3 

%ExZnc,in 
0.025/0 
HN - 0)  

Hulland 6882 1100 26.2 

L.0  ri  ‘.0  VD  0
  0

  C----  t--
  H

  d
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•
 
•
 
•
 
•
 
•
 
•
 
•
 
•
 

• 
Ise \  01  C  \I  0

1
  d

-  - 4
-  tr\

 .C:) C31 1/49
  

d
-  CV  K1 CV  Cel

 -.4
  K

1 Ccl CV CV
  

49.1 
Ward 6885 1100 14.5 40.0 

Triassic 6913 460 17.4 37.0 
Area 6916 1350 29.6 44.4 

6917 500 16.0 42.0 
6920 680 14.1 48.5 
6921 560 17.1 39.3 
7036 690 17.2 53.6 
7038 790 20.2 50.6 
7039 925 21.6 54.0 

North 7540 1900 14.9 23.1 30.5 
Pennines 
No.2 7533 1200 10.0 19.0 33.3 

Average % 
Extractabilities 18.2% 31.9% 41.8% 
of - 80 mesh. 
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3. 	Contaminated Samples 

(a) Contamination from Lead and Zinc Smelters 

Location Sample 
Nos. Total Zn.%Cx Zn. 

%ExZn i 
0.012% 
HNO

3 

%Ex Znin 
0.025% 
HNO

3 

Wynne Hall 
Speltor 
Works 

0766 
0237 
R1202 

10950 
6850 
3340 

13.1% 
14.6% 
13.8% 

31.8% 
26.3% 
34.4% 

40.0% 
43.8% 
47.9% 

Pant 
Furnace 

2050 
2051 

13350 
3280 

+ 10% 
14.6% 

26.2% 
30.5% 

35.9% 
51.8% 

Tinkers Dale 
Cupola Works 

2065 
2064 
0065 

705 
515 
660 

13.2% 
12.7% 
14.8% 

38.0% 53.5% 
42.6% 
34.1% 

Gadlys 
Cupola Works 2063 670 18.8% 34.3% 46.3% 

Stone Edge 
Cupola Works 

6722 
6722(b) 
6720 

4020 
3080 
1520 

15.1% 
25.1% 
6.3% 

4.7% 
9.4% 
11.6% 

15.5% 
26.5% 
13.2% 

Baslow 
Cupola Works 6851 435 9.1% 15.2% 26.7% 

Average % 
Extractabili y of -80 mesh 13.3% 25.3% 37.6% 

(b) Contamination from Mine Dumps 

Holywell 0037 20,000 3.9% 1.7% 5.0% 
0036 4,300 2.8% 14.4% 28,4% 

Halkyn R1111 7800 0.7% 9.7% 
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analysis (Fig. 81). 	The contaminated samples, with the exception of the 

very ferruginous samples 6722 and 6722(b), have a similar distribution 

to the hydromorphic but are less clearly separated from the mechanically 

dispersed samples. 

(6.) Extractability of Common minerals and Rocks.  

a guide to the interpretation of the extraction curves obtained 

for Zn from the different classes of stream sediments, a series of 

common Zn minerals and other geological materials containing Zn were 

analysed over the same range of acid strengths as were used for the stream 

sediments. 

(a) Preparation of Samples.  

The samples were, prepared in the same way as the synthetic Pb 

standards. 	Sphalorite (ZnS), Smithsonite (ZnCO3), Hemimorphite (Zn4.— 

Si207(OH)211:20) and Zincite (ZnO) were the mineral species used. 	Slag 

from the jynne Hall Spelter oorks dumps, assaying 10%Zn, was used for 

comparison, three samples of freshly precipitated iron hydroxide from 

seepages and two samples of massive limonite cement from the Trias of 

South Derbyshire were analysed as limonite samples, while five samples 

of unweathered Zn—rich Edale Shales from the Tansley and Uppertown 

boreholes and seven samples of weathered Zn—rich Edale Shales from the 

Nixon arca were also analysed. 

(b) Observed Variations in Extractability.  

-Ade variations in extractability are found between different mineral 
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species. L11 the samples show a fall in extractability with decreasing 

acid strength but both the amount extracted and the shape of the 

extractability curve varies systematically with the form of the metal 

(Fig. 82). 	The results obtained are similar to those for Pb, with the 

oxidized mineral forms showing a high extractability and the sulphide a 

very low one. 	The freshly precipitated iron hydroxide similarly shows 

a fall from very extractable at the stronger acid falling very sharply 

to very unextractable with the weaker acid concentrations. Cementing 

limonite from the Trias and unweathered Edale Shale show extractabilities 

similar to those obtained for sphalerite, but the Zn is more extractable 

in the weathered shale samples. 	The extractability curves can be 

classified into 	groups. 

(i) Smithsonite and Hemimorphite; very extractable between 

0.2% and 0.025% HNO3, extractability then declining sharply 

but remaining relatively high. 

(ii) Zincito and Slag; little fall in extractability between 

0.2% and 0.012%, then sharper decline. 

(iii) Sphalerite, hard limonite and unweathered Black Shales; 

low extractability throughout. 

(iv) Freshly precipitated limonite; extractability varying 

from high to low. 

The oxidized ore minerals can be easily differentiated from the 

sulphide and the unweathered rock forms, and, as was the case with Pb, 

no combination of these can give a pattern of typo (iv). 
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(7.) Comparison of Stream Sediment and Mineral 

Form Extractabilities.  

The extractabilities of zincite (ZnO) and slag are identical and 

this correlates well with the known occurrence of zinc oxide in such 

slags. 	The extractabilities of the smelter contaminated stream sediments 

is somewhat different, correlating more closely with a mixture of zinc 

oxide and zinc silicate or carbonate than with any single form. 

correlation is found between mechanically transported natural anomalies 

and fresh iron hydroxide samples, and for these two classes the results 

are closely comparable to those obtained for Pb on similar materials. 

The extraction curve obtained for hydromorphically dispersed anomaly 

samples is not so closely correlated with any of the synthetic mixtures 

although the close resemblance found between the shape of the curves for 

hydromorphic anomaly samples and zinc oxide suggests a similar kind of 

chemical form for the Zn in the former. 	It may well be a hydroxide 

rather than an oxide. 	These results indicate that the major part of 

the Zn in hydromorphic anomalies is not closely tied up in iron 

hydroxide precipitates. 

It is clear that spha lerite  like galena, is not a normal constituent 

of stream sediments from either smelters or natural sources. 

C. LELA) ziND ZINC CCNT_NT OF SIZE FRACTIONS  

IN STREL11.1  

The increase in extractability found after grinding -8o mesh 

sample material to -200 mesh, and in particular the very sharp increase 
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found for the slap-  contaminated sample 0010 from Bodfari indicates that 

major variations in the size range distribution of the Pb in different 

categories of same? ;s could significantly affect the extraction 

characteristics obtained (Fig. 76). 	It is possible that this kind of 

effect could account for the observed increase in extractability found 

on passing downstream from slag dumps, and it is likely that a similar 

effect could occur below mine dumps or other sources of coarse metal rich 

waste. 	The erosion of natural soils or overburden rich in metal could 

possibly give rise to short lived coarse fraction anomalies at the point 

where the metal was being introduced to the drainage which would become 

more extractable as the coarse material was broken down during transport. 

Lccordingly, fifteen bulk samples from a variety of different types 

of anomaly, both natural and contaminated, were divided into size fractions 

to determine th:: distribution of metal throughout the size range of the 

stream sediments. 

(1.) Natural foetal Sources.  

Four samples were analysed, one from Holywell, one from Pentre Hallcyn 

and one from each of the two North Pennine areas. The first three of 

these come from some C. -tance below the source of anomalies where the 

dispersion is thought to be purely mechanical and they show a very similar 

metal distribution (see Figs. 83 and 84) with the lowest total Pb content 

in the -LEO mesh and +80 mesh fraction with higher levels in the -10 and 

+20 mesh and -200 mesh fractions, the low metal coinciding with the 

monomineralic Quartz sand fraction. 	The fourth sample (75400) is 

organic rich and from the immediate source of the anomaly and shows peak 

Pb values in the -80 and +120 mesh size fraction. 
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(2.) Old dine Workings .  

Three samples from streams heavily contaminated by wastes from 

mining west of Holywell show a metal distribution closely similar to the 

natural anomaly samples with least metal in the —40 and +80 mesh fraction 

(Fig. 84). 	Here again, the effect is probably due to the concentration 

of quartz in this size range. 

(3.) Contamination from Smelters.  

(a) Slats.  

Three samples from the main drainage below the Ramsley Licor slag 

dumps (Fig. 85), two below the R7)dfari smelter (Fig. 86) and one 2  mile 

below the Tinkers Dale smelter (Fig. 87) were analysed. 	In the two 

samples taken immediately below the slag areas all the size fractions 

are very high in Pb, with irregular fluctuations in Level reflecting 

presumably the variations in size of the slag fragments. 	In the samples 

from further downstream a pattern is established with minimum values 

occurring in the —40 +200 mesh sizes and the highest values in the +40 

mesh fractions. 	In samples containing anomalous Zn the distribution 

is the same as for Pb. 

This pattern is presumably the result of sorting during transport 

and dilution of the middle size ranges with quartz sand. 

(b) Fume.  

Two samples from the iishover Bole and the Gadlys Smelting ',corks 

which derive their Fb content from fume contaminated soils were analysed, 
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and yielded a size range distribution very similar to that described for 

natural samples (Fig. 87). 	Lowest Pb was found in the -40 +120 mesh 

fractions with higher values in both coarsest and finest fractions. 

(4.) Extractability of Pb in Different Size Fractions.  

The extractable Pb content of the three fractions finer than 80 

mesh was determined for a selection of the samples. 	nn acid strength 

of 0.10 HNO
3 

was used and the object of the tests was to see if the 

amount of Pb extracted was proportional to the fineness of grain of the 

fraction. 

In the majority of cases all three fractions of a sample show similar 

extractabilities. 	This is true of samples 2063 and 6704, from smelter 

fume anomalies, and samples 2086, 1806 and 8754 from throe natural 

anomalies. 	However, sample 7540 from the source of a natural anomaly 

has a lower extractability in the -80 +150 mesh fraction than in the two 

finer sizes and sample 0065 from a slag contaminated anomaly shows a 

similar effect. .L's this fraction normally accounts for a high proportion 

of the bulk of the total -80 mesh sample, this will clearly have a strong 

effect and probably accounts for the relatively unextractable nature of 

the topmost sample of an anomalous train where a higher proportion of the 

pb content is in this fraction. 

D. ElIdiTION OF L2T.,IL EXTRIICLiBILITY IN SOIL -ND STRILd‘SEDE,a1T.  

The natural Pb - Zn type stream sediment anomalies at Holywell 

and Pentre Halkyn are derived by mechanical erosion of anomalous soil 

and overburden, and the same dominantly mechanical processes are responsible 
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for the incorporation of contaminated soil and overburden, along with 

slags and drosses, from smelter sites into the stream sediments. 	It is 

to be expected that the chemical characteristics of the sediments will 

be related to those of the soils in a simple fashion, but there may be 

modifications caused by the change in environment between soil and 

sediment and also differences due to the differing mechanical composition 

of soils and sediments. 	The latter generally have a very much lower 

content of fines due to the winnowing and sorting effect of running 

water. 	To investigate the effect these processes may have in causing 

enhancement or suppression of differences in anomaly types, a series 

of soil samples from the anomalies known to be feeding the type stream 

sudia;ent anomalies were selected for study. 

(1) Extractability of Lead and Zinc in Soils.  

One hundred soil samples from 8 type areas, 3 natural and 5 

contaminated, were analysed for extractable Pb and Zn and the results 

are shown in Table 33. 	The followin:,  conclusions can be drawn from 

these results: 

(1) There is no differentiation of anomaly types at 0.15 

HNO
3 attack. 

(2) Natural Pb anomalies are less extractable than the central 

parts of smelter anomalies with 0.025% HNO3  attack. 

(3) Pb anomalies in the soil due to fume contamination at the 

Stone D180 Cupola and Gadlys, are less extractable than the 

central parts of smelter anomalies and are -.,enerally similar 

to natural mineralization. 



TABLE 33 
	

EXTRACTABILITY OF LEAD AND ZINC IN SOILS 

Ex.Pb Ex.Zn 

Anomaly Type 0.1% HNO3  0.025% HNO3  0.025% HNO3  
and location No.of 

Samples 
Av.% Ex. Range No.of 

Samples 
Av.% Ex. Range No.of 

Samples 
Av.% Ex. Range 

Natural Sources 
Holywell 	1 

2 
7 
9 

67 
78 

43-100 
46-100 

7 
9 

21)2, 
25) 	' 

12-38 
16-29 

6 
10 

37 
37 

10-57 
29-48 

Natural Sources 
Pentre Halkyn 5 79 64-100 5 27 24-31 5 76 68-88 

Natural Sources 
Gregory Vein 5 34 21-51 5 22 17-28 5 5 1-10 

Bolehill 
RamsleY Moor 22 68 16-100 22 55 16-84 2 28 27-29 

Bolehill 
Ashover 22 67 40-100 22 39 4-71 5 51 7-100 

Stone Edge 
Cupola 	Centre 
Works 	Fume 

8 
6 

97 
88 

77-100 
78-100 

8 
6 

52) 0,,,, 
24)'' 4̀°  

18-85 
20-30 

3 
2 

13 
25 

9-17 
25 

Gadlys 
Lead 	Centre 
Works 	Fume 

5 
5 

100 
63 

100 
55-76 

5 
5 

5140% 22 34-72 16-28 
4 
3 

32 
38 

12-55 
36-39 

Tinkers Dale  Leadworks 5 94 68-100 3 51 39-67 3 38 33-41 
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(4) There is no clear differentiation of natural Zn anomalies 

from Zn anomalies accompanying lead smelting sites. 

(5) The Zn extractability of natural soil anomalies is generally 

higher than the Pb extractability in 0:0250 EN03, but the 

reverse is true for the central parts of lead smelter anomalies. 

Because of lack of knowledge concerning the chemical form of the 

metals in natural soil anomalies, these results are difficult to 

interpret unequivocally. 	The lower extractability of anomalies due to 

Pb fume contamination as compared to the central parts of the lead 

smelter anomalies may be due to the persistence of PbSO in the former 

with Pb0 and Pb 
3
0 as the dominant form near the centre. The low 

extractability of Zn on the cupola works sites is puzzling and may be 

due either to sulphide of zinc rejected prior to smelting or to the 

locking LID of the Zn in coarse slag fragments. 

The results obtained for Pb are generally consistent with 

expectations and there is a clear difference in extractability between 

natural anomalous and smelter contaminated soils as a whole at the 0.025A 

ENO
3 
 attack. The average extractability of Pb from naturally anomalous 

soils from the three areas tasted is 24A, while the average extractability 

of Pb from the five smelter contaminated areas is 40- 

(2.) The Correlation Between Soils and Stream Sediments.  

The correlation found is shown in summary form in table 34 and 

figure 88. 	These relationships are discussed area by area below. 
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TABLE 34 
	

EXTRACTABILITY IN SOILS COMPARED TO STREAM SEDIMENTS 

Location 
Pb. 0.1% HNO3  Pb. 0.025% HNO3  Zn. 0.025% HNO3  

Notes 
Soils Sediments Soils Sediments Soils Sediments 

Holywell 72% 48% 23% 13% 37% 20% 
Stream Seds. 
average of 
9(Zn)or 14(Pb) 

Gregory Vein 34% None 22% None 5% None No stream  sediments 

Pentre Halkyn 79% 38% 27% 9% 7 -% 19% Stream Seds. 
average of 4 

Ramslay Moor 68% 71% 55% 38% 2,/, 
'" 

Nct 
Anomalous 

Stream Seds. 
average of 6 

Ashover Bole 67% 68% 39% 45% 
le_ 
5'1' 

Not 
Anomalous 

Stream Seds. 
average of 2 

Stone Edge 97% 
88% 

93% 52% 
24% 

54% 13% 
25% 

13% 
- 

Anomaly centre 
Fume Area 

Gadlys 100% 
63% 70% 

57%) 
22%) 34% 

32% 
38% 

a_ 
46' 

Anomaly centre 
Fume Area 

Tinkers Dale 94% 58% 51% 49% 38% 43% 
Stream Seds. 
average of 3. 
Anomaly centre 
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1. Natural Origin.  

Holywell and Pentre Haikyn, 

La) Lead.  

The average extractability of Pb in the soils at Holywell is rather 

higher than the extractability from stream sediments and the Pb in the 

soils at Pentre Halkyn is considerably more extractable than the Pb in 

the stream sediments (see table 31). 	The extractability of the Pb in 

the soils in these areas falls on passing into the stream sediments. 	The 

reason is not known but it is probably due to the removal of fines during 

the transition. 

(b) Zinc.  

The average extractability of Zn in soils from Holywell is higher 

than the stream sediments, while at Pentre Halkyn the Zn in the soils is 

much more extractable than the Zn in the stream sediments. 	The reason 

is not known but as the Pb extractability is similar in all three test 

areas it may be that Zn is more sensitive to variations of such features 

as soil pH and so is much more variable locally, or possibly Zn is 

concentrated in the finer fractions. 	Both Pb and Zn decrease sharply 

in extractability in both areas between soils and stream sediments, 

leading to enhancement of the difference in extractability between natural 

and contaminated sediments. 

(c) Pb:Zn Ratio.  

Highly anomalous contents of Pb and Zn occur in both soils and 
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stream sediments but the ratios are not identical, 	the proportion of 

Zn in the soils being only about half that found in the sediments, as 

can be clearly seen on the accompanying correlation diagram (Fig. 88). 

Gregory Vein.  

There is no drainage from the known soil anomalies over the Gregory 

Vein in Derbyshire but as this is the best established natural soil 

anomaly in either area, the close similarity between the extractability 

of the Pb in 0.025% HNO3 in the soils here and at Holywell is noteworthy. 

Zn, however, is markedly less extractable over the Gregory Vein than 

elsewhere. 

2. Smelter Contamination.  

(1) Bolehill Smelters  

(a) Lead.  

The average extractability of Pb from the soils over the Ramsley Moor 

and ,shover bolehills is very close in most cases to the extractability 

found for smelter contaminated stream sediments. 	Low extractability is 

found in soil samples from the extreme downwind tail of the Ramsley hoor 

.nnomaly and from the anomaly site down the dip slope at ;shover but these 

variations are not reflected in the extractability of Pb from the stream 

sediments from these areas. 	The extractability of Pb in 0.025 % BN03  

from the sediments at Ramsley hoer is rather less than that from the 

soils, which may be reflecting the contamination of the stream sediments 

with coarse slag in this case, while at Lshover, where the stream sediment 
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is largely derived from the fume anomaly area, the reverse relationship 

is seen. 

(b) Zinc.  

The low level of Zn in soils associated with bolehill smelters 

makes this feature of little significance. 	The few soil samples which 

contain Zn show extractabilities broadly similar to these obtained on 

other smelter sites. 	There is little Zn in the sediments. 

(0) Pb:Zn Ratio.  

Extremely high Pb:Zn ratios of up to 50:1 are found in smelters of 

this type in both soils and sediments. 	Ls Zn is only locally associated 

with Pb the detailed Pb/Zn ratios fluctuate widely in response to 

variations in the load level. 

(2) Reverberatory Smelters.  

(a) Lead.  

The stream sediment anomalies at Stone Edge and Tinkers Dale are 

deriving largely from the central parts of the soil anomalies and, with 

the exception of the highest stream sediment at Stone Edge where heavy 

iron hydroxide precipitation distorts the picture, there is a close 

correlation between the extractability found in the soils and the stream 

sediments with 0.025$ HM03. 	Lt Gadlys where the stream appears to be 

deriving its sediment largely from the fume anomaly area there is a 

discrepancy between the extractability in the fume contaminated soils 
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and the stream sediments, and it may be that the metal content of this 

stream is being derived in part from the central part of the anomaly area 

by some very weak drainage. The average level of extractability is very 

similar in soils and sediments, with neither enhancement nor suppression, 

the average extractability in 0.025% HNO3  from the soils of the three 

areas being )+3% and from the sediments 46%. 

(b) Zinc.  

The low extractability of Zn in the soils at Stone Edge is matched 

by an equally low extractability in the iron hydroxide free stream 

sediment. 	The intermediate extractability _f Zn from soils at Tinkers 

Dale is matched by a similar extractability in the sediments, but at 

Gadlys the sediments are a little more extractable than all the soils. 

(c) Pb:Zn Ratio.  

Both soils and stream sediments show very similar ratios with Pb 

in excess of Zn by a factor of 2 or more. 	Lt Tinkers Dale and Stone 

Edge the ratio is higher in the soils than in the sediments but at Gadlys 

the two are very similar (Fig. 88). 

CONCLUSIONS.  

The work described in the preceding subsections had as its 

objective the discovery of significant variations between stream sediments 

derived from different types of metal sources which could be used to 

help distinguish them. 	The results obtained and their significance for 

mineral exploration in Britain are summarized as follows. 
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1. There are significant variations in the extractability of 

Pb in stream sediments from natural anomalies and smelter contamination 

anomalies. 	In 0.025 and 0.012;% HNO3 these differences are great enough 

in the great majority of cases to enable the two groups to be readily 

distinguished. 	This should be useful in distinguishing the anomalies 

due to ancient smelting from natural anomalies derived from possible 

sub-outcropping mineralization. 

Smelter contamination anomalies where a high proportion of the Pb 

is held in relatively coarse fragments have lower extractabilies than 

other smelter anomalies and some are not distinguishable from natural 

anomalies on the basis of % Ex Pb alone. 	Similarly, anomalies which 

contain a high proportion of their Pb content in association with iron 

hydroxide will show Pb extractabilities of natural type whatever the 

original source of the Pb. 	Ls a result a proportion of smelter 

contaminated anomalies will be indistinguishable from natural anomalies. 

2. Zn extractabilities in mechanically transported anomalies 

derived from natural sources, and from Pb and Zn smelters are very 

similar to the Pb extractabilities from the same anomalies. 	Lt HNO3 

strengths of 0.025% and below the two groups can be readily distinguished. 

Hydromorphically derived natural Zn anomalies, however, show very simi-

lar extractabilities to smelter contaminated anomalies and these two 

groups cannot be completely separated at any strengths of HNO3. Samples 

containing Zn in close association with iron hydroxide precipitates have 

extractabilities very close to those of natural mechanical anomalies, but 

with this exception the extractability of Zn in weak HNO3  is very similar 
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to that found using the cold citrate buffer of the normal CxZn method to 

separate hydromorphic and mechanical dispersions but there would be no 

advantage in doing so unless ExPb and Ey"..Zn can be determined on the same 

sample attack with considerable savings in time and cost. 

Using either partial attack method purely mechanical natural Zn 

dispersions can be clearly distinguished from most hydromorphic and 

smelter contaminated anomalies but natural anomalies where the Zn dis—

persion is partly mechanical and partly hydromorphic will occupy an 

intermediate position between the two which could closely simulate the 

extractability of smelter contaminated anomalies. 	This is true for all 

strengths of HNC3 tested and will severely limit the usefulness of Zn 

extractability tests in contaminated areas, especially those with low 

soil and ground water pH. 

3. Stream sediments contaminated with mine wastes frequently 

show percentages of ExPb and E 7,n in weak HNO3 and CxZn very similar to 

those found for natural mechanical dispersions. 	Some of these results 

can be accounted for by the introduction of sulphides from the unoxidized 

wastes of deep mining and in these cases the extractability of the metal 

in stronger HNO3 is also very low. 	In other cases this is not so and 

the extractabilities are similar to natural extractabilities throughout. 

In these circumstances it is not possible to distinguish old mining 

contamination from natural anomalies. 
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CHAPTER 7  

THE APPLICATION OF DIAGNOSTIC CRITERIA IN THE  

INTERPRETATION OF STREAM SEDIMENT ANOMALIES 

A. REVIEW OF USEFUL CRITERIA 

(1) Lead :Zinc Ratio  

When stream sediments derived from known metal sources 

are studied it can be seen that different types of metal source 

show characteristic ranges of Pb:Zn ratios. In mechanically 

dispersed anomalies the extreme ranges at both ends of the scale 

are found in heavily contaminated drainages from either mines or 

smelters, mainly because the level of the principal introduced 

element is so much enhanced above natural levels. There are six 

main classes of anomalies and each shows a characteristic range of 

Pb:Zn ratios. (fig 89). 

(i) Metal dispersions deriving from bolehills and 

lead hearths usually contain little or n4 Zn and show ratios above 

2:1, reaching over 50:1 in a few cases. 

(ii) Metal dispersions deriving from cupola works 

usually show both Pb and Zn in anomalous amounts and as a result 

do not show such extreme ratios. The normal range is from 1:1 

up to 15:1, anomalies deriving from fume contamination being mcro 

consistently Pb-rich than those deriving from slags. 

(iii) Dispersions derived from spelter (commercial Zn 

metal) works, brass works or other Zn-metallurgical sites are high in 

Zn with a ratio of 1:4 or over; ratios up to 1:19 are known. 
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(iv) Anomalous metal contents due to direct contamina-

tion from mine dumps show ratios basically reflecting the metal 

content of the ore hoisted. This may vary widely and the varia-

tion is very high in N. Wales where it ranges from 90:1 to 1:11. 

Derbyshire shows a more restricted range form 6:1 to 1:3.5, but 

much lower Pb/Zn ratios are possible, from an orebody such as Keele 

in Ireland for example. In the case of these extreme ratios the 

level of the element is so high as to indicate contamination quite 

clearly. 

(v) Natural anomalies deriving mechanically from 

known or suspected mineralization show ratios varying from 5:1 to 

1:10 and these variations are probably mainly reflecting the vary-

ing metal ratios of the underlying mineralization. 

(vi) Purely hydromorphic dispersions may show no 

anomalous Pb and the ratios generally vary from 1:3 up to 1:30, 

although higher ratios can be found in particularly Zn rich 

samples from seepage areas. 

The locations of old mine workings are generally well 

known and the principal mineral veins are shown on Geological 

Survey 1 inch maps, so that anomalies due to mine contamination 

are readily identifiable. The other five classes of anomaly show 

restricted ranges of Pb:Zn ratio which enables a partial separa-

tion into classes to be made on this basis. Sources can be divi-

ded into four groups on the basis of the Pb/Zn ratio as follows: 

(i) Pb:Zn over 5:1 are probably lead smelters. 

(ii) Pb:Zn from 6:1-1:1 may be natural or lead smelter7.. 
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(iii) Pb:Zn from 1:1-1:4 are probably natural. 

(iv) Pb:Zn over 1:4. may be zinc smelters, natural 

Zn-rich mineralization or hydromorphic Zn anomalies. 

A classification on this basis assumes that the Pb 

and Zn found in the same sample are derived from the same source, 

but this is not necessarily the case as one metal could be added to 

a stream which was naturally anomalous for the other. This 

situation exists in tha.Hulland area where Pb from the Mansellpark 

lead hearth is added to a stream which is anomalous for Zn from 

natural sources. In this case there are very great variations of 

Pb:Zn ratio within a small area, ranging from 12:1 to 1:7; a 

feature which can probably be regarded as typical of anomalies of 

complex origin. 

(2) Lead Extractability  

The experimental work described in Chapter 6 above 

showed that some natural Pb/Zn anomalies could be distinguished 

from some contamination anomalies on a basis of the extractability 

of the Pb in weak nitric acid. To test the usefulness of this as 

a criterion for discriminating between anomaly types, all the 

anomalous stream sediment samples from all the metal dispersions 

described in Chapter 5 were analysed by the optimum method estab-

lished above. While the general correlation of high extracta-

bility with contamination and low extractability with natural 

anomalies was confirmed, considerable overlap was found between 

the two ranges. Thus while only one natural sample showed an 
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extractibility of more than 3C6 as against 45 contamination samples in 

that range, and only 3 contaminated samples showed an extractability 

of 10A or less as compared to 24. natural samples, the range from 

10%,30r. was more or less evenly divided with 20 natural anomaly 

samples and 14 contaminated samples. Expressed as percentages the 

results are shown in table 35 (a). 

It is noticeable that the least extractable contaminated 

samples are those where the contamination is in the form of slag 

fragments which, by virtue of their coarseness, are less quickly 

attacked by the nitric acid. 

(3) Zinc Extractability  

- Experimental work on selected samples of known proven-

ance showed that an attack similar to that used for Pb could be used 

to separate Zn anomalies into two groups, one characterized by low 

extractability and one by high. The first group covered anomalies 

derived by mechanical erosion from Zn rich soil and overburden from 

natural metal sources while the second included both hydromorphic 

anomalies and anomalies due to smelter contamination. The results 

are essentially similar to those obtained using the standard CxZn 

method. Using an acid strength of 0.012A-NO extractions of over 
3 

2056 indicates group 2. 

A clear separation between hydromorphic and contamination 

anomalies cannot be obtained at any acid strength but a partial 

separAion is obtained at 0.2% 11103  where extractabilities in the 

range 30-65A are hydromorphic anomaly only while extractabilities 



Table 35(a). Extractability of Lead from all type area 
stream sediments  

Range of 
Extractability 

Pb% 

Natural Anomalies 
Contamination 
from Smelters 

No. of 
Samples 

Aage of 
total 

No. of 
Samples 

/cage of 
total 

40-100 - 0 32 51.6 

30-40 1 2.2 14 22.6 

20-30 8 17.4 8 12.9 

10-20 13 28.2 5 8.1 

10 24. 52.2 3 4.8 

Total 46 100 62 100 

Table 35(b). Classification of all type area stream 
sediments by combining Pb:Zn Ratio and 
Pb Extractability  

Natural Anomalics 
. 	Contamination 

from Smelters 
No. of 
Samples 

%age of 
total 

No. of 
Samples 

',cage of 
total 

Field 1. 39 85 1 1.6 

Field 2. 7 15 11 18 

Field 3. 0 0 49 80 

261. 
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from 65-100/0 may be from either type. Mixed origin mechanical,/ 

hydromorphic natural anomalies will produce inconclusive results 

at both extractions, considerably limiting the usefulness of the 

technique in practice. 

(4) Metal Associations  

Certain metal associations are characteristic of different 

types of stream sediments. Pb-Zn-Ba-Ag is typical of mineralization 

in Derbyshire and Pb-Zn-Ag of mineralization in North Wales; Cu 

is added to this assemblage locally, as at Ecton-Mixon and in the 

extreme north of Flintshire. The only completely consistent 

association with mineralization is Pb-Zn. The second major 

association is brio-As-Zn-Cu-V-(Co-Ni) which is found over the Edale 

Shales of Derbyshire and is due to the concentration of these 

elements in the black shale facies (fig. 40). A third association 

of elements in stream sediments unrelated to geology but due to 

secondary environmental factors, is the association Mn-Co-As-Zn 

(Horsnail (1967). Zn alone or with a little Pb characterizes 

hydromorphic anomalies derived from mineralization. 

Metal associations associated with contamination are 

Pb-Ba or Pb alone, associated with early lead smelters, Pb-Zn and 

Pb-Ba-Zn(Ag) associated with later smelters (post 1700), Zn-Pb 

associated with zinc smelters and Zn-Pb-Cu associated with brassworks. 

These metal associations are useful in indicating the nature 

of regional metal patterns, in particular the association with boo 

points to the presence of a high Zn source rock, and the Mn-Co 
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association to secondary environmental factors. The presence of 

anomalous Pb in either of these associations points to mineralization. 

Pb only or Pb-Ba anomalies are normally indicative of smelting sites, 

but the presence of even a little Zn increases the possibility of a 

natural source. High Ag suggests a natural source for Pb-Zn 

anomalies, but is not conclusive, while Zn alone, with no major 

associates, indicates a hydromorphic anomaly. 

B. COMBINING CRITERIA F0 MAXINUR DISCRIPIDTATION  

1. Combining Pb:Zn Ratio and Lead Extractability  

These can be compared and combined most easily by plotting 

graphically Pb extractability against Pb:Zn ratio. This is done 

for all the stream sediments derived from the areas described in 

Chapter 5 (fig. 90). In this plot it can be seen that the partial 

discriminations obtained by using each criterion separately reinforce 

one another and it is possible to separate the plot empirically 

into three fields and to obtain an improved separation of anomaly 

types. This is summarized in table 35(b). 

Field 1 (fig. 90), embracing the majority of the anomalies, 

is bounded by a limiting Pb:Zn ratio of 7:1 and a maximum Ex Pb/Pb 

of 304 the limits of the field are roughly 10% Ex Pb at Pb:Zn 4:1, 

20% Ex Pb at Pb:Zn 2:1, 30% Ex Pb at Pb:Zn 1:1 and 35% Ex Pb at 

all ratios more Zn-rich than 1:2. The outer limit of natural 

anomalies forms the boundary of Field 2 and extends from Pb:Zn 15:1 

through roughly the following points 10% Ex Pb, Pb:Zn 10:1, 

20% Ex Pb, Pb:Zn 7:1, 30% Ex Pb, Pb:Zn 3:1 to 40% Ex Pb at Pb:Zn 1:2. 
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Field 3 embraces the balance of more extractable or more Pb-rich 

anomalies and is occupied solely by smelter contaminated samples. 

The one lead smelter contamination anomaly sample falling 

in Field 1 is from the Stone Edge Cupola Works (sample 6722) and is 

an unusual sample very rich in freshly precipitated iron hydroxide 

and also containing coarse slag fragments. Two zinc works contam-

ination samples from the Pant Furnace site, have a Pb:Zn ratio in 

excess of 1:10 and on this classification system they fall into the 

natural anomaly field. The lead smelter contamination samples which 

overlap onto the distribution range of the natural anomalies are 

mainly slag contaminated from the later cupola smelters. Slag 

contaminated samples from earlier smelters and fume contamination 

from smelters of any age do not normally overlap onto the natural 

range. 

In the type areas studied there would be little practical 

difficulty in separating natural anomalous from smelter contaminated 

drainages using this combination of criteria. The great majority 

of cupola works sites can be readily located from the historical 

records so that the observed overlap of types is not a serious dif-

ficulty in interpretation, while zinc works sites are relatively rare, 

historically recent and usually obvious. The more widely spread and 

obscure early contamination does not overlap with the natural pattern, 

so that a clear separation is possible. 

(2) Combining Pb:Zn Ratio and Zinc Extractability 

Fig. 91Ishows the result of combining Zn extractability 
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in very weak acid with Pb:Zn ratio, and it demonstrates the lack 

of any correlation between the two phenomena. No useful purpose 

is served by relating them. 

_al Combining Pb Extractability and Zn Extractability  

When Pb extractability is plotted against Zn extractability 

at the same strength of attack (fig. 92) a general correlation 

emerges particularly for natural anomalies. Natural, mechanically 

dispersed metal anomalie, show both Pb and Zn relatively unextrac-

table while in anomalies due to smelter contamination both elements 

are extractable. The Hulland area anomalies, where the Pb content 

is due to smelter contamination and the Zn content to hydromorphic 

introduction of metal from a natural source, are undistinguishable 

from contamination. 

This illustrates the danger of trying to interpret the 

two metals at the same time, When they may, in fact, have a separate 

origin. 

(0 Combining Different Strengths of Extraction of Zn  

No single extraction gives more than a partial and 

incomplete separation of anomaly types but there are differences 

in the shape of the typical extraction curves which indicate that 

an improved separation can be obtained by considering two strengths 

of extraction simultaneously. If the extractabilities of Zn given 

in Section 6 are studied it will be seen that if the extractabilities 

at 0.25/0and 0.025% HNO3 are compared then four different shapes of 

decline curve will characterize the four major groups of sample typeE., 
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Low extractability in both strengths will characterize 

unweathered rocks and sphalerite. 

2. High extraction in 0.2% and low extraction in 0.025% 

will characterize purely mechanically derived natural anomalies, or 

iron hydroxide incorporation. 

3. High extractability in 0.2% and medium-high extrac-

tability in 0.025% will characterize anomalies due to smelters. 

4. Medium-high extractability in both acid strengths and 

in particular a close similarity in the amount extracted in both 

strengths will characterize hydromorphic anomalies. 

Mixtures of natural mechanical and hydromorphic 

anomalies will produce a compromise between curves 2 and 4 which will 

resemble curve 3, and this mixture of natural dispersion types is 

likely to be a common feature. The Zinc extractability in 0.2% and 

0.02510 HNO3  are plotted together in fig. 93 and the different anomaly 

types show a significant separation into distinctive fields. Basically 

the graph can be divided into fields representing mechanical and 

hydromorphic dispersions respectively. Between them and occupying 

a relatively restricted field overlapping largely onto the hydro-

morphic area is the field of the smelter contaminated anomalies. 

Sphalerite and fresh Namurian Shales occupy a separate and very 

restricted field, but weathered shales, and sediments derived from 

shales or mine wastes overlap onto both natural mechanical and 

hydromorphic fields. 

These overlaps between types prevent any unequivocal 

classification of Zn anomalies on the basis of extractability but 
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a partial classification into 5 groups is possible. Three of these 

are unequivocal and represent the end members hydromorphic, natural 

mechanical and very unextractable, While the other two occupy the 

areas of overlap and uncertainty between them. This partial separation 

of Zn anomalies can be used as an adjunct to the Ex Pb/Pb:Zn Ratio 

classification in assessing the significance of Pb/Zn anomalies, or 

alone to classify Zn anomalies unaccompanied by Pb. 

C. THE USE OF DIAGNOSTIC CRITERIA IN COMBINATION TO CLASSIFY  

LEAD/ZINC STREAA SEDIMENT ANOMALIES  

Once the anomalies clearly related to known mining have 

been identified and eliminated from the plan, the remaining anomalies 

can be classified using the criteria outlined in the earlier parts of 

this section. A primary classification can be made on the basis of 

the metal content of the sample and then these major groups can be 

further subdivided into subgroups, using the various other criteria 

avr!aable. 

The objective is to classify the anomalies in such a way 

that priority targets can be established without expensive field 

checking of the anomalies located by the reconnaissance survey. 

Most contamination with Zn is nineteenth or even twentieth century 

in age and is readily apparent in the field, but lead contamination 

is much older and more widespread and its source is often obscure 

and can only be located after detailed ground work. For these 

reasons the identification of Pb contamination at an early stage is 

more important, and a detailed study of Zn extractability is only 
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necessary where there are large numbers of Zn anomalies unaccompanied 

by Pb or with Pb present in a very subordinate role. It is worth 

while in all cases determining the extractability of Zn in the weak 

attack used for Pb as this can be done on the same leach solution 

at little extra cost. The results obtained are comparable to those 

obtained by the established cold-extraction techniques (see table 30 

and fig. 81) and can be used to indicate whether the dispersion of 

the Zn is dominantly hydromorphic or mechanical. 

The following classification of anomalies is suggested: 

CmASSIFICATION OF LEAD AND ZINC ANOMALIES 

1. First Stage Classification 	Total Metal Content  

A. Pb Anomalies 	(1) Pb only, Zn below theshold 

(2) Pb:Zn greater than 15:1 

B. Pb-Zn Anomalies 	Pb:Zn between 15:1 and 1:10 

Both metals above threshold 

C. Zn Anomalies 	(1) Zn only, Pb below threshold 

(2) Pb:Zn 1:10 

2. Second Stage Classification 	Extractability  

A. Analyse anomalous samples containing Pb for Ex Pb in 0.025% 

HNO3 and classify using Ex Pb and Pb:Zn Ratio combined 

(1) Natural Anomalies 

(2) Intermediate Group 

(3) Contamination Anomalies 

B. Analyse anomalous samples containing Zn for Ex Zn in 0.025/0 
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BNO3 and 0.200 BN03 and classify into five groups 

( 1  ) Natural Anomalies - mechanical 
dispersion 

(2) Hydromorphic Anomalies 

(3) Smelter contamination or 
mechanical/hydromorphic natural 

( ) Very extractable anomalies - 
hydromorphic or contamination 

(5) Very unextractable anomalies 
High Zn source rock or sulphide. 

1, Third Stage Classification 	Associated Elements  

A. Where Zn only is anomalous and Pb is background 

(1 ) The association Zh-Mo is a 
sign of black shales 

(2) 	The association mn -Co -Zn is 
an indication of secondary 
environmental enrichment 

B. Where Pb and Zn are both present and both unextractable 

(1) Anomalies of 2B(5) type with 
the Zn accompanied by Pb, Ag 
or Ba are due to sulphides. 

L• Selection of Anomalies for Follow-up  

Priority 1 Anomalies: 	2A(1) All anomalies 

2B(1) Except Zn-Mo association 5A(1) 

2B(2); All anomalies with Zn greater 
L than Pb except for Mn-Co-Zn 

2b(4).) association 3A(2) 

Priority 2 Anomalies: 	2A(2) All anomalies 

Priority 3 Anomalies: 2A(5)B(2)Anomalies with Pb greater than 
Zn and the Pb due to contamination. 

2A(5)B(4 Zn may be natural. 
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D. THE APPLICATION OF DIAGNOSTIC CRITERIA IN THE INTERPRETATION  

OF REGIONAL STREAK SEDIMENT RECONNAISSANCE RESULTS  

All the samples collected during the reconnaissance survey 

which were anomalous for Pb or Zn and which were not deriving from 

known mined areas, together with all the anomalous samples collected 

during the subsequent follow-up, were reanalysed for total Pb using 

25% HNO3. Total Zn was determined by colorimetry or absorption 

spectrophotometry following a bisulphate attack. Extractable Pb and 

Zn were then determined following a 30 minute extraction in 0.025% 

HNC3 and, in addition, Ex Zn was determined following a 30 minute 

extraction in 0.2% HNO3. The Pb anomalies were then classified on 

the basis of Ex Pb and Pb:Zn ratio and the Zn anomalies by comparing 

the extraction in two strengths of HNO3. Figs. 94 and 96 show the 

plots of ExPb/Pb:Zn ratio and fig. 95 the comparison of Zn extrac-

tabilities for both the Derbyshire and Flint-Denbigh areas, while 

Maps 1 and 2 (Derbyshire) and 5 and 6 (Flint-Denbigh) show the 

location and classification of all the samples used. 

(1) Derbyshire Area  

(a) Lead Anomalies  

The classification of Pb anomalies by ExPb and Pb:Zn ratio 

shows that the great majority of those found to the east of the 

limestone are due to contamination, but that there are a few anomalies 

which have natural characteristics. Two anomalies probably due to 

contamination from the cupola works at Calow, near Hathersage and 

Lumsdale near Matlock, show natural characteristics, as does the 
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sample immediately below the Stone Edge Cupola Works. There are 

seven other anomalies with natural characteristics in this area. 

To the west and south of the limestone, total Pb values 

are generally lower and highs are more widely scattered but a high 

proportion of them appear to be natural, obviously contaminated 

drainages only being found in the Hulland area. Five areas can be 

selected for follow-up as natural anomalies in this area, making a 

total of 12 Pb anomalies for follow-up in Derbyshire; these anomalies 

are described below. 

Zinc Anomalies  

The Zn anomalies found to the east of the limestone mainly 

fall into two groups, a very extractable group corresponding to 

contamination or hydromorphic origin, and a very unextractable group 

representing either sphalerite or Zn locked in stony slags. Again 

the Stone Edge and Lumsdale Cupola Works give rise to natural type 

anomalies. 

The anomalies found south of the limestone are of two 

distinct types; those on the Edale Shales are unextractable and 

similar to samples of Zn-rich shale from the borings, while the 

anomalies in the Triassic areas are a mixture of natural mechanical 

and hydromorphic, except near Cheadle where they appear to be due 

to contamination. 

Interesting Zn anomalies, unaccompanied by Pb, are found 

in the NW over Millstone Grit and Coal Measures in the general area 

of galena occurrences in the Coal Measures, over Namurian Shales in 
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the Ecton-Mixon area, where Cu is associated, and over the Triassic 

Bunter Pebble Bed series in the south. Anomalies deriving from the 

Edale Shale area west of the limestone show either hydromorphic or 

natural mechanical derivation characteristics, while many of those 

from the shale area south of the limestone appear to be due largely 

to the incorporation of relatively unweathered shale and are very 

unextractable. 

(c) Composite Classf -L'ication of Pb/Zn Anomalies  

Maps 1 and 2 show the classification of the Pb and Zn 

anomalies along the lines discussed above while map 3 shows a combined 

classification of Pb-Zn anomalies into 4. groups using both the Pb:Zn 

ratio and the extractabilities of the two metals to define the 

favourability of the anomalies as indicators of mineralization. The 

two cupola works sites of Calow and Timsdale are included in the 

"most favourable" category and seven other areas show up as "most 

favourable", while a further 8 areas can be defined as "favourable". 

Details of these anomalies are given in table 36 and locations are 

given in fig. 97. 

In Zn anomalies with little or no associated Pb the 

presence of either Mo or Mn-Co is an unfavourable sign indicating 

that some or all of the Zn may be related either to high-background 

source rock or secondary environmental factors. 

(2) 	Flint Denbigh Area  

(a) Lead Anomalies  

Pb anomalies in North Wales when classified by ExPb and 
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Table 36. Anomalies Selected for Follow-up in Derbyshire  

A. Most Favourable Anomalies  

Location ppm Pb ppm Zn lPb:Zn Ratio ExPb 0.025 ExZn 0.025 ExZn 0.020 

barley Dale 
Resample 

1 
2 
3 

800 
740 
470 

620 
430 
260 

1.3:1 
1.7:1 
1.8:1 

8.1% 
2.7% 
2.1% 

4.5% 
29.3% 
42.3% 

68.2% 
44.2% 
66.5% 

North End of 
Ashover Inlier 

1 
2 
3 

275 
260 
540 

320 
310 
430 

1:1.2 
1:1.2 

1.3:1 

29.1% 
26.70 
22. 

26.9% 
34.2% 
3.7% 

53.7% 
58.1% 
11.6% 

South End of 
Ashover Inlier 

1 
2 

500 
455 

310 
320 

1.6:1 
1.4:1 

14.8% 
11.% 

35.8% 
16.6% 

58.1% 
35.6% 

Ripley-Belper 1 210 423 1:1.7 9.5% 9.0% 85.1% 

South Side of 
Sherbourne Brook 

1 
2 
3 
4 
5 
6 

290 
215 
260 
320 
280 
68o 

440 
435 
400 
320 
325 
310 

1:1.5 
1:2 
1:1.5 
1:1 
1:1.2 

2.2:1 

8.6% 
7.9% 
13.5% 
6.41. 
3.6% 
7.3% 

8.0% 
- 

19.0% 
31.2% 
15.4% 
39.3% 

26.0% 
- 

26.0% 
59.4% 
38.5% 
60.0% 

Shirley Brook, 
Osmaston 1 100 570 1:5.7 8.0% 85.3% l00% 

Butterton, near Ecton 
Resample 

1 
2 
3 
4 

26o 
440 
170 

, 	110 

445 
445 
415 
425 

1:1.8 
1:1 

3.8% 
2.0% 
- 
- 

- 
4.5% 
16.8% 
2.3% 

- 
65.1% 
55.1% 
70.6% 



Table 36 - continued 

B. Favourable Anomalies  

Location ppm Pb ppm Zn Pb:Zn Ratio ExPb 0.025 ExZn 0.025 ExZn 0.020 

Whaley Bridge- 
New Mills 

1 
2 

100 
50 

1450 
400 

1:14.5 
1:8 

- 
- 

24.8% 
50.0% 

69.E 
- 

Barmoor Clough 
Chapel en le Frith 

1 
2 

605 
285 

255 
140 

2.2:1 
. 	2:1 

3.3% 
5.3% 

- 
- 

- 
_ 

airbag° Brook, 
Nether Padley 1 180 60 3:1 11.1% - - 

Umberley Brook, 
Baslaw 1 400 655 1:1.5 17.8% 41.2% 73.5% 

Upper Moor, near 
Chesterfield 1 170 150 1:1 2.9% - - 

Fenny Bentley, near 
Ashbourne 

1 160 380 1:2.4 - 2.6;% 60.5% 

Stanton, near 
Ashbourne 1 310 135 2:1 1.8% - - 

Between Mixon and 
Upper Hulme 

1 
2 
3 
4 

85 
85 
100 
20 

760 
815 
510 
330 

- 
- 
- 
- 

1.3% 
2L.5% 
13.7% 
48.5% 

63.2% 
35.3% 
52.9% 

i 	63.6% 
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Pb:Zn ratio divide sharply into two groups. The first group with 

the characteristics of contamination includes the drainages from 

the known and suspected smelter sites and also from the high Pb parts 

of the mining districts. The other embraces the natural or probably 

natural anomalies and also the mine contaminated drainages from the 

high Zn parts of the orefield. 

When the obviously contaminated drainages are eliminated 

there remain five Pb anomalies of possibly natural provenance to be 

considered in addition to the type areas described in Section 5. 

(b) Zinc Anomalies  

Zn anomalies in the Flint-Denbigh area are closely 

associated with Pb and there are no extensive areas of high Zn 

related to bedrock geochemistry such as are found in Derbyshire. 

Only four samples fall within the very unextractable range and all 

four are related to mine contamination in the northern part of the 

field and are probably due to the introduction of sphalerite into 

the drainage. Many of the other anomalies derived from mine contami- 

nation show the characteristics of natural mechanical dispersions 

when the ore is in limestone, or hydromorphic anomalies when the ore 

is in other rocks, and it is not normally possible to differentiate 

natural anomalies from mine contamination. 

Smelter and industrial contamination gives rise to generally 

extractable anomalies which can be distinguished in part from 

natural anomalies. Five anomalies of possibly natural provenance 
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can be selected for follow up; they are the same areas as the 

five Pb anomalies. 

(c) Composite Classification of Pb/Zn Anomalies  

A composite classification into groups based on both 

elements was made and is shown in Map 7. The smelters and some 

of the mine contaminations are clearly defined as unfavourable 

while the natural type area anomalies and the remainder of the 

mine contamination is classed as favourable. The five areas 

defined as favourable separately by both Pb and Zn remain favourable 

on the joint plan (fig. 98). There are no unfavourable minor 

element associations in the area. 

Details of these favourable anomalies are given in 

table 37. 
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Table 37. Anomalies Selected for Follow-up in Flint-Denbigh 

Location ppm Pb ppm Zn Pb:Zn Ratio ExPb 0.025 ExZn 0.025 
, 
ExZn 0.020 

1 640 1600 1:2.5 9.47 52.5% 87.5% 
Trelogan Mine Area 2 650 3400 1:5.2 9.27 2.6% 51.2% 

3 350 1100 1:3 17.1% 32.4% 90% 

Babell, Halkyn Mountain 
Replicate 

1 
2 

355 
275 

580 
340 

1:1.6 5.6% 2.2% 47.1.:, 

Coed-Talon 1 
2 

145 
260 

280 
485 

1:1.9 
1:1.9 

17.2% 
9-. 6% 

26.8% 
22.9% 

63.6% 
38.0% 

Wrexham Industrial 1 315 1720 1:5.4 3.2% 1.0% 100% 
Estate 2 270 1860 1:7 - 2.2% 86.0% 

3 500 760 1:1.5 - 1.3% 59.2% 

Ruabon Mountain 1 
2 

80 
250 

1250 
430 

1:16 
1:1.7 

- 
8.0% 

24.0% 
34.9% 

80.0% 
62.8% 

3 210 345 1:1.6 4.8% 34.8% 73.6% 
4 160 480 1:3 6.% 62.9% 61.5% 
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E. BRIEF DESCRIPTION OF ANOMALIES SELECTED FOR FOLLOW-UP  

1. DERBYSHIRE  

A. Most Favourable Anomalies  

Darley Dale, opposite Millclose Mine  

Co-ordinates: 14.26300E 364700N 

A reconnaissance sample collected below the prominent scarp 

of the Ashover Grit contained 800 ppm Pb, 455 ppm Zn and 60 ppm Cu 

and check sample on the same site 740 ppm Pb and 4.30 ppm Zn (fig 99). 

Both Pb and Zn are weakly extractable in both samples (8% and 3% Ex Pb 

4.0 and 25% ExZn), suggesting a natural mechanical dispersion.(Table 36).  

When followed upstream both Pb and Zn values at first declined and 

then Pb increased at the base of the scarp feature to 1150 ppm in the 

northern tributory and to 1100 ppm in the southern above the scarp 

while Zn remained low. Soil sampling on the flat ground above the 

scarp indicated Pb values of up to 350 ppm with no accompanying Zn. 

The Pb values in the two tributaries are much more readily extracted 

than samples from the discovery sample area, 19-406  of the Pb 

extracting readily. 

These results suggest that the anomalies in the tributaries 

may be due to bole smelting located on the scarp, but that the 

original Pb/Zn anomaly may be genuine and coola be due to a "leakage" 

dispersion from ore at depth in the limestone. However there is 

considerable urbanization in the area and the unextractable metal 

content may be due to contamination from mine wastes used for a large 
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concrete lorry park in the confluence of the two tributary streams. 

North end of Ashover Inlier  

Co-ordinates 4.34.350 E 364.500 N 

434150 E 363650 N 

434200 E 362400 N 

Three apparently uncontaminated samples from both sides 

of the Ashover Inlier at its northern end containing 260-540 ppm Pb 

and 310-4.30 ppm Zn are classified as most favourable or favourable 

(fig 100, table 36). The ExPb is moderately high, ranging from 23% - 

29% but the Pb:Zn ratio is close to unity, which indicates a natural 

origin. The third of these anomalous samples is from a small stream 

rising below the scarp just north of the Gregory Vein anomalies, 

the Zn in this sample is very unextractable. The other two samples 

are from the area to the north of the West edge Vein, and the Zn shows 

an extractability pattern characteristic of a hydromorphic derivation 

(table 36). 

It is possible that these anomalies represent buried 

mineralization in the limestone below the shale and grit; or that the 

Pb content is due to contamination fortuitously associated with Zn 

deriving from sedimentary concentrations in the Filale Shales. 

(J) South end of the Ashover Inlier  

Co-ordinates 4.35500 E 360500 N 

Two samples from a small stream draining the extreme 

southern end of the Ashover Inlier containing 4.55 and 500 ppm Pb and 

320 ppm Zn are classed as most favourable (fig 100). ExPb is 11% 
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and 15%, while the Zn in the upstream sample is unextractable and that 

in the lower has hydromorphic characteristics (table 36). Soil 

sampling at 18 ins on the banks failed to locate any significant 

metal concentrations but traverses extended up onto the neighbouring 

hill of Ashover Hay showed up to 6000 ppm anomalous Pb with associated 

Zn, results indicative of bolehill smelting although none is recorded 

from this location. 

The most likely cause of this anomaly is that the Pb is due 

to erosion of soil from the edge of a smelter anomaly and the Zn to 

Zn-enriched shales of lower Namurian age. 

() Ripley-Belper  

Co-ordinates 437300E 349000N 

A reconnaissance sample collected from a small stream flowing 

from the lower Coal Measures contained 210 ppm Pb, 425 ppm Zn and. 

100 ppm Cu (map 1). Ex Pb is low at 9% while the Zn shows the 

characteristics of natural mechanical dispersion. There are no known 

Pb or Zn works in the area and the 18th century Denby Copper smelters 

lay over a mile to the south. Coal and Ironstone have beem mined and 

smelted in the area which is surrounded by generally industrialized 

country. Mineralization has been reported in the lower Coal Measures 

in this general area in the Ambergate Opencast Coal Site and the area 

lies along the extension of the "Matlock-Crich Lead belt" of TV.W. Varvill. 

In this area the steady southeastward attenuation of the Namurian 

has probably brought the base of the Coal Measures within 1000 feet of 

the top of the limestone so that weak mineralization in the Coal 
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Measures could indicate much better mineralization in the limestone 

at no great depth. 

(5) South side of Sherbourne Brook 

Co-ordinates: 4.26100E 348550N 

The reconnaissance sample carrying 215 ppm Pb 435 ppm Zn 

and 100 ppm Cu was confirmed by additional sampling which also Showc(=,. 

that several tributaries on the north bank of the Sherbourne Brook 

showed comparable values (fig 101). Ex Pb ranged from 4.30% while 

the accompanying Zn varied in extractability from very unextractable 

suggesting a source in high brackground Zn shales, to that 

characteristic of hydromorphic derivation. The association of 30 ppm 

Mo in the reconnaissance sample suggests that much of the Zn coul1  

be derived from black shales of lower Namurian age. 

No Pb smelting is known within the catchment on the south 

side of the Sherbourne Brook but the hills to the north were used as 

bolehills and two miles to the south across the watershed 16th or 17th 

century leadhearth sites at Mansell Park are known. The anomalies 

may be related to weak mineralization in the shales. 

(6) Shirley Brook, Osmaston 

Co-ordinates: 421500E 341000N 

This reconnaissance sample contains 100 ppm Pb and 

570 ppm Zn and lies just to the south of the extension of the main 

Bunter outcrop westward from the Hulland Ward area (maps 1 ana2). The 

Pb is very unextractable suggesting a natural source, while the Zn 
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is very extractable suggesting hydromorphic derivation. It seems 

likely that the metal originates in the Bunter Conglomerates. 

(7) Butterton, near Ecton  

Co-ordinates 4.07500E 356300N 

A reconnaissance sample from the edge of the limestone inlier 

at Butterton contained 260 ppm Pb, 445 ppm Zn and 160 ppm Cu and the 

replicate sample on the same site 400 ppm Pb and 445 ppm Zn (fig 102). 

Both Pb and Zn show extractabilities characteristic of natural, 

mechanically derived anomalies (table 36 ). Samples collected upstream 

from the discovery sample and from the surrounding drainages showed that 

a widespread Zn anomaly existed but that the Pb was very local. The 

Zn is associated with Mo, suggesting an association of some of the Zn 

with the black shale facies, but the source of the Pb is not known. 

No mineralization is known in the limestone at Butterton, in contrast 

to the nearby Ecton and Mixon areas. 

Soil samples collected from the banks in the upstream Zn 

anomaly area show some Pb and Zn but lower levels of Zn than the stream 

sediments, suggesting a leaching of Zn from the soils and reprecipitation 

in the streams, a process possibly leading to a moderate enrichment of 

Zn in the sediments. 
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B. Favourable Anomalies  

() Whaley Bridge - New Mills  

Co-ordinates: 401500E 383800N 

Two reconnaissance samples in this NW corner of the area 

show high Zn values of 1450 and 400 ppm with little Pb (100 and 50 ppm) 

in the general vicinity of galena occurrences in the lower Coal 

Measures at Whaley Bridge Colliery. The association of High Mn and Co 

suggests that the anomalies may be due in part to the effect of 

secondary environmental factors. 

(2) Barmoor Clough, Chapel-en-le-frith  

Co-ordinates: 407000E 380500N 

Two samples from the stream draining NW from the limestone 

margin through the deep cleft of Barmoor Claugh contain 600 and 280 ppm 

Pb and 250 and 140 ppm Zn respectively and the Pb is very unextractable 

(3-5%). Pb in streams draining from the high grit hill to the N 

is more extractable (17-29%) and is possibly due to bole smelter 

contamination but the source of the Pb in the main valley is different 

and may be related to mineralization on the limestone-shale contact. 

Burbage Brook, Nether Padley 

Co-ordinates: 425800E 380500N 

A weak unextractable Pb anomaly of 180 ppm with background 

Zn, is found in a tributary of the Burbage Brook. Its source is not 

known. 
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(i UMberley Brook, Baslow  

Co-ordinates: 426500E 372300N 

An anomaly of Eoubtful significance; the Pb is somewhat 

extractable and derives from old bole smelters upstream, but the 

anomaly is classed as favourable because of its Pb:Zn ratio. The 

source of the Zn is not known but it has the characteristics of 

contamination or of mixed hydromorphic-mechanical derivation. 

() Upper Moor near Chesterfield  

Co-ordinates: 434800E 370600N 

A weak unextractable Pb anomaly of 170 ppm with background 

Zn. A further, non-anomalous sample upstream indicates that the 

source is local. 

(2.6) Fenny Bentley, near Ashbourne  

Co-ordinates: 417500E 350500N 

A weak Zn anomaly (380ppm) with 160 ppm Pb deriving from 

the Edale Shale area north of Ashbourne. The extractability of the 

Zn indicates a natural mechanical origin but the low level (380ppm) 

and the presence of Mo (20ppm) suggests that the source is mainly 

in the black shales. 

(7) Stanton, near Ashbourne  

Co-ordinates: 413800E 346300N 

A very unextractable (2%) anomaly of 310 ppm in a small 

tributary stream draining Bunter Beds near the edge of the limestone; 

the source of the metal is probably in the Bunter. 
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(8) Mixon and Upper Hulme  

Co-ordinates: 403000E 357000N 

A group of Zn anomalies associated with background Pb of 

hydromorphic or natural mechanical derivation. The association with 

Mo in an area of black shales suggests a high background source 

rock origin but the level of Zn in two of the samples is higher than 

usual and may reflect weak mineralization in the shales. The Cu level 

is moderate (85-130ppm) and the proximity to the Mixon Zn-Cu mineral-

ization is suggestive of mineralization 

2. FLINT DENBIGH  

A. Most Favourable Anomalies  

(1) Trelogan Mine Area  

The four south bank tributaries of the main 	stream 

draining the vicinity of the Trelogan Mine where major Pb/Zn 

mineralization occurred in cherts and limestones, carry anomalous 

levels of both Pb and Zn, with the latter metal dominant in all cases. 

The metal in the two central streams B and C (fig. 103) is clearly 

largely due to ccntamination from mine dumps; the metal contents 

are very high and, in close proximity to the sources, both Pb and Zn 

are unextract:Ile in weak acid, due probably to a high level of 

sulphide in the sediments. On passing downstream the extractability 

increases sharply, probably reflecting the oxidation of the sulphides 

in the sediment to more readily extractable forms. In some of the 

sediments the Zn is unextractable in both acid strengths, a clear 
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indication of sulphides but in other samples the anomalies are 

indistinguishable from natural mechanical anomalies. 

The eastern anomalous stream 'A' has the characteristics 

of sulphide contamination and has probably been contaminated by mine 

waste used in farm road construction. The western stream 	is 

also anomalous and the source of the metal is not clear from the 

results so far obtained (table 37). Some of the metal is deriving 

from the vicinity of a road (fig. 103), but this coincides with the 

line of an important N-S fault and the source of the metal may be 

either natural and related to ore below the Holywell Shales or 

contamination from old mine wastes. 

(2) Babell 

Co-ordinates: 315800E 374200N 

A reconnaissance sample contained 355 ppm Pb and 580 ppm Zn 

and a replicate sample 275 ppm Pb and 34.0 ppm Zn. The Pb and Zn 

extractability in 0.025% HNO3  (6% and 2%) indicate a natural mechanical 

dispersion for both metals. Only minor mineralization is known in 

this area which lies to the west of the main Halkyn Mountain 

mineralization in a geologically complex area where a combination of 

folding and. faulting results in the preservation of a large (1 mile 

by i mile) wedge of Holywell Shale entirely surrounded by limestone. 

Coed-Talon  

Co-ordinates: 327000E 359000N 

Two samples in a stream draining through the southern part 

of the Leeswood Coal Basin carry both Pb and Zn of natural charac- 
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teristics (table 37). The values are 1)4.5 and 260 ppm Pb and 280 

and 485 ppm Zn associated with Cu at 70 and 150 ppm. The area is one 

of decayed nineteenth century industry, including oil distillation 

from oil shales and iron founding, but the source of the base metals 

is unknown and may be natural. 

Wrexham Industrial Estate  

Co-ordinates: 339000E 350500N 

Reconnaissance samples, confirmed by check sampling, show 

the presence of Fb, Zn, Cu and Ni in the flat area of deep exotic 

drift overlying Upper Coal Measure and Triassic bedrock east of 

Wrexham. Follow-up indicated a complex metal pattern with more than 

one source (Maps 5 and 6). The northernmost anomaly is Pb only up 

to 2500 ppm, with ExPb about 24-25% and this may be an unknown lead 

smelter site. The main source, which is variably anomalous for 

Pb-Zn-Cu-Ni, coincides with the centre of the 1939-45 nitro-glycerine 

factory, subsequently converted to civil industrial uses and now 

occupied by Courtaulds Ltd. The extractability of the Pb and Zn 

indicates a natural-mechanical derivation for the anomaly, but the 

associated elements and the intensely industrialized nature of the 

site indicate contamination. 

The geology of the area, with in excess of 100 ft of 

exotic Irish Sea Drift overlying Triassic, effectively rules out 

subjacent mineralization as a source for the metals. 
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( ) Ruabon Mountain  

Co-ordinates: 326200E 34-6000N 

A reconnaissance sample from the highest sampled point 

on the Afon Eitha on Ruabon Mountain contained 150 ppm Pb and 350 ppm 

Zn (fig. 101+). Check sampling confirmed this value and the Pb and 

Zn were traced back into the northern tributary where values of 

80-280 ppm Pb and 31+5-1250 ppm Zn were obtained. The stream to the 

north contained a similar weak anomaly with a peak metal content of 

160 ppm Pb and 480 ppm Zn. The Pb is unextractable (5-:✓0), while the 

Zn shows a variable pattern, apparently partly mechanical and partly 

hydromorphic. The stream sediment sampling indicates that the anomaly 

is not deriving from up drainage but considerable soil sampling on 

both banks failed to indicate any local source for the metals (fig.101+), 

metal values adjacent to the stream are below 100 ppm for Pb and Zn. 

The anomaly in the Afon Eitha occurs where the stream is 

well incised into the Cefhy fedw Sandstone. A short distance to the 

north there is known mineralization in the underlying limestone and 

there is a strong possibility that the anomaly may be due to a 

leakage dispersion from mineralization at depth. Much of the bank 

material has been derived by creep and landslipping from the valley 

sides and this may account for the lack of a residual soil anomaly. 

Work in the area is difficult because of extensive immature conifer 

plantations. These plantations cover the site of a former village 

and it may be that the observed metal patterns are related to 

contamination from this, although there is no evidence of such 

contamination. 
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CHAPTER 8.  
CONCLUSIONS AND RECOMMENDIITIONS  

A. 	IL USEFULNESS OF EXTRLCTION TESTING WITH 

 

CE TO GEOCHENICAL PROSPECTING. .a. • Di 

 

Work on selective extraction procedures carried out in the past has 

in the main had as its objective the maximum extraction of metal from 

naturally anomalous soils or stream sediments derived from mineralization 

coupled with the minimum extraction of metal derived from natural back- 

ground sources. 	In this way the contrast between anomalies due to 

mineralization and background due to other geological sources of metal is 

enhanced and prospecting made easier. Sample interval can be increased 

and larger areas scanned at lower cost as a result. More sophisticated, 

experimental work by Ellis et al (1967) showed that copper from two 

contrasted environments in Africa was combined in different ways in 

different types of natural soil and sediment samples and demonstrated 

the usefulness of selective extraction techniques in providing a 

scientific basis for both interpreting the history and mechanism of 

development of anomalies and for establishing useful practical prospecting 

techniques for local areas. The variations found between natural anomalies 

in different areas underlines the importance of undertaking orientation 

studies in any area where the physical conditions are new and significantly 

different from those prevailing where the technique was developed. 

The methods developed prior to the work described in this thesis 

were essentially designed for use in virgin areas, or in areas where 
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contamination is very localized and easily avoided and they have found 

their principal application in the "new" mining countries such as North 

Lmerica and Lfrica. In the "old" mining countries of Europe, the diddle 

East and parts of Lsia the exploration problems were very different and 

broad scale prospecting techniques not very relevant to their solution. 

The need in these areas is for techniques which will locate the few 

valuable metal sources related to previously unlocated mineralization 

from the great mass of metal contamination produced by human activities 

over the whole of civilized (i.e. metal using) time. 

The present study has been devoted to the specific problem of 

distinguishing between natural anomalies and smelter contamination in 

the limited context of the British Carboniferous Pb/Zn orefields, but 

the general problem of distinguishing natural metal patterns from 

contamination is a much broader one. The basic approach used to the 

narrower problem should, however, be applicable to the broader field. 

By investigating the form and associations of a wide range of both 

natural and contamination metal anomalies, both theoretically to 

ascertain the likely chemical and physical forms of the elements, in the 

field to outline the intensity and modes of dispersion of the metals and 

in the laboratory to investigate the various forms produced and their 

behaviour in different chemical extractents, methods can be established, 

based on a real knowledge of the processes involved, for distinguishing 

the different types. 

In the specific case investigated the most satisfactory method of 

discriminating between types makes use of two principal factors: 
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1. The use of Pb by man much earlier than the use of Zn, 

resulting in early contamination being much more Pb rich than the 

source mineralization. 

2. The prevalence of simple oxidized forms of Pb and Zn in 

smelter wastes and their absence from natural anomalies. 	By devising 

a simple chemical test which extracts the simple oxidized forms of Pb 

but not the more complex natural forms and combining this with Pb;Zn 

ratio the anomaly types can be distinguished in the stream sediments. 

This approach is different from and more complex than the previous uses 

of selective extraction tests. 	Here the method is not being used instead 

of a total metal analysis as a direct guide to ore, but as a means of 

screening anomalies already established by total metal analysis so that 

only the unextractable ones are selected for follow-up. 	This is a 

reversal of previously established procedures and is a new use of 

selective extraction techniques. 

It seems likely that suitable procedures could be found for 

distinguishing in whole or in part between natural and smelter 

contamination anomalies for Cu, Sn, and Lg, the other metals for which 

ancient smelter contamination is likely to be serious and that the 

basic techniques, suitably modified to take account of local conditions, 

could be applied with advantage to prospecting problems in other "old" 

mining countries. 
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B. 	RECOINILENDED PROCEDURE FOR Ch,RRYING OUT :ZID INTERPRETING 

SEDILENT SURVEYS IN TIC VICINITY OF ILINMAILTZED 

.,,REtiS IN j3RITLIN.  

.An eight stage phased programme is proposed as suitable for these 

areas. 	It is based upon the standard operating methods developed by 

previous workers at the L.G.R.G. and by mining companies in various 

parts of the world, modified to mitigate the effects of smelter 

contamination. 

Stage 1. Study of i'Area before embarking on field work.  

Study and collate readily available information on mining and 

smelting history in addition to geology and general mineral potential. 

liuch information is contained in the maps and memoirs of the 

Geological Survey, and on copies of the early editions of the one inch 

maps. Four main features should be looked for: 

(1) Location of outcropping mineral veins. 

(2) Location of principal mining works, i.e. deep drainage 

tunnels and ore dressing mills. 

(3) Recorded sites of smelting. 

Industrial history of 18th and 19th century — in 

addition to the obvious smelters, contamination is to be 

expected from brass foundries, copper rolling and slitting 
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mills, iron galvanising works and probably from a host of 

minor and now defunct industries. 

Stage 2. Plan layout of samples to avoid contamination.  

To obtain adequate coverage in contaminated areas it is helpful if 

the grossest contamination can be avoided. Drainage from or through 

the obvious sites located in phase 1 will be contaminated and the sample 

.pattern should be so designed as to avoid these, while still collecting 

sufficient samples from the general area to detect any significant metal 

patterns which may exist. 	In a new area samples should be deliberately 

collected below known contaminated sites to demonstrate the type of metal 

patterns related to contamination, but these samples should be additional 

to and not part of the regional sampling. 

The sample density required to locate favourable anomalies will vary 

considerably with the following factors: 

(1) Nature of immediate target. Suboutcropping mineralization 

below shallow overburden or local drift will give much 

larger and more persistent anomalies than "leakage" 

anomalies of Gregory Vein type. 

(2) Intensity of smelter contaimination. 	In heavily 

contaminated areas a large proportion of the available 

drainage will be contaminated and any natural anomalies 

will be masked. In particular most of the larger streams 

will be contaminated. 
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(3) Density of stream pattern. This will depend upon the 

rainfall, the relief and the porosity of the bedrock. 

(4) In areas of limited mineral potential where there are no 

old mines and no obvious contamination a drainage sample 

density of one sample per square mile is adequate for 

reconnaissance purposes. 	The sample points chosen 

should be between *. and a miles from the head of the 

stream system sampled. 	In areas whore shallow sub-

outcropping mineralization is sought, i.e. in close 

proximity to existing mining areas, considerable contam-

ination is likely but the natural anomalies are likely to 

be strong. L sample density of 1 sample per i square 

mile on streams I to 1 mile long is recommended. 

similar density should be adequate to locate major 

"leakage" anomalies in uncontaminated ground. To locate 

"leakage" anomalies in very contaminated areas is the most 

difficult objective of all and all streams over lc mile in 

length should be sampled in contaminated areas of 

particularly high potential for anomalies of this kind. 

Stage 3. Field Work.  

Two objectives should be satisfied during this phase: 

(1) The samples selected in stage 2 should be collected as 

quickly as possible. 
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(2) The local records and archives should be studied and local 

amateur and professional historians of industry interviewed 

to fill out the picture obtained from the more readily 

available records. 

Stage 4.. linalysis.  

Total Pb determination should be made either colorimetricaryor by 

atomic absorption spectrophotometry following either a 25% nitric acid 

attack, or a nitric/perchloric acid attack and total Zn determination 

likewise following a nitric/perchloric acid attack or a bisulphate fusion 

attack. The precision of the normal spectrographic analysis is not 

adequate for the subsequent stages of interpretation of Pb/Zn anomalies. 

Other elements should be determined spectrographically. 

Stage 5. Plot and inspect total Pb and Zn results.  

If anomalies for either element are present look for any correlations 

with geology, secondary environment or industrial activity. Look for 

element associations. 

Stage 6. Extraction test all Pb, Pb/Zn or Zn anomalous samples. 

(1) Determine ExPb and EaZn in weak nitric acid (0.020) and 

Zn in stronger nitric acid (0.20%). 

(2) Classify Pb anomalies using ExPb and Pb:Zn ratio. 



296. 

(3) Classify Zn anomalies into types using two strengths of 

extraction. 

Find the most favourable anomalies by combining the two 

classifications, giving most weight to the Pb extract- 

ability-Pb:Zn ratio classification. 	The stronger 

extraction test for Zn is only justified when there is a 

significant number of anomalies with Zn very much higher 

than Pb (Pb:Zn ratio 1:6 or over), or Zn only is 

anomalous. 

Stage 7. Interpretation.  

Plot and inspect the distribution patterns of both apparently 

favourable and apparently unfavourable anomalies, combine this with the 

information available from other sources and try to answer the following 

questions: 

(1) Is there a pattern to the 'natural' anomalies and is it 

related to the geology? 

(2) Is there a pattern to the contamination and to what is it 

related? 

(3) Do 'spurious' anomalies occur in areas of favourable 

geology and if so could they be masking weaker natural 

anomalies? 
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Stage 8. Select follow-up areas for further field work on the  

basis of favourable geology and geochemistry.  

Favourable geochemical anomalies should be followed up in the 

usual way by tracing the stream sediment anomalies to their cut-off and 

then locating the source by soil sampling. 	In geologically favourable 

areas where contamination may be masking natural anomalies, the presence 

of contamination prevents the normal follow-up, but it is important 

to realize that it does not mean that the area is barren and it may be 

_rthwhile soil sampling geologically favourable targets, away from 

the source of the contamination. 

C. _LIRE/AS IN DEIZBYSHIRE 1-NT NORTH TILTF.9 WEERE 	

Iv AY BL DERIVED 	NEW MINMALTZATION.  

The following anomalies can be selected on the basis both of their 

geochemical characteristics and their geological setting as most 

favourable from the point of view of the prospector searching for Pb-Zn 

ores. Four areas are selected in Derbyshire and seven in Flint-Denbigh; 

all are described fully in sections 5 or 7 and listed in table 38. 

D. SUMLAARY OF CONCLUSIONS.  

P 

	

	 The results obtained in this study and described in the preceding 

sections of this thesis lead to the following conclusions: 



TABLE 38 	 298. 
A list of the most promising anomalies located 

during the survey. 

1. DERBYSHIRE 

Name of Area 
E 

Co-ordinates 
N 

Anomalous Metal 
Assoc. 

Section 
No. 

Hulland Ward 
(Triassic area) 427000 343000 Zn-Ba-Pb 5A 
(Carboniferous) 426000 348000 Zn-Pb,Cu-Mo-Ba 7E 
Ripley-Belper 437000 349000 Zn-Pb-Cu-Ba 7E 
Millclose 426300 364700 Pb-Zn-Ba 7E 
Butterton 407500 356300 Pb-Zn-Cu-Mo-Ba 7E 

Anticline 

2. FLINT-DENBIGH. 

Name of Area 
E 

Co-ordinates 
N 

Anomalous Metal 
Assoc. 

Section 
No. 

Holywell 317000 377000 Zn-Pb-Ag 5A 
Pentre Halkyn 320500 372600 Zn-Pb-Ag 5A 
Babell 316000 374000 Zn-Pb 7E 
Westminster- 
Belgrave vein 
extensions 

321200 357000 Pb-Zn-Ag 5A 

Bwlchgwyn 326400 353000 Pb-Zn 5A 
Ruabon Mt. 326000 346000 Zn-Pb 7E 
Llantysilio Mt. 318500 345500 Pb-Zn 5A 
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1. Nature of hAning and Smelting.  

(1) Until the 17th century lead ores only were mined. 

(2) Until the 17th century mining did not penetrate far 

below the water table. 

(3) From the Roman occupation until the late 16th century 

smelting was done at hilltop "boles", after this it was 

done by the sides of streams. 

(4) Loss of lead from smelters was in fume and slag. 

(5) Technical difficulties restricted zinc smelting to a 

much smaller number of sites of 17th century age or later. 

2. Potential for New Ore Discoveries in the Field Areas. 

(1) There are possibilities for the extension of the 

Derbyshire orefield to the east and southeast under 

cover of younger carboniferous rocks. 

(2) The lialkyn-Minera orefield probably extends downdip to 

the east below a roof of shales and sandstones. 	In the 

ground not penetrated by the Sea Level Tunnel there are 

possibilities of ore at mineable depths. 

3. 	Smelter Contamination in the Field Areas. 

(1) In Derbyshire there are three generations of lead 

smelters known. 
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(a) Hilltop boles or bolehills. 

26 sites are known and many more are thought to occur. 

With two exceptions, they lie in an arc 25 miles from 

N-S and 8-12 miles wide to the east of the mining field, 

(b) Leadhearths. 

Streamside sites later than the boles, these have 

left little record of their location but probably 

coincided with the spread of the boles. 

(c) Cupola Works. 

Twenty cupola works sites are known, 8 in the 

northern half of the orefield and 12 in the south. 

One zinc smelter is known, at Cheadle in the south-

west. 

(2) In the Halkyn-Minera district bolehill smelting is of 

little importance. 	Later smelting is of three types: 

(a) Leadhearths. 

Smelters of this type were located both east and 

west of Halkyn Mountain. There are few records of 

these smelters. 

(b) Cupola Works. 

13 are known, 11 on the Flintshire Coalfield and two 



301. 

in Denbighshire. Many of the Flintshire works also 

roasted calamine for brass making. 

(0) Three specialist zinc (spelter) works were 

established, two in Flintshire and one in 

Denbighshire. 

4. Geochemioal characteristics of smelter contamination.  

Stream sediments deriving from smelting and manufacturing sites 

frequently show extreme Pb:Zn ratios, very high in Pb near lead smelters 

and very high in Zn near zinc manufacturing sites. 	Some nineteenth 

century leadworks, however, show both. Pb and Zn in more nearly equal 

proportions, indicating the processing of both metals on the same site. 

The contaminating metals introduced into the environment by smelting 

or manufacturing are generally in the form of simple oxidized compounds. 

Pb from smelters is generally released in the form of native metal and 

oxide in slags and sulphate in fumes, the latter probably converting to 

carbonate fairly quickly; while Zn in slags is normally present as oxide 

or silicate and zinc metal volatilized and lost to the atmosphere is 

rapidly converted to oxide. 

5. General Characteristics of Natural Anomalies. 

Natural anomalies deriving from apparently mineralized ground show 

a much narrower range of Pb:Zn ratios, falling between the contamination 

extremes. 	Some natural separation of the elements is present related to 
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both primary and secondary metal dispersions and there is considerable 

overlap between the Pb:Zn ratio ranges of natural and contamination 

anomalies. 

The form of the metals in soil and stream sediment anomalies is not 

known but both Pb and Zn occur as trace elements in limonites, in 

lattice positions of clay minerals, in metal organic compounds and 

possibly in other forms. 	Pb concentration in peats and other organic 

deposits are also known. 

Pb from primary sulphide deposits passes through a series of stable 

and very insoluble secondary minerals and at no stage goes into 

solution in ground waters. 	Pb dispersions into the overburden from 

such deposits are entirely mechanical and the resultant anomalous stream 

sediments derive their Pb content by erosion of this overburden. 	Zn 

dispersion from deposits in calcareous rocks such as the Carnoniferous 

Limestone is alo entirely mechanical but from other rocks such as 

sandstones or conglomerates saline dispersion of Zn in groundwaters is 

found, often to the virtual exclusion of mechanical dispersion. 

Consequently the form of Pb in sediments is basically simpler than Zn 

which occurs in two major forms dispersing in contrasted ways. 

6. 	Trace Element Associations.  

Certain trace element assemblages are characteristic of certain 

types of metal source in some areas. 	Combinations of Pb with Zn, Ag 

or Ba arc characteristic of mineralization or smelting; the higher the 

ratio of Pb:Zn the greater the likelihood of smelters as a source. 	Pb, 
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either alone or in association with Ba only is normally a sign of 

smelting. 	Smelter anomalies derived from areas of slag contamination 

contain a much wider range of associated elements than those derived 

from fume contamination ground. 	Ba, Zn, Ag and Cu are concentrated in 

slags as compared to fume. Zn without Pb or with Pb very subordinate 

is found in a number of varied associations from a variety of sources. 

Zn-lib-Cu is typical of marine black shale facies while the association 

Mn-Co-As-Zn in association with a moorland area is an indication of 

secondary environmental effects. 

7. 	Selective Extraction of Lead and Zinc.  

(1) There are significant variations in the extractability of Pb 

in stream sediments from natural anomalies and smelter contamination 

anomalies. 	In 0.025% and 0.012.g, these differences are great enough in 

the great majority of cases to enable the two groups to be readily 

distinguished. The sources of anomalous samples where a high 

proportion of the Pb is in relatively coarse sizes, or where the Pb is 

closely associated with iron hydroxide cannot be distinguished. 

(2) Zn extractallaties in mechanically transported anomalies 

derived from natural sources and from Pb and Zn smelters can be 

distinguished in 0.025% and 0.012A EN03. Hydromorphically derived 

natural Zn anomalies cannot be separated from smelter contaminated 

anomalies. The results obtained using 0.012% HNO3  are generally 

similar to those obtained using the standard CYZn method. 
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(3) Pb and Zn anomalies derived from mine contamination cannot be 

distinguished from natural anomalies due to mineralization in many cases. 

8. Combining, Criteria for Maximum Discrimination.  

By combining various discriminatory criteria composite anomaly 

classifications have been developed for assessing the significance of 

anomalies located during regional reconnaissance stream sediment surveys 

in Britain. Particularly useful is a combination of Pb:Zn ratio and Pb 

extractability in classifying Pb and Pb/Zn anomalies. Zn anomalies 

can be interpreted by comparing two extractions in different strengths 

of acid and considering the associated elements. 

E. RECOLIENDATIONS PCR FURTHER RESEARCH.  

In addition to the practical aspects of indications of concealed 

ore deposits and of the modifications of geochemical methods needed to 

search for these deposits in Britain, the following topics of more 

fundamental interest are suggested for further research: 

1. The behaviour and chemical form of the ore metals during 

the soil forming processes are very imperfectly known, as also is their 

form in the stream sediments derived from the soils. The development 

and use of weak extraction techniques has so far been an almost entirely 

empirical process and our ignorance of the fundamental chemistry 

involved and of the factors controlling extraction is almost complete. 

By combining a study of the effects of a number of weak extractants on 
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artificially prepared samples where the nature of the compound and their 

matrices is known, and combining this with detailed field studies, it may 

be possible to approach a solution to some of these problems. 

2. The discovery during the present survey of widespread base 

metal concentrations in the basal Trias is of fundamental geological 

significance, bearing both on the nature, source and age of the Pennine 

mineralization and on the conditions of deposition of the Bunter 

conglomerates. Much wider ranging study of the Bunter of the north 

Midlands is needed to outline possible Ba-Pb-Zn zoning in the cementing 

material of these beds, together with detailed study of the rocks 

themselves in gravel pits and boreholes to try to define and locate the 

source and mode of emplacement of the metals. 

3. Consideration should be given to sampling on a routine 

systematic basis the cores of Geological Survey stratiLraphic boreholes 

in the field when they are being broken up in the search of fossils. As 

only important fossils and a few lithological specimens are at present 

preserved much useful fundamental geochemical data is being lost. 

Spectrographic analysis of systematically collected borehole samples would, 

over a period of years, build up a useful body of knowledge on the basic 

trace element distribution patterns in unweathered rocks and could 

contribute to an increased understanding of their origins. 

4. The widespread distribution of easily extractable Pb in 

areas of concentrated smelting activiity such as the Eastmoor in 

Derbyshire or the Dee Estuary area of Flintshire suggests that the level 
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of Pb in water, plants and domestic animals in these areas will also be 

high over wide areas. As lead is an accumulative poison in animals, 

including man, it is thought to have deleterious effects even at levels 

much below those at which clinical evidence of poisoning is found, the 

possibility that these broad scale Pb-rich areas may constitute a health 

hazard to man and domestic animals should be investigated. 



307. 

APPENDIX 1. STANDARD SAMPLING AND ANALYTICAL TECHNIQUES USED.  

A. Sampling.  

Standard techniques were applied throughout; stream sediments were 

collected by hand, silty material being sought where available and 

composites being made up to reduce sampling error, soils were collected 

with a hand auger. 	Both types of sample were dried in an oven at below 

6o degrees C., lightly crushed in a porcelain mortar to disintegrate 

aggregates of particles and sieved through 80 mesh silk bolting cloth. 

Unless otherwise stated all analyses quoted in this thesis were 

performed on this minus 80 mesh fraction. 

B. Analytical kethods. 

1. SpectrograIllic Analysis. 

Samples were analysed for Pb, Sn, Ga, Bi, V, Mo, Cu, Ag, Ni, Co, Mn 

and Ba by an emission sprectrographic technique described by Nichol and 

Henderson-Hamilton (1965). Control samples are inserted, one to each 

photographic plate and Ge is added to all samples as an internal standard. 

Precision obtained varied from element to element but generally lay 

within the range of 30-70% at the 95% confidence level. 	Ba was not 

present in the control samples and the barium determinations are only 

semi-quantitative. 
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2. Chemical Analysis. 

All the Zn determinations on the reconnaissance samples were made 

using the calorimetric methods given by Stanton (1966) following a 

bisulphate fusion. Some of the subsequent Zn and Pb determinations 

were also made colorimetrically using the methods of Stanton (1966) 

following either a bisulphate fusion or a 25% nitric acid digestion. 

The remainder of the Pb and Zn determinations were made using a 

Perkin-Elmer (model 303) atomic absorbtion spectrophotometer. 

3. Comparison of Analytical Methods. 

The reconnaissance stream sediments were analysed for Pb by three 

separate methods viz; 

(1) Emission Spectrography. 

(2) K2SO4  fusion, atomic absorption determination. 

(3) 25;o ENO 
3 

digestion, atomic absorption determination. 

In addition 12 selected samples were subjected to a total dissolution 

in a Hydrofluoric-perchloric-nitric acid mixture and the Pb content 

determined and compared to that obtained by the normal 25% nitric acid 

attack and spectrographic analysis. 	The results of this work is shown 

as correlation plots in Figures 105-108. 	These plots show that:- 

(1) The amount of Pb extracted by a 25% BN0
3 
 attack is 

comparable to that released by the total sample dissolution, 
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i.e. all the Pb in the sample is extraoted by 25-A BN03, 

Fig. 106. A reasonable correlation was obtained between 

the two sets of results. A much poorer correlation was 

obtained between either wet method and emission 

spectrography, Fig. 105. 

(2) The correlation between spectrographic analysis and 25)-6 

HNO3 
digestion is very poor, with a general tendency for 

the spectrographic results to be higher, Fig. 107. 

(3) The correlation between the lc'2SO4 
fusion and the 25'ABNO

3 

digestion is very poor, with a significant number of 

samples recording much lower levels after K2.904  fusion, 

Fig. 108. 

In view of these results all samples for selective Pb extraction 

testing must be analysed for total metal using a nitric acid attack 

stage. 	Unfortunately this attaok is not adequate for total Zn analysis. 

A modified method using a nitric acid/Perchloric acid attack stage 

which allowed both Pb and Zn to be determined by atomic absorption on 

the same solution was developed by the analytical staff of the A.G.R.G 

and this method was used for all subsequent analysis. 

The details of this method are:- 

(1) Weigh 0.1 gm of sample into a rimmed Pyrex test tube (16x 150mm). 

(2) Add 5 mls of a 4:1 mixture of concentrated HNO3/113104  acid 

mixture. 
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(3) Evaporate to complete dryness over a hot-tray in a fume 

cupboard (best left overnight). 

(4) Leach with 5 or 10 mis of HN05  or HCl (0.51vI or 1M). 

(5) Proceed to determine Pb and/or Zn colourimetrically or by 

atomic absorbtion. 

The precision of the wet chemical methods are normally considered 

to be within 25% at the 95%o confidence level. 

(ii.) Cold Extraction Techniques. 

Cold-extractable (Cx) Zn was done by the method of Stanton (1966) 

and CxPb by the method described by DeGrys (1959), and summarized below. 

Cx Lead Test: 

Weight of Sample: 	100 mg. 

Extract with: 	8 ml lead buffer. 

Determine with: 	2 ml 0.0008 Dithizone in benzene. 

Shake for: 	10 seconds. 

If above top standard: 	Add 2 ml Dithizone and shake. 

If still above top standard: Add a further 2 ml Dithizone and shake. 

If still above top standard: Use smaller sample weight. 

Standard - make up in normal fashion as lead nitrate and water. 
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APPENDIX 11. SELT'flTIVE =ACTION OF P1:3 AND Zn.  

The attack stage is the same for both metals with the subsequent 

determination of the metal content of the solution carried out 

separately. 	Either colorimetric or atomic) absorbtion techniques can be 

used to determine the Pb and Zn levels of the leach solutions. ExPb 

and ExZn were also determined by the standard cold extraction technique 

on some samples to allow a comparison of extractabilities. 

The Ex Pb method is closely based on the standard Pb determination 

method of Stanton (1966), the only material modifications lying in the 

strength of the nitric acid used for the attack and the length of time 

allowed for leaching. The method is summarized below. 

(1) Determination of Readily-Extractable Pb and Zn in  

Stream Sediments and Soils.  

(1) Weigh 0.1 gm of sieved sample into a pyrex test tube 

(16x150mm) calibrated at 10m1. 

(2) Add 10m1. of 0.025')O nitric acid and digest for 30 minutes 

on a sand tray. 	Do not boil vigorously. 

(3) Flake up leach solution to 10m1s. with deionized water, 

mix and allow to settle. 

(4) Determine the Pb and/or Zn content of the leach solution 

by either the standard colorimetric methods or by 

atomic absorption spectrophotometry, using standards made 
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up in the same strength of nitric acid (0.025%). 

Note: The leach solution should not be allowed to remain 

for long periods (i.e. overnight) in contact with the 

sample in the test tube. If need be the clear leach 

solution can be decanted into a clean tube for 

retention. 

(2) Control of Selective Extraction Tests.  

The analyses were controlled by the insertion of the same 

statistical control series as was used for the total metal determinations, 

The control series are shown plotted for two different strengths of 

acid attack in Figures 109 and 110. 	In addition, the two sets of 

synthetic mixtures containing Pb and Zn in the different common mineral 

forms were inserted at intervals to check that the variation in 

extractability with chemical form was remaining constant throughout the 

batch. 	Good agreement was obtained. 	The precision was better at the 

0.1% HNO
3 

strength (Fig. 109) where a precision of 25% was obtained on 

the standard series. Using 0.025% HNO
3 
a precision of 33% was obtained 

(Fig. 110), and this is comparable to the results normally obtained for 

CxZn or CxCu by the standard methods. 
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