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The study traces the history and development of Loe Pool, a 

50 hectare freshwater coastal lake near Helston, Cornwall, 

using a wide v a r i e t y of palaeolimnological and associated 

research techniques. The p r i n c i p l e upon which such research 

i s based i s that there i s an intimate r e l a t i o n s h i p between 

the h i s t o r y of a catchment and the lake i n t o which i t drains. 

In addition, the h i s t o r y of the shingle bar which now 

i s o l a t e s Loe Pool from the sea i s explored, as t h i s has also 

had a s i g n i f i c a n t bearing on the lake's physical and 

e c o l o g i c a l development. 

The study uses a combination of l i n e s of evidence to 

interpret the development of the lake-catchment system. 

Palaeolim.nological techniques . em.ployed include the 

exam-ination of the physical nature of the lake sediments 

themselves, and chemical and b i o l o g i c a l analyses, i n 

p a r t i c u l a r for s u b - f o s s i l diatoms. These are used to 

e s t a b l i s h both a chronology of sediment deposition, and also 

a d e t a i l e d h i s t o r y of the p r i n c i p a l e c o l o g i c a l changes 

experienced by the Pool. In addition, a considerable amount 

of h i s t o r i c a l documentary and cartographic 'material i s 

incorporated i n the study, i n order to provide corroborative 

evidence of the m.ajor events that have taken place i n the 

history of the lake and catchment. 
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The r e s u l t s highlight the main influences on the lake, and i n 

p a r t i c u l a r , those of the l a s t two hundred years. Marine 

incursions dominated the lake's h i s t o r y up u n t i l the l a t e 

19th century, when both natural o v e r s p i l l of lake water and 

the customary p r a c t i s e by l o c a l résidents of 'breaching the 

bar' ceased. Tin mining within the catchment has also had a 

major impact on the lake and has given r i s e to several 

periods of very rapid sédiment accumulation, the most 

s i g n i f i c a n t of which took place i n the 1920's and 1930's. 

Following the cessation, i n 1939, of a i l mining a c t i v i t y 

within the catchment, the discharge of treated sewage 

e f f l u e n t , which had begun i n 1930, became the dominant 

influence upon the lake's ecology. 

It i s hoped that such an h i s t o r i c a l background w i l l allow a 

m.ore syrapathetic management of the lake i n future years. 
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í. : An A l t e r n a t i v e Hypothesis 
1 

( P a r t i c u l a r l y favoured by the author of the present study.) 

"When the winter winds sweep over the h i l l s around, and 

r u f f l e at such times the almost leaden s t i l l n e s s of Dosmary 

Pool; when the misty r a i n dims the landscape, or the sound of 

the tempest almost stuns the ear, the Cornish cry, "Tregagle 

i s roaring, hark!". The nurses from one end of the county to 

the other c o n t i n u a l l y exclaim, i n order to s i l e n c e t h e i r 

crying children, "Be quiet; thou a r t roarin g l i k e Tregagle". 

The only explanation the people give of t h i s personage's 

business and i d e n t i t y , consists i n t h e i r s t a t i n g that 

Tregagle i s a giant, condemned, not "to t o i l i n f i r e " at such 

seasons, but i n water, and "to teem" out Dosmary Pool with a 

lirapet S h e l l ; he i s consequently sai d to be roaring with 

anger at the hopelessness of his task, even sometimes when 

midnight wraps t h i s inhospitable spot. Often the d e v i l chases 

him round the borders of the f e a r f u l pool, u n t i l , f a i r l y out-

running the e v i l one, Tregagle reaches Roche Rock, and, 

thrusting his head i n the chapel window, finds a r e s p i t e from 

his tormentor. Having once upon a time a vast load of sand 

upon his back, and being pursued by Satan, he dropped i t 

between Loe Pool and the sea, near Helston, and thus formed 

the large sand bar e x i s t i n g there." 

From: Syrus Redding's " I l l u s t r a t e d I t i n e r a r y of the County of 

Cornwall", 1842. 
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01 -1 S i 1=»-t s x- 1 

Introduction and l i t e r a t u r e review 

1 . 1 Introduction 

The l a s t f i f t y years have seen an increasing i n t e r e s t i n the 

ecology of freshwater lakes, and p a r t i c u l a r concern has been 

expressed over the degree to which c u l t u r a l factors may 

influence the development of such system.s. 

Many such studies have been conducted i n parts of North 

America and Fennoscandia where lakes are both num.erous, as 

well as e c o l o g i c a l l y and econom.ically im.portant. In the 

United Kingdom, however, freshwater lakes are com.paratively 

few and are p a r t i c u l a r l y scarce i n the southern lowland zone. 

Loe Pool i s one of only two large, .natural, freshvjater la.kes 

i n the south-west of England. It i s a coastal lake, separated 

from, the sea by a shingle b a r r i e r , but i s e n t i r e l y freshvjater 

{Lacey, unpublished data). In recent years i t has been 

increasingly evident that the Pool i s undergoing nutrient 

enrichm.ent, r e s u l t i n g i n nuisance bloomis of Cyanobacteria 

(blue-green algae) , form.ed mainly by M1 c r o c v s t i s aerug 1 .nosa 

(Coard et a l . , 1933). Loe Pool i s of high r e c r e a t i o n a l and 

amenity value as well as being of considerable e c o l o g i c a l 

- 17 -



importance, a fa c t which i s underlined by i t s status as a 

S i t e of Special S c i e n t i f i c Interest (S.S.S.I.). The lake i s 

now owned by the National Trust, who, amongst others, have 

expressed concern { l e t t e r to P.E. O'Sullivan from John 

Carslake, 09.12.77), over the frequent and obtrusive 

occurrence i n summer months of a l g a l blooms. 

This concern, together with a general i n t e r e s t i n the 

h i s t o r i c a l develop.ment of the area, have prompted a number of 

studies on the lake, i n c l u d i n g the present one. 

1.2 Aims 

The aim.s and objectives of the study r e f l e c t t h i s concern, 

and are outlined below: 

1) To investigate the h i s t o r y of the lake and i f f e a s i b l e , to 

date i t s i s o l a t i o n from the sea. 

2) To trace the subsequent e c o l o g i c a l development of the lake 

a.nd to compare past conditions with i t s present 

ecological and trop h i c status. 

3) To i d e n t i f y the major physical and c u l t u r a l influences on 

the lake and catchment. 

4) To date any s i g n i f i c a n t e c o l o g i c a l changes r e s u l t i n g 

therefrom. 

- 18 -



It i s hoped that t h i s report w i l l also provide a background 

for future management of the s i t e . The techniques which may 

be applied to achieve these objectives are miany and varied, 

but the p r i n c i p l e s which underlie them are now well 

established. 

1.3 Background to palaeoliranological study 

Any palaeolimnological i n v e s t i g a t i o n aims to provide an 

empirical basis f o r the reconstruction of past l a c u s t r i n e 

environments and communities. This evidence may be aquired 

through the analysis of accumulated lake sediments i n 

com.bination with r e l a t e d documentary material . The use of 

lake sediments themselves i s founded on the premise that a 

lake receives material, both organic and inorganic, from i t s 

catchm.ent. This, combined with the organic remains of • a 

lake's own pr o d u c t i v i t y , and a' sm.all atmospheric input, 

com.prise the r e s u l t a n t sediments. A diagrammatic 

representation of the inputs and outputs to such a system i s 

depicted i n Fig. 1.1. Accumulating over tim.e, these deposits 

represent a chronological record of the development of what 

O l d f i e l d (1977) terms the 'lake-watershed ecosystem'. 

Interpretation of the various allochthonous and autochthonous 

com.ponents of the sediments can thus reveal much information 

on the changes which have taken place throughout the period 

of t h e i r deposition. 

Early studies, p a r t i c u l a r l y that of Deevey (1942), l a i d the 

basis for the developmient of palaeolim.nology. His work on 
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sediment cores,from L i n s l e y Pond, Connecticut, was the f i r s t 

to dem.onstrate the evolution of a lake from a state of 

oligotrophy to one of eutrophy, a process which he termed 

'eutrophication'. Subsequent studies however led to the 

r e a l i z a t i o n that trophic status could change i n any d i r e c t i o n 

through tim.e, depending on a large number of environmental 

influences. Deevey adopted the word 'biostratonomy' to 

describe the structured information held within the sediment 

column, and from which his i n t e r p r e t a t i o n of the lake's 

h i s t o r y was made. 

The scope of palaeolimnological study has since expanded, as 

outli n e d by Frey (1974) and O l d f i e l d (1977). Symposia such as 

that held at Joensuu, Finland (Merilainen et a l . 1933) 

r e f l e c t both the worldwide i n t e r e s t i n the f i e l d and the 

a p p l i c a b i l i t y of such studies to such current problems as 

those of eutrophication and acid r a i n . 

From the work by Deevey (1942), palaeolimnology has broadened 

i n t o a m u l t i d i s c i p l i n a r y f i e l d , encompassing and in t e g r a t i n g 

many separate subject areas. However, work on lake sediments 

can be very loosely divided into analyses using b i o l o g i c a l , 

chemical, physical and chronological techniques. The 

backgrounds and recent developments i n these four areas are 

now discussed. 
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1.4 Palaeolimnological techniques 

1.4.1 B i o l o g i c a l analyses 

Although a Wide variety of m i c r o f o s s i l s can been used i n 

palaeolimnological i n v e s t i g a t i o n s , including p o l l e n , 

cladoceran and chironomid remains and a number of algae, 

b i o l o g i c a l analyses of lake sedim.ents have l a r g e l y revolved 

around the Interpretation of diatom remains, based on the 

werk of sucxh as Kolbe (1927), Hustedt (1937-39) and Cholnoky 

(1968). Diatoms have been used as indicators of h i s t o r i c a l 

and contem.porary pH, s a l i n i t y and trophic S t a t u s . Nygaard 

(1956) and to a greater extent MerilMinen (1967), refined 

.Hustedt's ideas i n order to f a c i l i t a t e the use of diatoms i n 

the c a l c u l a t i o n of an index from. which changes i n pH could be 

observed. This p r i n c i p l e has since been used by many authors 

i n studying pH changes i n lakes over time (e.g. Nygaard 1956; 

D i g e r f e l d t 1972: Renberg & Hellberg'1932; Flower & Battarbee 

1983}. 

In a sim.ilar manner, the degree of palaeosaliinity may be 

i n f e r r e d from. the diatom. f l o r a . The Halobian syste.m of Kolbe 

(1927, 1932) has been used to t h i s end by such as F l o r i n 

(1946), w.here tracing the I s o l a t i o n of freshwater lakes from 

a marine environment. 

Of wider i n t e r e s t has been the use of diatoms to assess 

p r o d u c t i v i t y . Many Systems of t r o p h i c C l a s s i f i c a t i o n have 

been devised (e.g. Jorgensen 1943; .Nygaard 1949; Stockner 



1971, 1972). However t h e i r widespread a p p i i c a t i o n has 

frequently been questioned. Battarbee (1979) suggests that 

the only d i r e c t technique for quantifying productivity 

changes i s the c a l c u l a t i o n of annual i n f l u x of diatoms to the 

sedim.ent. This has a number of advantages over other m.ethods, 

the most important of which i s that i t i s divorced from 

f i o r i s . t i c changes. Estimates of p r o d u c t i v i t y can therefore be 

obtained during periods when the f l o r i s t i c content of the 

Sediment shows l i t t l e or no V a r i a t i o n . Such advances i n 

technique coupled with m.ore precise m.ethods of obtaining 

absolute diatom data (Battarbee 1973, 1933) have contributed 

s i g n i f i c a n t l y to recent palaeolimnological research. 

Although diatom.s are by far the most widely used m.icrofossils 

in the study of limnological change, other remains are also 

commonly studied. Deevey (1942), Goulden (1964) and Frey 

(1976, 1979) have used cladoceran mouthparts, preserved 

within the Sediments, to indicate V a r i a t i o n i n lake ecology. 

Spenge spicules have been em.ployed i n a sim.ilar m.anner (e.g. 

Jewell 1942; Racek 1966, 1970; Harrison et a l . 1979; Hall i 

Herrm.an 1930) but they have limited value as the Spenges i n 

generai display l e s s stringent water q u a l i t y tolerances. 

The remains of many species of Chrysophyte are also present 

i n lake sedim.ents. S i l i c e o u s chrysophycean cysts have often 

been recorded (e.g. Nygaard 1956; Hutchinson et a l . 1970; 

Kaczm.arska 1976), but t h e i r use i n palaeolimnology i s limited 

by the paucity of Information r e l a t i n g cysts to parent 

species (c.f. Nygaard 1956). Of greater p o t e n t i a l are the 



s i l i c e o u s scales and b r i s t l e s o r i g i n a t i n g froiri species of 

Mallomonas. Synura and other chrysophytes. Their remains can 

be i d e n t i f i e d with greater taxonomic p r e c i s i o n than cysts, 

and have been shown to occur seasonally i n c e r t a i n lam.inated 

sedim.ents (Battarbee 1933) . In the present study, diatoms are 

the prim.ary m^icrofossil used, but some information has been 

gained from chrysophyte rem.ains and sponge s p i c u l e s . 

1.4.2 Chemical analyses 

The early b i o l o g i c a l analyses of lake sediments were 

pa r a l l e l e d by equally d e t a i l e d examinations of t h e i r chemical 

com.position (e.g. Hutchinson &. Wollack 1940). The vjork of 

Mackereth (1966) was p a r t i c u l a r l y important i n the 

development of t h i s aspect of palaeolim.nology. He saw lake 

sediments as a s e r i e s of s o i l s washed into the lake from i t s 

catchment, combined with a percentage of m.aterial of 

autogenic o r i g i n . He not only interpreted i n d i v i d u a l 

elem.ental analyses, but also introduced the idea that r a t i o s 

of certain p a i r s of elem.ents could give further information. 

The r a t i o of , for instance, Fe to Mn could r e f l e c t redox 

conditions at the sedim.ent water i n t e r f a c e . Unfortunately f o r 

the palaeolimnologist, the r a t i o m.ay also be governed by 

redox conditions i n the s o i l s of the catchment. Many of 

Mackereth'3 ideas were, however, confirmed aft e r further 

research by Mortimer (1969). Bengtsson (1979) suggested a 

seri e s of e x t r a c t i o n techniques for routine palaeo-

li.mnological analysis, and these methods determ.ine the 

organically bound and acid soluble amounts of various 
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eiements. More recently, Engstrom and Wright (1984) have 

developed s e l e c t i v e d i s s o l u t i o n techniques which, unl i k e 

those of Bengtsson (1979), can discriininate between 

allochthonous and autochthonous components of the sediment. 

As these l a t t e r techniques had not been published p r i o r to 

the work conducted on the Sediments from. Loe Pool, 

Bengtsson's procedures were adopted i n t h i s study. 

Numerous elem.ents are com.m.only extracted from lake Sediments. 

A number are p a r t i c u l a r l y useful, e i t h e r alone or i n 

com.bination, i n the Interpretation of the de p o s i t i o n a l 

h i s t o r y of the Sediments and the h i s t o r y of the lake i t s e l f . 

Many authors have em.plöyed such techniques (e.g. Shapiro et. 

a l . 1971; Tolonen 1972; Di g e r f e l d t et a l . 1975; Renberg 

1976), frequently i n com.bination with b i o l o g i c a l analyses of 

the Sediment. The m.ain areas of inform.ation to be gained from 

s'om.e of the key elem.ents are outlined below. The r e s u l t s of 

the analyses conducted on the Loe Pool sedim.ents are d e t a i l e d 

i n Chapter 6. 

1.4.2.1 Nitrogen and phosphorus 

Nitrogen a.nd phosphorus within lake sedim.ents can o r i g i n a t e 

from. both point and d i f f u s e sources i n the catchm.ent. The two 

sources which have come to the fore i n recent decades have 

been sewage and waste water discharge from humian settlem.ents, 

and t.he .nutrient-rich runoff r e s u l t i n g from the a g r i c u l t u r a l 

use of a r t i f i c i a l f e r t i l i s e r s (Sawyer 1947; Hasler 1947). 
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Nitrogen e x i s t s within lake sediments almost e n t i r e l y as 

ammionium. nitrogen or as o r g a n i c a l l y bound nitrogen. These 

form.s or i g i n a t e from. both allochthonous and autochthonous 

sources. The nitrogen content of the sedim.ent i s thus 

dependent on both the q u a l i t y and quantity of the 

allochthonous m.aterials entering the lake, and the rate of 

production, decom.position and sedimentation of autochthonous 

materials within the lake i t s e l f (Keeney, 1973). 

Phosphorus i s the element which most commonly acts as a 

grovjth l i m i t i n g nutrient i n l a c u s t r i n e prim.ary p r o d u c t i v i t y 

(Vollenweider 1963, Smith 1979). This, together with the 

propensity for sediment to act as a sink for phosphorus, has 

m.eant that num.erous studies have attempted to use the l e v e l s 

of sedimentary phosphorus to reconstruct palaeo-productivity. 

Bengtsso.n (1979) states that the excessive use of 

f e r t i l i z e r s , detergents and the disposal of various 

i n d u s t r i a l and dom.estic wastes can increase the 

concentrations of sedim.entary phosp.horus by up to one order 

of m.agnitude. However, despite rium.erous studies, there are 

s t i l l reservations concerning the use of phosphorus as a 

palaeoindicator {Sayers et a l . 1973). Some of these problems 

have also been discussed by Mortimer (1969). 

Despite these reservations, numerous studies which include 

analysis for the phosphorus content of recent sediments from, 

c u l t u r a l l y eutrophicated lakes, have been published (e.g. 

Shapiro et a l . 1971, D i g e r f e l d t 1972, Williams et a l . 1976, 

Bengtsson & Persson 1973, Bradbury 1973, Pennington 1973). 



These studies associate a r i s e i n sedimentary phosphorus with 

increased eutrophy. Other authors (e.g. Brugham 1973, Brugham 

& Speziale 1933) obtained l e s s clearcut r e s u l t s . In addition, 

the r a t i o of N/P has been used by Di g e r f e l d t et a l . (1975) to 

shovj changes i n nutrient status. 

The pathways by which phosphorus reaches f i n a l deposition are 

numerous and com.pleK. These are covered i n d e t a i l by Engstrom 

&. Wright (1934). The most com.mon pathway f o r autochthonous 

phosphorus takes place v i a the b i o l o g i c a l uptake of dis s o l v e d 

inorganic phosphorus to be followed by deposition as 

p a r t i c u l a t e organic phosphorus. Iron can also be important i n 

p r e c i p i t a t i o n through sorption of phosphorus by i r o n oxides 

and by p r e c i p i t a t i o n as i r o n phosphates. Thus, inferences 

that can be m.3de from. sedim.entary phosphorus can be confused 

and may not onlv' be linked to increased c u l t u r a l inputs but 

to i r o n and m.anganese p r e c i p i t a t i o n and sedim.entation as 
- . — T t 

1.4.2.2 Sodium, potassiumi, m.agnesium. and calcium 

The a l k a l i and a l k a l i n e earth elements are the major 

constituents of the com.mo.n s i l i c a t e minerals. Their i n f l u x 

into the lake system, i s therefore very l a r g e l y fro.m catchm.ent 

s o i l s and and rocks. Mackereth (1966) concluded that 

sedimientary Na, K and Mg thus d i r e c t l y r e f l e c t the i n t e n s i t y 

of weathering and erosion v;ithin the catchm.ent. However, he 

also recognised that v a r i a t i o n i n the rate of deposition of 

other sedi.mentary com.ponents, p a r t i c u l a r l y organic m.atter. 
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woiild a l t e r sediinentary compositiori independently of the rate 

of mineral erosión. . Where rock or s o i l s are . a r t i f i c i a l l y 

disturbed, as occurs during c e r t a i n a g r i c u l t u r a l a c t i v i t y , or 

where large q u a n t i t i e s of a r t i f i c i a l l y 'eroded' .material are 

m.ade a v a i l a b l e to eroaional processes, as i n the case of 

mining, the levéis of these elem.ents entering the lake System 

m.ight reasonably be expected to be higher than normal. A 

num.ber of studies have found evidence of accelerated erosión 

as implied by the chemical p r o f i l e s of lake Sediments. 

Farm.ing a c t i v i t y i s suggested for such r i s e s i n Prastssjön i n 

Sweden {Renberg 1976) and LovojSrvi i n Finland (Huttunen & 

Tolonen 1977) , although the tim.e scales and rates of 

Sedimentation are considerably d i f f e r e n t from those which 

r e l a t e to the Loe Pool sedim.ents. 

In the lake System, P-Ja, K and Mg tend to be sorbed onto 

suspe.nded partióles whereas Ca has a very streng a f f i n i t y f o r 

organic ligands. There tends therefore to be a streng 

c o r r e l a t i o n between t.he calcium content and the organic 

content ef lake sedim.ents as has been observed by Mackereth 

{1966), Telo.nen (1972) and Brugham {1978). 

The r a t i o of Na: K has been suggested as a m.easure of palaeo-

s a i i n i t y . E r i c s s o n {1973) hewever, found no r e l a t i o n s h i p 

between the extractable Na and K content of the sedim.ent and 

form.er s a l i n i t y levéis. S i m i l a r l y inconclusive r e s u l t s were 

produced by Kjensmo {1963) and Tolonen (1972), and i n 

ge.neral, the evidence for p a l a e o s a l i n i t y from these two 

elem.ents i s very d i f f i c u l t to Interpret. 
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1.4.2.3 Met3l3 

A nuniber of metals may be u s e f u l l y extracted from. lake 

sedim.ents. Those suggested by Bengtsson (1979) include iron, 

m.anganese and copper, which can be used to i n d i c a t e palaeo-

redox conditions, and zinc, chrom.ium and lead, which can be 

used as i n d i c a t o r s of p o l l u t i o n . 

Of a l l these m.etals, iron and m.anganese are perhaps of 

greatest im.portance to the palaeolim.nologist (Engstrom & 

Wright 1934), and t h e i r r a t i o can r e f l e c t redox conditions 

and erosional transport i n both the catchm.ent and the lake. 

Iron and m.anganese are both r e l a t i v e l y i n s o l u b l e i n t h e i r 

oxidised states, but mainly soluble when reduced. Therefore, 

when catchm.ent s o i l s are reduced, the transport of these two 

elements w i l l be greater. The sam.e e f f e c t can, however, 

r e s u l t from increased erosion vjithin the catchment. .As 

manga.nese i s r e l a t i v e l y m.ore soluble than i r o n , changes i n 

redox conditions may be r e f l e c t e d i n the r a t i o of Fe :Mn. This 

phenomenon was f i r s t applied to the i n t e r p r e t a t i o n of both 

catchment s o i l and lake history by Mackereth (1966). The 

d i f f i c u l t i e s i n i n t e r p r e t a t i o n of such analyses are more 

f u l l y discussed by Engstrom & Wright (1934). Indications of 

sedim.ent redox conditions can also be obtained from, the 

quotient of Cu :2n (Hallberg 1972). 



1.4.2.4 Organic compounds 

Plant pigm.snts and t h e i r d e r i v a t i v e s vjere f i r s t i s o l a t e d from 

lake sediments i n the 1950's by Vallentyne (1954, 1955, 

1956), Anderson and Gundersen (1955), Vallentyne & Swabey 
(1955) and Vallentyne & Craston (1957). They have since been 

used in numerous palaeo-lim.nological i n v e s t i g a t i o n s (e.g. 

Remberg 1976, Huttunen &. Tolonen 1977, Tolonen 1973), and the 

range of pigments and t h e i r d e r ivatives which can be 

i d e n t i f i e d from freshwater sediments i s novj extensive (Brown 

1969). 

The plant pigm.ents them-selves m.ay be derived from, vegetation 

entering the lake or from phytoplankton or other aquatic 

plants from within the lake i t s e l f . Brown (1969) suggests 

that t h e i r r o l e i n palaeolim.nology i s primiarily twofold. They 

can y i e l d an estimate of past phytoplarikton abundance as a 

vjhole, and, i f separated into s p e c i f i c com.pounds, can give 

these data for taxa w.hich can be distinguished by t h e i r 

p a r t i c u l a r pigment content. In p a r t i c u l a r , s p e c i f i c 

carotenoids have been used to e s t a b l i s h the presence and 

absence of blue-green algae (Vallentyne 1956; Z u l l i g 1961; 

G r i f f i t h s et a l . 1969), and to indicate palaeoproductivity 

(Sanger &. Gorham 1972) and trophic conditions (Vallentyne 

1960). S i m i l a r l y , Z u l l i g (1931) used carotenoids to detect 

changing phytoplankton pr o d u c t i v i t y , while Fogg and Belcher 

(1961) and Belcher and Fogg (1964) employed chl o r o p h y l l 

d e r i v a t i v e to carotenoid r a t i o s to exam.ine the r e l a t i v e 

contributions of autochtho.nous and allochthonous material to 
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lake sediments. The r a t i o between these two groups has been 

been used to r e f l e c t the changes i n the r e l a t i v e 

contributions of allochthonous and autochthonous organic 

m.atter {Gorham. & Sanger 1975) and changing oxygen conditions 

at the S.W.I. (Sanger & Growl 1979). These analyses can, 

however, be d i f f i c u l t to i n t e r p r e t , as l e v e l s of pigments and 

t h e i r d e r i v a t i v e s m.ay depend m.ore on t h e i r degree of 

preservation rather than the o r i g i n a l q u a n t i t i e s deposited 

(Tolonen 1973). 

The f i e l d of organic geocj-iem.istry i s expanding r a p i d l y and i s 

no longer r e s t r i c t e d to f o s s i l plant pigm.ents (Eglington 

1975; Mackenzie et a l . 1932, Cranwell 1934). Whilst i n t h i s 

study analyses have been l i m i t e d to the detection of 

ch l o r o p h y l l d e r i v i t i v e s and carotenoids, a much more d e t a i l e d 

exam.ination of the organic che.m.istry of the sedim.ents of Loe 

Pool has been undertaken by Pickering (Ph.D. t h e s i s , Plymouth 

Polytechnic, 1937). 

1.4.3 Physical analyses 

Apart from, the c a l c u l a t i o n of dry weight and loss on i g n i t i o n 

from, fresh sediment sa.mples, a num.ber of physical param.eters 

and c h a r a c t e r i s t i c s have been of use. 

P a r t i c l e s i z e of the m.aterial shows considerable v a r i a t i o n 

a.nd can be related to changing depositional regim.es, f l u v i a l 

processes and source m.aterial. When combined with other data', 

such as the percentage of autochthonous .material present. 
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further intererices are possible as to rates of deposition of 

the sediment. 

Colour changes are of m.ajor importance i n core c o r r e l a t i o n 

and i n the i d e n t i f i c a t i o n of r e p e t i t i v e sequences of sediment 

which .may represent annual units of deposition. Of p a r t i c u l a r 

use i n the sediments from. Loe Pool have been prom.inent m.arker 

horizons of haematite-rich clays which have g r e a t l y 

f a c i l i t a t e d core c o r r e l a t i o n . L i t t l e of t h i s kind of analysis 

has previously been carried out i n a palaeolimnological 

context, but i t i s appropriate where there have been 

considerable changes i n sedim.ent de p o s i t i o n a l history, as i n 

the case of Loe Pool. 

1.4.4 Establishm.ent of a chronology 

The dating of sedim.ents i s one of the most i n t e r d i s c i p l i n a r y 

aspects of palaeolimnology, incorporating both b i o l o g i c a l , 

physical and chemical analyses, and often calli.ng upon 

docum.entary sources for corroboration. Without accurate 

dating of sedim.ents, the c a l c u l a t i o n of annual i n f l u x (e.g. 

of diatom.s) i s im.possible, and i n the absence of good 

chronological f i x e s , estimates of past lake p r o d u c t i v i t y 

cannot be m.ade. Various approaches and m.ethods have been 

deve1coed. 



Palaeoniagnetlc dating 

Estimates of sediment age can be based on the continuous, i f 

limited changes i n the Earth's geomagnetic f i e l d . This 

'secular v a r i a t i o n ' (McElhinney 1973) consists of changes i n 

both the h o r i z o n t a l and the v e r t i c a l com.ponents, as well as 

i n i n t e n s i t y , of the f i e l d . Mackereth (1971) f i r s t revealed 

the record of these v a r i a t i o n s i n a core from Lake 

Winderm.ere, and his work has since been confirm.ed for other 

lakes i n Europe by Thompson (e.g. 1973, 1975). The m.ethod of 

detection i s quick and non destructive (Molyneux 1971), and 

standard reference curves (Thom.pson & Turner 1979) perm.it 

com.parison between dated and undated sediment sequences. 

These techniques were applied to sedi.ment cores from. Loe 

Pool, but were found to be of li.mited value as the sedim.ents 

are too you.ng. 

1.4.4.2 Radioisotope dating 

A num.ber of isotopes have been shovjn to be s u i t a b l e for the 

dating of lake sedim.ents. The use of 14-C i s inappropriate to 

studies such as t h i s , w.here material younger than 200-300 

years i s being eKam.ined. The Suess e f f e c t , d i l u t i o n of 14-C 

by material derived from, c u l t u r a l sources such as f o s s i l f u e l 

cc.mbustion, i s amongst the problems inherent i n using t h i s 

technique on such young material (Pennington et a l . 1976). In 

Loe Pool hovjever, the i n c l u s i o n of old carbon, derived from 

s o i l s withi.n the catchm.ent, would probably have been a more 

serious source of error and the technique was not attem.pted. 
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1.4.4.3 210-Pb 

.More ap'propriats to the dating of recent sediments i s a 

technique employing the isotope 210-?b. This i s a natural 

decay product, forming part of the of the 233-U decay s e r i e s , 

and has a h a l f - l i f e of 22.26 years. It reaches the sedim.ents 

v i a two pathways. 'Unsupported' 210-Pb (Appleby a O l d f i e l d 

1978) i s derived from atmospheric sources, washed out by 

p r e c i p i t a t i o n and from. the catchment. The 'supported' 

com.ponent i s derived from. 226-Pva, i t s precursor i n the decay 

series, which i s i t s e l f also present i n the 3edim.ent. This 

226-P.a orig i n a t e s from eroded catchmient m.aterial (Koide et_ 

a l . 1973). The m.ethod of analysis used by Pennington et a l . 

(1976) and Robbins &. Sdgington (1975) assumed a constant 

i n i t i a l concentration of unsupported 210-Pb. .An a l t e r n a t i v e 

approach was adopted by Appleby & O l d f i e l d (1973) and 

O l d f i e l d et a l . (1973). This l a t t e r m.ethod assum.es instead a 

constant rate of supply of unsupported 210-pb to the sedim.ent 

and has been shown to be more app l i c a b l e i n cases where 

sedi.ment accum.ulation rates have accelerated over time. The 

problems encountered i n the use of 210-Pb dating on the 

sediments from Loe Pool are discussed i n Chapter 4. 

1.4.4.4 137-C5 

Where dating of very recent sedi.ments i s required,- the 

application of a m.ethod based on the presence of the isotope 

137-Cs may be appropriate. Caesium-137 i s a by product of 

atom.ic f i s s i o n and as such i s not a n a t u r a l l y occuring 
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isotope. Its main o r i g i n i n the environment has been from, t.he 

detonation of atomic weapons. 

Deposition of detectable l e v e l s of 137-Cs i n lake sedi.ments 

began i n 1954, and peaked i n 1963 (Pennington et a l . 1973). 

Following the signing of the Test Ban Treaty i n 1963, 

environmental l e v e l s of 137-Cs f e l l . Consequently, i n the 

Northern Hem.isphere, 1963 represents the year of m.aximum. 

deposition of the isotope. Work by Richie et a l . (1973) and 

Pennington et a l . (1973) has revealed the presence of 137-C3 

in the topm.ost sedim.ents of a number of North .Am.erican and 

European lakes. This dating technique has been applied with 

som.e success to near-surface sedimients from. Loe Pool. 

1.4.4.5 Dating by annual laminations 

,A dating technique with, p o t e n t i a l l y , far greater r e s o l u t i o n 

and accuracy i s that u t i l i s i n g the d i s t i n c t seasonal 

structures c h a r a c t e r i s t i c of annually l3m.ii-i3ted sediments. 

In order to c l a r i f y the terminology used i n t h i s and l a t e r 

chapters, i t miust be stated that the term 'annual lamination' 

i s here considered synonymous with the word 'varve'. Both are 

used to describe the sediment deposited i n the coui-se of one 

year, whether c o n s i s t i n g of a s i n g l e layer or a s e r i e s of two 

or more lam.inae or layers (Renberg 1973, 1931a). 

Sediments with annual lam.inations are by .no means a recent 

discovery, but vjere described for a .numtber of lakes (e.g. 
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NipkovJ 1920; W'hittaker 1922; Welten 1944) i n the early part 

of t h i s century. Developments i n palaeoliminological 

techniques, p a r t i c u l a r l y those r e l a t i n g to sediment 

r e t r i e v a l , have sinc e revealed the ubiq u i t y of these 

deposits. 

Seasonal clim.atic v a r i a t i o n s i n the temperate zone cause an 

annual v a r i a t i o n ir; the supply of allochthonous and 

autochthonous material to lake sediments (Renberg 1982). This 

seasonality provides the po t e n t i a l for varve formation but a 

number of factors determine whether t h i s p o t e n t i a l i s 

f u l f i l l e d . The major precondition i s that, once deposited, 

the sedimient should remain undisturbed. Bioturbation, 

excessive water movem.ent and/or the formation of gas bubbles 

can a l l disrupt the preservation of varved sediments (Renberg 

1931a). Ludlam (1976) concluded however that for the lakes 

that he had studied, laminated sediments could be formed 

v;herever (a) a mechanism fo r t h e i r form.ation existed, (b) the 

rate of sedim.ent accumiulation was high enough r e l a t i v e to the 

rate of disturbance, and (c) the proper sam.pling technique 

was used. 

The character and mode of formation of annually lamiinated 

sedi.ments thus varies considerably from, s i t e to s i t e . Some 

laminations are calcareous i n o r i g i n , others are ferrogenic 

(O'Sullivan 1983), produced by changes i n the s o l u b i l i t y o f 

i r o n at t.he sedi.ment water interface. Yet u i o r e are termed 

biogenic, where b i o s t r a t i g r a p h i c changes are the 'primary 

variati o n s recorded. C l a s t i c varves (Stur.m 1979), form where 
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v a r i a t i o n i n the i n f l u x of allochthonous minerogenic material 

i s the dominant process. The sedim.ents of Loe Fool are 

l a r g e l y c l a s t i c i n o r i g i n (Simóla et a l . 1931), but bio- and 

ferrogenic com.ponents are also present. 

A com.prehensive review of the formation and range of annually/ 

laminated sediments has been com.piled by O'Sullivan (1983), 

who outlines the d i v e r s i t y of circumstances under which 

seasonality of environmental conditions m.ay be r e f l e c t e d i n 

the structure of lake sedimients. 

Investigation of the f i n e structure of the Loe Pool sedimients 

has been aided by the development of cryo-sampling 

techniques, i n which sedim.ents are frozen i n s i t u . and s o l i d 

sediment samples subsequently retrieved. This method v.'as 

f i r s t used by Shapiro (1953) and has m.ore rec e n t l y been 

developed by Swain (1973), Saarnisto (1975), Huttunen & 

MerilSinen (1978), and Renberg (1981b). Although undisturbed 

s.am.ples can also be_ taken using conventional coring 

equipm.ent, freezer or 'crust-freeze' sam.plers (Renberg 

19olb) , are of p a r t i c u l a r use when retriev.al of the 

unconsolidated uppermost sediments i s necessary, as i n t h i s 

i n v e s t i g a t i o n . 

Subsequent m.ethods of examination of the sam^ples have also 

been refined, and are discussed at length i n a l a t e r chapter. 

Hovjever, m.ost relevant to t h i s study has been the work of 

Simóla (1977), who developed a m.ethod of exam.ining freeze-

d r i e d m.aterial from, frozen sediments, attached to adhesive 
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tape and i20unted on microscope slides". This technique has 

been used to examine the f i n e struoture of sediments with 

p a r t i c u l a r reference to diatoms and other sediment 

m i c r o f o s s i l s {e.g. Simóla 1977, 1979, 1981; K. Tolonen 1930). 

The m.ethod i s capable of e s t a b i i s h i n g whether laminae which 

appear to be annual are indeed varves, and i t s a p p l i c a t i o n 

has been of great value i n t h i s study i n detecting annual 

sequences of sediment. Once annual unita of deposition can be 

defined, dating by varve counting i s then possible. As a 

chronological m.ethod, t h i s i s now widely em.pioyed and has 

been used i n several studies to c a l i b r a t e other dating 

techniques (e.g. Battarbee & D i g e r f e l d t 1976; M. Tolonen 

1973; K. Tolonen 1980; K. Tolonen & Jaakola 1983). 

1.5 H i s t o r i c a l Records 

Where a v a i l a b l e , documentary material may add important 

background or substantive evidence to a palasolimnological 

study. On the f i n e s t scale, i n d i v i d u a i , documented events 

such as the bu i l d i n g of a barn and a road on the shore of the 

s.mall lake LovojMrvi, S. Finland (Simóla 1979), were matched 

to t h e i r resultant clay layers within the lake sedim.ent. 

Comparable instances have been recorded i n Lake Washington 

(Edmondson et a l . 1956), and i n Frain's Lake, Michigan (Davis 

1976). On a larger scale, h i s t o r i c a l records of la.nd use .may 

help to explain changes i n rates of deposition or erosión 

(e.g. Swain 1973,- Digerfeldt et a l . 1975; Cwynar 1978). 
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în t h i s study considerable emphasis has been placed on 

h i s t o r i c a l material. The documentary sources examined have 

provided an invaluable fram.ework around uhich the 

palaeolim.nological work has been placed. 



O 1-i s jr. -t s 2:-

Loe Pool and i t a catchmeni: 

2.1 Physical s e t t i n g 

The Loe Pool catchnient (Fig. 2.1) l i e s faetween the Land ' s End 

and Lizard peninsulas i n south-west Cornvjall. Its t o t a l area 

i s SSkm-̂  (see Table 2.1 for a summary of the lake and 

catchment s t a t i s t i c a ) . Loe Pool, (N.G.R. SWS4S250, Lat. 

SO'-'A'i'l, Long. 5'̂ '17'W), the lake impounded by Loe Bar, l i e s at 

about 4in O.D., at the southerninost extent of the catchment 

(Plates 2.1 and 2.1). 

2.2 Geology 

The surface geology of the catchment i s i l l u s t r a t e d i n 

Fig. 2.2 and i s quantifi e d in Table 2.2. 

The nort.hern part i s dominated by t.he outcrop of the 

Carn.me.nellis granite which i s an igneous i n t r u s i o n dating 

from Pernio-Carboni ferous times. It i s thought to be 

conte.Tiporary with the Dart.Tioor granite, dated at 275 .million 

years B.P. (Barton 1964), and a stri.ng of granite bosses 

stretching from the Isles of S c i l l y to Dartmioor. The 

Carnm.enellis granite i s ringed by an area of contact 
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Table 2.1 

Loe Pool - Lake and catchment data 

Catchment area 54.55km= 

Lake surface area 55.6ha (0.556km=) 

Lake: : catchment area r a t i o 0.0102:1 

Al t i t u d e of lake surface 4.Om O.D. 

Maximum depth 10. Om 

Mean depth 4. Om 

Lake volume 3.04 X lO-̂ m̂ ^ 

Mean hydraulic residence time 57 days 

Main contributing stream River Cober 

Mean discharge {gauged at Heiston) 1 .01m='sec-^ 

Mean annual r a i n f a l l : 

At R.N.A.S. Culdrose {S2m O.D.) 942mm 

At Wendron {140m O.D.) 1149mm 

Population of Heiston 10,000 approx. 

Population of catchment 13,000 approx. 



Table 2.2 

Loe Pool catchment 

Surface geology by area and percentage area 

Total catchment area 

Granite 

K i l l a s 

km= % area 

54.55 100.00 

31.45 57.65 

23.10 42.35 

Granite area comprises .-

(Fine grained granite) 
(Alluvium) 
{Polcrebo gravel) 

K i l l a s area comprises: 

(Mylor beds) 
(Gramscatho beds) 

km=̂  % area 

(1.05) 
(3.13) 
(0.25) 

(1 - 92) 
(5.74) 
(0.46) 

(18.20) 
(4.90) 

(33.36) 
(3.98) 

and includes: 
(Alluvium) 
(Loe Pool) 

(1.88) 
(0.56) 

(3.45) 
(1.01) 



metaraorphism, about 1.5km wide, which i s a sone of 

considerable f i s s u r i s a t i o n and m.ineralization . The r e s u l t i n g 

metalliferous deposits have been extensively exploited over 

many centuries. Thèse a c t i v i t i e s have s i g n i f i c a n t l y affected 

the sédiment y i e l d of the catchment during periods of mining, 

a record of which i s now contained within the sédiments of 

Loe Pool. 

The aureole .gradually merges into the country rock, a 

Devonian c i a y - s l a t e known l o c a l l y as k i l l a s . i n t o which the 

granite was intruded. The s l a t e s are of Middle Devonian age 

and most belong to the Mylor s e r i e s , comprising a m.ixture of 

s l a t e s and s i l t s t o n e s . To the east of Loe Bar the very 

s i m i l a r Gramscatho beds also outcrop with the occasionai 

i.riclusion of lim-estones and s p i l i t i c lavas (Dewey 1969). Both 

beds can be seen to be intensely folded and are shot with 

nu.merous quartz veins . The l o c a l geology i s more f u l l y 

discussed by Barton (1964) and Cïewey (1975). 

2.3 Quaternary geology 

Clear évidence for the impact of the Quaternary i n South-West 

England i s confined to the l a t e Pleistocene and the Holocene 

(F:idson 1977) . It i s generally accepted that the most 

southerly lim.its of the Pleistocene g l a c i a t i o n s i n t h i s area 

approxim.ate to the présent day north coasts of Devon and 

Cornwall. Fluctuating sea l e v e l s during the Pleistocene have 

l e f t evide.nce of a number of mari.ne érosion platforms, the 

most noticeable of which i s at 131m O.D. (Kidson 1977). This 
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±s best preserved l o c a l l y on the Lizard peninsula immediately 

to the aouth-east of Loe Pool. Further ralsed beaches hâve 

been i d e n t i f i e d around the south Cornish coast at 4. S.m (Jaiiies 

196S) and at 10.Sm (James 1975). An example of the l a t t e r can 

be seen at Gunwalloe Fishing Cove, some 2km to the east of 

Loe Bar. The f u l l Pleistocene stratigraphy was d e t a i l e d by 

James (1975) and i s given in Table 2.3. The area which now 

forms the Loe Pool catchment i s thought only to have 

experienced p e r i g l a c i a l conditions. As évidence of t h i s , head 

deposits of up to 4m depth are v i s i b l e on both sides of the 

Bar, capping the low c l i f f s . Thèse s o l i f l u c t e d deposits 

consist l a r g e l y of l o c a l s l a t e s and quartz and are very 

angular i n nature. 

At the end of each Pleistocene g l a c i a l , , large q u a n t i t i e s of 

coarse m.aterial from. the granité and auréole were deposited 

as alluvium. Considérable depths of thèse gravels which 

coritain s i g n i f i c a n t q u a n t i t i e s of t i n , o v e r l i e bedrock i n the 

Cober Valley. Much of the e a r l i e s t e x p l o i t a t i o n of the 

mii.neral wealth of the région was through stream. tinning of 

thèse deposits. 

Overlying t h i s a l l u v i a l material can be found peat deposits 

and tree remains. Rogers (1365) examined the a l l u v i a l s t r a t a 

of the Lower Cober Val l e y to a depth of around 10m. when a 

shaft of Wheal Cober (Fig. 2.3) was sunk about Ikm south of 

Helston. L i t t l e détail i s given i n his report, save that the 

st r a t a included one peat layer at a depth of 8.5m (approx. im 

CD.) co.ntaining "leaves of differe.nt trees, hazel nuts and 
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Table 2.3 

Stratigraphy of the Pleistocene deposits at 

Gunwalloe Fishing Cove 

From: James (1975) 

Deposit 

Head 

Upper sand layer 

Lower sand layer 

Raised Beach 

Raised shore 
platform 

Commenta 

1.0-4.0m i n depth 

1.0-4.0m i n depth 
The two sand layers 
combined can be i n 
excess of 10m. 

A coarse lens marks 
the upper l i m i t of 
the lower sand layer 
which i s approx 6.0m 
i n depth. 

Mean thickness 2.0m 

Notch at 10.8m 

Suggested dating 

Devenaisn 

Ear l y Devenaian 

Ipswichian 

Ipswichian 

Early Ipswichian 



trunks of trees, of which one, an oak, nieasured 30 inches 

[0.76îiîj i n . diameter. " , (p. 354). This organic deposit lay 

d i r e c t l y above tin-ground. 

Si m i l a r observations were made by Patterson (1365), who found 

three such layers i n the Fowey Valley. Rogers (1313) reported 

f i n d i n g the stumps of oaks and willows embedded i n a 

'vegetable mould' about 3.0m below the surface of the sand i n 

Porthleven Basin. Submierged f o r e s t s are also f a i r l y com.m.on i n 

the area with exemples at Falmouth Bay and Maenporth on the 

eastern side of the Lizard peninsula (Rogers 1832) and i n the 

north-eastern part of Mount's Bay (Carne 1313). 

Higher i n the catchment, the alluvium of P o r k e l l i s and Medlyn 

Moors reaches s i m i l a r depths ( c i r c a 10m). Early tinners had a 

su b s t a n t i a l thickness of overburden of sands, s i l t s , gravels 

a.-d peats to rem.ove before encountering the stanniferous 

gravels of the old r i v e r Channels. 

The i c e melt at the end of the l a s t g l a c i a l resulted i n a 

r i s e i n m-ean sea l e v e l (Hawkins & Kellaway 1971) culm-inating 

i n the prese.nt day lim.it which l i e s at about 4.m to 5m below 

that of the l a s t i n t e r g l a c i a l . The most récent transgression 

flooded the Pleistocene v a l l e y s and deposited marine clays 

above the e a r l i e r alluvium.. Loe Bar, the shingle barik which 

novj da.ms the droi-.'ned estuary of t.he River Cober, c l e a r l y 

developed following this r i s e i n sea l e v e l . For a period of 

timie hovjever, the valley was probably a t i d a l estuary. 

http://lim.it


I.U Coip.position and formation of Loe Bar 

The composition and geom.orphological development of Loe Bar 

can be compared with that of other s i m i l a r features around 

the B r i t i s h c o a s t i i n e . L i t t l e et a l . (1973) have studied the 

develop.ment of the Swanpool, a sm.aller lake near Faim.outh, 

also retained by a shingle bar, which i s com.posed of m.aterial 

of l o c a l o r i g i n with a small proportion of non-local f l i n t s . 

In com.parison, Loe Bar i s composed l a r g e l y of non-local, 

rounded f l i n t s and chert pebbles. Slapton Sands and the 

beaches of C h e s i l , Porlock and Newgate are also s i m i l a r i n 

form and o r i g i n . A i l consist of a shingle ribbon spread over 

a stable substrate and containing a large perce.ntage of non-

l o c a l m.aterial (Morey 1976) . Slapton bay ,shingle never 

contains more than 30 percent l o c a l m.aterial (Mercer 1956). 

King (1972) suggests that large q u a n t i t i e s of material can be 

deposited across the mouths of estuaries only where the 

amount of water draining seawards i s very small, or where the 

barrier i s very perméable. The l.atter was probably the case 

in t.he e a r i y stages of the development of Loe Bar. 

The o r i g i n of the beach material of which Loe Bar i s a part, 

has been the subject of som.e debate. The e n t i r e coast of 

Mount's Bay from . Marazion to Mullion posesses 3im.ilar 

material. The présence of unusually large quantities of 

f l i n t s on t h i s part of the coast was re.marked on by Borlase 

(1753) v-'ho dism.issed e a r i i e r suggestio.ns t.hat they m.ight have 

originated from ships' b a l l a s t . He c i t e d a s i m i l a r deposit 

i y i n g s l i g h t l y inland at Ludgvan as circumstantial proof. Toy 
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(193S) s k i r t s the point by s t a t i n g that the material of Loe 

Bar o r i g i n a t e s from Prah Sarada to the west, r e s u l t i n g from 

easterly transport by t i d a l a ction. Heid (1904) examined 

material from the beach at Gunwalloe Fishing Cove, some 2km 

to the east of Loe Bar. A sum.m.ary of the geological 

composition of the shingle i s given i n Table 2.4. He compares 

the f l i n t s from t h i s s i t e to those found i n the Eocene 

gravéis of Devon and Dorset, f i n d i n g p a r t i c u l a r s i m i l a r i t y 

with f l i n t s from Haidon, • to the west of Exeter. He concludes 

that the Gunwalloe m.aterial could have originared from. an 

Eocene o u t l i e r o f f the coast i n Mount's Bay. Heid dismisses a 

Suggestion by Woodward (in Heid 1904} that the material might 

be somie form; of g l a c i a l deposit. 

James (1975) has described a sequence of Pleistocene deposits 

in the low c l i f f s at Gunwalloe Fishing . Cove (N.G.R. 

SW654224). A sum^mary of the stratigraphy together with a 

suggested dating i s shown i n Table 2.4. The raised beach 

coffiponent, l y i n g on top of t.he raised shore platform, 

consists of 70 percent s l a t e , 25 percent quartz, and 5 

percent f l i n t . Personal examination of t h i s deposit confirm.s 

the absence of a large percentage of f l i n t s , and t.hat which 

i s present i s f a i r l y angular. It has been suggested by K i l l 

(1934) that t h i s indicates that the present type of well 

rounded f l i n t and chert dominated beach material was 

unavailable as a source of supply when the raised beach at 

Gunwalloe Fi s h i n g Cove was formed. Ke further suggests that 

present beach material was derived v i a one or more óyeles of 

f l u v i a l a c t i v i t y from a source, now completely eroded, during 



Table 2.4 

The composition of shingle at 

Gunwalloe F i s h i n g Cove 

Front: Reid (1904) 

"The shingle, which was being extehsively carted away f o r 

gravel, was so p e r f e c t l y rounded, and i n appearance was so 

unlike anything that I had expected to f i n d i n Cornwall, that 

I examined i t c l o s e l y , taking away samples to give to the 

Museum of P r a c t i c a l Geology, Jermyn Street. The coarser beach 

provided to c o n s i s t of l a r g e l y (about 70 per cent by weight) 

of C h a l k - f l i n t and Greensand-chert, only 30 per cent being 

Palaeozoic at the spot where i t was examined. A large 

quantity of the f i n e shingle yeilded:-

% 

C h a l k - f l i n t 86.0 

Greensand-chert 2.0 

Quartz 9.0 

G r i t 2.5 

Serpentine 0.5 

100.0 



the l a t e Pleistocene or e a r l y Holocene. Its immediate source 

i o c a l l y was very probably as Heid (1904) suggested, an 

o u t l i e r of f l i n t s i n Mount's Bay. 

If t h i s i s the case, then the formiatio.n of Loe Bar could .bave 

resulted from a com.bination of the miovement of shingle back 

and forth along the coast of Mount.'s Bay, and a slow movement 

inland up the c o a s t a l slope i n pace with a progressively 

r i s i n g sea l e v e l , a proeess assisted by sporadic but 

s i g n i f i c a n t inland msovemient of material by storms. 

The importance of longshore d r i f t , predominantly from north-

west to south-east, i s supported by the f a c t that from 

Porthleven to Gunwalloe, a.n increase i n the percentage of the 

larger f l i n t comiponent of t.he shingle occurs ( c . f . Slapton 

Sands, Morey 1976). Düring south-vies ter l y stormis, large 

quantities of material are often removed from Porthleven 

beach to reveal the underlying bedrock. A subsequent build-up 

of shingle occurs south-eastward towards Gunwalloe. This i s 

usu-ally quickly replaced by t.he next streng south-easterly 

winds which cause move-ient of shingle i n the opposite 

d i r e c t i o n . The dominant d i r e c t i o n of movem.e.nt i s .however from 

north-west to south-east (Toy 1934), concurrent with the 

p r e v a i l i n g south-westerly winds. 

Sudden and massive movements of shingle on t.he Bar are nox. 

unknown, and events which have resulted i n t h i s , such as the 

' t i d a l wave ' of .January 1924 (Toy 1936), have been well 

recorded. This évent t.hrew vast q u a n t i t i e s of sand a.nd 
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shingle on to and over the bar, considerably a l t e r i n g i t s 

shape. Similar instances were recorded i n the previous 

century by Edmonds (1346, 1365) and Rogers (1863). The storms 

of February 1979 produced equally dramatic changes (personal 

observation). 

The date of f i n a l closure of the Gober estuary by the bar, 

and thus the t r a n s i t i o n from, estuarine to freshwater/brackish 

conditions, i s uncertain. Once established across the mouth 

of t.he Cober, the bar continued to develop and cihange in 

form.. As Morey (1976)- suggests, such features, once they have 

reached a stable width and height, .may a t t a i n some sort of 

equilibriumi, being of s u f f i c i e n t s i z e to r e s i s t stormi action. 

Loe Bar appears to be reaching such a point. Today, i t i s 

seldom., except i n the .most severe of storm.s, that seawater 

over-washes the b a r r i e r . 

A Cornwall River Authority report (C.R.A. 1967) gives the 

maximum height of the bar as •f9.14m O.D. (Newlyn), i . e . some 

3.0m above High Water Spring Tides (K.W.S.T.). The width of 

the bar from! the sea at mean low tide l e v e l to the lake i s 

given as i n excess of lS3m. This contrasts with the data of 

Foliot-Stokes (1909) who gave the width of the bar as greater 

than 137.m at i t s maxim.um. extent, and h i g h l i g h t s the groi-jth 

t.hat has occured over the l a s t few decades. 

2 . 5 Lake miorpho.metry 

At average lake l e v e l ( c i r c a 4.0m O.D.), the prese.-t area of 



open water which constitutes Loe Pool i s 55.0 ha. Tha surface 

area of the lake has changed considerably over the l a s t 200 

years , and figures fron; a number of sources dating from the 

ISth century onwards are given i n Table 2.5 and F i g . 2.4. The 

l a t t e r shows the decrease i n lake area to be about lOha i n a 

period of about 110 years with an accélération i n the loss of 

open water occuring in the past 40' years. 

The isobath map of the lake (Fig. 2.5), i s based on a 

bathymétrie survey by the Cornwall River Authority (C.R.A. 

1967), c a r r i e d eut i n connection with a proposai to use Loe 

Pool as a source of water f o r domestic supply. Contours were 

compiled from soundings taken from a beat, with water l e v e l 

being referred to O.D. at réguler i n t e r v a i s during the survey 

period (G.E. B u l l , South West Water Authority, pers. comm.). 

Ad d i t i o n a l soundings taken during t h i s i n v e s t i g a t i o n confirm 

thèse findings. Using the C.R.A. survey, the volume of the 

lake has been calculated as 2,343,600m^, with a surface area 

of 63.0ha, and a mean depth of 3.72m.. 

Owing to progressive sedim.entation and c o l o n i z a t i o n by 

vegetatio.n, p a r t i c u l a r l y i n the area of the inflow of the 

River Cober, the lake has since been reduced i n surface area. 

From the 1973 Ordnance Survey 1:2,500 maps„ i t i s possible to 

esti.mate the surface area as S7.0ha. The présent figu r e 

i s around 55.6ha. 
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Table 2.5 

Loe Pool surface area from cartographic and 

documentary sources. 1771-1980 

Date Area Area Data source 
(ha) (acres) 

1771 

1836 

1874 

1907 

66.0 163 

70.3 174 

66.0 163 

63.6 157 

Hitchins & Drew (1824) 
"..at i t s lowest extent.." p.510 

Gunwalloe tythe map 
(measured by planimetry) 

Johns (1874) (Area probably derived 
from Hitchins & Drew (1824)) 

Ordnance Survey 25" to the mile 
SW62NW 

1906-8 66.7 

1934 60.7 150 

Ordnance Survey 1:2500 
(measured by planimetry) 

Toy (1934) 

1945 

1967 

1973 

61 .6 

60.3 

57.0 

Cornwall County Surveyor, map of 
Loe Pool (measured by planimetry) 

Cornwall River Authority survey 
(measured by planimetry) 

Ordnance Survey 1:2500 
(measured by planimetry) 

1980 55.6 This study 



2.5 Laks hydrodynaniics 

The lake i s fed by or.e tnain r i v e r , the Cober, which drains 73 

percent of the t o t a l catchment. According to Rendei (1337) 

the River Cober supplies 93 percent of the water entering the 

lake. He estimated' the average flow of the Cober to be 

2300ft^/n!in {1.035 cumecs ) . This f i g u r e can be compared with 

1.013 cumecs, the m.ean flow c a l c u l a t e d from. S.W.l-J.A. data f o r 

the period 1969-1980, {monitoring s t a t i o n at M.G.R. 

SW654273). 

In addition to t h i s main input, two large streams, Penrose 

and Car.minowe, drain the majority of the remiainder of the 

catchment (Fig. 2.6). Their contribution has net been 

m.oni tored . 

Lake volum:e varies seasonally by a considerable am.ount owing 

to a r i s e and f a l l in the lake water l e v e l . However t h i s 

occurs to a lesser extent now than i n the past, when the lake 

l e v e l fluctuated to an even greater degree. Hi.nd (1907) and 

Harper (1910) both reported r i s e s of over 3.Qm. a f t e r heavy 

r a i n f a l l . Lake l e v e l f l u c t u a t i o n has depended p r i m a r i l y on 

the flow r s s t r i c t i o n s imposed by the discharge pathway from 

the Pool. Prio r to the 1380's, discharge was ef f e c t e d by 

.means of naturai seepage through the shingle b a r r i e r . .As the 

Bar further developed, naturai seepage would nave probably 

decreased, owing to the greater thickness of the bar. 

In the e a r l y 19th century Rendei (1337) estimated the seaward 



•novement of water through the bar to be ot the order of 

19S,00Qm'̂ ^ day-^. The build-up of shingle and the clogging 

e f f e c t of mine v.'astes, discussed i n a l a t e r chapter, have 

since been s u f f i c i e n t to stem t h i s flow. In more recent times 

the Cornwall River Authority report (C.R.A. 1967) recorded no 

s i g n i f i c a n t m.ovem.ent of water through the bar i n e i t h e r 

d i r e c t i o n . This finding i s upheld by the r e s u l t s of water 

sample analyses conducted by Lacey (unpublished data). 

From the e a r l y 1900's, flooding of the v a l l e y up to Helston 

becam.e .more and miore frequent, and eventually, i n the l a t e 

19t.h century, a long neglected m.ine adit at i t s south-west 

corner was re-opened to accom.m.odate the drainage fromi the 

lake. This route s t i l l functions but s u f f e r s blockage by 

shingle following severe storms. There .have been recent 

e f f o r t s by the South West Water Authority (work com.menced i n 

19S6) to renovate and improve the i n l e t to t h i s adit. 

Using data from the South West Water Authority on the flow of 

the River Cober from 1969-79 and the calculated volume- of the 

lake, i t can be shown that the mean residence time for water 

i n the lake i s 57 days, although i n winter t h i s can be 

reduced to between seven and f i f t e e n days. 

The seasonality of flow into the lake i s p a r t l y a r e f l e c t i o n 

of seasonal r a i n f a l l v a r i a t i o n . P r e c i p i t a t i o n i s c u r r e n t l y 

monitored at two points within the catchment, at Wendron 

(N.G.R. SW677307) and at the Royal Naval A i r Station 

(R.N.A.S.) Culdrose (N.G.R. SW669264). A number of other 
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raingaugss have operated in the catchment at various tim.es i n 

the past ce.ntury. These locations and periods of data 

a v a i l a b i l i t y are given i n F i g . 2.7 and Table 2.6. 

These data record the .m.ariti.me nature of the clim.ate of west 

Cornwall, with i t s p r e v a i l i n g south-westerly winds. Mean 

d a i l y r a i n f a l l f o r Culdrose and Wendron i s given in Figs. 2.3 

and 2.9, and mean monthly figures are shown i n Table 2.7. 

It has been suggested that seasonality of clim.ate has a 

considerable influence on the pattern of sedim.entation within 

Loe Pool. It leads, at l e a s t i n part, to v a r i a t i o n i.n 

sediment supply to the Pool and thus the formation of annual 

laminations (Simóla et a l . 1931). 

2.S Human influence 

The lake i s an i n t e g r a l part of the catchment system and as 

such i s heavily influenced by nutrient and sediment loading 

from catchment sources. Changes i n demography, land use and 

human a c t i v i t y have thus s i g n i f i c a n t l y affected the lake-

watershed system, p a r t i c u l a r l y i n the l a s t century. 

2.3.1 Population and settlem¡ent 

The population s t a t i s t i c s a v a i l a b l e for the area are given i n 

Table 2.3 and Fig. 2.10. The present population of the 

catchment can be estimated at around 15,000. The two largest 
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Table 2.6 

Loe Pool catchment 

Raingauge l o c a t i o n s and dates of operation 

A l l data supplied by the Meteorological O f f i c e , Bracknell. 
The records a v a i l a b l e comprise d a i l y r a i n f a l l figures for the 
years given below. 

Gauge 

Wendron 

N.G.R. 

SW677307 

Hydrometric 
Number 

379919 

Dates of 
Operation 

1947-

Sithney, 
Council School 

SW637303 379920 1926-1945 

RNAS Culdrose 
Met. O f f i c e 

SW669264 379934 1952-

Wendron, 
Nine Maidens 

SW676370 330675 1930-1950 

Sithney, 
Tregathenan 

SW655307 380790 1943-1954 

Helston SW659275 380806 1842-1874 

P o r k e l l i s Moor SW691326 380673 1977-1978 



Table 2.7 

Mean monthly c l i m a t o l o g i c a l data 

R.N.A.S. Culdrose (N.G.R. SW669264) A l t i t u d e 82m 

Temperature Ĉ -C) 1961-1970 

Jan Feb Mar Apr May Jun J u l Aug Sep Oct Nov Dec 
5.9 5.5 6.5 .8.5 10.7 13.7 14.9 15.1 14.0 11.9 8.3 6.5 

Sunshine (Hours per day) 1961-1970 

Jan Feb Mar Apr May Jun J u l Aug Sep Oct Nov Dec 
1.82 2.64 4.04 5.53 6.87 7.50 6.68 5.95 4.94 3.40 2.37 1.82 

R a i n f a l l (mm) 1961-1970 

Jan Feb Mar Apr May Jun J u l Aug Sep Oct Nov Dec 
107 79 73 54 64 49 61 72 78 87 108 111 

Mendron (N.G.R. SW677307) A l t i t u d e 140m 

R a i n f a l l (mm) 1961-1970 

Jan Feb Mar Apr May Jun J u l Aug Sep Oct Nov Dec 
132 94 90 65 78 61 74 88 96 105 132 134 



Table 2.3 

Population data f o r Helston. 1694-1973 

Year Population Area 
(acres) 

Area 
(ha) 

Source 

1694 1348 130 53 Redding (1842) 

1801 2248 130 53 Redding (1842) 

1811 2297 130 53 Redding (1842) 

1821 2671 130 53 Redding (1842) 

1831 3293 130 53 Buckle 1 St Chapman (1831) 

1841 3584 130 53 Helston Town Council 

1851 3355 130 53 Helston Town Council 

1361 3843 291" 89 Symons (1884) 

1871 3797 291 89 Symons (1884) 

1881 4090 291 89 Symons (1384) 

1891 3198 = 309* 125 Helston Town Council 
1901 3088 309 125 Helston Town Council 

1911 2937 309 125 Helston Town Council 

1921 2616 309 125 Helston Town Council 

1931 2548 309 125 Helston Town Council 

1951 5545 4014*'" 1624 Helston Town Council 
1961 7086 4014 1624 Helston Town Council 

1971 9978 4014 1624 Helston Town Council 

1873 10681 4014 1624 Helston Town Council 

The a l t e r a t i o n s i n area were due to minor boundary changes 
and changes i n boundary d e f i n i t i o n s . The areas given between 
1801 and 1931 r e f e r to Helston Municipal Borough. 

Between 1931 and 1951, the Municipal Borough was enlarged 
to include Helston Rural D i s t r i c t , hence the further increase 
i n area. 



Bettlements are the town of Hslston and the Koyal Naval A i r 

Station Culdrose. 

Kelston l i e s on the eastern side of the Cober Valley, about 

Ikm north of Loe Pool (Plate 2.3). 7he population ±s 

currently approaching 12,000 (Kerrier D i s t r i c t Council) 

although the annual influK of t o u r i s t s i n suninier months 

s i g n i f i c a n t l y increases t h i s figure. The town i t s e l f has a 

long history, chronicled i n d e t a i l by Toy (1936). 

R.N.A.S. Culdrose Is aituated at the head of Carminowe Stream 

(Fig. 2.11). The base has expanded i n a number of stages 

since i t was f i r s t commissioned (as H.M.S. Seahawk) i n 1947. 

The number of personnel stationed at the base varies from 

around 2,000 to 2,500, although exact figures are unavailable 

for reasons of s e c u r i t y . 

The remainder of the catchment's population comprises 

numerous sraall and scattered Settlements. 

2.S.2 Sewage Treatment 

Heiston sewage treatment works (S.T.W.) was b u i l t i n 1930 on 

a S i t e (N.G.R. SW654269) below the town i n the Loe V a l l e y 

(Plate 2.4). It discharges into the River Cober just to the 

south of the works, and thus has an influence on the nutrient 

supply to Loe Pool. R.N.A.S. Culdrose has two treatment 

works. From one, e f f l u e n t discharges into Carminowe Stream 

and thence into the lake. From the other, i t passes d i r e c t l y 
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i n t o the ssa. The more outlying houaes i n the catchment 

u t i l i s e septic tanks. 

Information on the treatment of sewage from. t.he Helston 

d i s t r i c t prior to the 1930's i s scarce. Before 1375, most of 

the houses i n the catchment used ash p i t s and earth c l o s e t s , 

with no d i r e c t discharge to the r i v e r syste.m (Lacey 1979). 

The 'night - s o i l ' or waste fro.m the town earth c l o s e t s was 

r e g u l a r l y rem.oved by t.he Borough Council and deposited on a 

refuse t i p . Following the 1375 Public Health Act, Helston 

Borough Council introduced a sewerage systemi co.nsisting of 

one m.ain sewer which c a r r i e d the sewage from 40 households 

int o the River Cober (Lacey 1979). By 1397 thèse had been 

joined by a further 50 households. This however accounted for 

only 25-30 percent of the t o t a l sewerage from the Borough, as 

the connected households were la r g e l y business establishm.ents 

(Case f o r the Opinion of Council, 1909). From. 1930 onwards, 

the sewered population was r a p i d l y increased by further sewer 

construction. 

2.9 Land Use and S o i l s 

Mo land use or s o i l survey currently e x i s t s f o r the catchment 

area, although a land use survey i s being undertaken by 

O'Sullivan. Over 40 percent of the catchm.ent i s m.oorland with 

t h i n s o i l s derived from the underlying granité. The s l a t e s i n 

the south of the catchment have given r i s e to brown a c i d i c 

s o i l s . 



The Cober catchment i s l a r g e l y given over to a g r i c u l t u r e , 

with permanent grasing on the higher parts and mixed farming, 

l a r g e l y arable and d a i r y i n g , on lower ground. Closer to the 

lake much of the land i s devoted to market gardening. There 

i s very l i t t l e woodland i n the catchment other than around 

46ha surrounding the Loe i t s e l f . Some patches of woodland 

e x i s t on the a l l u v i a l i n f i l i of the Cober V a l l e y between 

P o r k e l l i s Moor and the lake. These areas nave been so beavily 

vjorked and re-worked f o r t i n that most are now of l i t t l e 

a g r i c u l t u r a l use, and have been c l a s s i f i e d as acid heathland, 

grassland and scrub (Johnson & Holliday 1973). 

2.10 Lake Ecology 

Although the Bar and an area of carr at the head of the lake 

have been designated a S i t e of Special S c i e n t i f i c Interest 

(S.S.S.I.) by the Nature Conservancy Council (E. Tonkin, 

N.C.C., pers. comm.), the lake i t s e l f has no such 

recognition. The Loe and i t s immediate surroundings are of 

considerable e c o l o g i c a l i n t e r e s t , comprising a wide v a r i e t y 

of habitat types. The lake i t s e l f and the wetland area of the 

Loe Valley are a valuable haven for breeding and migratory 

birds, p a r t i c u l a r l y wildfowl (Penhallurick 1969). 

Türk & Türk (1976) have surveyed the Pool and Bar from a 

botanical viewpoint and have also described the Loe Pool as 

having a r i c h invertebrate fauna. Of some in t e r e s t to 

palaeolimnological i n v e s t i g a t i o n s i s the occurance of the 

freshwater spenge Spong i l l a f l u v i a t a l i s , present in large 
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numbers on and under the stones of the waters edge around the 

Bar. The s i l i c e o u s s p i c u l e s of the organism can be found 

preserved i n the lake sedim.ents and have some lim.ited 

a p p l i c a t i o n i n estimating past e c o l o g i c a l conditions within 

the lake. 

U n t i l very recently, there has been only very lim.ited work on 

the ecology of the lake. V a l l e n t i n (1903) published a study 

of socplankton populations of the Pool c a r r i e d out between 

1399 and 1901. In 1970 and 1972, i n response to a number of 

instances of algal blooms and f i s h deaths, the South West 

Water Authority investigated the b i o l o g i c a l status of the 

lake. Plankton samples taken then showed that "clean water 

algae" were r e s t r i c t e d to the Carm.inowe i n l e t , with "polluted 

water algae" dominant i n the Cober i n l e t , e a r l y i n the year. 

" i c r o c v s t i s c f . M. aeruginosa dom.inated the bloomis which 

developed i n early su.m.m.er, and becam.e prevalent by mid-

summ.er. It was concluded that the cause of these blooms was 

organic matter entering the lake v i a the River Cober. 

Present studies by Diver (unpublished data) show that the 

lake c u r r e n t l y supports a diverse phytoplankton f l o r a which 

i s dominated by diatoms i n the spring, Chlorophyceae (green 

algae) i n summer, and Cyanobacteria i n l a t e August and 

September. The l a t t e r gave r i s e to blooms i n 1931 and 1932. 

Composition and p r o d u c t i v i t y (Chlorophyll-a production) of 

the phytoplankton f l o r a r e f l e c t s the high nutrient loading 

received by the lake,' and would suggest a f a i r l y high 

eutrophic status. 
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2.11 Lake nutrient cheniiatry 

Lowland water bodies, t y p i f i e d by Loe Pool, are considered to 

be under increasing e c o l o g i c a l pressure (Osborne 1973). 

Hutchinson (1973) suggests that higher popularion d e n s i t i e s 

and more intensive a g r i c u l t u r a l land use of lowland areas are 

increasing the r i s k of nutrient enrichm.ent i n lowland 

catchments. Cu l t u r a l eutrophication, the anthropogenic 

enrichment of lakes by nut r i e n t s , i s a common occurence i n 

lowland lakes. As mentioned above, Loe Pool has, i n recent 

years, s.hown evidence of such a process through the annual 

occurence of phytoplankton hlooms. As Vollenweider (1963) 

states, t h i s can impair not only water q u a l i t y but also- the 

aesthetic and rec r e a t i o n a l value of lakes. The elements 

phosphorus and nitrogen are the m.o3t im.porta.nt influences on 

the process of eutrophication. In t h i s connection, sewage and 

',-,'aste water discharge from hum.an settlem.ents, together with 

a r t i f i c i a l f e r t i l i s e r s c a r r i e d fay runoff from a g r i c u l t u r a l 

land have been seen as the m.ost s i g n i f i c a n t c u l t u r a l sources 

of these two elements (Sawyer 1944, Hasler 1947). 

The mean concentrations of nitrogen and phosphorus, together 

with other .common chemical parameters which r e f l e c t the 

comtemporary status of Loe Pool are given in Table 2.10. 

Studies by Lacey (unpublished data) have included the 

measurement of annual N and P loadings to the lake v i a the 

River Cober. Preliminary r e s u l t s for the year Octooer 1980 to 

September 1931 reveal exceptionally high l e v e l s of both 

- 55 -



eleisents, Tafale 2.9. Such l e v e l s are attrifautafale to the 

discharges from the aewage treatment works at Kelston and 

place Loe Pool well into the category of a eutrophic lake. It 

has faeen suggested fay Ryding & Forsfaerg (1980) however, that 

such gross annual loadings can be misleading and that an 

adjusted value, the " h y d r o l o g i c a l l y relevant load", or 

H.R.L., i s a more appropriate measure. As a general 

p r i n c i p l e , Ryding & Forsberg (1980) suggest that for shallow 

lakes, the gross annual loading of phosphorus can hs cut fay 

50% to give the H.R.L. 

The sewage treatment works have only faeen i n O p e r a t i o n since 

1930,- (see section 2.3.2) and so i t wculd seem ükely that 

t h i s process of eutrophication has faeen enhanced as e f f l u e n t 

discharge has increased with a growing population since that 

tims. 

As a consequence of faoth natural i n f i l l of the lake through 

Sediment accumulation and changes i n the physical pathway fay 

which water drains from. the lake, the faathym.etry and m.ean 

depth of water i n the lake have changed considerafaly over the 

past two centuries. This has influenced the way i n which the 

lake chemistry changes seasonally and in the degree to whioh 

the lake s t a t i f i e s during c e r t a i n periods of the year. The 

mean depth of only 4.0m and maximum depth of around 10.0m 

m̂ eans that s t r a t i f i c a t i o n of the water faody occurs muc.h les s 

frequently than m.ust have faeen the case i n the past. However, 

s t r a t i f i c a t i o n does s t i l l o ccasionally occur during 

favourafale weather conditions, and evidence of such an 

- 56 -



Table 2.9 

Annual loadings of nitrogen and phosphorus from flow 

concentration data Qct 1980 - Sept 1981 f o r the River Cober 

From: Lacev (unpublished data) 

Sampling point Phosphorus Nitrogen 
(Tonnes year" ) (tonnes year-'-) 

Above Heiston 
sewage treatment 3.54 143.5 
works 

Below Heiston 
sewage treatment 16.65 615.7 
works 

Inlet of 
River Cober 
to Loe Pool 

14.29 370 . 0 



Table 2.10 

Loe Pool, contemporary lake chemistry. 

(Mean figures from data c o l l e c t e d between 1977-1981) 

pH 7.1 

Conductivity 261fjiinhos 

S i 2.7mg/l 

CI 41.1nig/l 

T.O.N. S.Omg/l 

PO^ 0.13mg/l 

Chlorophyll a >500^g/l - August 1980 (Coard et a l 1983) 

Figures f o r temperature and oxygen concentration range are 
unavailable, but the annual v a r i a t i o n i n these two variables 
between July 1980 and August 1981 can be seen i n Figs 2.12 & 
2.13 (Lacey, unpublished data). 



occurence i s i l l u s t r a t e d i n Figs. 2.12 and 2.13. These 

present data c o l l e c t e d froni the deepest p a r t of the lake 

during a p a r a l l e l study by Lacey (unpublished data) and cover 

the period July 1930 to August 1931. There i s a c l e a r 

i n d i c a t i o n of thermal s t r a t i f i c a t i o n and of anoxia at the 

ssdi.ment surface during August 1931. Such phenom.ena are 

generally r e s t r i c t e d to the deepest area of the lake. 



o 1-1 S TZT' -t «= 1-

H i s t o r i c a l background 

3.1 12th Century - mid 13th Century 

The e a r l i e s t reference thought to mention Loe Pool i s i n an 

Assize Roll (A.D.1302) fros the reign of Edward I. A 

tra n s l a t i o n from t.he l a t i n i n Toy (1936) reads : 

"Concerning s e r j e a n t r i e s , they say that William de 

T r e v i l l e holds one Cornish acre of land i n Degibna 

and Eglosderry, which i s worth twenty S h i l l i n g s a 

year, by the seargentry of supplyi.ng a boat and 

nets f o r f i s h i n g i n the lake whenever the lord 

comes to Meisten ..." (p 470-471) 

The l a t i n word lacus i s translated as lake, but i t should be 

noted that' some ambiguity i s possible with t h i s term. "St. 

John's Lake" f o r instance, i s the ñame given to an arm of the 

Ta.m.ar estuary i n east Cornwall. 

In the same assize r o l l i t i s recerded that the burgesses of 

Heiston exercised J u r i s d i c t i o n ever the ships anchored at 

Gvieek (NCR SW70726S) abeut Skm east of Heiston at the head of 

the estuary known as the Kelford River. No mention i s made of 



ships at Helston, or of a l i n k with the sea. 

A number of authors r e f e r to a harbour at Helston (Maton 

i7?4-9b; Defoe 1724; Pococke 1750), but both e a r l i e r and 

contemporary sources suggest otherwise. 

Referring to Helston, John Leland (Smith 1907) describes i t 

as "Haylston (Hailstoun) a l i a s Hellas" .which G i l b e r t (1317) 

interprets as "the town seated near the s a l t water r i v e r " . If 

t h i s i s correct, i t i s more l i k e l y to refer to the 

considerable degree of marine influence on freshwater, and 

not on a true estuarine s i t u a t i o n . 

In the Itine r a r y of 1535-1543, Leiand r e f e r s to Loe Pool i n 

the two sections on Cornwall. These have been edited together 

by Chops (1913) to give a continuous n a r r a t i v e : 

"A Ryver runnyng under the same v e s t i g i a of the 

Castel yssusth toward the South Se, (and) stopped 

ther with South Est Wyndss casting up sandes, 

maketh a poole c a l l e d Loo of an Arow shot yn Breeds 

and a i i Myle yn cumpas yn the Somer. In the 

Wynter, by reason of fluddes floweng to Haylston 

Town, whsrby the Myllss nere Heylston bsying 

stopped, they be constrayned to cut the Sandys 

Banks betwyxt the Mowth of the Poole and the Ss, 

wherby the water may have Yssus, and ths Myllss 

grynd: by ths which Gut so opsned ths Ss floweth 

and ebbeth yn to ths Pools, wherby Ss Fysch 



enteryng with a Sowth Est wynde ys cios yn the 

Poole, the Gut beyng agayn choked and f y l l e d with 

sand, and so a f t e r taken with Trowtes and Eles 

drawen yu the same Poole. 0ns yn 3. or 4. Yeres, 

what by the wait of the fresch Water and Rage of 

the Se, i t brekith out, and then the fresch and 

s a l t Water metyng makith a wonderful Noise; but 

sone after the south i s ba r r i d again with Sande. At 

other Tyines the s u p e r f l u i t e of the Water of Lo 

Poole drewith out through the sandy Barre into the 

Se. If t h i s Barre might always be kept open, i t 

would be a goodly Haven up to Hailestoun." (p30-31) 

This i s by far the most au t h o r i t a t i v e h i s t o r i c a l account of 

the lake before 1300. It confirms the presence of a 

substantial shingle bar impounding a freshwater - lake. It also 

reveals that a s u f f i c i e n t r i s e i n water l e v e l could cause 

spontaneous breaching of the bar. This took place when winter 

inflow s u f f i c i e n t l y exceeded the natural rate of percolation 

through the shingle, r e s u l t i n g i n an increase i n lake volume. 

The town m i l l s , s t i l l standing but now a r e s i d e n t i a l property 

(N.G.R. SW65392764), were p e r i o d i c a l l y stopped by the backlog 

of water during winter. As Leland recounted, the bar was then 

cut a r t i f i c i a l l y , before a natural breakage could occur. 

This practise i s well recorded (e.g. Borlase 1758; Lysons & 

Lysons 1314) and involved the custom of the granting of 

permission by the owner of Penrose House upon receipt of a 



leather purse containing three half-pance. A number of these 

are s t i l i held by the present occupier of the house (Piate 

3.1). Each purse i s dated and represents one bar-cutting. 

When t h i s became necessary, sen were employed to cut a trench 

from the lake toward the sea u n t i l the flow of water was 

s u f f i c i e n t for i t to cut i t s own channel. The net e f f e c t was 

the same as a naturai breakage and the r e s u l t i n g gap i n the 

bar allowed the sea to enter f r e e l y . The channel reinained 

open u n t i l n-aturally i n f i l l e d by shi.ngle iriovement or storms. 

The conditions i n the lake were thus inore l i k e those of an 

estuary for a period of several weeks or even Hionths at a 

tiìne. judging by 19th century accounts (see beiow). 

Contemporary with Leland i s a chart i n the B r i t i s h Library 

(Cotton MS Augustus I i 35) dating from 1536 (Plates 3.2 & 

3.3). This c l e a r l y shows a bar r i e r across the mouth of the 

lake and refers to the lake as "Lece". 

Carew (1602) r e f e r s to the lake and bar as follows: 

"... .the r i v e r Loe, whose passage to the sea i s 

thwarted by a sand bank, which forceth the same to 

quurt back a. great way and so to sake a pool of 

sose miles i n compass.... The foreremembered bank 

serveth as a bridge to d e l i v e r wayfarers with a 

compendious passage to the other side, howbeit 

sometimes with more baste than good speed, for now 

and then i t i s so pressed on the insi d e with the 



increasing r i v e r s weight, and a portion of the 

utter sand so washed down by the waves that at a 

sudden outbreaketh the upper part of the pool and 

away goeth a great deal of the sand, water and 

f i s h , which instant, i f i t take any passenger 

tardy, shrewdly endangereth hini to f l i t for conipany 

and some have so miscarried." {p 227-223) 

Norden v i s i t e d Cornwall i n 1534, although he did not publish 

the account of his tour u n t i l 1650. He writes (Norden 1650) 

of the lake as a "Verrie large water" (p 34), blocked from 

the sea by "a banck of sande, through which i t maketh a kynde 

of issue." (p 34) 

However, i n company with a l l small scale maps of the area 

dating from the 17th and ISth centuries, his accompanying map 

of Cornwall displays no bar across the mouth of the pool. The 

lake i s , however, named on many maps, e.g. "The Looe Pole" i n 

Morden's map of Cornwall (1700) and "loo-Pool" i n a county 

map by Bowen (c. 1756). More t y p i c a l i s Saxton's m.ap of 

Cornwall (1576) which shows no bar, but only "loo f l u " , even 

though i t accompanies Carew's text (1602) de s c r i b i n g . the 

lake. 

The rather f r a g i l e e q u i l i b r i u m between sea, bar and lake i s 

portrayed i n numerous references. Cox (1700) describes how; 

"[the sea] by the Violence of the Waves and Wind, 

w i l l break thro' the Bank, which when i t happens i t 



f i l l s the Neighbourhood with an a f f r i g h t i n g Noise." 

(p 310) 

The prevention of the m i l l working both at Helston and at the 

smaller m i l l s at Carminowe and St.John's, together with the 

problem of flooding i n the lower parts of Helston, were 

obviously economically undesirable as well as inconvenient. 

The only s o l u t i o n a v a i l a b l e to the population of Helston was 

to release the flood water by c u t t i n g the bar. By the middle 

of the 13th century, t h i s custom must have been well 

established. 

The s a l i n i t y of the lake i s f i r s t mentioned ,by Martin 

(1756-62): 

"Loo Pool ... parted from the Sea by a wide and 

strong Beach of Sand and Pebble, through which the 

water and the Sea and Lake are supposed to 

communicate by Percolation, for the Waters which 

run into- the lake have no v i s i b l e Discharge, and 

the Waters of the Lake are s a l t , which cannot be 

accounted for, by the Sea overflowing the Beach now 

and then." (p 15-16) 

The Loe would undoubtedly have remained s a l i n e f o r a period 

of time between the "healing" of the cut i n the bar and the 

complete flu s h i n g of the lake. The length of t h i s period i s 

entirely-dependent on the degree of r a i n f a l l , which governs 

the winter flushing rate, estimated by the author in t h i s 



study as between seven and f i f t e e n days. 

With the purchase of the Penrose Estate by the Rogers family 

in 1770, Hugh Rogers commissioned a survey of Penrose and the 

lake from J. Blackamore (Plate 3.4). This i s the f i r s t large 

s c a l e map of the lake and bar, and i s dated 1771. As such i t 

i s a valuable source of information. 

On the map, at the narrowest part of the bar, appear the 

words "the Looe Pool broke here i n 1770", .and the l i n e s of 

the breakage are f a i n t l y i n d i c a t e d (Plate 3.5). Calculated 

from the scale of the .map, the gap m.easures about 75mi i n 

width. Frequent breakages would have dictated the shape of 

the bar, with the narrowest and thus the weakest section 

being the s i t e for both natural and a r t i f i c i a l channels. It 

i s . probable that with the regular removal of thousands of 

tonnes of shingle, the channel section r a r e l y b u i l t up to the 

l e v e l of the remainder of the bar before the next breach took 

place. Hence, even up to the l a t e 1900's the bar maintained a 

c h a r a c t e r i s t i c a l l y indented p r o f i l e on i t s inner side, 

(Figs. 3.1 to 3.4). 

The regular removal of such large quantities of shingle must 

also have retarded the natural growth of the bar. This growth 

was also hindered, to a smaller extent, by the slow loss of 

shingle on the seaward• side, caused by movement of lake water 

through the bar. Rendel (1337) calculated t h i s to be 

7,O00,00Qft^^'day-^ {198 , 000m=^day-) , ( c f . Slapton Ley, Van 
Vlymen 1979). Jason Rendel was an accomplished c i v i l engineer 



and considerable r e l i a b i l i t y can be placad on nis 

c a l c u l a t i o n s . 

3.2 l y t h Century 

The 19th Century provides a wealth of Information on lake 

morphometry and changing ecology. 

Hitchins and Drew (1324) give a graphic account of the 

aftermath of a breaking of the bar which i s of p a r t i c u l a r 

im.portance to the palaeolimnologist. 

"The water thus discharged leaves the bed of the 

lake expcsed to view ... The returning tide enters 

the chasm, and ebbs and flows through the emptied 

excavation: t i l i c o l l e c t i n g sand and pebbles choke 

the aperture and the waters begin again to -collect 

within. A streng seuth-west wind soen enables the 

sea to e f f e c t t h i s . . . " (p 512) 

The scouring of the sediment by ti d e s may well have disrupted 

uniform sediment accumulatien and resulted i n s u b s t a n t i a l 

d i s c o n t i n u i t i e s i n the sediment celumn i n some parts of the 

lake. 

A repert on the f e a s i b i l i t y ef cenverring the Lee inte a 

harbeur, cemmissiened by the Rev. Canon Rogers frem Jasen 

Rendel i s of p a r t i c u l a r i n t e r e s t , (Rendel 1837). The repert 

includes d e t a i l s ef berings made en the bar and of one en 



Weath Green, now the s i t e of the Coronation Lake immediately 

below the town of Helston, Plate 2.à. Ke also estimated the 

rates of inflow'and outflow, and provided a useful bathymetry 

of the main body of the lake. His plan of the complete lake 

is given i n Figs. 3.5 & 3.5. His proposals were, however, 

considered too expensive at £113,523 and were taken no 

further. 

The manuscripts of two brothers, George and Richard Cunnack, 

both l i f e l o n g residents of Helston, provide considerable 

information. Those of George Cunnack were written i n 1393 and 

of Richard Cunnack i n 1835. They st a t e that the ad i t which 

now drains the pool from the south-west corner of the lake 

was excavated through the bedrock underlying that side of the 

bar i n order to l i m i t the height to which the lake water 

could r i s e . This prevented inundation of the mining 

operations at Wheal Pool, a mine situated close to Lower 

Nansloe i n the Loe Valley (N.G.R. SW6S292529, remains of 

smelting house). 

The date of the construction of the adit i s unclear, but as 

the mine was i n operation between 1735-96 iJenkin 1962) the 

adit i s most probably contemporary with t h i s f i r s t period of 

working at Wheal Pool. The entrance to the drainage a d i t was 

d i f f i c u l t to keep open and as Richard Cunnack wrote; 

"This was a famous piece of work, but the sand was 

found to be l i a b l e to close up the mouth in stormy 

weather, so that great attention was necessary to 
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keep i t c l e a r . " 

With the mine working suspended i n ISOO, the adit was not 

maintained. It remained blocked u n t i l about 1350 (Cunnack 

1SS5), from which time i t operated s p o r a d i c a l l y when t i n 

streaming works were underway i n the Loe Valley. One such 

instance was recorded in the Penrose Estate Books, when 

"Liberty to re-open the adit at Lee Bar" was granted en 27th 

A p r i l 1357 (Toy 1Q36). 

During periods of blockage the Lee continued te flood 

Meisten. George Cunnack's d i a r i e s record the dates en which 

he noted that the bar broke er was broken. The occasions on 

which he recorded such events are given in Table 3.1, 

together with dates from ether sources between 1349 and 1374. 

Cunnack's e n t r i e s include the words "broke", "[was] broken" 

and "went ef". It i s net always c l e a r whether the bar was 

broken n a t u r a l l y er d e l i b e r a t e l y . Toy (1936) believed that 

the natural outbreaks ceased somewhere between 1600 and 1300, 

although Cunnack's d i a r i e s place suspicion en t h i s 

suggestion. From Table 3.1 i t can be seen that in the twenty 

six years between 1343 and 1374 there were a minimum ef 14 

recorded eccasiens en which the bar broke er was cut, g i v i n g 

an average f i g u r e ef about once every two years. This i s 

probably an underestim.ate. 

Few ef the leather purses which were presented to the " l o r d 

of the manor" (of Penrose) are s t i l l i n existence, and the 

i n s c r i p t i o n s on these which do remain are often i l l e g i b l e . 
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Table 3.1 

Documented records of the breaking of Loe Bar. 1849-74 

The absence of any record 
the p o s s i b i l i t y that such 

Year Date of record 

1849 3th Feb 1849 

1850 

1851 

1852 

1853 

2nd 
27th 

Feb 
Nov 

1852 
1352 

1854 

1855 

1856 12th Dec 1856 

1857 27th Apr 1857 

1858 

1859 

1860 

1861 

1862 

1863 

1864 

1865 

1866 

11th Feb 1865 
29th Nov 1365 
Winter 1865/6 

1867 

1868 

7th Jan 1867 
Winter 1367/8 
18th Dec 1368 

1869 

1870 25th Feb 1870 

1871 13th Nov 1871 

1872 

1973 

25th 
22nd 

Jan 
Feb 

1872 
1872 

1974 25th Feb 1874 

a p a r t i c u l a r year does not exclude 
an event i n f a c t occurred. 

Source 

Cunnack (1885) 

Cunnack (1885) 
Cunnack (1885) 

Cunnack (1885) 

Toy (1836) 

Cunnack (1885) 
Cunnack (1885) 
Toy (1936) 

West Brit o n , 11th Jan 1367 
Rogers (1868) 
Cunnack (1885) 

Cunnack (1885) records the bar 
as being "open" 
Cunnack (1885) and on a purse 
held at Penrose House 
Cunnack (1885) 
Date on purse at Penrose House 

Date on purse at Penrose House 



Three purses, s t i l l held at Penrose House, can be dated and 

these instances are included in Table 3.1, and the purses are 

shown in Plate 3.1. 

•Johns (1374) states t.hat " I t i s r a r e l y necessary to break the 

bar twice i n one year, sometimes not even once", (p 167). 

Referring also to the bar cutting, Rogers (1934) notes that 

" i t sometimes had to be done several times i n a year", (p 4). 

The average was probably between once every one and two 

years, dependi.ng on the amount of r a i n f a l l and the f e r o c i t y 

of stor.ms during the winter m.onths . 

Subsequent to Cunnack's d i a r i e s there i s no written evidence 

of dates of bar breakage. The l a s t known occurence of t h i s 

custom was thus i n February 1374, and not i n the winter of 

1867-68 as stated by Toy (1936). 

When the bar was cut in 1865, the event was recorded i n a 

photograph (Plate 3.6) now held i n Helston Museum. As 

estimated from the height of the man and horse at the. edge of 

the channel, the gap must have exceeded 30m in width, and 

shows the lake i n open communication with the sea. 

A number of 19th century authors add to the description of 

the bar breakage already mentioned. For example, Johns (1374) 

w ~' i t e ' 

" i n a very iew hours a i t e r the torrent (through the 

channel) has reached i t s height, a great part of 



the bed of the lake may be traversed on foot: the 

eastern creek c a l l e d Carminowe alone reisains a 

large body of water and a r i v e r of considerable 

depth s t i l i flows cut through the channel." (p 167) 

At low t i d e the Cober must also bave cut into the exposed 

lake bed, further d i s r u p t i n g the sediment stratigraphy where 

the channel was cut. Ke further commenta on residuai 

s a l i n i t y : 

"Sometimes the mouth of the channel i s net closed 

again for many days, during which the t i d e ebbs and 

flows into the lake. But i f a storm comes from the 

west or south-west, the breach i n the bar i s soon 

repaired and net infrequently enough s a l t warer i s 

shut i n to impart a brackish flavour to a part of 

the lake for several months a f t e r . " (p 167) 

Cunnack (1S98) t e l l s of how the lake l e v e l could r i s e very 

rapidly, and net only through high flow i n the River Cober: 

"...water used to accumulate i n the Loe p r i n c i p a l l y 

through the sea running over the bar during gales 

from the south-west, flooding the Lower Read and 

stopping the town m i l i s . " 

Johns (1874) comments further on t h i s : 

"In the winter months, too, the sea, during a storm 



froin the south-west, makes a breach over the Bar, 

so that i t i s not unusual to find seaweed and the 

broken corks of nets l y i n g on the edge of the lake 

a long way up. If a large quantity of sea water i s 

thrown i n , the necessity of c u t t i n g the bar i s 

accelerated. While the channel remains open, 

herri.ngs, flounders, and shrimps f i n d t h e i r way 

into the lake and are shut i n : a marine plant, 

also, RuDPia maritima. f l o u r i s h e s i n Carminowe 

Creek." (p 167) 

Although t h i s plant was also reported i n the lake by Page 

(1906), according to Turk and Turk (1976), both Ruppia 

maritima and R. s p i r a l i s have now disappeared. 

The problems of f l o o d i n g and the periodic necessity to cut 

the bar continued well into the l a t t e r h a l f of the 19th 

century. Mining a c t i v i t y i n the Loe Valley alsc^- continued on 

and off between ISSO and 1332, with the a d i t being cleared 

when appropriate. Afte r that date the owners of Penrose kept 

the adit clear (Cunnack 1393). Around 1399, Capt. John Rogers 

enlarged and improved the adit and adi t mouth and a plan 

showing a s e r i e s of new vent shafts i s held i n the Penrose 

Estate O f f i c e (Plate 3.7). Subsequently , the flow of water 

from the lake kept the a d i t free from blockage. 

The permanent functioning of the adi t had a number of 

s i g n i f i c a n t e f f e c t s on the lake and bar system. Apart from a 

few well recorded occasions upon which the adi t was choked, 



the annual f l u c t u a t i o r i i n lake l e v e l was rsduced, with a 

subsequent deerease i n the frequency of flooding i n Helston. 

Cunnack (189S) r e c a l l s that the lake was generally 6 feet 

(1.83m) deeper i n the 1830's than i n the 1890's. 

The custoiii of c u t t i n g the bar was discontinued by the l a t e 

1800's and so the regular removal of a percentage of the bar 

material also ceased. This allowed the bar to continue i t s 

naturai growth and movement onshore. Toy (1934) speaks of a 

"graduai, though not slow" change i n bar shape from 1850 to 

1923. This i s confirmed by examination of the a v a i l a b l e maps, 

i n p a r t i c u l a r the O.S.' 1:2500 series (Figs. 3.1 to 3.4). 

The build-up of the bar through shingle accumulation together 

with the " f i l t e r clogging" e f f e c t caused by the large 

quantities of mining waste being trapped out of suspensión as 

i t percolated through the bar, must bave reduced the amount 

of water l o s t through the bar i t s e l f . (The dagree of 

p o l l u t i o n caused by mine waste i s discussed further i n the 

l a t t a r part of t h i s chapter.) As as r e s u l t , a higher 

percentage of the lake overflow was conducted through the 

a d i t . 

A consequence of bar growth, both in width and height, was 

that the marine influence on the lake became considerably 

l e s s . Storm overwash was reduced, and with the cessation of 

bar breaking. Loe Pool was no longer Invadsd r e g u l a r l y by the 

sea. The lake thus probably became continuously fresh rather 

than brackish, with a subsequent s t a b i l i z a t i o n of the lake 



ecosysteni. 

In Ssptemfaer 1967, the Cornwall River Authority (1967) 

reported that: 

"Samples of water taken by the P o l l u t i o n 

Prevention Department of the Loe Pool indicate that 

there i s at present no i n t r u s i o n of sea water 

through the Bar to the Pool. It also appears that 

there i s at present no appreciable leakage of 

freshwater through the Bar to the sea " (p 2) 

In addition to the gradual growth of the shingle bar, other 

s i g n i f i c a n t events have helped the build-up of material. In 

January 1924, the c o n f i g u r a t i o n of the bar was completely 

a l t e r e d by what was described i n the Coastguard's 'log' as a 

" t i d a l wave" (Toy 1934). Although during the same month there 

were heavy storms, th i s s i n g l e event was neither preceded by, 

nor followed by, bad weather ( i b i d ) . The s i n g l e wave did 

s u b s t a n t i a l damage to neighbouring Porthleven and vast 

q u a n t i t i e s of shingle were thrown onto and over the bar. A 

number of photographs (Plates 3.3 to 3.10) i l l u s t r a t e the 

subsequent flooding, as the entrance to the adit which drains 

the lake was completely buried. Similar phenomena have been 

recorded i n the past (Rogers 1363, Edmonds 1865). The most 

l i k e l y explanation for these unusual movements of the sea i s 

the occurence of storm surges i n the English Channel which 

may have played an important part i n the development of the 

bar . 



The 'Wesf B r i t e n ' newspaper (Menday 14th January 1924, p.3, 

cel.5) reperted en the fleeding caused by the adit bleckage, 

and " i t was detcldsd te engage twelve men frem the Labeur 

Exchange te a s s i s t 17 engaged by Capt. Hegers i n C l e a r i n g the 

ebstructien", (Plates 3.11 & 3.12). 

Although the bar centinued gradually te grew, helped 

occasienally by severe sterms, recent grewth has been 

r e l a t i v e l y undramatic, and the bar i s prebably reaching an 

equilibrium. 

One recent event which did centribute te the grewth ef the 

bar eccured i n February 1979. Feilewing severe storms, the 

South West Water Authority were forced te cut a Channel 

threugh the bar (Plates 3.13 to 3.15) te r e l i e v e the fle e d i n g 

ef the lewer parts ef Helsen. The adit had again been 

completely buried by shingle everwash. The bar being so much 

mors s u b s t a n t i a l than i n the 19th Century, mechanical 

sxcavaters, i n centrast te the t r a d i t i o n a l gang of men with 

shovels, were empleyed . The Channel c i d not enlargs 

s u f f i c i e n t l y to drain the pool, as i n the past, but merely 

lowered the lake l e v e l , allewing the adi t to be c l s a r s d 

s a f s l y . The Potential l e v e l of water was, however, much 

grsater than i n the past, the crest of the bar being 

s i g n i f i c a n t l y higher. Had not the adit been cleared, 

spontaneeus breaching of the bar weuld not have occured u n t i l 

3 vsry much higher Isvel had been reachsd, and fleeding weuld 

have been much more severs than i n the past. Ths channsl 

which was cut threugh the bar gavs an opportunity to 



photograph the v e r t i c a l structure of the bar, Piate 3.16. 

Bands of coarse shingle included i n the general matrix of the 

bar most probably re s u l t e d from storm events which tend to be 

ths major constructional process in such coastal featurss 

{King 1972). This layered structure would tend to support the 

idea of a progressive b u i l d up of the bar structure through 

storm action. 

In Novsmber/Dscsmbsr of 1984, the South West Water Authority 

again had cause to excavate a channel through the bar to 

a l l e v i a t e the r i s k of flooding after a further blockage of 

the a d i t . Mechanical excavators were used to cut the bar and 

ths lake was drainsd to below i t s normal l e v e l . Naturai 

'healing' of t h i s channel took a number of weeks. One outcome 

of t h i s excavation was that i t revsalsd considsrable amounts 

of rea d a y within the structure of the inner side of the bar 

i t s e l f (Plates 3.17 & 3.13). This would tend to support the 

idea that such material, o r i g i n a t i n g from mining a c t i v i t i e s 

within the catchment, was i n part responsible for the 

rsduction i n naturai drainage of the lake water through ths 

bar. Again, the cut allowsd an appreciation of ths complsx 

bar stratigraphy {Piate 3.19). 

In ths Summsr of 19SS, ths old adit sntrancs, through which 

the lake drains, was altered i n an attempt to maintain a 

Constant lake l e v e l . To t h i s end, a new s l u i c e was 

constructed and the a d i t mouth modifisd to prsvsnt blockage 

by shingle during future storms. 



3.3 History et the Loe V a l l e y 

Since 1900, a number of changes have taken place i n the 

S t r e t c h of the V a l l e y of the River Cober between Heiston and 

the Loe. These have been due l a r g e l y to a l t e r a t i o n s i n the 

course of the Cober and deposition of a l l u v i a l m.aterial at 

the mouth of the r i v e r . 

P r i o r to the turn of the Century, the r i v e r followed a 

natural and sinuous course between Heiston and the lake 

(Fig. 3.7). The v a l l e y f l o o r was frequently fiooded, and 

although marshy, was not as heavily vegetated with willow and 

oak scrub as at present. 

Postcards from the e a r l y 20th Century (Plates 3.20 & 3.21) 

show the mouth of the River Cober and the extent of open 

water, which corresponds with the Position of ths lake 

shoreline on the 1906 C S . 1:2500 maps, Fig. 3.7. An oblique 

a e r i a l photograph thought to date from ths 1920's, 

Plate 3.22, also shows t h i s arsa. The extsnt of v a l l e y i n f i l l 

would appear to have remainsd l a r g e l y unchangsd from the 1771 

s s t a t s survsy to ths s a r l y part of t h i s Century. In contrast 

to t h i s period of r s l a t i v s s t a b i l i t y , ths psriod 1906 to the 

present saw a rapid increass i n a l l u v i a l deposition and a 

reduction i n lake area of about 14.4 psrcsnt. This can be 

at t r i b u t e d l a r g e l y to mining a c t i v i t i e s with catchment, which 

are further discussed i n section 3.4. 

In l94b, a plan was issued by ths Cornwall County Surveyor, 



d e t a i l i n g extensive a l t e r a t i o n s to the course of the River 

Cober through the Loe Valley, and designed to reduce the 

flooding which coiiiinonly occured a t peak flow (Plate 3.23). 

This involved a straightening of the r i v e r ' s inany meanders 

and a widening of the Channel to increase peak flow capacity. 

In 1946-47, the werk was implemented and t h i s c a n a l i s a t i o n 

considerably shortened the Channel length. It i s t h i s course 

which the r i v e r currently follows. 

The northern part of the. v a l l e y , adjacent to the B3304 

Heiston t o Porthieven read has been the s i t e of refuse 

dispoal f o r many decades, r a i s i n g the natural l e v e l of the 

Valley f l o o r by 2 or 3 metres. From 1910 t o 1946 the area 

bsneath the public swimming baths (NGR SW6S4269) (demolished 

c i r c a 1931) was the town's refuse disposai s i t e . More 

recently the area on the opposite side of the r i v e r has 

served the same function. This part of the v a l l e y also 

received t h e material from a major road cutt i n g excavated i n 

1963-69 • which now c a r r i e s a s e c t i o n of the A394 Helston to 

Pensance road, just to the west of the town. These a c t i v i t i e s 

may a l i have increased the Sediment load of the Cober to a 

greatei- or i e s s e r degree. 

The V e g e t a t i o n cover in the lower parts of the v a l l e y has 

increased markediy since the 194Q's. Scrub willow (Salix 

SP-), oak (Quercus so.) and alder (Alnus glutinosa) have 

developed, together with extensive beds of Phragmites 

a u s t r a l i s and Tvpha l a t i f o l i a . These enhance seciment 

trapping and v a l l e y i n f i l l . The northern part of the lake i s 



now very shallow and col o n i s a t i o n by macrophytes i s 

proceeding f a i r l y r a p i d l y . 

The various stages of v a l l e y i n f i l l , conipiled î rom sources 

dating from 1771 to 1973, are outlined i n Figs. 3.7 to 3.8. 

The extent of the present area of open water has also been 

estimated and included i n Fig. 3.3. 

3.4 Mining hi s t o r y 

Although metalliferous mining has taken place within the 

catchment of Loe Pool f o r many centuries, i t was only i n the 

19th and 20th centuries that i t had a major e f f e c t on 

sediment supply to the lake system. 

Over 30 mines are known to have been i n operation within the 

catchment boundary i n the l a s t ISO years, almost a l l of which 

were primarily concerned with the r e t r i e v a l of t i n . In most 

cases, knowledge of t h e i r dates of operation i s scarce, and 

t.he quantitative information on y i e l d s of ore are even rarer. 

F i g . 3.9 shows the periods of operation of a i l the known 

mines of the catcment. The two most a c t i v e phases C'f mining 

were 1345-1330 and 1903-1933. 

The 19th century m.ining boom, involved a very large num.ber of 

mines, of which a l l but a handful were r e l a t i v e l y small 

ventures. Two of the major mines were Wendron Consols {NCR 

SW68S313) and P o r k e l l i s United, l a t e r known as Basset & 



G r y l l s and the Jantar mine (NGH Sy692331 ) . In 1S61 ' Wendron 

Consols employed 36S people (Jenkin 1962} and i n 1864 

P o r k e l l i s United, 419. Many of the smaller mines had a 

workforce of less than 50. Their locations are shown i n 

F i s . 3.10. Mines such as Wheal Ann, Tru.mpet, Trumpet East a.nd 

Franchise l i e just outside the catchment boundary, but have 

been included because they employed the stamps at Coverack 

Bridges (NGR SW668303) to process t h e i r ores. 

The River Gober and i t s t r i b u t a r i e s were a/v intégral part of 

the mining industry, supplying povjer to the stamps and other 

machinery, and a ready supply of water to separate the waste 

from the ore. Thèse r i v e r s also acted as a convenient c a r r i e r 

for the d i s p o s a i ĉ f mine wastes. This additional suspended 

load s i g n i f i c a n t l y increased the allochthonous sédiment input 

to the lake, which acted as the f i n a l ' s e t t l i n g pond' for the 

mi.nes of the catchmient. 

A prospectus for the re-working of some of the t i n deposits 

in the area of Loe Pool was put forward by -John warburton, 

Somerset Herald i n the Collège of Arms , sho r t l y a f t e r 1720 

{Jenkin 1962). His Project included the dredging of the Loe 

for t i n and includes a map of the lake. Plate 3.24, which 

probably predates the 1771 estate map described in section 

3.1. The prospectus states that ; 

"Immense quantities [of t i n ] are lodged i n i t s [Loe 

Pool's] bottom and c o n t i n u a l l y washed into i t , as 

i s v i s i b l e from those that are o c c a s i o n a l l y thrc^wn 



cut on the sea sands when the Loe Floods break over 

the Bar into the Ocean, ....Thirty Thousand aacks 

of t i n have been sometimes spewed cut at one of 

these breakings". (Docunient held by Reginald Rogers 

& Sen., S o l i c i t o r s , 17 Coinagehall Street, 

Helston.) 

To recover this t i n Warburton proposed to employ a "neu 

Invented Engine". P i a t e 3.25 shows the machine with the 

caption "The Engine f i s h i n g for Tin". No further reference to 

the project has been found , so althoiigh the p r i n c i p l e of re-

working a l l u v i a l t i n was sound, the proposai probably never 

ca.me to f r u i t i o n . 

A number of authors have commented on the i r o n r i c h wastes 

which emanated from the mine workings durine the 19th 

century. Rogers (1357), r e f e r r i n g to the River Cober, states 

that i t " i s net f i t to drink, because i t c o l l e c t s a great 

deal of t i n from the mine, and i s net very.clean." (p 31). Of 

the Loe, he remarks that "the water i s c l e a r e s t by the Bar 

and in Carminowe Creek, but i t has everywhere a reddish t i n t , 

which rather s p o i l s i t s beauty." (p 21). Sometimes the bar 

was broken to release the mine wastes from the Los, and as 

Johns (1374) rsports, "ths ssa for twenty or t h i r t y milss i s 

tinged of an ochrsous hue." (p 166-7). 

C o l l i e r (1399) says of the r i v e r that i t was : 

" . . . . f c u i with mining water. Thsrs was no f i s h i n g 
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in the Cober, but when i t reached the Loe i t 

seemed to deposit i t s refuse. It would have bsen a 

lovely r i v e r without the mines. There were only one 

or two streams near Kelleston unpolluted by the 

mines...." (p 120-1) 

The degree of p o l l u t i o n c a r r i e d by the Cober was thus 

considerable, and only subsided with the decline i n inining 

a c t i v i t y i n the l a t t e r part of the 19th Century. One of the 

smaller üiines which may have contributed sediir-ent on a more 

l o c a l Scale was Wheal Pool, i n production between 1850 and 

1S65. It was situated c l o s e to the iake i n the Loe Valley at 

NGR SW653265, and the s e t t included a large part of the Loe 

and the adjacent "mud lands", with prospecting r i g h t s over 

both sides of the v a l l e y (Jenkin 19S2). Flooding of the works 

was a constant hazard and Operations ceased altogether aftar 

about 1860. 

A pariod of corsparative i n a c t i v i t y followsd the f a l l i n t i n 

p r i c e s i n the early lS80's (Figs. 3.11 & 3.12 and Tablas 3.2 

& 3.3). The industry only picked up again a f t e r the turn of 

tha Century when both Basset i G r y l l s mine and Boswin Mine 

resumed working in 1907. 

The majority of the production i n t h i s period came from 

Basset i G r y l l s , then operating as P o r k e l l i s Mine. This 

venture continued on and o f f u n t i l i t s closure i n 1939, the 

f i n a l periods of production being between 1923-29 (as Jantar 

Mine) and 1934-33. Fouling of the r i v e r was of such a degree 
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that between May and November of 1923, Capt. J. J. Rc^gers of 

Penrose brought an action against H.W.K. Syndicate Ltd., the 

owners of Jantar, i n respect of the p o l l u t i o n of the Cober 

and Loe Pool. The action was subsequently " s e t t l e d on terms", 

(documents held by Penrose Estate O f f i c e ) . 

The input of s i l t and sand, hcwever, continued. .At -a meeting 

of Helston Town Council on 2nd A p r i l 1930 the matter was 

a i r e d . In a report of the proceedings (West Briton, 3rd A p r i l 

1930, p.9, col.S), i t was stated that: 

"sand and s i l t . . . . was being permitted to enter the 

r i v e r from mine workings i n Wendron Parish", and 

that "more frequent flooding i n the future was 

i n e v i t a b l e unless some action was taken to c l e a r • 

the bed and course of the r i v e r and to prevent the 

mining companies from sending down such qu a n t i t i e s 

of sand". 

At the same meeting. Alderman H. Toy statsd that the mining 

companies "had undertaken to put into operation c e r t a i n 

mechanical devices with the object of preventing the major 

portion of the sand and s i l t from entering the r i v e r " , 

( i b i d ) . 

The problem did not lessen and operations c a r r i e d on, l a r g e l y 

from two main lodes at P o r k e l l i s Mine, known as 'Wheal Cock' 

and 'Old Mens' or 'Red Lode'. The l a t t e r was p a r t i c u l a r l y 

i r o n - r i c h and the waste from i t resulted i n the deposition 



within the lake of large q u a n t i t i e s of h ^ a t i t e - r i c h clay and 

s i l t . This period of déposition i s c l e a r l y discernabie•in the 

Sediment column, (see Chapter 5). P o r k e l l i s Mine ceased 

active opération i n 1938 and the Company was liquidated i n 

1941. This was the l a s t large s c a l e mine to operate i n the 

catchment. 

Closure of the mine, although governed by the f a l l i n the 

pri c e of t i n p r i o r to the Second World War, may also have 

been influenced by the Rogers family. They owned many of the 

mining. r i g h t s i n the Wendron and P o r k e l l i s area, and had 

objected for many years to the l e v e l s of p o l l u t i o n i n the 

Loe. The family i s said to have bought up the remaining 

mining r i g h t s to prevent further mining from taking place 

( J . ? . Rogers, • pers.comm.). 

An ore processing works at Lowsrtown (N.G.R. SW65S29i) i s 

known to have been active i n the 1930's, working slimes from 

rha South Crofty mine near Camborne. The period of working i s 

unknown although soma a c t i v i t y may have continuée u n t i l as 

l a t e as the end of World War II (Justin Brocke, pers. comm.). 

The i n e f f i c i e n c y of 19th Century opérations meant that 

wc^rkable q u a n t i t i e s of t i n , o r i g i n a t i n g from tha mines of 

P o r k e l l i s Moor and Madlyn Moor, wäre radeposited lovjar in the 

catchment. These deposits were reworkad by a number of 

ventures. Ona i n p a r t i c u l a r was establishad in 1911 to 

e x p l o i t the r i e h a l l u v i a l deposits of the Lea Valley. Known 

as the Halsten Valley Tin Company Ltd., i t b u i l t a processing 



works near Castle Wary on the eastern side of the Valley. The 

remains of the s e t t l i n g tanks and buddles can s t i l l be found 

(N.G.R. SWSS326S) and can c l e a r l y be seen i n the a e r i a l 

photograph of the valley, thought to date from the 192Q's, 

Plate 3.22. A narrow guage railway was constructed to 

transport the alluvium to the works. The venture was 

operative between 1911 and 1914. Much of the waste niust have 

been d i r e c t e d back into the Cober and the lake i t s e l f . 

The r i e h deposits of a l l u v i a l t i n i n the Loe Valley have also 

attr-acted the attention of conte.mporary s i n i n g i n t e r e s t s . In 

1930, B i l l i t o n Minerals conducted p r e l i s i n a r y sampling to 

evalúate the f e a s i b i l i t y of dredging the swamp area at the 

head of the Lee. To cate, no further actien has ensued. 

The mining has been ene of the p r i n c i p a l facters a f f e c t i h g 

Sediment depcsition rates within the lake. It i s u n l i k e l y 

that the mining a c t i v i t y i n the catohment pr i o r to the I9th 

Century weuld have been en a scale which might have 

s i g n i f i c a n t l y increased the natural ailochthonous Sediment 

supply. With advances i n mining technology and the f i n a n c i a l 

inducement provided by a r i s e i n t i n prices in the mid-19th 

Century, t i n extractien f l o u r i s h e d . Operatiens were then ĉ n a 

Scale s u f f i c i e n t to enhance the sediment supply tc^ the lake 

System and thus the rate of sediment accumulation. Mining 

Operations were renewed and s u b s t a n t i a l l y increased i n scale 

in the 1920^ and 1930's, r e s u l t i n g i n an a r t i f i c a l l y high 

rate of sediment depcsition (O'Sullivan et- a l . 1982). 



With the possi b l e exception of Lc-wertovin Stream Works, a l l 

active mining, and hence the accompanying p o l l u t i o n , ceased 

in 193S or 1939 with the closure of P o r k e l l i s Tin Mine. 
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F i e l d and laboratory methods 

4.1 Pield methods 

4.1.1 Location of co r s E 

Loe Pool i s an unusuai shape, being comparec to a "buckes 

hörne" by Norden (IGSO). As such there i s no obvious s i t e for 

Sediment sampling. Furthermore there are a number of problems 

v;hich p r o h i b i t coring in cer t a i n parts of the lake and which 

r e s t r i c t the ränge of suitable l o c a l i t i e s for Sediment 

sampling. 

For example, the deepest ooint i s close to the shingle bar 

and early sampling of bottom material here showed a high 

Proportion of shingle. On the other hand, cores taken at the 

northern snd of the lake • contain high proportions of 

allochthonous material. More important , present water depth 

in this area i s between l-4m, so that resuspension of 

material from the' sediment surface by turbulence probably 

generalises the sediment record, and appears to prohibit the 

formation of laminations. Bioturbation i s also more prevalent 

i n these shallow waters. 



The m3Jority of the cores taken during the inves t i g a t i o n were 

therefore confined to the c e n t r a l , narrow section . of the 

lake, vjith the main s i t e , Station A, l y i n g adjacent to the 

southernmost p a i r of small promentories on the western shore, 

and equidistant from eith e r side. This s i t e i s located south 

of- the prominent 'step' i n the lake bed {Fig. 4.1) and 

therefore l i e s beneath approximately 7.0m of water. 

Subsequent coring i n a v a r i s t y of other s i t e s confirmed that 

t h i s l o c a t i o n y i e l d s a well laminatsd and f a i r l y 

repräsentative sediment column. 

4.1.2 Coring devices 

4.1.2.1 3m Mackereth eorer 

In t h i s investigaticin, a ränge of coring and sediment 

sampling devices were employec. The main core for chemical 

and diatom analysis, core LP3M3, was taken at Station A, 

using a 3m Hackereth corer, a hal f s i z e d version of that 

described by Hackereth (1958). A number of other cores for 

comparative and magnetic purposes were also taken using t h i s 

device. Samples from t h i s corer were contained i n 5cm I.D. 

black polypropylene tubing, and were seaied top and bottom on 

S i t e using rubber bungs and P.V.C. i n s u l a t i n g tape to rsduce 

moisture lo s s . Considsrable disturbance of the mud-water 

Interface occured , both during the coring Ope r a t i o n and i n 

the subsequent transportation of ths samples, h ö r i z o n t a l l y , 

to ths laboratory. 



4.1.2.2 Im Mackereth corer 

?or r a t r i e v a i of a large nuiüber of samples of the uppern-ost 

Sediments, incl u d i n g the sediment-water i n t e r f a c e (SWI), a Im 

Mackareth mini-corer (Mackereth, 1969) was used. Transparent 

PerspeM tubes enabled quick measurament of the major 

st r a t i g r a p h i e units of the top SO-lOOcm of the sediment 

column. Considérable smearing of material down the inside of 

the tube occured, but colour différences between the major 

Units were s t i l l c l e a r l y v i s i b l e , Plate 4.1. Cores which were 

to be returned to the laboratory were again sealad and 

stac k e d v a r t i c a l l y i n a rack to minimise disturbance of the 

SWI. Disturbance of the upper 5-lOcm often occured whilst 

sampling, owing to the very l i q u i d nature of the most récent 

sadimant. 

4.1.2.3 "Sussian" borer 

At two locations, a "Russian borer" (Jowsey 1966) was 

employed to take consecutive 50 x 2cm s e m i - c y l i n d r i c a l 

samples of the sediment column down to and beiow 3m depth, 

Plate 4.2. Thé d i f f i c u l t i a s of obtaining consecutiva samplas 

from dapths greatar than 3m balow the sadimant surface, and 

in more than 6m of water, were considérable. To minimisa 

f l e x i n g of tha s t r i n g of rods and to enable r e l o c a t i o n of tha 

sampling hole, the borer was delivered down a Sm langth of 

15cm diamater PVC pipe. The pipe was anchorad to the sediment 

at i t s base and was kept upright by a bouyant f l o t a t i o n 

c e l i a r . It proved to ba p h y s i c a l l y impossible te r e t r i e v e 



sampies froüi a depth grearer than bni in t e the sedimsnt colunin 

using this niethod . 

4.1.2.4 "Freeser" samples 

To recover undisturbed samples of the upper sedin-enrs, and i n 

p a r t i c u l a r , the very eásily disrupted surface material, both 

c y l i n d r i c a l and box-type freezer samplers were used. I n i t i a l 

experiments with t h i s technique involved the use of 

c y l i n d r i c a l metal tubes of various dimsnsions. Píate 4.3, 

s i m i l a r to those described by Swain (1973) and Saarnisto 

(1975). These were f i l l e d with s o l i d COs and dropped 

v e r t i c a l l y inte the sediment on the end of a rope. 

This type of sampler takes a l-3cm thick cylinder of 

sediment. The general shape of the sample, which r e s u l t s from 

tha Progressive sublimation of the CO;:::: from the top of the 

tuba downwards,can ba seen in Píate 4.4. Tha base of the 

sampla i s thus thickar than tha^ top. This can, to soma 

axtant, be s-jsnsá out by i n s u l a t i n g the upper section of a 

longer tuba with layars of 2mm thick polystyrana wall 

i n s u l a t i o n material. 

The c y l i n d r i c a l sampler does, however, causa soma d i s t o r t i o n 

of tha sediment upen freezing. This problem can largely be 

avoided by the use of the box sampler, designad by Huttunen & 

MarilSinen (197S). This has a rectangular cross section and 

i s c h i s s l shaped i n p r o f i l e (Fig. 4.2). The shapa i s designad 

to disturb the sediment on tha rear of the samplar whilst 



c u t t i n g c l e s n l y i n t o t he sediment on the f r o n t . Insulatic^n 

m i t h i n the s a s p i e r means t h a t the m a j o r i t y o f sediment sample 

i s c o l l e c t e d by the f r o n t f a c e . 

The d e v i c e used i n Loe Pool was sade of sheet s t e e l which was 

g a l v a n i s e d a f t e r f a b r i c a t i o n t o prevent corrosión. The f r o n t 

f a c e was r e g u l a r l y coated with p o l y t e t r a f l o u r o e t h a n e (PTFS), 

to reduce f r i c t i o n and ease removal of the sample from the 

box . 

Granular or p e l l e t e d CO^ was used as a r e f r i g e r a n t . This i s 

both e a s i e r to use than the block form and enabl e s a more 

even c o o l i n g of the sampler f a c e . 

Adding a l i q u i d such as acetone, which has a low f r e e z i n g 

p o i n t , to the CO;:: i n the sampler, helps the prc^cess of heat 

t r a n s f e r and can regúlate t h e speed o f sample f r e e z i n g . The 

g r e a t e r the volume of acetone addsd, the f a s t e r the f r e e z i n g 

The box sampler was a l s o a l lowed to f r e e f a l l i n t o the 

Sediment. The depth of P e n e t r a t i o n depends on Sediment 

c o n s i s t e n c y , sampler weight and the depth of water through 

which the sampler i s p s r m i t t e d to f a l l . Once i n p o s i t i o n , a 

p e r i o d of about ten minutes i s s u f f i c i e n t to f r e e z s a c r u s t 

of Sediment 2-3cm in t h i c k n e s s onte the face . 

Once the sampler i s r e t r i e v e d , any r e s i d u a i Cu- i s removed 

from the i n s i d e of the box and l a k e water intrciduced to warm 



cutting c l e a n l y into the sediment on the front. Insulation 

w i t h i n the saspler means that the majority of sediment sample 

i s c o l l e c t e d by the front face. 

The device used i n Loe Pool «as made of sheet s t e s i which was 

galvanised a f t e r f a b r i c a t i o n to prevent corrosion. The front 

face was r e g u l a r l y coated vjith p o l y t e t r a f louroethane (PTFE) , 

to reduce f r i c t i o n and ease removal of the sample from ths 

box. 

Granular or p e l l e t s d CO:;; was used as a r e f r i g e r a n t . This i s 

both easier to use than the block form and snablss a more 

svsn cooling of the sampler face. 

Adding a l i q u i d such as acetone, which has a lov; freezing 

point, to ths CO;;;: in ths samplsr, helps ths pr o c s s s of heat 

trans f s r and can rsgulats ths spssd of sampls f r s s z i n g . The 

g r s a t s r t h s volume of acstOins added, ths f a s t s r ths f r s s z i n g 

The box samplsr was also allowsd te f r e e f a l l into ths 

sedimsnt. Ths depth of psnetration depends ô n ssdimsnt 

consistsncy, sampler weight and the depth of v;atar through 

which ths samplsr i s psrmitted to f a l l . Oncs i n posi t i o n , a 

psriod of about tsn minutss i s s u f f i c i e n t to frseze a crust 

of sediment 2-3cm in thickness onte the face. 

Oncs the sampler i s retrieved, any residuai CO:. i s removsd 

from the i n s i d e of ths box and laks watsr introducsd to warm 



the thin layer of i c e between sampler and sediment. The sheet 

of frosen sediment can then be removed i n one piece. This 

form of sampling provides remarkably undisturbsd sedimenta, 

and even preserves the d e l i c a t e structures within the very 

sloppy surface g y t t j a . 

Frozen samples, of whatever type, were returned to the 

laboratory deep-freeze i n a large insulated box packed with 

A l i sampling devices were operated from an i n f l a t a b l e boat, 

which was prone to d r i f t i n g in a l i but the calmest of 

weather. Sampling s i t e s wers locatsd by compass hearing. 

Considerable inaccuracy can occur with t h i s msthod and 

pcisitions were accurate to within a c i r c l e ô f approximately 

20m diameter of the actual s i t e . 

4.2 Laboratory methods 

4.2.1 Core Storage and preparation 

4.2.1.1 Mackereth cores 

The 3m Mackereth cores were stored frozen. Core tubes were 

i n i t i a l l y s l i t up the f u l l length of both sides using a 

portabie c i r c u l a r saw and j i g . Each cut l e f t a th i n s l i v e r of 

p l a s t i c which held the two halves of the tube together and 

which could f i n a l l y be cut with a knife. The tubes were also 

cut into two 1.5m lengths, the d i v i s i o n being made" at 45 



degraes to provide some overlap betwsen material i n tha two 

halves. The sédiment was then frozen h o r i z o n t a l l y i n a large 

domastic chest freezer, the l o g i t u d i n a l cuts i n each tube 

allowing for latéral expansion and minimising l o n g i t u d i n a l 

expansion and d i s t o r t i o n . Once frozen the cciras were sealed 

w i t h i n s u l a t i n g tape and p l a s t i c sheeting to prevent water 

l o s s , and stored at -20 degraes C e l s i u s . The slow freezing 

technique did r e s u l t i n the formation of large i c e c r y s t a l s , 

although the structure of the sediment remained v i s i b l e . 

Subsampling of thèse ccres was performed whilst s t i l l frozen. 

One h a l f of tha tube wall was removed and successive IQcm 

h a l f - c y l i n d r i c a l sections eut, using a hot wirs (IS 3.W.G. 

résistance wira) , heated by a rhéostat supply.ing 

approximately 3.25 v o l t s D.C. at 10 amps. As the wire was 

movad downr the core, guided by the lowar half of the core 

tube, a thin sheet of r i g i d p l a s t i c was inserted to separate 

the upper andlower halves of the sediment. Each segment was 

then placsd i n a container, sealed to prevent evaporation, 

allowad to thaw and then weighed. 

For Chemical and diatom a n a l y s i s , subsamplas from each well 

mixed 10cm segment of core were usad. This was to prevent tha 

v a r i a t i o n which might have resulted from point sampling, and 

was e s p e c i a l l y important given the highly laminated character 

of the sediment. 3ulk density and wat/dry weight were 

déterminée as seen as possible a f t a r thawing. 

Tha ether half of each 1.5m core section was kapt frozen and 



the exposed face c a r e f u l l y cieaned using a hair-dryer and 

Skarsten-type paint scraper. Material was successively thawed 

and removed to reveal a claan face for photography. This then 

allowad counting and measureinent of lamina and provided a 

permanent record of each core. 

4.2.1.2 "Freezer" samplas 

The samples c o l l a c t e d using a box-type freezer samplar and 

tha " i c y - f i n g e r " c y l i n d r i c a l samplers wera also wrapped i n 

aluminium f o i l over "cling-wrap" p l a s t i c and storad i n a 

freezer at -2ü'^C. 

I n i t i a l work on the f l a t samples provided by the box sampler 

involved the praparation of a 'claan' face for photography 

and subsampling. Most samples were haavily smaarad on 

withdrawal from the lake bed and so generally about lern 

thicknass of material had- to be removed i n order to reveal 

undisturbad sediment. This opération was again performed 

using a hair-dryer and paint scraper. The process i s f a i r l y 

langthy and cores had to be returned to the freezer 

p a r i o d i c a l l y i n order to pravent t o t a l dafrosting. F i n a l 

scraping was performed from sida to s i d a to minimise 

contamination by material from ona layer to anothar. The 

prepared surface was then photographad. 

A s i m i l a r praparation technique was usad f o r the c y l i n d r i c a l 

frozan sédiment samples. A tangential section of material was 

ramoved from each core in order to reveal undisturbed 



Sediment. These samples were, hcwever, only used for 

preliminary sediment i n v e s t i g a t i o n and lamination counting, 

and not for diatom counting. 

The f l a t sample used for Cs-137 analysis was i n i t i a l l y out i n 

half l o n g i t u d i n a l l y , one half was used for dating, the other 

for reference purposes. Subsectioning for dating was 

performed once the sediment had been allowed to defrost 

s u f f i c i s n t l y for i t to be cut with a knife, but before the 

material l o s t i t s structure. Subsamples were then weighed, 

dried and reweighed p r i o r to the dating procedura. 

4.2.1.3 Russian borer samples 

In an attempt to prevent the growth of large i c e c r y s t a l s , 

thase were frozan using l i q u i d nitrogan. Sections of 5Qcm 

langth were lowered into a bath of l i q u i d nitrogen using a 

wire mesh cradle to support the samplas h o r i z o n t a l l y . 

Formation of larga i c e c r y s t a l s was avoidad, but the sadimant 

became considerably d i s t o r t e d owing to the rapid freezing of 

the matarial i n immediate contact with the cooiant. A hard 

crust was formsd, followed by the freezing and expansion of 

tha centra of the sample. Subsequent praparation of a 

tangential saction allowed for the praparation of adhesive 

tapa peels, following the same cleaning procedure as bafore 

and using the least d i s t o r t e d areas of the sample. 



4.2.2 Methods of physical and chemical analysis 

A number of analyses were perform.ed on a 3m¡ Mackereth core, 

LP3M3, taken from the s i t e shown i n F i g . 4.1. The methodology 

f o r chemical analysis follows the guidelines given by 

Sengtsson (1979). Sam.pling has already been described i n 

se c t i o n 4.2.1.1. The core was cut into twenty eight 10cm. 

sections, each being well mixed before subsampling to ensure 

representitivness from. each 3am.ple. A Scm."̂  subsam.ple was 

removed using a modified p l a s t i c syringe. Each subsample was 

placed i n a pre-weighed and pre-ignited porcelain c r u c i b l e 

and the following analyses perform.ed. 

4.2.2.1 Density (D) 

Wet density was calculated from¡ the weight a.nd volume of the 

subsamiple. Density i s expressed as g./cm.'̂ . 

4.2.2.2 Dry weight (D.W.) 

The fresh sediment was d r i e d at lOS-̂ 'C for 24 hours. Dry weight 

i s expressed as mg/g fresh weight (F.W.) and .mg/cm.-̂ /yr. 

4.2.2.3 Loss on i g n i t i o n (I.L.) 

The dried sam.ples were transferred to a m.uffle furnace and 

i g n i t e d at 550'~'C for 4 hours. Ign i t i o n loss i s expressed as 

mg/g D.W. a.nd .mg/cm'-'̂ /yr . 
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Loss on i g n i t i o r : can be used as an estimate of organic matter 

(e.g. Shapiro et a l . 1971; Likens & Davis 1975; Bengtsson &. 

Persson 1973; Tolonen 1973). Allen et a l . (1974) have shown 

that for non-calcareous sam.ples, there i s an acceptable 

c o r r e l a t i o n between organic carbon a.nd loss on i g n i t i o n . 

Bengtsson (1979) states that organic carbon i s usually 40-60 

percent of loss o.n i g n i t i o n . However, any given conversion 

factor m.ay not be consistently a p plicable even within a 

s i n g l e sedi.m.ent p r o f i l e owing to changes i n m.aterial type. 

Methods of estim.ating organic carbon such as that suggested 

by Janssen &. Valdm.aa (1962) were not used i n t h i s case and so 

i g n i t i o n less .has been adopted as an approximation to organic 

carbon. No attem.pt .has been m.ade to adjust these figures to 

.mere strongly r e f l e c t organic carbon content. 

4.2.2.4 Kjeldhal nitrogen (Kj-N) 

Deter.minatien of nitrogen using the Kj e l d h a l .method m.easures 

both organic and ammonium nitrogen and thus represents the 

t o t a l nitrogen present i n the sedim.ent (Digerfeldt 1972). The 

Kjeldhal d i g e s t i o n converts organic nitrogen into amjm.enia and 

was perfermied i n a Tecator digestion unit, using cence.ntrated 

sulphuric acid and a seleniumi c a t a l y s t . The .method fellows 

that outlined by Avery & Bascomb (1932) which i s based en the 

procedures of Ma &. Zuasaga (1942). Nitrogen was subseque.ntly 

determ.ined using a 'Hoskins' apparatus (Heskins 1944). 

Results are expressed as mg/g D.W. and as mg/cmi^-/yr. 
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4.2.2.5 Sedi.mentary plant pigments 

Chlorophylls and carotenoids, together vjith t h e i r degradation 

products are the simplest plant pigm.ents to i s o l a t e . The 

m.ethod used for t h e i r e x t r a c t i o n was that suggested by 

Bengtsson (1979) which i n turn i s based on the procedures of 

Fogg & Belcher (1961). 

Chlorophyll derivatives are extracted using a 9:1 

acetone: water m.ix. Carotenoids are subsequently i s o l a t e d i n 

petroleum. ether. A Perkin-Elmier 124 double beam, 

spectrophoto.m.eter was used to detect the l e v e l of pigm.ents at 

the 6.64-667nm. peak for c h l o r o p h y l l d e r i v a t i v e s and the 

445.-450nm. peak for carotenoids. Pigm.ent concentrations were 

then expressed as spectrophotomietric units (P.U.) per gram, of 

orga.nic .matter, one unit being equivalent to an absorbance of 

0.1 i n a Icmi c e l l when dissolv e d i n 100ml of solvent, as 

outlined by Valle.ntyne (1955). The r e s u l t s are also expressed 

as units/cmi^/yr. 

4.2.2.6 Phosphorus a.nd mietals 

The samples used for the determination of density, dry weight 

and loss on i g n i t i o n were subsequently used to prepare stock 

s o l u t i o n s for. the analysis of phosphorus and a number of 

other ele.ments. The .method enpioyed here deter.mines the 

o r g a n i c a l l y bound and acid soluble amounts of various 

ele.ments . 
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The -lethod of acid extraction given fay Bengtsson (1979) vjas 

followed. Concentrated n i t r i c and hydrochloric acids (aqua 

regia) are used to extract the ele-ments, r e s u l t i n g i n a stock 

s o l u t i o n which can fae employed with a numifaer of d i f f e r e n t 

a n a l y t i c a l techniques. 

For two elements, t i n (Sn) and copper (Cu), the r e s u l t s of 

x-ray fluorescence analyses are given. These determ.inations 

were supplied fay Cousen (1931) who used sufasamples from core 

LP3M3. 

Total phosphorus was determiined using the miolyt'denum. blue 

method developed by Murphy & Ri l e y (1962). A blue 

phospho.m.olybdate compound i s developed in aqueous s o l u t i o n . 

The concentration of this i s then determined colorim.etrically 

at 332nm, f o r which a Technicon Auto-Analyser II was used. 

Results are expressed as m.g/g D.W. and as .mg/c.m.---/yr. 

The following elements were also determined from the stock 

so l u t i o n s ; 

Na, K, Mn, Ca 

Fe, Cu, Zn 

?b, A l , Cr 

Na and K were determined using a Corning 400 flame 

photo.meter. The re.mainder of the elem.ents were .measured using 

an Instrumentation Laboratories Model 151 atomic afasorbtion 

spectrophotometer.. These r e s u l t s are expressed as mg/g D.W. 
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and in irig/cm-^/yr. 

4.2.3 P a r t i c l e s i z e analysis 

P a r t i c l e s i z e analyses were performed on each of the lOc.m 

sections of core LP3M3. Owing to the diverse nature of the 

.material which constitutes the upper 3m. of the sedim.ent 

colum.n, i t was thought that such information m.ight help i n 

the i n t e r p r e t a t i o n of the chem.ical r e s u l t s a.nd i n the 

c o r r e l a t i o n between h i s t o r i c a l information, p a r t i c u l a r l y on 

m.ining, and the type of sedim.ent produced as a r e s u l t . The 

loc a t i o n of the coring s i t e and the very nature of the 

.material tends to place a r e s t r i c t i o n on the upper p a r t i c l e 

s i z e which i s found i n core LP3Ì-13. 3y v i r t u e of Stokes' Law, 

the lar g e s t s i z e of m.inerogenic p a r t i c l e within the sedim.ent 

was i n the order of 0.063-0. 125mm., very f i n e sand. The 

procedures adopted to analyse the material for p a r t i c l e s i z e 

had t.herefore to be applicable to t h i s range of m.aterial down 

to t.he cla y f r a c t i o n . 

The weight of sam.ple used varied between 5g and 15g depending 

on the a.m.ount of m.aterial rem.aini.ng from, each of the o r i g i n a l 

iOcm sections of the core a f t e r a l l the other analyses had 

been performed. The lack of s u f f i c i e n t material combined with 

the p o s s i b i l i t y that some m.ixing m.ay have occured before 

sam.pling of the upperm.ost four sam.ples of the core, resulted 

in the use of part of a frozen core for these upperm.ost 

sa.mples. The frozen core (3FS21) origi.nated from the same 

s i t e as core LPSMS., Fig. 4.1. This s u b s t i t u t i o n ensured that 
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the p a r t i c l e s i s e r e s u l t a would accurately r e f l e c t the nature 

of the material which com.pri5es the most recent sedim.ents up 

to the S.W.I. Taking note of the p o s i t i o n of the boundary 

between samples 4 and 5 from. core LP3M3, miaterial from. the 

substitute frosen core was divided i n t o 4 samiples of equal 

depth, the base of the 4th sam.ple corresponding to the sam.e 

position, s t r a t i g r a p h i c a l l y , as that of sample 4 fromi LP3M3. 

I n i t i a l l y , subsamples from each s e c t i o n of the core vjere 

dried and weighed. The material was then treated with 30 

percent hydrogen peroxide for about 2 hours at i n a 

water bath. This was geinerally s u f f i c i e n t to oxidise a l i the 

organic material. The sam.ple5 were centrifuged and washed, 

dried at 105'~'C, then cooled and reweighed as a cross-check 

against t.he previous r e s u l t s of loss on i g n i t i o n . Each 

subsample was then rewetted and washed through 0.125mm and 

0. 63mm aperture sieves. The s i l t and. d a y f r a c t i o n (<0.063m.m.) 

was c o l l e c t e d and dried. A subsamiple of known 'wei.ght of t h i s 

f r a c t i o n was then used for the subsequent pipette anaiysis. 

Thre procedure f o r the p a r t i c l e s i z e a n aiysis of the iO.OSSmimi 

f r a c t i o n was based on that outlined under Test 7(C) of 3S1377 

(B.3.I. 1975). To each subsample was added 50ml of Calgon, 

(50. Og sodiu.m. hexam.etaphosphate, 5. 7g sodium. carbonate i n 

lOOOml water), to disperse the material, aided by the use of 

a .mechanical s t i r r e r . The t o t a l suspension was then placed 

1.nto a s u i t a b l e glass tube and miade up to 500m.l. The 

suspension i s thoroughly m.ixed and then allowed to s e t t l e at 

a C o n s t a n t temiperature (in t h i s case 23'-C). At predeterm.ined 

i.ntervals, subsam.ples of the suspension are taken from. a 



depth of lOcm from the surface. Thes-e are then dried and 

weighed. The tim.ing of the sam.pling i s dependent on 

te.mperature, and can be calcu l a t e d using Stokes ' Law. De t a i l s 

of the sample tim.ing for d i f f e r e n t tem.peratures are given by 

Tanner & Jackson (1947). The relevant sam.pling times at 

and t h e i r associated p a r t i c l e s i z e f r a c t i o n s are give.n i n 

Table 4.1. 

The weight of sediment i n each subsample was calculated and 

co.mbi.ned with the sieve data to produce the percentage of 

each s i z e f r a c t i o n i n each sam.ple. These r e s u l t s are given i n 

Table 6.3 and are represented g r a p h i c a l l y i n Fig. 6.3 and 

Figs. 6.9 to 6.37. 

4.3 Diatom anaiysis 

4.3.1 .Adhesive tape peels: 

In order to analyse for s u b f o s s i l diatom and other a l g a l 

re.mains from. the lake sedi.me.nts on a continuous and not a 

bulked subsam.ple basis, adhesive tape peels were taken based 

on the method given by Sim.ola (1977). This allows for the 

counting of m i c r o f o s s i l s at very close i.ntervals (e.g. 200um.) 

throug.h a seque.nce of sedi.m.ents, without d i s t u r b i n g the 

composition or the f i n e structure of the .material. 

Peels were taken from a number of corea i n order to examine, 

i n great d e t a i l , the diatom f l o r a from d i f f e r e n t sections of 

the sediment column. The most s u i t a b l e type of core to use i s 
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Table 4.1 

Andreasen pip e t t e sampling times and s i z e f r a c t i o n s 

Sampling times at 23*̂ 0 and at lOOmm depth 

Size f r a c t i o n Time a f t e r s t a r t 
(microns) (hh:mm:ss) 

<50.0 00:00:37 

< 20.0 00 : 04 : 28 

<9.8 00:18:37 

<5.6 01:10:00 

<2.0 07:26:00 



the in s i t u frozen sample but both Sm Mackereth and 'Russian' 

borer cores were also used once they had been frozen i n the 

laboratory. This type of analysis «as important in the 

establishment of a chronology and i n the interprétation of 

the lam.inations présent within the sedim.ent colum..n. 

Cores 'were prepared by cleaning the face of frozen sample 

using a paint scraper and hair dryer. Once a clean f l a t face 

had bee.n exposed, t.he sam.ple was placed back i.n a domestic 

freezer at about -20"C to freeze dry. With the sam.ple exposed 

to the a i r within the freezer, i t took about 1-2 weeks for 

the surface of the matériel to dry. At t h i s point, adhesive 

tape was pressed gently but f i r m l y onto the surface of the 

samiple and then c a r e f u l l y remioved. The choice of ad.hesive 

tape i s important. The type of tape sold as ' i n v i s i b l e ' or 

'magie' tape (e.g. Scotch 810 Magic Tape) i s very uniform i n 

thickness, .has a very f i n e grai.ned ahesive backing and i s 

less obtrusive under the .m.icroscope than .normal 'Sellotape'. 

This process of taking a peel was usually repeated from. the 

samie area of the sample i.n order to ensure a surface which 

was free of m.aterial which m.ight have bee.n sm.eared during the 

i n i t i a l cleaning procédure. The f i n a l peel was used for 

diato.m counting. Careful note was m.ade of the previous 

position of the peel i n r e l a t i o n to the core stratigrap.hy so 

that diato.m. r e s u l t s could be r e l a t e d to known s t r a t i g r a p h i e 

features. T.his was p a r t i c u l a r l y im.perta.nt when censidering 

the black and brown pairs ef laminatiens i n the lower half of 

core LP3M3. 
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The peels were then cut i n t o 40mm lengths and each was 

mounted on a inicroscope s l i d e with the adhesive and sediment 

side up, under a 20m.m x 50m.m glass c o v e r s l i p . The mountant 

normally used was Maphrax (R.I. 1.74). Care had to be taken 

that the adhesive • tape was not heated toc- f i e r c e l y or 

d i s t o r t i o n and shrinkage could occur. After mounting, the 

le.ngth of the adhesive s t r i p was m.easured to check f o r 

shrinkage. 

Diatom counts were then made from consecutive 200um f i e l d s of 

view down t.he length of the peel . The number of valves of 

each species observed in each f i e l d of view was noted and the 

most frequent species were then displayed graphically. A 

number of FORTRAN programs were written to generate the 

f a i r l y complex diatom diagrams which dis p l a y t h i s data. An 

added advantage of using computer graphics i s the f l e x i b i l i t y 

of layout which t h i s type of presentation f a c i l i t a t e s . The 

diatom r e s u l t s are discussed i n Chapter 7. 

4.3.2 Relative and absolute diatom analysis 

The techniques established for the preparation of sediment 

samples f o r r e l a t i v e and absolute diatom analysis are well 

discussed i n the l i t e r a t u r e and are comprehensively 

summarised by Battarbee (1979). 

4.3.2.1 Sample preparation 

Preparation of samples for both absolute and r e l a t i v e 



counting was undsrtaken from one core, LP3M3, material fremi 

which was also used for the chemical and physical analyses 

d e t a i l e d above. 

The core had been divided i n t o twenty eight lOcmi sections, 

and each section was thoroughly hom.ogenised to provide 

representative subsamiples from; each section. For diatom 

analysis, a modified p l a s t i c syringe was used to take a Icm'̂  

subsample from each section. These were placed i n t o 

preweighed lOml glass beakers, weighed and dried at " lOS'̂ 'C. 

The dry weight was recorded as a check against the basic 

physical data gathered previously from t h i s core. Each 

subsam.ple was then transferred to a 50m.l p l a s t i c centrifuge 

tube and treated with approxim.ately 20m.i of cold 30 percent 

hydrogen peroxide. The sam.ples were warm.ed u n t i l a l i the 

organic matter had been oxidised, indicated by a cessation of 

bubbling. No further treat.ment was dee.msd necessary. and the 

rssidues were thoroughly washed and centrifuged using 

f i l t e r e d , deionised water. Each sample was then transferred 

qua.ntitatively to a lOOm.l volumietric f lask. 

Sot.h absolute and r e l a t i v e data were obtai.ned from the sam.e 

samples, the technique adopted being that. described by 

Battarbee (1973) and Battarbee & McCallan (1974). This 

procedure involves the use of an evaporation tray which 

provides an evenly d i s t r i b u t e d and q u a n t i f i a b l e subsample of 

the diatom suspension on a num.ber of coverslips. The 

s t a t i s t i c a ! p r e c i s i o n of the method i s f u l l y discussed by 

Battarbee & McCallan (1974). 
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In this case a s l i g h t l y modified design of dish was used. The 

dishes were m.ade of perspex, with a well of liOm..m diam.eter 

and lOmm depth. Four evenly spaced c o v e r s l i p wells of 22mm 

diameter and Q.17mm depth were inset into the f l o o r of the 

tray. In addition, a 1.omm hole was d r i l l e d through the base 

of the dish at the centre of eàch c o v e r s l i p well. The purpose 

of these holes was to f a c i l i t a t e .the removal of the 

coverslips from each well a f t e r evaporation had taken place. 

This was accomplished using a needle or s i m i l a r t o o l , 

inserted from. below. During operation the .holes were blocked 

using a small quantity of s i l i c o n e , or s i m i l a r , grease. This 

served both to prevent the suspensio.n from. draining from. the 

dish and also acted as a means of anchoring the cove r s l i p s i n 

the i r wells, as otherwise the introduction of the diatom. 

suspension in t o the dish can l i f t the c o v e r s l i p s from t h e i r 

correct l o c a t i o n s . 

If a large quantity (e.g. 50m:l ) of water i s to be evaporated 

from the dish, the process can be considerably speeded up by 

the removal of excess water once the suspended m.aterial has 

sett l e d . This can ei t h e r be done, as suggested by Battarbee 

(1979), by p i p e t t i n g off about ISml of the supernatant 

l i q u i d , or by incorporating a raised drainage hole, as was 

adopted i n t h i s case, i n the centre of the dish. 

A 3mm hole was d r i l l e d v e r t i c a l l y through the centre of the 

dish, and a SOcm length of p l a s t i c tubing (3mm O.D., Imm I.D) 

was glued i n place using an epoxy adhesive. The top of the 

tube protruded approximately 0.Smm above the f l o o r of the 



tray. After s e t t l i n g had takeii plaça froni tha suspension, the 

excsss water was allowed to drain under the influence of 

gravity from the dish. The process -was i n i t i a t e d by using a 

syringe and needle to gently suck water into the tube. It was 

found that the water would then d r i p out slovjly, without 

disturbance to the s e t t l e d sedim.ent. The suspension was 

checked for diatom remains. 

In t h i s analysis, a Sml subsample of the 100ml suspension was 

pipetted into a 250m.l volumetric flask and .m.ade up to volume. 

This was thoroughly m.ixed and v.'hilst using a magnetic s t i r r e r 

to maintain the material i n suspension, a 50ml subsample was 

pipetted off and tra n s f e r r e d to the avaporation dish. This 

d i l u t i o n resulted i n 1 percent of the o r i g i n a l material being 

evaporated i n the di s h . The addition of a small amount of 

détergent to the dish assisted i.n reducing surface te.nsion 

during evaporation. Each c o v e r s l i p was then mounted i n 

Naphrax. 

•4.3.2.2 DiatOi?. counting 

Qanarally, a mimimum of one complète traverse across the 

centra of each of four coverslips was performed for each 

l e v e l of the core. In soma instances more traverses were 

required, p a r t i c u l a r l y whers exceptionally high sédimentation 

rates .had d i l u t e d the t o t a l diatom i n f l u x . Generally, between 

300 and 500 valves were counted from each l e v e l . 

Counting was performed using a Zeiss microscope with xlO 
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eyepieces and an o i l iminersion objective lens. Routine 

counting and photography was done using phase contrast. 

Microphotography was perforiried using a Zeiss MC-63 caméra and 

control unit. 

4.3.3 Electron m.icroscopy 

To a s s i s t i n the i d e n t i f i c a t i o n of d i f f i c u l t diatom species, 

both transmission électron microscopy (T.E.H.) and scanning 

électron miicroscopy (S.E.H.) were used. 

Preparatio.n for T.E.H. involved the evaporation of a 

Suspension of sedimient on to coated copper grids appropriate 

to the m.achine i n use. The transmission m.icroscope used was a 

P h i l i p s EH300. 

Préparation of samples for examination under the S.E.M. was 

si m i l a r . A suspension of material was evaporated onto brass 

o r aluminium stubs, with the addition that these were then 

sputter coated with about 15 angstrom.s of gold. Two types of 

S.E.M. were used, a Jeol JSM35C and a Jeol T20. 

4.3.4 Diatom i d e n t i f i c a t i o n and ecology 

I d e n t i f i c a t i o n was accomplished with référence to a number of 

differe.nt f loras, the most frequently co.nsulted bei.ng Cleve-

Euler (1951-55), Patrick & Reimer (1966), Hustedt (1930) and 

Van der Werff & Hüls (1953-66). A füll l i s t o f the taxa found 

i n the Loe Pooi sédiments i s given in Appendix 1. P a r t i c u l a r 



taxonomic profalems were solved by reference to a number of 

more s p e c i f i c papers, f u l l y discusseid i n Chapter 7. The 

e c o l o g i c a l preferences, p a r t i c u l a r l y i n r e l a t i o n to pH, were 

derived l a r g e i y from the same texts, with a d d i t i o n reference 

to Works such as those of Lowe (1974). -A synthesis of such 

Information i s given i n Appendix 2. 

4.3.5 TWIN3PAN analysis of diatom peel counts 

The numerical c l a s s i f i c a t i o n used was a two-way indi c a t o r 

species analysis (TWINSPAN) developed by H i l l (1979). 

.Analyses were run on the PP.l.ME comiputer system^ at Plym.outh 

Polytechnic using versions of the programs adapted by Kent 

(19S0). TWINSPAN i s now generally recognised to be as good, 

i f not better than, most other methods f o r numerical 

c l a s s i f i c a t i o n and provides a very e f f i c i s n t means of 

summarising v a r i a t i o n i n species sample data sets (Kershaw &. 

Looney 19S5). The analysis s p l i t s the samples into 

progressively more and more homologous groups, f i r s t into 

t'wo, then four, then eight and so on. Individuai sam.ples 

resem.ble m.ost c l o s e l y those within the samie group. In t h i s 

analysis, either four or eight groups were used to define 

groups of counts made using the adhesive tape peel method. 

Thus counts which show s i m i l a r diatom f l o r a are grouped 

together. In t h i s way i t was hoped to disti.nguish, 

o b j e c t i v e l y , v a r i a t i o n s e i t h e r i n seasonal diatom deposition, 

or i.n t.he over-all changes i.n the diatom. f l o r a over a num.ber 

of years. 

- 107 -



c r-i s -fc ̂  s 

Chronology and sediment stratigraphy 

5.1 Location of cores 

During the period of study, a large nuniber of cores were 

taken from Loe Pool for a nuznber of d i f f e r e n t analyses . The 

s i t e s from which each core to which reference i s made bere 

was ret r i e v e d , are shown i n F i g . 4.1. For the main chemical 

analyses and for magnetic and some radio-isotope studies, two 

types of piston corer were used, both based on the designs of 

r-lackereth (1953, 1969). The resultant cores are referre d to 

with the p r e f i x of either LP3M for t.hose taken using the 3m 

versioni, or LPIM- for those from the Im m.ini-corer. The f i n e 

stratigraphy, diatom work and 137-Cs analyses were perform.ed 

on frozen samples (net 'cores' as such) taken using eit h e r an 

'i c y finger' sampler, denoted by the l e t t e r s IF, or a box-

type freezer sampler, prefixed by the l e t t e r s 3FS. Sequences 

of 50cm. samples taken using the "Russian" type of peat borer 

(Jowsey, 1966), are prefixed by the l e t t e r s RB. 

5.2 General stratigraphy 

Many sediment samples have been taken from the lake and a l i 

e x h i b i t a co.mm.on and d i s t i n c t zonation of sedi.ment types. A 
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generalised stratigraphy can be outlined which r e f l e c t s the 

o v e r a l l structure of the sediments from Loe Pool. 

ZOii<=: A : 

Approx. 0-30cm depth. unconsolidated, brown, 

intermiittently lamiinated, highly bioturbed 

sediment. 

Zone B: 

Approx. 30-140cra depth. F i n e l y laminated sediments 

with li m i t e d bioturbation. Colour varies enormously 

from pink to greys, . browns and black. well 

compacted and apart from the upper and lower 

bounding haematite-rich layers, very low i n clay 

content. 

Zone C: 

Deeper than approx. l40cm. F a i r l y r e g u l a r l y 

laminated black and brown or black and grey 

sequences of sediments. Well compacted with no 

bioturbation. 

The sediments are laminated to some degree throughout the 

sediment column. To f a c i l i t a t e cross c o r r e l a t i o n of cores and 

to e s t a b l i s h exact points through the sequences of 

laminations, the most prominent i n d i v i d u a l or groups of 
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laminations bave been numbersd. Each one to be thua i a b e l l e d 

i s prefixed wlth the l e t t e r of the zone within which i t l i e s , 

followed by i t s i d e n t i f y i n g number. Numbers increase with 

depth, but the numeration i s not d i r e c t l y related to actual 

dspth. The numbering of the laisinae i s by necessity f a i r l y 

generalised, as the majority of the laminations can be 

subdivided into numerous microlaminae. This r e f l e c t s not only 

the comiplexity of the sediment structure, but also the 

qua l i t y of the material retrieved using the i n s i t u f reezing 

devices. These are capable of preserving even the f i n e s t of 

structures. 

5.3 Establishm.ent of a chronology 

I n i t i a l i n v e s t i g a t i o n s were dire c t e d toward a preliminary 

d a t i n g of the Sediments, in order t o - e s t a b l i s h the rate of 

Sediment deposition within Lee Pool. Without t h i s , the time 

s c a l e over which any ecological changes had taken place could 

not be gauged. 

5.3.1 I n i t i a l paiaeomiagnetic analyses 

A 3m Mackereth core {LP3H1) taken i n 197S was analysed by 

Dr. Roy Thompson at Edinburgh U n i v e r s i t y for the horizontal 

component of natural remnant magnetisation. The results were 

inconclusive, with the d e c l i n a t i o n d r i f t i n g slowly towards 

the west with increasing depth. There was no sign of the 

expected westerly maximum which, according to the standard 

reference curves (Thompson & Turner 1979), occured i n 1320. 
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This suggsstsd that the uppsr Sin of sediment postdated 1320, 

and implied a r e l a t i v e l y high rate of Sedimentation. No 

further palaeomagnetic dating was performed, although 

analysis of m.agnetic s u s c e p t i b i l i t j / was performed on a num.ber 

of cores. The r e s u l t s of these analyses proved useful i n the 

i n i t i a l c o r r e l a t i o n of cores. 

5.3.2 Core c o r r e l a t i o n 

Cores LP3M2 and LP1M2 were used f o r t h i s purpose, and the 

s u s c e p t i b i l i t y r e s u l t s are shown i n F i g . 5.1 & 5.2. The 

streng peaks of s u s c e p t i b i l i t y correspond to the very 

prominent bands of pink clays which are also v i s i b l e i n a 

further 3m Mackereth core, LP3M3, shown i n Plate 5.1. These 

layers were used as .m.arkers to c o r r e l a t e cores before a .more 

detaiied stratigr-ap.hy was constructed. In a l l t.he Im. 

Mackereth cores taken fro.m. the lake, the Upper of t.hese pink 

bands was c l e a r l y v i s i b l e through the perspex core tubes, 

Plate 4.1. 

5.3.3 I.nitial chronology from. h i s t o r i c a l data 

Concurrent research into past events within the catchment, i n 

p a r t i c u l a r those occuring close to the lake, revealed a 

number of events which might have s i g n i f i c a n t l y affected the 

supply of sediment to the lake i n recent years and resulted 

i n t.he deposition of the uppermost pink clay bands. As we had 

l i t t l e idea at t h i s stage of the date of deposition of t h i s 

band of Sediment, emphasis was piaced on events within the 
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past two or three decades 

Two possible evants were i d e n t i f i e d . The f i r s t was the 

canalisation of the River Cober in 1Q46-1947. This involved 

the straightening of the o r i g i n a l sinuous course of the r i v e r 

already described i n Chapter 2. It would have involved the 

disturbance of considerable quantities of sediiTient i n t h i s 

saction of the r i v e r ' s course and might have increased the 

Sedimentation rate within the lake to a f i g u r e over and above 

the 'normial' rate of deposition. 

The second p o s s i b i l i t y was the construction of a road cutting 

(N.G.R. SWb53277) some 2km north of the lake. This formed 

part of a programm.e of imiprovem.ents to the .A394 Halston to 

Panzance road just to the west of Heiston. .All the miaterial 

rsmoved from the deep c u t t i n g was dumped on an area of the 

V a l l e y f l o o r to the south of Zachary's Bridge (N.G.R. 

3Wb522&3), naxt to the River Geber. The werk took place 

between 1963 and 1969. A very large quantity of material was 

depositad and may have provided an a d d i t i o n a l i n f l u x of 

sediment to the River Cober. 

It was thought i n i t i a l l y that ona of thasa two avants might 

have resulted i n the appearence of the thick band of sediment 

belovv the Upper brown g y t t j a which obviously had a miuch 

higher mineral content than the sedi.ments above. 
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5.3.4 i37-Cs analysis 

Two of the e a r l i e s t frozen cores retrieved i n l a t e 1979 from 

the Pool using a box-type freezer sampler (Huttunen & 

HerilSinen 1978), revealed the true complexity and degree of 

preservation of laminations present i n the brown g y t t j a . Core 

FBS7 (Piate 5.2) contained the upper 42cm of sedisent and 

included the sediment water inte r f a c e (SWI). Core FBS9 

(Piate 5.3) recovsred sediments from a depth of 20cm to 72cm. 

The tvvo cores, taken very d o s e together, were correlated 

using the upperm.ost extent of the red d a y band and smialler 

black laminae within the d a y . 

From these i t was evident that what had previously been 

thought to be an amorphous brown g y t t j a a c t u a l l y contained 

black and brown laminations. The laminae were somewhat 

unclear and were i n places mixed by bioturbation. However, 

laminations were v i s i b l e and so a t e n t a t i v e d i v i s i o n of the 

cores was made int o what appeared, v i s u a l l y , pairs of black 

and brown laminations. These were assumed to be annual i n 

nature. This r e s u l t e d i n the chronology outlined i n Figs. 5.3 

and 5.4, which r e l a t e d i r e c t l y to Plates 5.2 and 5.3. It was 

decided to use these two cores for 137-Cs analysis and to 

test the hypothesis that one of the events already described 

had resulted i n the deposition of the d a y band occuring at 

about 3S-40cm depth. The v i s u a l dating i n Figs. 5.3 and 5.4 

suggest that the road c u t t i n g would bave occured at about the 

right time, although the ca n a l i s a t i o n was more l i k s l y to bave 

resulted i n the type of sediment which comprised the d a y 
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band -• 

I f the v i s u a l chronology based on the counting of pairs of 

laminations was correct, then the 137-C3 peak associated with 

the maximum deposition of the isotope i n 1963, should be 

found at a depth of about 43.0cm to 52.0cm. If i n c o r r e c t , 

some sort of chronology would at l e a s t be obtained. 

The two frozen cores were divided v e r t i c a l l y into two halves, 

one for radioisotope dating and the other to be retained for 

basic physical analyses. The half destined for dating was 

then divided into sections, the subdivisions being as i n 

F i g s . 5.3 and 5.4. Each hypothetically annual segment was 

then dried at 105-^0. 

Analysis was l i m i t e d to 25 samples, and i t was decided to 

include the deepest subsample ("1955/1956", 39.5-42.0cm) i n 

preference to the uppermost ("1979", 0.0-6.5cm). In 

retrospect this was an unwise decision. 

The samples were taken to A.E.R.E. Harwell, where the 

analyses were perfor.med by Dr. R.S. Ga.mbray. In the eve.nt, 

two additional samples were analysed, making 27 i n t o t a l , and 

included three (Nos. 14, 15 and 16) which represented the 

overlap of Core FBS9 over F337. 

The r e s u l t s of these analyses are shown i n Table 5.1 and 

F i g . 5.5, and c l e a r l y show the misjudgement of the i n i t i a l 

s u b division. The peak of 137-Cs i n fact occurs at a depth of 
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Table 5.1 

Cs-137 r e s u l t a obtained by Dr. R. S. Cambray, A.E.R.E, 
Harwell, from cores FBS7 and FBS9. Figures are expressed as 
pCi/section. Each s e c t i o n consisted of approximately 5g of 
d r i e d sediment. 

Saraple No. Estimated date es 137 
core FBS7 Core 

1 • "1978-79" 24.0 
2 "1977-78" 32.5 
3 "1976-77" 13.8 
4 "1975-76" 8.9 
5 "1974-75" <3 
6 "1973-74" <3 
7 "1972-73" <3 
8 "1971-72" <3 
9 "1970-71" ~5 
10 "1969-70" <3 
11 "1968-69" <3 
12 "1967-68" ~5 
13 "1966-67" <3 

14 "1968-69" <3 
15 "1967-68" <3 
16 "1966-67" <3 
17 "1965-66" <3 
18 "1964-65" <3 
19 "1963-64" <3 
20 "1962-63" ~5 
21 "1961-62" <3 
22 "1960-61" ~6 
23 "1959-60" ~5 
24 "1958-59" <3 
25 "1957-58" ~5 
26 "1956-57" <3 
27 "1955-56" <3 

"There i s no s i g n i f i c a n t Cs-137 below the "75-76" section. 
Anything from 5pCi or l e s s i s too near the l i m i t of detection 
to be r e l i e d upon. Only the top 4 sections contain 
s i g n i f i c a n t Cs-137." (R.S. Cambray, l e t t e r to P.E.O'S dated 
12.10.79) 



between 12.0 and 15.Sem. The 137-Cs r e s u l t s for t h i s upper 

s e c t i o n of the core are more exactly plotted in F i g . 5.6. In 

both of these diagrams, the levéis of Cs-137 below that 

l a b e l l e d "1975-76" are not s i g n i f i c a n t , being too d o s e •to 

the detection l i m i t s to be r e l i e d upon {letter from R.S. 

Cambray, A.E.R.E, Karwell, 12.10.79). 

The resultant d i v i s i o n of sediment chronoiogy negated the 

o r i g i n a l supposition that deposition had been occuring at a 

mean rate of about 3.0cm/yr (72.0cm between 1979 and 1955, 24 

years). If the peak of 137-Cs deposition occured at about 

14.0c.m, then Sedimentation would be closer to 0 . 8c.m/yr. It 

follows that the pink c l a y band would date from the l a t e 

1930'5 or e a r l y 1940's. 

Research into the h i s t o r y of mining i n the area had at the 

sam.e time revealed that t.he l a s t m.i.ne to operate withi.n the 

catchment had ceased production i n 1933/39. The mine i n 

cuestión was the P o r k e l l i s Tin Mine (previously known as 

Basset & G r y l l s and then Jantar), and one of the lodes to be 

vjorked i.n t h i s f i n a l period of m.ining was Old Me.ns ' Lode or 

Red Lode as i t was also known (Jenkin 1973). This was a lode 

'where the t i n was in a haem.atite-rich m.atrix, the waste froin 

which had frequently been known to discolour the River Cober. 

Mo refsrence has been found'to indicate any a l t e r n a t i v e 

source for t h i s type of m.aterial . 

Both the 137-Cs and h i s t o r i c a l evidence thus eventually 

pointed toward the o r i g i n s and period of deposition of the 
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thick pink band of sediment, and the topmost occurence of 

t h i s band was therefore taken to represent material deposited 

in 1933, or at the l a t e s t 1939. 

The chronology of the upper sedimients was thus established 

with some degree of cer t a i n t y . The v a r i a b i l i t y of the lower 

sedi-ients, hovjever, suggested that the rates of deposition 

calculated f o r the brown g y t t j a would not necessarily be 

applicable to e i t h e r the i r r e g u l a r l y laminated sediments 

between the two major pink c l a y bands (Zone 3), nor the more 

re g u l a r l y structured sediments below that (Zone C). E f f o r t s 

to date these sediments were thus d i r e c t e d towards a more 

de t a i l e d appraisal of the laminations themselves, and the 

s i g n i f i c a n c e of the complex patterns of lam.inae found 

throughout Zones 3 and C. Combining t h i s with a l l a v a i l a b l e 

h i s t o r i c a l information was the only appropriate approach to 

the problem of chronology. 

5.3 Detailed sediment stratigraphy 

5.3.1,Zone A 

Some of the f i r s t cores taken from Loe Pool ware r e t r i e v e d 

using a Im Mackereth mini-corsr. This equipment employs Im-

long c l e a r parspex sample tubes which allow for soma v i s u a l 

assessm.e.nt of the .material contained within. Always c l e a r l y 

v i s i b l e were the pink clay bands from about 40cm depth. The 

structure of the upper brown g y t t j a was never v i s i b l e and 

only a hint of any laminated structure was given by some 
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iiiottling i n the colour of t h i s material upon extrusion. With 

the in t r o d u c t i o n of the box freezer sampler however, the true 

nature of the uppermost sédiments was revealed. 

As can be seen i n Plate 5.4 {Core FBS3), Plate 5.2 (Core 

FSS7) and Plate 5.5 (Core FBS12), the uppermost g y t t j a i s f a r 

from s t r u c t u r e l e s s . The apparently unifor.m. brown ssdimients 

retreived by using the Mackereth *mini-corer proved, when 

sampled i n s i t u . to be well structured and to contain bands 

of darker sedim.ent. Thèse are discussed at greater length i n 

Chapter 6. 

/ 

In the large numiber of frozen sam.ples taken from. various 

parts of the lake, the structure was not always found to be 

preserved. Préservation appeared to be dépendent on the 

degree of disturbance of the structure by bioturbation. 

Plate 5.4 (Core FB33) c l e a r l y shows the mixing e f f e c t 

associated with bioturbation and the lam.inae are only 

appare.nt between the patches of bioturbed sedim.ent. 

However, i t i s évident that over large areas of the lake bed, 

any laminae which may form i n i t i a l l y are eventually 

completely destroyed by zoobenthic a c t i v i t y . In only a smail 

percentage of the frozen samples to i.nclude the sedi.m.ent 

water i n t e r f a c e were the structures s t i l l présent to any 

degree. Evidence of bioturbation was never com.pletely absent 

and because of t h i s and the often hazy gradation between 

l i g h t and dark laminations, corrélation of ocres using thèse 

bands was never r e l i a b l e . 
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The sechanisins which. may have ied to the form.ation of t h i s 

banding i n Zone A and the information gained from diatom 

analysis are discussed f u l l y i n the following chapter. 

5.3.2 Zone B 

.As with Zone A, the nature and comiplexity of t.he laminations 

v,-sre not f u l l y appreciated u.ntil i n s i t u frozen material was 

recovered. Two 3m Mackereth cores, LP3M3 (Plate 5.1) and 

LP3M4 (Plate 5.6), taken early i n the project, had been 

prepared as described i n section 4.2.1.1 by freezing in the 

laboratory before sub-samipling or photography. Thèse two 

cores showed, fo r the f i r s t time, the s t r u c t u r e of Zo.ne B and 

the upper 1.5m of Zone C. The freezing process, however, 

caused the for.matio.n of large i c e c r y s t a l s within the 

sédiments, masking some of the f i n e r détail, p a r t i c u l a r l y i n 

Zone 3. The major laminae were nevertheless v i s i b l e and using 

Zone B, c r o s s - c o r r e l a t i o n was possible between the two cores. 

Zone 3 i s bounded at the top by a f i n e l y structured band of 

black sédiment (BOQl), above a séries of pink clay bands best 

preserved by an ' i c y - f i n g e r ' core, IF2, Plate 5.7, and^in 

sample FBS9, Plate 5.3. în core LM3M3, Plate 5.1, thèse 

appear as three pink bands at a depth of 33.7cm to 41.1cm, 

42.4cm. to 45.3cm. and 43. 2c.m to 52.5cm. re s p e c t i v e l y . In Core 

IF2 the upper of the pink bands (B002/B0Q3) i s heavily 

bioturbed, but the middle band i s very well preserved and 

includes three d i s t i n c t black laminae (BQ06, 3008 and BOlO) 

v i s i b l e in almost a i l of the other frozen samples taken. 
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Below t h i s séries of laminations i s a complex séquence of 

s l i g h t l y coarser brown sédiments interspersed with a number 

of d i s t i n c t i v e black layers. Thèse can be e a s i l y cross-

correlated with s i m i l a r séquences i n other cores, including 

LP3M3 and LP3M4. The thickness of thèse brown séquences 

varies Considerably from core to core but, as might be 

expected, i t increases greatly with proximity to the mouth of 

the River Cober. 

There appears to be a gradient of bioturbation a c t i v i t y from. 

the botto.m. of Zone B up i.nto Zone .A. .At the base of Zo.ne 3 

there are a few laminations which contain évidence of 

zoobenthic a c t i v i t y . In core !?6, Plate 5.9, the burrows can 

be seen as small specs of black i n some of the l i g h t e r bands 

such as B037, B049, 3038 and p a r t i c u l a r l y i n B034. Core F3Si4. 

(Plate 5.8) also shows t h i s very c l e a r l y i n laver 3034. Above 

layer B036, the nature of the bioturbation changes. The 

bioturbation i s of a greater magnitude with much larger 

burrows v i s i b l e , p a r t i c u l a r l y i n the layers above B027 i n 

core FBS9 (Plate 5.3). The burrows take the form of a central 

core of .mixed sedim.ent som.e 5-6m.mi i n diameter surrou.nded by a 

'corona' of l a r g e l y unm.ixed sedim.e.nt of approxi.mately 13-14mm. 

diameter. The 'corona' d i f f e r s only by a s l i g h t v a r i a t i o n i n 

colour from the surrounding sédiment. This may be a rasult of 

Chemical rather than physical altération. The frequency of 

thèse burrows increases rapidly u n t i l by layer B005, 

bioturbation begins to mask the o r i g i n a l structure of the 

sédiment to a very large degree. 

- 119 -



Estimates of the rate of sedimentation i n Zone B proved to be 

very d i f f i c u l t , with no regular sequences of sediments to 

suggest seasonality of deposition. However, between B033 and 

BOáB {e.g. Plate 5.3, Core FBS14), layers were of such a 

regular and undisturbed appeara.-ce • as to suggest very rapid 

deposition. A slowing down of the rate from. B033 upward m.ight 

explain the recurrence of bioturbation seen i n layer 3034 

where i t would appear that material from B033 has been 

incorporated i n the burrows present i n the lower layer. 

No s a t i s f a c t o r y estimate of the rate of deposition was 

a v a i l a b l e u n t i l diatom analysis by Simóla {unpublished data) 

suggested the existence of seven annual sequences of diato.m.s 

from layer 3003, (Core F3S14, Plate 5.3), through to layer 

BOSO whicxh. can be seen i n Core IF6, Plate 5.9. This gives a 

mean deposition rate of lOcm/yr for t h i s section of the 

ssdim.ent colum.n. The author's own i.nterpretatio.n of t h i s 

sequence of sediments, taking into account both the diatom 

a.nalyses perform.ed by Si.m.ola and contem.porary reports of t.he 

mining a c t i v i t i e s within the catchment would however suggest 

a t o t a l of 11 years, 1923-1933 i n c l u s i v e for t h i s part of 

Zone B. The lower pink clay bands from B033 to BQ71 would 

then represent t.he years 1923 and 1929 w.hen Jantar m.ine was 

operational. .Above t h i s i s a section of very high deposition 

which would be contemporary with newspaper reports of very 

high sedim.ent loads i n the River Cober i n 1930 {West Briton, 

3rd A p r i l 1930, p.9, c o l . 6 ) . If so, then the l a s t period of 

production of Basset 4 G r y l l s miine i.n 1933 p r i o r to closure 
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i n 1939 would have produced the upper pink clay bands bounded 

at t h e i r upper l i m i t by layer B003. 

Layers BOSS to B086 may also represent the end product of a 

period of high sedim.ent load over which Captain J.P. Hogers, 

the then owner of Loe Pool, brought le g a l a ction against the 

owners of Jantar miine. This followed heavy p o l l u t i o n of the 

lake by mine wastes. The use of diatom analyses i n the dating 

of this zone are more f u l l y discussed i n the following 

chapter. 

Working on the hypothesis that the top of Zone 3 i s the 

boundary between 1933 and 1939 and the base of t h i s section 

i s the boundary between 1927 and 1923, then the rate of 

deposition over 11 years for lOScm (in core LP3M3) averages 

9.6cm/yr. This f i g u r e i s obviously a mean rate and varies 

considerably within the zone. 

This zone d i f f e r s markedly from the two above, being composed 

almost e n t i r e l y of sequences of a l t e r n a t i n g black and grey or 

pinkish grey laminae. The couplets are frequently fragmented 

by thi.n bands of contrasti.ng sedim.ents. 

In core LP3M3,. Píate 5.1, t h i s zone can be see.n below 143cm. 

depth. From 143cm to 220cm, the black/pinkish grey laminae 

domínate, whilst below 220cm the layers are more frequently 

black and varying shades of grey i n a less ordsred sequence. 
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Corrélation with core LP3M4 i s r e l a t i v e l y simple i n the upper 

sections of Zone c faut faelow about 200cm i n core LP3M3, cross 

corrélation becomes impossible by v i s u a l means owing to the 

increasing complexity and i n t r i c a c y of the laminae. 

It should be noted that the laminae of Zone C, as depicted i n 

Plates 5.1 and 5.6 of cores LP3M3 and LP3M4 are no longer i n 

t h e i r o r i g i n a l reduced s t a t e . When fresh, the lam.inae are 

very much darker i n colour and i n places can appear almost 

unifor.m.ly black. Sxposure to the a i r oxidises the surface 

very quickiy, r e s u l t i n g i n the colours represented i n 

Plates 5.1 and 5.6. This i s also true of a i l the deeper 

frose.n sam.ples . 

Few of the 'icy finger' or box sampler devices penetrated 

faelow about 1.0 to 1.5m depth where Zone C can normally fae 

found and so samples frozen i n s i t u from the required depth 

were'rarely r e t r i e v e d . Core IF6 does include the top of Zone 

C and shows (Plate 5.9) the complexity of micro-laminations 

contained within the major faands, which are themselves 

distinguished fay r e l a t i v e l y afarupt changes i n colour. 

Sioturfaation i s no longer evident at t h i s depth and the 

laminations are very weil preserved. Some c l a r i t y of sédiment 

structure was l o s t i n core LP3M3, owing to the formiation of 

i c e c r y s t a l s during the process of freezing i n the 

lafaoratory. The compensation i s that the sédiment, i n i t s 

s o l i d form, i s much easier to clean, photograph and handle 

than i n the unfrozen state. 



With no recourse, for the reasons already discussed, to 

radioisotope or n¡agnetic dating rnethods lamination counts 

were used to date the material instead. This i s based on the 

premise that pairs of black/grey or pinkish grey laminae 

represent annual units of sediment deposition. The basis for 

t h i s assumption i s discussed at length in the following 

chapter. This analysis undoubtedly suffered from a degree of 

s u b j e c t i v i t y as the annual sequences are not always clearcut 

but i t was the only appropriate dating technique. 

By counting- what may now be referred to as varves i n Zone C 

of core LP3M3, a period of some 53 years appears to be 

represented by 137cm of sediment. This y i e l d s a mean figur e 

of 2.6cm/yr (c. f . O'Sullivan et a l . 1984) as the rate of 

sedim.ent deposition. Applying t h i s to the previous esti.m.ates 

of chronology for Zones A and 3, at a depth of 2.3m i n Zone C 

the sedi.ment would appear to date fr-om 1375. 

These fi g u r e s are a refinement of the the findings published 

by Simóla et a l . . (1931), r e s u l t i n g from a more structured 

ap'praisal of the h i s t o r i c a l data. 

5.4 Technical problems 

Two serious storage freezer breakdowns occurred during the 

period of study. These res u l t e d i n the loss of a large number 

of froze.n cores. The most vulnerable aspect of t.he storage of 

frozen sediment samples i s the danger of melting and a l l the 
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cores to which mentiori has been made i n t h i s chapiter were 

l o s t as a r e s u l t of these breakdowns. Once m.elted, the 

sedi.m.ent samiples are i r r e t r i e v a b l e . Fortu.nately, a number of 

cores had undergone the i n i t i a l preparation and photography 

before t h i s occurence. However, no physical analyses (e.g. 

loss on i g n i t i o n ) were performed on cores FBS7 and FBS9 

betwee.n subsam.pling for 137-Cs analysis and t h e i r subsequent 

loss . 

Cores L?3^?3 and LP3M4 were also deformed to such an extent by 

ir.elti.ng that they were of no use for further a.nalyses, 

although core LP3M3 had already been subsampled for chemical, 

diatom and p a r t i c l e s i s e analyses. 
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o 1-1 Si p:̂  i t ̂  -ìT 

Physical arid chemical r e s u l t s 

6.1 Introduction 

The data presented i n t h i s chapter are l a r g e l y the r e s u l t of 

work on one core, LP3M3, Plate 5.1, taken at the l o c a t i o n 

shown i n F i g . 4.1. This p a r t i c u l a r . c o r e was selected because 

i t was the most representative of a l l the deeper cores taken 

from the lake and appeared to cover the maximum period of 

deposition of any of the 3m cores. The r e s u l t s of diatom 

analyses c a r r i e d out.on the same core are given i n Chapter 7. 

In l i n e with the terminology adopted i n the previous chapter, 

the uppermost 3m of the sediment column have been subdivided 

into three d i s t i n c t zones, A to C. In core LP3M3, when 

subdivision f o r a l l the analyses was into 10cm sections. Zone 

A comprises samples 1-4 {Q-40cm) with t r a n s i t i o n to Zone B 

occuring at the base of sample 4. Zone B continues down from 

sample 5 to sample 14 {50-14Qcm) with the lowermost boundary 

of Zone B included i n sampje IS (140-lSOcm). Zone C thus 

ccinstitutes the majority of samples, from number 15 down to 

sample 23 ( i . e . 140-2S0cm). 

As can be seen i n Plate 5.1, the material which comprises 
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Zone A has slumped i n the core tube. This has resulted from 

the s e s i - l i q u i d natura of the riiost recent sediinants and 

horizontal transportation from tha sampling s i t e . This has 

undoubtsdly led to inaccuracy, as soma mixing of the sedimant 

w i l l have occurred p r i o r to.subsampling. 

Where appl i c a b l e , r e s u l t s of the physical and chemical 

analyses have been expressed not only on the basis of 

concentration, i n units per gram of dry sadiment, Figs. 6.1 

to 6.4, but also i n terms of i n f l u x , axprassad as units per 

cm^ per year, Figs. 6.5 to 6.7. 

Such a d i v i s i o n in the presantation of r e s u l t s forms the 

basis for a d i s t i n c t i o n batwaan tha q u a l i t y and the quantity 

of material being examined. 

E s s e n t i a l l y , r e s u l t s expressed i n terms of concentration are 

a r s f l e c t i o n of r e l a t i v e amounts of material präsent. Thay 

axpress the' Proportion that: each . elemant or Compound 

contributes to tha o v a r a l l composition of the dry sedimant. 

Variation in the l e v e l of one component influencas the 

concsntration p r o f i l a s of a l l othars (Engstrom & Wright 

(19o4). Such covariation can lead to problems i n 

i n t a r p r e t a t i o n . In addition, coneantration valuas give no 

insight into the quantitias of sedimant being depositad and 

make no reference to changing rates of Sedimentation. 

In contrast, once the basic data i s axprassad with respect to 

tima, i t can bs interpreted i n terms of i n f l u x or tha 
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quantity of material being deposited per unit area over a 

given period of time. However, as Engstrom & Wright (1984) 

note, accumulation c a l c u l a t i o n s are highly dependent on 

r e l i a b l e dating and even small e r r o r s i n the p r e c i s i o n of a 

chronology may produce quite large changes i n i n f l u x values. 

This dichotomy i n the representation of data can lead to 

apparent c o n t r a d i c t i o n s between the two sets of r e s u l t s . An 

example i s the v a r i a t i o n shown i n the r e s u l t s from Zone B, 

core LP3M3, (Figs. 6.1-6.7). The dry weight concentrations of 

some elements (e.g. K and Fe) decline, whereas the 

corresponding i n f l u x values show a considerable increase. 

Interpretation of r e s u l t s can depict q u i t e d i f f e r e n t changes 

taking place i n the lake and catchment. The concentration or 

dry weight r e s u l t s record changes i n the r e l a t i v e composition 

of the sediment. These events can r e f l e c t v a r i a t i o n i n the 

source of material entering the system. Changes i n the i n f l u x 

or absolute amounts of the various components of the sediment 

represent v a r i a t i o n s i n the i n t e n s i t y of the processes which 

supply materials to the system. They are an i n d i c a t i o n of the 

o v e r a l l q u a n t i t i e s of materials being transported or 

synthesised, and deposited, within the system. Such 

expression can therefore shed l i g h t on processes such as 

eutrophication (Battarbee 1979), where the rate of nutrient 

cycling may be increasing, or erosion, where rates of removal 

and transport of suspended sediment may vary. In t h i s 

context, mining, which has had such a s i g n i f i c a n t impact on 

the Loe Pool catchment as a whole, may e s s e n t i a l l y be seen as 
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an acceleration of the natural processes of transfer of 

material from catchment to lake, and may be very s p e c i f i c to 

l o c a l i s e d areas w i t h i n the catchment. As a consequence, i t 

can r e s u l t in major changes, both to the rate of supply of 

material to the sediments and to the r e l a t i v e composition of 

those sediments. 

At t h i s juncture, two points r e l a t i n g to the subsequent 

inter p r e t a t i o n of i n f l u x r e s u l t s from Loe Pool shc^uld be 

noted. The f i r s t i s the representativness of r e s u l t s from a 

sin g l e core. Although a large number of cores have been 

retrieved from the lake, analysis of chemical i n f l u x has been 

limited to a s i n g l e one. Comparison of data from multiple 

cores might have enhanced the reliance that could be placed 

on such r e s u l t s , but t h i s practise i s a recent innovation and 

i s not without i t s problems. As Sngstrom & Wright (1984) 

point out, sediment accumulation, within any lake, proceeds 

in a s h i f t i n g and complex manner. Changes i n sedimentation 

rate vary both s p a t i a l l y and temporally, and the average 

i n f l u x of materials to the lake cannot be accurately 

reconstructed even from several coring s i t e s . Secondly, the 

ca l c u l a t i o n of i n f l u x depends l a r g e l y on an accurate 

chronology of the sediments. The range of deposition rates 

associated with the material which comprises core LP3M3 means 

that small changes to the chronology of some sections can 

lead to considerable v a r i a t i o n s in the resultant i n f l u x 

l e v e l s , which i n turn would lead to changes in 

interp r e t a t i o n . 
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The dating outlined i n the previous chapter was applied to 

core LP3M3 and the period of deposition covered by every lOcni 

section was derived froin the combination of dating techniques 

adopted. Many fa c t o r s were considered i n the development of 

th i s chronology, i n c l u d i n g the i n t e r p r e t a t i o n , by the author, 

of a continuous diatom count performed by Simóla {unpublished 

data) on a sec t i o n of the sediment column between the upper 

and lower pink clay bands of cores FBS14 and IF6. The 

resultant rates of deposition i n years per iOcm section of 

sediment are given i n Table 6.1. 

In the c a l c u l a t i o n of i n f l u x r e s u l t s f o r core LP3M3, 

compensation has been made for the disturbance of the 

uppermost sediment (see Plate 5.1). Although t h i s section was 

o r i g i n a l l y sampled by d i v i s i o n into four 10cm lengths, 

comparison with l a t e r , frozen samples from the same l o c a l i t y 

i ndicate that there i s about 25cm of material above the top 

of the upper pink clay, used to d e l i m i t Zone 3. The depth 

occupied by these four samples was therefore scaled down 

proportionately i n order to more accurately assess the true 

rate of i n f l u x . 

6.1.1 Density and water content (see F i g . 6.1) 

Any inaccuracy i n the measurement of 'these variables, 

p a r t i c u l a r l y i n Zone A, w i l l a f f e c t the conversion of a l l 

res u l t s into i n f l u x f i g u r e s . With only four 10cm subsamples 

representing Zone A, trends may be d i f f i c u l t to assess. The 

water content of these subsamples from Zone A do not record 
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Table 6.1 

Core LP3M3: chronology adopted for each 10cm subsample 

Segment Depth (cm) Years 

1 0-10 1970-79 
2 10-20 1960-70 
3 20-30 1951-60 
4 30-40 1933-51 
5 40-50 1936-38 
6 50-60 1934-36 
7 60-70 1932-34 
3 70-80 1931-32 
9 80-90 1930-31 
10 90-100 1930 
11 100-110 1929-30 
12 110-120 1929 
13 120-130 1928-29 
14 130-140 1928 
15 140-150 1925-28 
16 150-160 1921-25 
17 160-170 1917-21 
18 170-180 1913-17 
19 180-190 1909-13 
20 190-200 1905-09 
21 200-210 1901-05 
22 210-220 1898-1901 
23 220-230 1894-98 
24 < 230-240 1890-94 
25 240-250 1886-90 
26 250-260 1882-86 
27 260-270 1878-82 
28 270-280 1875-78 



any increase towards the surface as sight be expected, a fac t 

which reinforces the b e l i e f that some mixing has occurred. 

The density of sediments from Zone A l i e s between 1.1 and 

1.2, as co.mpared with the maxim.um. of 1.7 i n Zone 3. I.n Zone 

C, the density i s f a i r l y consistent, averaging around 1.36. 

Water content shows a simiilar pattern, with Zone .A, the most 

recent and least compacted sediment, possessing a value of 

between 80 and 37 percent. This f a l l s to a minimum of 37.6 

percent i n Zone B, and ranges between 52 and 60 percent i n 

Zone C. 

The low density and high 'water content of Zone A i s a 

r e f l e c t i o n of the unconsolidated nature of the material, 

which d i f f e r s m.arkedly i n character from the sedi.ments below. 

In Zone 3, the high rate of deposition and the dramatic 

change i n sediment type r e s u l t i n a very dense and compact 

material. The pre-1928 sediments of Zone C are comparatively 

consistent i n nature and so both density and water content 

vary only s l i g h t l y . 

6.1.2 Hinercgenic material (Fig. 6.5) 

In some lakes, sedimentary mineral matter may be both 

allochthonous' and autochthonous i n i t s o r i g i n . In Loe Pool, 

however, the over"whelming proportion of miinerogenic m.aterial 

i n the sediment or i g i n a t e s from the catchment (Pickering, 

Ph.D. thesis, Plymouth Polytechnic, 1937), c a r r i e d i n as 

suspended sediment by the River Cober and the other 

- 130 -



contributory streams. This i s true even of Zone A. As such, 

Loe Pool sediments constitute a record of the changes i n the 

rate of transfer of material from catchment to the lake. Some 

of the materials deposited may o r i g i n a t e from reworked or 

eroded material from the shore, but t h i s i s l i k e l y to be only 

a very small percentage of the t o t a l . In Loe Pool, the only 

autochthonous mineral component r e s u l t s from deposition of 

diatom f r u s t u l e s and a few other s i l i c e o u s remains from other 

organisms. No attempt was made i n the study to quantify, t h i s 

autochthonous component. 

The r e s u l t s show a f a i r l y constant i n f l u x of between 1.3 and 

2.Qg/cm^/yr in Zone C. In Zone B there i s an increase to a 

maximum of 26. 3g/cm-^/yr, and a subsequent f a l l above 90cm 

depth to a much lower figure of around O.lg/cm'^/yr i n Zone A. 

The substantial change associated with Zone B i s due to a 

high i n f l u x of allochthonous material. This increase i n the 

i n f l u x of some elements has the the e f f e c t of d i l u t i n g the 

r e l a t i v e composition of other allochthonous species as well 

as the autochthonous component of the sediment. Changes i n 

the natural rates of removal and transport of catchment 

materials are i n s u f f i c i e n t to explain these differences and 

the supply of copious q u a n t i t i e s of mine wastes must 

co n s t i t u t e the major source of a d d i t i o n a l suspended sediment. 

6.1.3 Loss on i g n i t i o n (Figs. 6.1 & 6.5) 

As already discussed i n Section 4.2.2.3, i g n i t i o n loss (I.L.) 

can, with reservations, be equated with tha organic content 

- 131 -



et the sediments. Such matter can be both allochthonous or 

autochthonous i n o r i g i n . 

In terms of both i n f l u x and dry weight concentration, the 

level s of material l o s t on i g n i t i o n remain r e l a t i v e l y 

constant throughout Zone C. In Zone 3 there i s a f a l l i n the 

levels of I.L. (Fig. 6.1), i . e . the concentration of organic 

material d e c l i n e s . There i s , however, an increase i n the 

influx of organic material i n t h i s zone (Fig. 6.5). Toward 

the top of Zone B, i n f l u x of organic material decreases 

sharply, reaching a f a i r l y constant, but much lower value i n 

Zone A. The dry weight concentration of organic matter, 

represented by I.L., increases in Zone A to l e v e l s above 

thCise fecund i n Zone C. Of the three zones, Zone A contains 

the highest proportion of organic material, and Zone B the 

lowest. It i s d i f f i c u l t to separate the allochthonous and 

autochthonous organic contributions to the sediment, but i t 

would seem l i k e l y , p a r t i c u l a r l y i n l i g h t of the diatom 

res u l t s discussed i n Chapter 7, that the r i s e i n i n f l u x of 

organic material i n Zone B i s due l a r g e l y to an increase i n 

the allochthonous component, and nô t through any change i n 

lake p r o d u c t i v i t y . 

6.1.4 Kjeldhal nitrogen (Figs. 6.1 & 6.5) 

The dry weight values of nitrogen (Fig 6.1) are strongly 

correlated with loss on i g n i t i o n ( c o r r e l a t i o n c o e f f i c i e n t (r) 

of Q.7353, Table 6.2), and nitrogen i n f l u x (Fig 6.5) also 

follows the general trend of minerogenic i n f l u x , with the 
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exception of soiiíe higher values i n the upper h a l f of Zone B. 

When expressed i n terms of sediment dry weight (Fig. 6.1), i t 

can be seen that nitrogen represents a higher proportion of 

t o t a l sediment weight i n Zone A than i n Zone C, with the 

lowest values found i n Zone B. Influx of nitrogen would 

appear to have been higher pr i o r to the 1920's than i n the 

l a s t few decades, but Zone B displays by f a r the larg e s t 

figures. 

6.1.5 I g n i t i o n l o s s : Nitrogen r a t i o (see F i g . 6.1) 

.The sedi.m.ents of Zo.nes B and C very l a r g e l y possess a C/N 

r a t i o of le s s than 10, but the r a t i o r i s e s considerably .in 

Zone A. 

6.1.6 Phosphorus (Figs. 6.1 & 6.5) 

In terms of dry wei.ght (Fig. 6.1), phosphorus l e v e l s remain 

f a i r l y constant i n Zone C, r i s e gradually i n Zone B and peak 

at considerably higher values i n Zone A. 

The i n f l u x of phosphorus (Fig. 6.5) remains f a i r l y steady 

from 1375 to 1923 (Zone C). It r i s e s markedly i n Zone B and 

but in Zone A i t f a l l s back to l e v e l s below those i n e i t h e r 

Zones C or B. 

Phosphorus i n f l u x thus f a l l s towards the sediment surface, 

but at present, phosphorus constitutes a higher proportion of 

the sediment being deposited. 
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6.1.7 Nitrogen : Phosphorus r a t i o (see F i g . 6.1) 

A number of workers have used the r a t i o of N : P as an 

indicator of nutrient status (e.g. D i g e r f e i d t 1975, Bengtsson 

& Persson 197S). A lowering of the r a t i o indicates increased 

trophic status. Results from these sediments (Fig. 6.1) show 

that t.he r a t i o f l u c t u a t e s throughout the core and other than 

a decrease i n Zone B, no o v e r a l l trend can be distinguished. 

6.1.3 Sedimentary plant pigments (Figs. 6.2 â 6.5) 

I.n t h i s analysis, chlorophyll d e r i v a t i v e s and t o t a l 

carotenoids were extracted separately -and l e v e l s of t.ht 

pigments. i n Loe Pool vary considerably. 

Chloroiphyll d e r i v a t i v e s , expressed as pigment units (P.U.) 

per gram organic matter (Fig. 6.2), show no obvious trend. In 

Zone C. the highest values occur at the base of the core. A 

decline to a general l e v e l of around 5.0 P.U. i n Zone B, i s 

followed by an increase to a miaximiumi o-f about 18.0' i n Zc^ne A. 

Influx r e s u l t s for chlorophyll d e r i v a t i v e s (Fig. 6.5) are 

more va r i a b l e , with the lowest values of between 1 and 2 P.U. 

cm"-̂  yr-^-. There i s an increase i n Zone B with values varying 

considerably and with no d i s c e r n i b l e change i n pattern i n 

Zone A. 

Carcitenoids show a very s i m i l a r pattern in both dry weight 

(Fig. 6.2) and i n f l u x terms (Fig. 6.5). 



6.1.9 Chlorophyll : Caroterioid r a t i o (Fig. 6.2) 

This r a t i o been bsen used to indicate changss i n the r e l a t i v e 

contributions of allochthonous and autochthonous organic 

matter and changing oxygen conditions at the mud water 

Interface (see Section 1.4.2.4). The r e s u l t s from Core LP3M3 

.show no p a r t i c u l a r pattern except f o r a s l i g h t increase i n 

t.he r a t i o i n Zone 3. 

6.1.10 Phosphorus : Chlorophyll r a t i o (Fig. 6.2) 

From a minimum at the base of Zone C, the r a t i o increases to 

3 l e v e l of around 0.4 for the rest of t h i s zone. In Zone 3 

the r a t i o r i s s s ' t o a maximum of 1.1 between 100 and 90cm, 

with 3 second but smialler peak i n Zone A. 

5.1.11 Sodium, potassium, magnesium, calcium (Figs.6.3 & 5.5) 

In r e l a t i v e terms, sodium, potassium and magnesium a l l show a 

s i m i l a r pattern (Fig. 6.3). There i s a gradual decline i n 

values from the base of Zone C, with a sharp decrease in Zone 

3 whsre the minimum values are to be found. In the r e s u l t s 

for sodium and magnesium, there i s then a r i s e to l e v e l s 

below those found i n Zone C, towards the surface. For 

potassium there i s a peak at the top of Zons 3, followed by a 

rsduction i n values i n Zone A. There i s a much c l s a r e r trend 

in the r e s u l t s for calcium, with an o v s r a l l d s c l i n e from the 

base of the core to the sediment surface. 
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Influx r e s u l t s (Fig. 0.6) ars very s i m i l a r for a l i four 

slemsnts. Lsvels f o r Zone C ars r e l a t i v e l y uniform, but thsre 

i s gensrally a f o u r - f o l d incrsass i n Zons 3. The i n f l u x of 

a l i of these elements then t a i l s o f f at the top of Zone 3 to 

s e t t l e at steadier, but mueh lower values, i n Zone A. 

6.1.12 Sodium : Potassium r a t i o (Fig. 6.3) 

There i s a d i s t i n c t trend i n the Na/K r e s u l t s from t h i s core. 

The ra t i o deciines slowly from the base of the core to the 

middle of Zons 3, a f t s r which i t r i s s s with proximity to the 

sedimsnt surface. 

6.1.13 Iron and manganese (Figs. 6.3 & 6.6) 

The r s s u l t s f o r these tvjo elemsnts, exprssssd i n tsrms of dry 

wsight of sediment d i f f s r marksdly (Fig. 6.3). Iron i s more 

variable, decreasing from an early maximum at the base of 

Zone C to a lowsr but r s l a t i v s l y steady Isvel i n the upper 

part of t h i s zone and the lowsr part of Zone B. Between 110 

and 60cm the valuss rsach t h e i r minimum, but increase again 

i n Zone A. 

Manganese shows a more regular pattern, d i s p l a y i n g a f a i r i y 

steady increase from the base of the core to the top of Zone 

B. In Zons A thers i s considerabls v a r i a t i o n but an o v e r a l l 

dscrease i n manganese l e v e l s 

The influx values ars again doiminatsd by ths very high 
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sediiüent deposition rates of Zone B (Fig. 6.6). In Zones A 

and C, the l e v e l s of both elements are r e l a t i v e l y uniform 

with ths lowest f i g u r e s i n Zone A. However, the two slements 

do show s l i g h t l y d i f f e r e n t patterns i n Zone B. Iron i n f l u x 

incrsases r a p i d l y at the base of Zone B and then t a i l s o f f 

abovs dQcm. Manganese reaches a maximum between 100 and SOcm, 

somswhat l a t e r than i r o n . 

6.1.14 Iron : Manganese r a t i o (Fig. 6.3) 

This r a t i o has been suggested as an i n d i c a t o r of redox 

conditions (see Section 1.4.2.3), and there i s c e r t a i n l y a 

trend i n the r e s u l t s from t h i s core. The r a t i o deciines from 

just above the base of the core to a minimum at the top of 

Zone B. There i s then a s l i g h t increase to a f a i r l y stsady 

l e v e l i n Zons A. 

6.1.15 Mstals (Figs. 6.4 i 6.7) 

In tsrms.of the r e l a t i v e concentration of the various metals 

sxtracted, scmie trends are apparent (Fig. 6.4). 

Results for copper are given f o r both the acid extraction and 

x-ray fluorescence techniques. The two sets of r s s u l t s 

c o r r s l a t e c l o s e l y (r = 0.5506, Table 6.2), although i t must 

be noted that the two m.ethods of m.easure.msnt are qui te 

d i s s i m i l a r and r e s u l t s d i f f e r by an order of magnitude. 

Expressed in terms of dry weight (Fig. 6.4), copper shows a 
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Chemical a n a l y s i s r e s u l t s . core LP3M3 



d e c l i n e from the base of the core to the middie of Zone C, 

r i s i n g to a f a i r l y constant l e v e l i n the Upper po^rtion of 

Zone C and into Zone B. Maximum values occur on the boundary 

between Zones B and A. The r e s u l t s for zinc- c o r r e l a t e very 

strongly with those of copper (r = 0.7449, Table 6.2), but 

the r a t i o between the twc elements shows no trend (Fig. 6.4). 

Analysis for t i n was l i m i t e d to the x-ray fluorescence 

technique (see Section 4.2.2.6) owing to the d i f f i c u l t i s s of 

e x t r a c t i n g t h i s element using the methods employed for the 

others. From these r e s u l t s (Fig.6.4), a f a i r l y constant l e v e l 

i s maintained throughout Zones C and 3 with the exception of 

very high values between 210 and 190cm. Tin values decline 

from the Upper part of Zone B into a minimum i n Zone A. 

A s i m i l a r anomaly occurs i n the r e l a t i v e r e s u l t s f o r lead 

(Fig. 6.4). Throughout a l l three zones, lead l e v e l s remain 

f a i r l y uniformly low, with the exception of a s l i g h t r i s e 

between 260 and 230cm and a major peak between 60 and SOcm. 

Aluminium and chromium r e s u l t s , expressed i n terms of dry 

weight, Show sim i l a r patterns, with both remaining f a i r l y 

steady throughout Zone C and d e c l i n i n g to a minimum in the 

centre of Zone B. The values f o r both elements then increase 

to previous levels at the top of Zone B. In Zone .A, however, 

aluminium decreases i n concentration whereas chromium 

continuss to increase to a maximum towards the sediment 

surface. 
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Fig. 6.7 d i s p l a y s ths i n f l u x r e s u l t s f o r f i v e of the metals: 

The patterns of i n f l u x are very s i m i l a r , dominated by the 

considerable increase i n sediment deposition in Zone B and 

tend to mask the more subtle changes apparent in the 

corresponding dry weight values i n F i g . 6.4. 

6.2 P a r t i c l e s i s e analysis 

The r e s u l t s of p a r t i c l e s i z e analysis are displayed i n 

Figs. 6.3 and Figs. 6.9 to 6.37 and are detailed i n 

Table 6.3. 

Between the base of the core and 140cm (Zone C), the pattern 

of p a r t i c l e s i z e i s r e l a t i v e l y constant, with only one or two 

samples, notably numbers 13 and 23, showing a s l i g h t r i s e i n 

the f i n e sand f r a c t i o n . 

Sample 14, at the base of Zone B, i s almost unique i n 

possessing only a very small proportion (10%) of material 

greater than 20 microns. The sample consists almost e n t i r e l y 

of f i n e s i l t s and clays. Between 130 and SOcms (samples 13 to 

9), the proportion of coarser material, p a r t i c u l a r l y the 

coarse s i l t s , increases markedly. Sample 9 i s almost devoid 

of clays and f i n e s i l t s . Between 30 and 40cm (samples S to 5) 

there i s a trend towards f i n e r sediments. Samples 5 and 4 

represent the top of Zone B. Sample 4 i s very s i m i l a r i n 

character to sample 14, being predominantly f i n e s i l t s and 

clays. Sc>th samples 14 and 4 are associated with the pink 

clay bands deposited i n 1923 and 1933. 
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Table 6.3 

Core LP3M3 p a r t i c l e s i z e a n a l y s i s r e s u l t s 

F r a c t i o n s i z e s i n microns: 

A 
B 
C 
D 
£ 
F 
G 

<2.00, 
2.0-5.6 
5.6-9.8 
9.8-20.0 

20.0-50.0 
50.0-63.0 
63.0-125.0 

Fr a c t i o n % 

Sample A B C D E F G 

1 26.42 15.98 13.56 25.71 10. 17 7.22 0.94 
2 26.54 16.52 16.48 18.96 15.45 5.69 0.36 
3 24.63 17.34 17.43 20.95 14.34 5.07 0.24 

27. 13 27.30 22. 71 15.66 5.84 1 . 15 0.21 
5 35.07 26.84 12.63 7.31 4.24 11 .51 2.40 
6 32.01 23.60 15.53 9.57 7.23 7.57 4.49 
7 27.37 26.55 18.60 10.32 5.49 7.62 4.05 
a 16.75 20.23 19.38 18.38 18.45 5. 19 1.62 
9 2.82 2.90 12.63 18.27 37. 14 16.72 9.52 
10 8.14 9.29 12. 14 19.86 41.00 5.70 3.87 
11 15.64 17.41 19.67 20.96 16. 04 6.32 3.96 
12 20.08 19.78 18.70 18.01 11.04 9. 10 3.29 
13 16.82 18.34 20.71 20.31 13. 17 6.73 3.92 
14 42.38 32.01 15.62 6.27 3. 06 0.66 0. 00 
15 37.76 20.05 14.34 15.36 9.48 0.58 2.43 
16 45.03 20.44 14.82 11 .42 6.62 0.08 1.59 
17 40. 77 19.63 14.66 15. 12 8.84 0. 17 0.81 
IS 30.86 14.37 13.33 17.72 17.47 0.33 5.37 
19 39. 07 17.85 17.07 15.74 8.61 0.79 0.87 
20 45.02 19.43 15.85 10.22 8.48 0.84 0. 16 
21 33.01 20.28 15.45 17.31 5.74 7.80 0.41 
22 35.29 18. 18 14.99 15.72 13.04 1.74 1 .04 
23 37.32 12.99 8. 15 10. 18 17.07 12.92 0.87 
24 34.78 16. 13 14. 18 15.20 12.66 4.80 2.25 
25 41 .67 21 .31 13.63 11 .82 7. 07 3.94 0.56 
26 39.86 19.03 15.60 12. 17 9.09 2.76 1 . 49 
27 41 . 07 20.31 13.07 10.69 7.95 4.93 1.98 
23 37.62 20.25 15.57 13.69 8. 11 3.82 0.94 

Means for a l l samples 
30.77 19.08 15.61 15. 10 12.25 5.06 2. 13 

Means for Zone A -
26.18 19.29 17.55 20.32 11.45 4.78 .44 

Means for Zone B 
21.71 19.70 16.56 14.93 15.69 7. 71 3.71 

Means for Zone C 
38.55 18.59 14.38 13.74 10.02 3.25 1 .48 



Zone A, which includes part of sample 4, différa in character 

froîTi Zone C. However, there are s i m i l a r i t i e s , i n ternis of 

p a r t i c l e s i s e , to samplss 13 to 11 i n Zone B, although 

nuîïïbers 3 to 1 lack the f i n e sand f r a c t i o n . 
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Results of m i c r o f o s s i l analyses 

7.1 Introduction 

One of the aims of t h i s research programme was to examine the 

s c o l o g i c a l development of Loe Pool. The use of sedimehtary 

m i c r o f o s s i l s has long been an important technique i n such 

investigations and a v a r i e t y of such analyses were performed 

on a number of sediment cores and samples from the lake. 

Diatoms are the m i c r o f o s s i l s which can y i e l d a large amount 

of environmental information but other remains, encountered 

whilst counting diatoms, have also been included where 

appropriate. These include the cysts and scales of some 

Chrysophycsaen species, the sp i c u l e s of some freshwater 

Spenges ( Per i f er a ) and in Zone A, the remiains of some green 

algae such as species of Pediastrum. Scenedesmus and 

Staurastrum. 

The analyses associated with these m i c r o f o s s i l s f a l l 

p r i n c i p a l l y into two catégories. F i r s t , there are those i n 

which the' r e s u l t s are expressed i n r e l a t i v e termis. These show 

the changés i n the composition of a p a r t i c u l a r m i c r o f o s s i l 

assem/olage through tim;e. Second, there are absolute analyses 

which not only c l a r i f y changes i n the composition of a 
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coiTimunity but also deterniine the t o t a l quantity of 

m i c r o f o s s i l s per unit volume of sediment concentration. When 

these data are combined with informa:tion on rates of sediment 

déposition, an estimate of the annual i n f l u x of mmicrofossils 

to the sedi.ment can be arriv e d at. This can the.n be related 

to lake p r o d u c t i v i t y (Battarbee 1979). 

In t h i s i n v e s t i g a t i o n , both types of analysis were employed. 

Core LP3M3 was used to study both r e l a t i v e and absoluta 

m i c r o f o s s i l numbers, i n order to détail the e c o l o g i c a l 

development of the Pool over the past century. The same 

twenty eight 10cm subdivisions of core LP3M3 were used for 

diatom analysis as were employed f o r the physical and 

C h e m i c a l analyses d e t a i l e d i n the previous chapter. However, 

tha part ' of t h i s core i n the région of the sédiment water 

i n t e r f a c e was to some extent disturbad upon r e t r i e v a l . 

Consaquantly, a mora d e t a i l e d diatom analysis of t h i s section 

was performed on a frozen sediment sample, BFSIO, which 

included an undisturbad sédiment water i n t e r f a c e . The 

adhesive tape peel method, the r e s u l t s of which more c l e a r l y 

dem.onstrate the changes i n diatom f l o r a over the past f i f t y 

years, was employed in t h i s case. 

Tha dating of the sediment column i n such cores as LP3M3 

r e l i e s hea.vily on the -assumption that c e r t a i n laminated 

séquences, p a r t i c u l a r l y those i n Zone C, are of an annu-al 

nature. Diatom counts, again using the adhesive tape method, 

from a from a section of Zone C i n core LP3M3, and a deeper 

section from core R32, obtainad using a 'Russian' borer, 



demonstrate the v a l i d i t y of t h i s assumption and provide 

clearer information on both annual changes i n diatom 

populations and the o v e r a l l v a r i a t i o n i n the diatom f l o r a 

over time. 

The adhesive tape method of diatom analysis f a l l s half way 

between the conventional c l a s s i f i c a t i o n s of ' r e l a t i v e ' and 

'absolute' counts. It might best be described as semi

quantitative i n that i t measures the t o t a l numbers of diatoms 

in consecutive but di s c r e e t f i e l d s of view down the length of 

an adhesive tape peel. It can never be t r u l y q u a n t i t a t i v e i n 

that the amount of sediment adhering to the tape i s never 

even throughout i t s length. However, the advantages offered 

by this much f i n e r l e v e l of s t r a t i g r a p h i e d e t a i l make i t a 

valuable a n a l y t i c a l technique. 

In t h i s chapter, the r e s u l t s of m i c r o f o s s i l counts from each 

of the sediment sequences analysed, w i l l be de t a i l e d i n turn. 

In addition, the r e s u l t s of TWINSPAN analysis, introduced i n 

Chapter 4, and applied to a l l the adhesive tape counts, are 

described in t.he l a t t e r part of the chapter. 

7.2 Core LP3M3 

7.2.1 Relative diatom analysis 

The r e s u l t s of a r e l a t i v e diatom analysis of core LP3M3 are 

shown i n Fi g . 7.1. Owing to a loss of data during the study, 

only figures r e l a t i n g to the upper 14 core d i v i s i o n s out of 
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the o r i g i n a l 28 can be presented. 

As mentioned in section 6.1, a c e r t a i n amount of slumping and 

subsequent mixing of the surface sediments occurred upon 

r e t r i e v a l , a f f e c t i n g the uppermost three 10cm subsamples. The 

r e s u l t s of the diatom analyses from these samples almost 

c e r t a i n l y r e f l e c t t h i s disturbance, although s u b s t a n t i a l 

d i fferences i n diatom counts s t i l l appear. 

A second point to note i s that with a better knowledge of the 

sediment chronology at the time of subsampling, smaller 

subdivisions might have been preferable, in order to increase 

the resolution of the diatom analyses. 

Given these l i m i t a t i o n s , a number of major changes i n the 

diatom f l o r a preserved within the sediments can be observed 

from these subsamples. 

The r e s u l t s presented here cover Zones A and B. From the base 

of Zone 3 at a depth of 140cm, the most noticeable change i n 

the diatom taxa involves Synedra rumpens. This i s the 

dominant taxon i n Zone B. Its frequency i s around 30-40% i n 

most of Zone 3, with a decline between SO and 100cm depth. 

Above 40cm, however, i t s frequency declines. A s i m i l a r 

pattern i s shown by S u r i r e l l a ovata although the decline i n 

the percentage of t h i s taxon i s more marked and above 30cm i t 

i s a l l but absent. Tabellaría flo c c u l o s a and ^ ? i t 2 s c h i a palaea 

di s p l a y a greater frequency i n Zone B than Zone A, and 

Synedra acus. evident i n Zone B, i s absent above 40cm. 



In contrast to the pattern exhibited by the above, taxa such 

as T h s l a s s i o s i r a pseudonana show a steady increase froin SOcm 

up to the surface. A s t e r i o n e l l a formosa displays a s i m i l a r 

pattern with a sharp increase i n r e l a t i v e abundance above 

^Ocm. C y c l o t e l l a meneghiniana. present i n very low 

frequencies i n Zone B attains a maximum between 20 and 30cm 

in Zone A, then declines towards the surface. Melosira 

granulata var. angustissima presents a s l i g h t l y d i f f e r e n t 

pattern, being absent below 70cm and showing a maximum 

between 40 and 30cm before l e v e l l i n g o f f at around 10%-

between 30cm and the surface. Melosira varians echoes t h i s 

pattern, but at a lower r e l a t i v e frequency. 

There are several taxa which show l i t t l e s i g n i f i c a n t change 

throughout Zones A and B. These include Ch-aetoceras muelleri . 

F r a g i l a r i a pinnata and F r a s i l a r i a vaucheriae. 

O v e r a l l , the pattern which emerges i s of a s u b f o s s i l diatom 

f l o r a dominated i n Zone B p r i m a r i l y by a singl e taxon, 

Svnedra rumpens. .As the r e l a t i v e im.portance of t h i s species 

declines, i t i s replaced i n Zone A by four main planktonic 

tzxa, T h a l a s s i o s i r a pseudonana, A s t e r i o n e l l a formosa. 

Melosira granulata var. angustissima. and to a le s s e r extent 

C v c l o t e l l a meneghiniana. A number of other taxa show s i m i l a r 

trends but with much lower frequencies. 
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7.2.2 Absolute diatom a n a l y s i s 

The r e s u l t s of the absolute diatom analysis of core LP3M3 are 

shown i n Fig. 7.2 and d i s p l a y the same raw data as above but 

expressed i n termis of the numbers of diatomi valves deposited 

per square cm per year. 

The q u a l i t a t i v e species changes are obviously i d e n t i c a l to 

those of the r e l a t i v e a n a l y s i s but when the data i s converted 

to i l l u s t r a t e annual i n f l u x , a d i f f e r e n t pattern émerges. 

The main trends can be seen i n the t o t a l number of diatom 

valves being deposited cm-^ year-^-. There appears to be an 

increase from around 1. S x 10"^ valves cm-= year" at the base 

of Zone 3 to a maximum of around 6.2 x 10"̂  valves cm"'̂ ' year'"'-

between 70 and 50cm depth. This r i s e i n Zone B i s due mainly 

to the very large numbers of Synedra rumpens deposited i n 

t h i s part of the sédiment. The t o t a l then déclines markedly 

i n Zone A. 

în Zone B, the general trend i s one of maximum déposition of 

f r u s t u l e s i n the upper part of the zone. This pattern i s 

exhibited by taxa such as C y c l o t e l l a meneghiniana, Svnedra 

p u l c h e l l a , Chaetoceras muelleri and F r a g i l a r i a vaucheriae. 

Synedra rumpens displays a f a i r l y even depositional pattern, 

with the exception of a considérable increase between 80 and 

bOcm. S u r i r e l l a ovata i s évident i n considérable numbers i n 

t h i s région of the core, showing a general increase with 

depth, and together with Synedra rumpens. assumes dominance 



in Zone B. 

The general trend shown by the main planktonic taxa i n Zone 

A, ( T h a l a s s i o s i r a pseudonana. A s t e r i o n e l l a and Melosira 

granulata var. angustissiiria ) i s an increase from the base of 

the zone toward the sédiment surface, i n d i c a t i n g that 

production of these diatoms may have increased since 1937 

{40cm depth). Melosira granulata var. angistissima only 

appears above 80cm (1929) .and Melosira v^arians only above 

60cm (1932). The vast majority of the other taxa present i n 

Zone A show a decline towards the surface. 

7.2.3 Estimation of past pH conditions 

Much has been written concerning the interprétation of past 

pH conditions using the préférences of each diatom taxon. The 

c l a s s i c work upon which many present day interprétations are 

based and which outlines the pK system used, i s that of 

Hustedt (1937-39). A number of authors nave b u i l t upon t h i s 

system, notably Nygaard (1956), who developed an index a for 

pK estimation. This was used and further refined by such 

authors as MerilSinen (1967), D i g e r f e l d t (1972), and Renberg 

(1976). In t h i s study the formula used to c a l c u l a t e pH i s 

that of Renberg & Hellberg (1982) who improved Nygaard's 

index a with the development of index 3, where; 

index 3 = ( %ind + 5x%acf ̂ 40x%acb ) / {%ind-^3 . 5x%alkf +108x%alkb ) 



pH can then be derived using the formula 

pH = 6.4 - 0.35 log index 3 

The results are given i n F i g . 7.3 and Table-7.1. 

pH c l a 3 3 i f i c a t i o n s f o r each of the taxa encountered i n the 

Loe Pool sedimients, together with further e c o l o g i c a l 

preferences are tabulated i n .Appendix 3. 

The pH derived from, the diatom. f l o r a i n the basai sedim.ents 

i s around 6.5. This f a l l a slowly to a minimum of 6.00 i n the 

sam.ple from. 90-30cm depth. There Ì3 then a r i s e to around 

6.75 at a depth of 60cm. In Zone A, the pK value indicated i s 

above 7.0, varying to a maximum of 7.22 between 30 and 20cm, 

and 7.13 at the sediment surface. 

7.3 Sample FSSIO 

This material was taken from a f i a t frozen sample which 

displayed very s i m i l a r stratigraphy to core FBS12 but with a 

s l i g h t l y thinner layer of upper brown g y t t j a (Zone A) above 

the uppermost pink d a y . The sample i t s e l f was l o s t prior to 

photography a f t e r one of the freezer breakdowns. 

The count . i s from an adhesive tape peel and comprises a l i 

diatoms i n consecutive SOOum f i e l d s of view from the sediment 

water interface down to a depth of 26.0cm, terminating i n 

layer 3015 ( c . f . Piate 5.3, Sample FB314}. 



Table 7.1 

pH estimates from diatom analysis of Gore LP3M3 using the 

formula f o r Index B d e t a i l e d by Renberg & Hellberg (1982) 

Segment Depth (cm) pHB 

1 0-10 7. 13 

2 10-20 7. 19 

3 20-30 7.22 

4 30-40 7.06 

5 40-50 6.71 

6 50-60 6.74 

7 60-70 6.76 

3 70-80 6.56 

9 80-90 6.00 

10 90-100 6.33 

11 100-110 6.49 

12 110-120 6.48 

13 120-130 6.56 

14 130-140 6.51 



Zone A, the upperiTiost g y t t j a , which niay have posessed some 

structure upon i n i t a i deposition, i s now considerably 

bioturbed i n both t h i s sample, and in the vast majority of 

samples retrieved. D i f f e r e n t i a t i o n of any seasonal structure 

i s only occasionally p o s s i b l e i n the aost r e c e n t l y deposited 

material (Simola et a l . 1981). However, i n t h i s zone, 

v a r i a t i o n s i n m i c r o f o s s i l populations are evident, as 

bioturbation appears to operate on a l i m i t e d depth of 

material at any one time. This means that some 'blurring' of 

the stratigraphy occurs but the e n t i r e zone i s never f u l l y 

mixed. The m i c r o f o s s i l evidence i s thus l e s s d e t a i l e d than 

that from some of the deeper sediments, but the adhesive tape 

peel counts do reveal a much c l ^ a r e r picture "of change than 

t r a d i t i o n a l subsampling and preparation teehniques. 

The r e s u l t s of the diatom analysis of sample^^^^lO are shown 

i n Fig. 7.5, and are expressed as valves per f i e l d of view. 

The majority of diatom taxa .counted were planktonic , although 

a number of epiphytic species were also present. 

In Zone A there are a number of notable changes. Setween 

about le.Ocm and 5.Ocm depth, the t o t a l diatom count remains 

r e l a t i v e l y C o n s t a n t . Between 5.Ocm and 1.Ocm there i s a 

marked r i s e , followed by a f a l l towards the sediment surface. 

This f a l l i s probably due to lack ' of compaction of the 

surface sediment i-.'here the water content i s very hig.h. The 

sudden r i s e in diatom numbers i s due to the appearance of 

Helosira granulata var. angustissima. Below 6.Ocm t h i s taxon 

was net observed. This i s the most recent a'nd mĉ st noticeable 



change i n the f o s s i ! diatom f i o r a of the ?oo!. Another abrupt 

change appears te occur at the base of Zone A at a depth of 

about 20.0em where one taxon, A s t e r i o n e l l a formosa. net 

prasent i n deeper sediments, m.akes i t s f i r s t appearance. 

Above 14.Som t h i s taxon dominates the f l o r a u n t i ! i t declines 

at about 4.0cm. depth. Above t h i s , Melos i r a granulata var. 

angustissima assum.es domiinance. 

Three other planktonic taxa i n Zone A which are present i n 

very smal! numbers i n deeper sediments, incrsase i n 

abundance. These are T h a l a s s i o s i r a pseudonana. C y c l o t e l l a 

meneghiniana and to a l e s s e r extent, Melosira varians. 

C y c l o t e l l a meneghiniana appears above 20.Ocm but 

T h a l a s s i o s i r a pseudonana i s net recorded u n t i ! above 13.Ocm, 

foll o w i n g the major r i s e i n A s t e r i o n e l l a formosa. Melosira 

varians i s c e r t a i n l y present i n deeper sediments but i s 

absent in much of Zone B. It reappears at about 20.Ocm i n 

lay e r B008 and i s also present i n smal! numbers at the 

sediment surface. 

The most noticeable decline towards the sediment surface i s 

that of Synedra rumpens. which i s one of the most numerous of 

a l ! species p r i o r to 1940. A strong peak occurs i n layer BOIO 

at around 22.Ocm depth but above that leve! the species i s 

very infrequent, making i t s l a s t appearance i n t h i s sample at 

about 11.Ocm. 

The remains of some green algae are quite prc^minent i n Zone 

A. In the case of Pediastum boryanum and Scenedesmus sp., 
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thess 3 p p s 5 r at a depth of 20.Ocm and above, with Staurastrum 

sp. évident above 10.4cm. As c e l l s from thèse species were 

found at greater depths, -albeit i n very small numbers, i t i s 

probable that t h e i r sharp increase i n abundance above 20.0cm 

and 10.4cm respectively, i s due to a genuine increase i n 

t h e i r présence, rather than through natural decay of the 

remains within the sédiment. 

Of the other m i c r o f o s s i l s counted, the sponge spi c u l e s 

displayed no apparent trend of déposition either on an annual 

basis or i n t h e i r o v e r a l l occurrence i n the sédiment over 

time. The numbers of Chrysophyte cysts on the other hand 

displayed some kind of pattern, tending to occur i n marked 

peaks such as that i n the middle of layer BOIO. 

The m i c r o f c s s i l stratigraphy of sample FBSIO i s c l o s e l y 

a l l i e d to the sédiment stratigraphy. The upper and 'lower 

bands of pink clay, comprising layers 3007-B009 and 3011-B012 

shovj a d i s t i n c t paucity of m i c r o f o s s i l s , e s p e c i a l l y layer 

3011 which i s completely devoid of remains. This i s c e r t a i n l y 

linked to the very high rates of déposition of thèse layers 

and can be contrasted with what may be the darker summer 

layers of BOlO and B013 beneath each clay band, where the 

rate of déposition must have been much smaller. 

The zonation of the sédiment column into Zones A and 3 on 

s t r a t i g r a p h i e grounds as described i n Chapter 6 i s p a r a l l e l e d 

by the d i s t i n c t change i n the a l g a l m i c r o f o s s i l f i e r a whioh 

occurs at and above about IS.Ocm depth. Belew t h i s , i n Zone 



B, the f l o r a i s dominated by 3 v n ed r a r u a joe n s . whereas Zone A 

e x h i b i t s a more diverse f l o r a which above about 5.Ocm i t s e l f 

changes from one characterised by the occurrence of 

A s t e r i o n e l l a formosa to one dominated by Melosira granulata 

var. angustissima. 

In both zones a number of other planktonic speoies p e r s i s t 

throughout although i n comparatively low numbers. These 

include Synedra pulc h e l l a . S. acus. S. ulna and a number of 

epiphytic diatoms such as Cocconeis placentula and S u r i r e l l a 

c a p r o n i i . 

7.4 Core LP3M3.(161-173cm) 

Simola et a l . (iy S i ) described the m i c r o f o s s i l sequence of a 

12.Ocm section o f core LP3M3 from 173-lS5cm depth (wrongly 

l a b e l l e d '194-206cm' i n that paper), which was prepared using 

the adhäsive tape peel method. F i g . 7.4 shows the 12.Ocm 

sequence d i r e c t l y above t h i s , from 161-173cm, derived using 

the same technique. Both sequences e x h i b i t a V a r i a t i o n i n the 

diatom f l o r a , which i s mirrored also i n the colou r a t i o n o f 

the S e d i m e n t s . These c h a r a c t e r i s t i c s , which are interpreted 

as seasonal features hava been the basis ô f the dating of 

Zone C, o f which t h i s section i s f a i r l y t y p i c a l . 

The darker bands of sediment are associated with increases i n 

the two most abundant taxa, which i n t h i s region o f the 

sediment column are S u r i r e l l a ovata and Svnedra rumpens. The 

occurrence of these. i s sometimes associated with Chaetoceros 



muslleri . but t h i s species i s rsuch less f requent. In both 

t h i s section and that reportad by Simola et a l . (1931), these 

species e x h i b i t soma seasonal succession. The sequence has 

been divided into four units (1, m, n and o) within which 

peaks of diatom d e p o s i t i i o n bave occurrad. The most prominent 

m.axima are those exhibitad by Synedra rum^pens. In units 1, m 

and n the peaks i n Synedra rumpens are associated with those 

in the numbers of Cysta microcarpa (sensu Nygaard 1956) 

contained l a r g e l y within the darker layers. These cysts are 

thought to be deposited i n the autumn. The layers between 

these peaks, which contain fawar diatoms, are thought to 

represent winter months and ara associated with the grey-

brown clays (Simola et a l . 1931). Unit o, which straddles the 

two 12.Ocm sequences, displays sediments c h a r a c t e r i s t i c of 

winter deposition between 171.4cm and 172.3cm and the Synedra 

rumpens summer peak between 172. Sem: a.nd 174. Ocm. In t o t a l , 

the co.mbined 24. Ocm of sediment contains nine a.n.nual 

sequences. 

The o v e r a l l diatom f l o r a of t h i s section i s very d i f f e r e n t 

from that found i n the sediments of Zone A. The d i v e r s i t y of 

species i s considerably raducad but e x h i b i t s a strong 

seasonal influance. 

7.5 Core RB2 ' 

This lOcm sect i o n i s part of a 'Russian' borer sample which 

was r e t r i e v e d from Carminowe Creek, the south-easterly arm of 

the lake, fed l a r g e l y by Carminowe Stream (Fig. 2.6). Sach of 



the SO.Ocm sections of the core were fresen i n the iaboratory 

using l i q u i d nitrogen and then stored fresen, This allewed 

cleanirig and freese-drying of the f i a t face of each unit. The 

cere ceuld then be treated as any other fresen sample and 

adhesive tape peels fer m i c r e f o s s i l analysis ceuld be taken. 

This was performed on a r e i a t i v e l y undisturbed part of the 

deepest 50.Ocm section. 

This sample was analysed for m i c r o f o s s i l s as i t represents 

the deepest sediments retrieved from Lee Pool during t h i s 

study. Ne further analysis was performed on these samples as 

the cores were considerably d i s t o r t e d following the breakdown 

ef the S t o r a g e freezer. 

The material shewed s i m i l a r s t r a t i g r a p h i e c h a r a c t e r i s t i c s te 

Zone C of core LP3H3 but came from a depth ef 460.0-470.Ocm. 

Any cemparison ef the stratigraphy ef cores RB2 with that of 

cere LP3M3 i s d i f f i c u l t owing te t h e i r d i f f e r e n t source 

locations within the lake, although Zones A and B ars 

d i s c e r n i b l e i n the upper part of the cere sequence. Tracing 

the exact corrélation of Zons C bstween the twĉ  cores i s , 

howsver, almost impossible. In addition, d i s c e n t i n u i t i s s 

bstwsen ths 50.0cm ssetions of the 'Russian' cors mean that 

an unintsrrupted sequencs of ssdimsnts was net obtainsd. 

Dating ef t h i s material i s at best, thsrefors, somewhat 

tentative, but applying the rate of deposition ef Zone C of 

cors LP3M3, (2.6cm per annum), as an estimate, the 10.Ocm 

section weuld date from the early 19th esntury. As ratss of 



deposition obviously vary according to l o c a t i o n w i t h i n the 

lake, i t i s emphasised that t h i s i s a very approximate 

dating. The sample i s valuable, however, in that i t reveals 

something of the diatom f l o r a which existed p r i o r to that 

represented by the samples from core LP3M3, discussed i n 

section 7.4 above. 

The f l o r a observed d i f f e r s markedly from any other portion of 

the sediment stratigraphy. Two planktonic species, C y c l o t e l l a 

meneghiniana and Melosira j u e r g e n s i i , dominate. T a b e l l a r l a 

flocculosa and Diatoma elongatumi. also l a r g e l y planktonic, 

are present i n smaller numbers. In the case of both 

C y c l o t e l l a meneshiniana and Melosira .iuergensii _ there would 

appear to be a s i m i l a r c y c l i c i t y of deposition as occurred 

with species such as Synedra rumpens in Zone C, and again, 

some seasonality of deposition may be i n f e r r e d . From a simple 

visu a l i n t e r p r e t a t i o n of the plotted data, four annual cycles 

or part cycles are evident within the 10.0cm section. 

The seasonal succession would appear to be i n i t i a t e d in e a r l y 

spring by Melosira j u e r g e n s i i . This i s followed by 

T a b e l l a r l a f locculosa. the species common to l a t e 

summer/autumn, C v c l o t e l l a meneghiniana follows these two 

species, and coincides with an increase i n the number of 

chrysophyte cysts. Using t h i s sequence, the four cycles or 

part cycles are indicated in F i g . 7.6 as a, b, c and d. 

The occurrences of the three marine or estuarine species 

Parelia s u l c a t a . (referred to i n older keys as Melosira 
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sulcata), . Gomphonssa acuminatua var. coronata and Epitheaia 

turgida. tend to c l u s t e r around the appearance of Melosira 

j u e r s e n s i i . i n d i c a t i n g that these species- aay well have 

arrived through seawater overwashing the bar during winter or 

spring storms. The proximiity of the coring s i t e to the bar 

makes thi s a l l the more l i k e l y . 

These species, together with the more dominant taxa, r e f l e c t 

3 very d i f f e r e n t l a c u s t r i n e environment to anything indicated 

by the f l o r a s preserved within other parts of the sediment 

stratigraphy. 

Included i n the counts were the s i l i c e o u s spicules of a 

freshwater sponge, probably Spongilla l a c u s t r i s . although 

r e l i a b l e i d e n t i f i c a t i o n of species from t h e i r s p i c u l a r 

remains can be d i f f i c u l t . Turk à Turk (1976) have, however, 

i d e n t i f i e d freshwater sponges as being common around the 

shores of the lake. A d i s t i n c t i o n i s made between 

gemmoscleres, microscleres and megascleres, although these 

3re simply subdivisions of the general term 'spicule'. 

Although each may serve a p a r t i c u l s r function within the 

sponge, there i s u n l i k e l y to be any d i s t i n c t i o n between the 

deposition of the d i f f e r e n t types on a seasc^nal b 3 s i s . 

The chrysophyte cysts included i n the di5gr3m h3ve not been 

i d e n t i f i e d to species but 3re included 3s t h e i r presence i n 

lake sediments has been associated with deposition in the 

autumn. 



7.6 F i o r a i associations derived using TWINSPAN 

7.6.1 Introduction 

Ths use of TWINSPAN to d i v i d e samples i a t o groups d i s p l a y i n g 

siìTiilar f i o r a i associations has not been applied to t h i s type 

of adhesive tape peel m i c r o f o s s i l count before. It was hoped 

that scine objective d i s t i n c t i o n could be drawn between the 

seasonal variat i o n s i n diatom occurrence whioh are 

sub j e c t i v e l y apparent i n the r e s u l t s of counts from the 

samples detailed above. S i m i l a r l y , i t was hoped to 

d i s t i n g u i s h major changes i n the m i c r o f o s s i l stratigraphy 

over time, p a r t i c u l a r l y i n the counts macie on the most recent 

sediments. The r e s u l t s of these analyses are shown at the far 

r i g h t of each of the counts displayed i n Figs. 7.4, 7.5 and 

7.6, and are discussed i n d i v i d u a l l y below. It should also be 

noted that the group d i v i s i o n s i d e n t i f i e d by TWINSPAN are 

only v a l i d for each i n d i v i d u a i section of sediment analyaed, 

and that thers may be no s i m i l a r i t y between the diatoms 

placed i n , for instance, Group OQl from one sample and those 

placed i n Group 001 from another. 

Each i n d i v i d u a i count, comprising the m i c r o f o s s i l s recorded 

within one f i e l d of view, i s compared f o r s i m i l a r i t y with 

every other. They are then subdivided by TWINSPAN into 

groups of counts showing greatest o v e r a l l s i m i l a r i t y of 

species content. The ahalysis provides up to 6 l e v e l s of 

subdivision, or 64 groups. In p r a c t i c e 3 l e v e l s of 

subdivision (8 groups) were fcund to be more than adequate i n 
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providing a d i s t i n c t i o n between associations of species 

c h a r a c t e r i s t i c of p a r t i c u l a r l e v e l s within the sedinient 

stratigraphy. In some instances, 2 l e v e i s (4 groups) vjere 

found to be s u f f i c i e n t . 

7.S.2 TWI?-;SPAN analysis of Sample F3S10 

Of a l i the samples analysed using TWIN3PAN, t h i s core 

produced the c l e a r e s t d i v i s i o n s , i l l u s t r a t i n g the changes 

that took place i n the diatom f l o r a as a vjhole over the 

period 1936-1930. The r e s u l t s of the analysis are represented 

i n diagrammatic form at the far r i g h t of F i g . 7.5. 

Group 000 comprises a group of counts which are dominsted by 

one c h a r a c t e r i s t i c taxon, Melosira granulata var. 

angustissima. Other species are present, but much les s 

c o n s i s t e n t l y . 

Group 001 i s distinguished by tvio i n d i c a t o r species, 

C^/clotella -eneghiniana and Navi cu l a crvotocephala. Also 

commonly occurring i n as s o c i a t i o n with these species are 

Th a l a s s i o s i r a oseudonana. A s t e r i o n e l l a formosa and Svnedra 

- u l o h e l l a . 

Group 010 consists of a group of co^unts with a mĉ re diverse 

s e l e c t i o n of taxa. However, the indicator species for t h i s 

group are T h a l a s s i o s i r a pseudonana. Svnedra p u l c h e l l a . 

153 -



C v c l o t e l l a meneshiniana and Synedra rumpens i n combination. 

Group O l i i s characterised by the i n d i c a t o r Svnedra ulna and 

S u r i r e l l a c a p r o n i i . 

Groups 100 to 111 are less u s e f u l i n defining s p e c i f i c groups 

of taxa, although group 101 does pinpoint the larger 

occurrences of Svnedra rumpens. 

This type of analysis groups the counts into those with 

coìTìbinations of species i n common. It may completely ignore 

the more obvious dominant species but use consistent 

associations of species instead. As such i t can add an 

a d d i t i o n a l dimensión to the normal v i s u a l i n t e r p r e t a t i o n of 

such diagrams, h i g h l i g h t i n g groupings which might otnerwise 

be d i f f i c u l t to discern. 

The TwINSPAN analysis of t h i s core does show a p r o g r e s s i o n of 

diatom associations with the c l e a r e s t trend being from those 

characterised by the species t y p i c a l of group O l i in the 

lower half of the section, through groups 010 and 001 i n the 

c e n t r a i portion, to group 000 at t h e surface. C l e a r l y some 

e c o l o g i c a l change has prompted a change in the f l o r a from 

that of t h e l a t e 1930"s to that of the past decade. 

7.6.3 TWINSPAN analysis of Core LP3M3 sample {161-173cm) 

The r e s u l t s of the TWINSPAN analysis of t h i s sample are 

d i s p l a y e d on the far r i g h t of F i g . 7.4. 



Zone C of core LP3M3 i s characterised by a r e l a t i v e paucity 

of diatom species, with the f l o r a overwheimingly dominated by 

Synedra rumpens and S u r i r e l l a ovata. Although both 

Chaetoceras muelleri and the m i c r o f o s s i l s i d e n t i f i e d as Cysta 

microcarpa are also present, they occur only s p o r a d i c a l l y 

and, apart from one marked peak i n the numbers of the l a t t e r 

i n very small numbers. 

With t h i s low d i v e r s i t y of species, TWINSPAN was found to be 

less h e l p f u l at d i s t i n g u i s h i n g seasonal changes than simple 

v i s u a l inspection of the plotted data. With 2 l e v e l s of 

subdiv i s i o n g i v i n g four groups of counts, only group 10 was 

of use i n the d i s t i n c t i o n of the major occurrences of Synedra 

rumpens. Varying the cut l e v e l s used by TWINSPAN might 

improve the d i s t i n c t i o n between groups. 

7.6.4 TWINSPAN analysis of Sample RB2 

The r e s u l t s of the TWINSPAN analysis of t h i s sample are shown 

on the f a r r i g h t of Fi g . 7.6. 

This deeper pert of the sediment stratigraphy has a far 

greater d i v e r s i t y of diatom species than Zone O i n core 

LP3H3, with chrysophyte cysts and spenge spi c u l e s also 

present i n som.e numbers. 

The r e s u l t s are complex to in t e r p r e t but could be used to 

apply a • c i f f e r e n t i n t e r p r e t a t i o n on the number of annual 

cycles than i s suggestec i n section 7.S above. 



Using group l i , with indicator species Melosira j u r s e n s i i and 

T a b e l l a r i a f l o c c u l o s a as c h a r a c t e r i s t i c of spring deposition, 

there would appear to be only two major depositional sones of 

this type. The other groups, however, do not r e f l e c t the 

dominant species associated with summer or autumn deposition 

and SO' such an in t e r p r e t a t i o n i s les s d i s c r i m i n a t i n g than the 

i n t e r p r e t a t i o n based on seasonal sequences of dominant 

species which TWINSPAN i s unable to discern. 

7.7 Summary 

The Information derived from diatom and other m i c r o f o s s i l 

analysis presents evidence of a number of phases of changing 

e c o l o g i c a l status. Each of the sequences of sediment analysed 

d i f f e r s markedly i n the diatom f l o r a s which bave been 

preserved within them, suggesting that a number of d i f f e r e n t 

environmental influences bave governed the lake's ecology 

over time. This evidence i s interpreted, together with both 

the p h y s i c a l , chemical and h i s t o r i c a l information already 

outlined, i n the following chapter. 



Discussion 

8.1 Introduction 

The h i s t o r y of Loe Pool would appear to be one dominated f o r 

many centuries by the naturai i n t e r a c t i o n of f l u v i a l and 

coastal processes, followed by a period of some two hundred 

years which have seen ever i n c r e a s i n g human pressure on the 

lake and catchment system. Through t h i s combination of 

influences has evolved a lake with a unique and complex 

history. This study has aimed to e l u c i d a t e both the nature 

and the degree of these influences on the lake, so that 

comparison can be màde between the present system and i t s 

status i n the past. A number of d i f f e r e n t but frequently 

corroborative l i n e s of research have been pursued i n order to 

obtain an i n s i g h t into the environmental history and 

geomorphic development of the Loe Pool system. When 

considered i n combination, a f a i r l y d e t a i l e d history of the 

lake's e v o l u t i o n can be assembled. 

This d i s c u s s i o n w i l l review the development of the lake 

c h r o n o l o g i c a l l y , working from the e a r l i e s t evidence of i t s 

formation and evolution, to i t s condition at the present day. 
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A summary diagram covering the period 1800 to the present i s 

given i n F i g . 8.1. A separate copy i s supplied i n s i d e the 

back cover of Volume 2. 

8.2 P o s t - G l a c i a l development 

Work on the Quaternary history of the South-West peninsula 

and on e u s t a t i c changes during t h i s period can suggest the 

way i n which Loe Bar and the lake impounded by i t have 

evolved over the past 12,000 years. The source material f o r 

the bar would appear to have been l a r g e l y derived from 

deposits l a i d down on what i s now the bed of Mount's Bay. 

This was moved 'landward' to form our present coastal 

deposits i n l i n e with a r i s i n g sea l e v e l which followed the 

l a s t (Devensian) g l a c i a t i o n . Other analogous features, such 

as the Swan Pool near Falmouth i n Cornwall and Slapton Ley to 

the south of Dartmouth i n Devon, have s i m i l a r and 

contemporary o r i g i n s . The material which constitutes both Loe 

Bar i t s e l f and the e n t i r e beach between Porthleven to beyond 

Gunwalloe F i s h i n g Cove i s comprised of a very high proportion 

of f l i n t s . Mixed i n with these i s a smaller proportion of 

shingle of l o c a l o r i g i n . 

It would therefore seem probable that the bar, and thus the 

impoundment of the r i v e r Cober behind i t , had started to 

develop i n t o a recognisable feature as the Holocene r i s e i n 

sea lev e l s began to s t a b i l i s e around 6,000 years B.P. At any 

one time, the l e v e l s of discharge of the River Cober would 

have determined whether the feature was a s p i t or a complète 
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bar. Although the f i n e tuning of e u s t a t i c changes i s s t i l l a 

matter of considerable debate, sea l e v e l curves (e.g. 

Fairbridge 1961, Shepard 1963, Jelgersraa 1966) generally show 

a reduction i n the rate of sea l e v e l r i s e from an i n i t i a l 

rate of lm/100 years to 2 or 3cm/100 years between 7,000 and 

5,000 years B.P. This reduction would have allowed the 

development of a f a i r l y stable shingle feature at the mouth 

of the Cober. The balance between shingle deposition and 

r i v e r discharge would again be a l l important i n determining 

the nature of that feature. Estimates of past c l i m a t i c 

conditions, and more s p e c i f i c a l l y of p r e c i p i t a t i o n , are 

tentative at best. I f the climate at t h i s time was 

s i g n i f i c a n t l y colder than at present, then some enhancement 

of seasonality of discharge might be expected. This being the 

case, a regular spring thaw might have involved the annual 

clearance of a discharge channel through any shingle b a r r i e r . 

It would only be at a point when p r e c i p i t a t i o n and 

temperature l e v e l s approach those of the present that the 

feature might have attained any l e v e l of s t a b i l i t y or 

permanence. 

Clea r l y , without recourse to a very d e t a i l e d examination of 

Quaternary deposits i n the Loe Valley, such hypotheses must 

remain untested. 

3.3 Pre-19th Century development. 

Evidence f o r the existence of a bar and lake p r i o r to the 

16th Century i s very scarce, with the only reference thought 
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to mention the Loe dating from 1302 (Toy 1936). 

The e a r l i e s t date at which the présence of a bar, and by 

implication, the présence of a predominantly freshwater lake 

behind i t , can be e s t a b l i s h e d with any degree of c e r t a i n t y i s 

i n the beginning of the 16th century. Two very d i f f e r e n t but 

contemporary sources, the I t i n e r a r v of John Leland (1535-

15-43) and the chart of the coast of the Southwest peninsula 

( B r i t i s h Library, Cotton MS Augustus I i 35) (Plates 3.2 & 

3.3), c l e a r l y record the existence of a lake and bar. 

Sources from the 16th and e a r l y 17th centuries, d e t a i l e d i n 

section 3.1, give an i n s i g h t into the nature, s t a b i l i t y and 

degree of permanence of the bar. In summary, they i n d i c a t e 

the présence of a predominantly freshwater lake, but with 

seasonal and spontaneous outbreaks of lake water. These 

undoubtedly resulted from the f a c t that there was no natural 

overflow or outflow channel from the lake, and at each 

occurrence removed lar g e quantities of shingle from the bar. 

With the exception of evaporation, l o s s of lake water was 

e n t i r e l y by p e r c o l a t i o n through the bar material. When winter 

discharge from the catchment was i n excess of the percolation 

rate through the shingle, overflow occurred and the natural 

drainage channel thus produced c a r r i e d large q u a n t i t i e s of 

shingle back out to sea. 

The ecological s t a b i l i t y of such a System must have been 

n e g l i g i b l e . Two competing influences were operating. The 

f i r s t was the h y d r o l o g i c a l e f f e c t of the catchment feeding 

- 165 -



the lake. With the bar as a complète e n t i t y , the lake would 

have been dominated by the throughflow of freshwater from the 

catchment. P e r c o l a t i o n through the bar would have been 

maintained i n a seaward d i r e c t i o n , although some sort of 

s a l i n e wedge may have ingressed landward at some depth 

( c f . Slapton Ley, Van Vlymen 1979). The second influence was 

when t h i s freshwater environment was p e r i o d i c a l l y disrupted 

by the breaching of the shingle bar. Such was the degree of 

energy expended when a breach took place that the lake could 

remain i n communication with the sea f o r a period of up to 

several months u n t i l the natural processes of longshore d r i f t 

or the deposition of shingle by storm ac t i o n closed the 

passage of communication. During t h i s period, however, a 

considérable s a l i n e i n f l u e n c e would have been imposed on an 

otherwise freshwater environment. 

The legacy of these s a l i n e incursions would have been the 

persistence of a degree of s a l i n i t y within the lake for a 

considérable time. The period of s a l i n e rétention would have 

been governed by the f l u s h i n g rate of the lake i t s e l f . In 

addition to these major s a l i n e incursions, there would also 

have been the more fréquent but less i n f l u e n t i a l instances of 

storm overwash of seawater in t o the lake. The bar was 

undoubtedly of l e s s e r proportions than at the present ( c f . 

Figs. 3.1-3.4), and so overwash by waves was probably a f a r 

more common occurrence. This would also have 'topped up' the 

s a i t concentration, however small, of the lake water. Under 

these combined circumstances i t would seem u n l i k e l y that the 

ea r l y lake was ever t r u l y freshwater, but was more l i k e l y to 
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have been, to a greater or l e s s e r degree, brackish i n nature. 

The physical structure and shape of the bar was also 

influenced by bar breaching. The natural build-up of shingle 

by wave action, and p a r t i c u l a r l y by storm action, might have 

resul t e d i n an altogether more sub s t a n t i a l b a r r i e r had i t not 

been for the regular removal of material during breaching. 

Leland (1535-43) r e f e r s to the f a c t that an increase i n lake 

water l e v e l resulted i n the f l o o d i n g of the lower parts of 

Helston. The residents a f f e c t e d , as a matter of custom, were 

allowed to cut the bar to release the flood waters. Carew 

(1602) also makes reference to the natural or spontaneous 

discharge of flood water through the bar. It i s c l e a r that 

e i t h e r of these methods r e l i e v e d the problem of f l o o d i n g i n 

the short term, although the very f a c t that the bar breaching 

had become a l o c a l custom ind i c a t e s that f l o o d i n g of t h i s 

nature was a regular occurrence. 

The degree of natural growth of the bar was therefore 

c u r t a i l e d by t h i s regular removal of shingle. As a r e s u l t the 

bar remained r e l a t i v e l y narrow and weak i n i t s c e n t r a l 

p o r t i o n as i s i l l u s t r a t e d by Figs. 3.1 & 3.2. This also 

f a c i l i t a t e d the custom of c u t t i n g the bar manually. Storm and 

wave build-up of shingle can r a r e l y have exceeded the 

q u a n t i t i e s of material removed during a breach and so the bar 

remained f a r smaller i n p r o f i l e than i s the case today. 

It i s also i n t e r e s t i n g to note that as early as the 17th and 

18th centuries, through a comparatively minor custom, a l b e i t 
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a s s i s t i n g an established natural process, t h i s s p e c i f i c human 

impact had major repercussions on the physical and e c o l o g i c a l 

environment of Loe Pool. The frequency of bar breaching was 

undoubtedly increased by the intervention of the l o c a l 

population. In most other ways, the human presence i n the 

catchment had l i t t l e impact on the lake system. Mining, up 

u n t i l the 19th century, was on a minor scale, although the 

s c a l e of the mineral resources of the area had been long 

appreciated. Stream t i n n i n g was f a i r l y common and may have 

a r t i f i c i a l l y increased sediment y i e l d from the catchment, but 

i t i s d i f f i c u l t to assess by what degree. No a r t i f i c i a l 

f e r t i l i s e r s were applied to the land and sewage di s p o s a l was 

by l o c a l b u r i a l with no d i r e c t input to the lake. 

The end of the 18th century also saw the f i r s t steps taken to 

regulate the lake l e v e l a r t i f i c i a l l y . This occurred 

i n d i r e c t l y as a r e s u l t of the excavation of Wheal Pool, a 

mine shaft dug into the Loe Va l l e y on the edge of the lake. 

Jenkin (1962) suggests that t h i s was f i r s t i n operation 

between 1785 and 1786. The a d i t which now drains the lake i s 

thought to be contemporary with t h i s , as i t s purpose was to 

prevent inundation of the shaft by any r i s e i n lake l e v e l . As 

mine workings were suspended i n 1800, however, the ad i t was 

not maintained and was soon blocked with shingle allowing 

winter discharge again to pond back and a f f e c t the lower 

parts of Helston. 

8.4 The period 1800-1874 
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The most s i g n i f i c a n t events from 1800 onward are summarised 

in F i g 8.1. 

Documentary evidence from t h i s period i s much more abundant 

and d e t a i l e d , as i s the a v a i l a b i l i t y of cartographic 

material. The deepest sediments r e t r i e v e d during t h i s 

i n v e s t i g a t i o n are also thought to date from the f i r s t quarter 

of the 19th century, and therefore to augment the a v a i l a b l e 

information on lake ecology. 

The general p i c t u r e of a lake p e r i o d i c a l l y inundated by the 

sea continues to hold true f o r most of the 19th century. 

Contemporary accounts (e.g. Lysons & Lysons 1814, Hitchins & 

Drew 1824) confirm that bar breaching, both natural and 

a r t i f i c i a l , continued at that time. The frequency of t h i s 

occurrence can only be estimated from the a v a i l a b l e records, 

but from the information gathered during t h i s i n v e s t i g a t i o n , 

for the period 1849-74, a minimum of once every two years i s 

c e r t a i n . The sources of t h i s information, l a r g e l y Cunnack 

(1885), Toy (1936) and dates from the purses customarily 

given to the l o r d of the manor of Penrose, are c e r t a i n l y not 

a complete record. Many of the purses, which are dated (see 

Plate 3.1), have been l o s t and many that do s t i l l survive 

(in the possession of Lt. Cdr. J.P. Rogers, Penrose House) 

are now i l l e g i b l e . The manuscript notes of Cunnack (1885) 

lack any records for several of the years between 1849 and 

1874. Evidence from both Johns (1874) and Rogers (1934) 

suggest that breaching commonly occurred annually, and i n 

some years, several times during the year. 
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The r e s u l t can only have been the continued disturbance of 

the lake environment by marine i n c u r s i o n . Plate 3.6, which 

shows the breach which took place i n 1865, i l l u s t r a t e s the 

extent to which t h i s inundation could occur. The current lake 

surface l i e s at about 3.8m O.D., and so with a t i d a l range of 

around 4.8m at Loe Bar (data from Penzance, Wilson & Wilson 

1968), the water l e v e l within the lake could well have 

f a l l e n by some 6.2m at low spring t i d e . This would have 

exposed a s i g n i f i c a n t area of the lake bed, a phenomenon 

which was noted by Hitchins & Drew (1824). Periodic exposure 

would have had an impact on both the f l o r a and fauna of the 

lake margins. At the other extreme, the regular flooding of 

the Loe V a l l e y below Helston would have influenced the 

environment of the v a l l e y f l o o r . 

Examination of the diatom f l o r a from the sediments which are 

estimated to have been deposited i n the f i r s t quarter of the 

19th century (Core RB02, 460-470cm depth. F i g . 7.7), (using 

the s a l i n i t y c l a s s i f i c a t i o n of Van der Werff & H u l l s , 

1958-66), shows that a mixture of marine, brackish and 

freshwater taxa was preserved within the sediment at t h i s 

time. 

Pa r e l i a s u l c a t a i s a true marine planktonic diatom which 

occurs s p o r a d i c a l l y , but i n considerable numbers, throughout 

t h i s section of core. I t would seem improbable that such 

numbers of valves could be the r e s u l t of spray. If t h i s were 

so, then i t would be l i k e l y that the species would continue 

to be represented i n the f l o r a throughout the sediment 
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column. This does not appear to be the case. 

Diploneis i n t e r r u p t a . which appears i n small numbers at t h i s 

depth, i s a brackish water species, as i s by f a r the most 

numerous diatom, Melosira j u r g e n s i i . In t h i s part of the 

sediment stra t i g r a p h y the l a t t e r appears to be associated 

with winter or spring deposition, the period when bar 

breaching was most frequent. I t s presence i n the f l o r a 

suggests that i n the winter months the lake d i d indeed 

possess a degree of s a l i n i t y . During periods when the lake 

was open to the sea, the deposition of sediment was probably 

reduced by the combined e f f e c t of t i d a l scour and a lowering 

of the o v e r a l l water l e v e l . The f a c t that these brackish 

water species, i n p a r t i c u l a r M. j u r g e n s i i . are found 

throughout t h i s s e c t i o n of sediment, would i n d i c a t e that they 

were deposited from the lake plankton when the bar was closed 

and normal l a c u s t r i n e sediment deposition was taking place 

rather than being d i r e c t l y r e s u l t a n t from the marine 

incursions themselves. 

C v c l o t e l l a meneghiniana and Diatoma elongatum are both 

brackish/freshwater species, which t o l e r a t e l e s s s a l i n e 

conditions than the taxa mentioned above. C. meneghiniana i n 

pa r t i c u l a r shows seasonality of deposition, but appears a f t e r 

Melosira j u r g e n s i i i n the annual sequences. The brackish 

influence of a marine incursion would presumably diminish 

with the subsequent f l u s h i n g of the lake system by freshwater 

from the catchment, and t h i s i s suggested by the f a c t that M. 

jur g e n s i i i s replaced as the dominant species by 
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meneghiniana. V a r i a t i o n s i n the consistency of numbers of M. 

j u r g e n s i i may be explained by the reduction of marine 

influence i n some years, for instance i f breaching did not 

occur at a l l i n a p a r t i c u l a r year. C. meneghiniana however 

displays a more consistent pattern, f a l l i n g to very low 

numbers only i n the winter months. 

The remainder of the diatom taxa which occur i n any 

s i g n i f i c a n t numbers, T a b e l l a r l a fenestata. Synedra acus. 

Synedra ulna. Gomphonema acuminatum var. coronata and 

Epithemia túrgida are a l l c l a s s i f i e d as freshwater/brackish, 

with only one taxon, T. f l o c c u l o s a being considered as t r u l y 

freshwater i n habitat. 

The diatom record from sediments deposited i n the e a r l y part 

of the 19th century therefore also r e f l e c t s s i g n i f i c a n t 

marine influence on the lake environment. This t i e s i n with 

the general impression created by the l i t e r a t u r e of the time, 

of a rather unstable system, prone to extreme f l u c t u a t i o n s of 

lake water l e v e l and lake s a l i n i t y . 

The shape of the bar i t s e l f also r e f l e c t s the i n s t a b i l i t y of 

the system. Figs. 3.1 and 3.2, taken from a number of 

sources, show i t i n plan view. That dated 1837 i s taken from 

Rendel's design f o r a harbour at Helston. As Rendel was a 

noted c i v i l engineer, his cartography i s l i k e l y to ^as 

accurate as any from that time. He shows the c h a r a c t e r i s t i c 

indentation of the inner c e n t r a l portion of the bar. This 

narrowest region was the area to be r e g u l a r l y removed by 
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natural breaching, and was obviously the e a s i e s t section 

through which to d i g a Channel to release f l o o d water 

a r t i f i c a l l y . The map dated 1838 shows some v a r i a t i o n from 

t h i s shape, but the T i t h e map of Sithney Parish from 1844 i s 

consistent i n terms of bar form with that of Rendel. 

There i s a noticeble change i n the p r o f i l e d e t a i l e d by the 

1867 Ordnance Survey 1:2500 map of the area. The narrowest 

portion has s h i f t e d westwards and a d i s t i n c t Channel feeding 

the entrance to the drainage a d i t i n the south-west corner of 

the lake i s apparent . I t i s known that mining a c t i v i t y i n 

the Loe Valley between Helston and the lake i t s e l f continued 

on and o f f between 1850 and 1882 {Cunnack 1898), and so i t i s 

l i k e l y that the a d i t was cleared from time to time when 

required by the mine workings. This would explain the 

appearance of the a d i t Channel on the 1867 O.S. map. The f a c t 

that i t quickly became blocked again when not i n use i s 

c e r t a i n , as Cunnack (1885) and the other sources d e t a i l e d i n 

Table 3.1 give dates f o r bar breaching between 1865 and 1874. 

A number of s i g n i f i c a n t changes to a f f e c t both the lake and 

bar occurred within the catchment i n the second h a l f of the 

19th Century. 

M e t a l l i f e r o u s mining had expanded since the turn of the 

Century and output of m e t a l l i c t i n from Cornwall grew 

s t e a d i l y during the e a r l y 1800's (Fig. 3.11), to reach a peak 

between 1860 and 1880 with production d e c l i n i n g thereafter 

u n t i l 1900 (Fig. 3.12). Mining within the Loe Pool catchment 

- 173 -



followed t h i s gênerai trend, with some of the l a r g e r mines, 

notably Wendron Consols and P o r k e l l i s United, emplbying a 

considérable labour force i n the 1860*s and 1870's. Numerous 

smaller mines also sprang up during t h i s boom period i n 

Cornish mining. 

The River Gober offered a convenient route f o r the d i s p o s a i 

of mine wastes, and much of t h i s material, i n the form of 

f i n e sédiments, was deposited i n both the Loe V a l l e y and i n 

the lake i t s e l f . Rogers (1857) commented on the p o l l u t i o n of 

the River Gober and on the reddish t i n t which pervaded a i l 

parts of the Pool. Such was the i n e f f i c i e n c y of many of the 

e x t r a c t i o n procédures at that time that the t i n which was 

re-deposited i n the Loe Valley i n the 19th Century below 

Helston was re-worked commercially i n the e a r l y part of the 

20th. 

These mine wastes therefore represented an a d d i t i o n a l 

allochthonous sédiment source for the lake. I t may be 

d i f f i c u l t to assess the degree to which thèse increased the 

ra t e of sédiment déposition within the Pool. Most of the 

l a r g e r p a r t i c l e s would have s e t t l e d out q u i c k l y with a 

decrease i n the v e l o c i t y of the River Gober i n the Loe Val l e y 

or upon contact with the lake i t s e l f . They would c e r t a i n l y 

have contributed to the i n f i l l of the northern l i m i t s of Loe 

Pool. 

The bar i s also known to have been eut during t h i s 

period s p e c i f i c a l l y to release the polluted waters of the 
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lake, and so a proportion of the f i n e r material i n Suspension 

at the time would have been removed on those occasions. Johns 

(1874) reported that such occasions resulted i n the sea o f f 

Loe Bar being tainted with an ochreous hue for twenty or 

t h i r t y miles offshore. Despite these attempts to reduce the 

e f f e c t s of t h i s mine waste p o l l u t i o n , some material would 

i n e v i t a b l y have been incorporated i n t o the sediment column. 

8.5 The period 1875-1927 {Sediment Zone C) 

This period i s singled out as i t represents 53 years within 

which a number of very important changes i n the Loe Pool 

system occured. I t i s also represented i n Gore LP3M3 by a 

sequence of c h a r a c t e r i s t i c a l l y laminated Sediments designated 

i n the O v e r a l l stratigraphy as Zone G. 

Perhaps the most s i g n i f i c a n t change occurred at the 

beginning. After 1874 there i s no record of the bar having 

been breached e i t h e r n a t u r a l l y or d e l i b e r a t e l y . This was to 

change s u b s t a n t i a l l y the development of the bar and lake 

system. 

The reasons for cessation i n bar breaching can only be 

guessed at, but i t may well have been through economic 

necessity, with a c t i v e mining taking place i n the Loe Valley, 

that from t h i s date onward the a d i t was kept c l e a r . As a 

consequence, the hazard of flo o d i n g i n Helston was reduced. 

Cunnack {1898) reports that a f t e r 1882 the owners of the 

Penrose estate (of which Loe Pool was a part) kept the a d i t 
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c l e a r . Around 1899, Capt. John Rogers of Penrose had i t 

enlarged and improved so that subsequent blockage by shingle 

occurred only very r a r e l y . 

Improved maintenance of the drainage channel was indeed 

timely. The naturai percolation of lake water through the bar 

must have been reduced by the ' f i l t e r clogging' e f f e c t of the 

mine wastes passing through the shingle. The red sediments 

which were so c h a r a c t e r i s t i c of mining a c t i v i t y are s t i l i 

evident within the matrix of the bar. The Constant and 

increasing p o l l u t i o n of the Loe throughout the 19th century 

would c e r t a i n l y have reduced the naturai drainage of the lake 

by t h i s means. Some support f o r t h i s idea comes from the 

frequency of recorded instances of bar breaching, which seem 

to show an increase i n the l a t e 1860's and e a r l y 1870's 

although i t i s d i f f i c u l t to assess t h i s o b j e c t i v e l y without 

comparative Information from the e a r l i e r part of the century. 

Such an increase ( i f i t e x i s t s ) might also have been the 

stimulus f o r the more consistent maintenance of the drainage 

a d i t i n the l a t t e r part of the century. 

The cessation of breaching of Loe Bar had repercussions f o r 

both the st r u c t u r e of the bar and the ecology of the lake 

i t s e l f . The regular removal of shingle which occurred 

whenever the bar was broken no longer took place. Instead 

there was a net gain of material through wave and storm 

action. As a r e s u l t , the bar gradually increased both i n 

height and i n width. The change i n area can be seen by a 

comparison of the 1867 and the 1906-8 O.S. 1:2500 maps (Figs. 
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3.2 and 3.3). As the dimensions of the bar gradually 

increased, the frequency of wave overwash must 

correspondingly have decreased. 

This factor i n the reduction i n marine influence was minimal 

i n comparison with the f a c t that from 1874 onwards, the lake 

was no longer r e g u l a r l y open to the sea. For what was 

probably the f i r s t time i n i t s h i s t o r y , the Pool became 

predominantly f r e s h throughout the year. This change alone 

would have produced a s i g n i f i c a n t a l t e r a t i o n i n the o v e r a l l 

lake ecology, and i n the nature of the lake sediments. 

The base of (this/*core appears to be contemporary with the 

s t a r t of t h i s new period of s t a b i l i t y . As can be seen from 

Plate 5.1, the material which comprises sediment Zone C and 

which makes up the lower h a l f of t h i s core, consists of a 

s e r i e s of laminated sediments which have been shown to 

e x h i b i t seasonal v a r i a t i o n i n s u b f o s s i l diatom content 

(Simóla et a l . 1981). The sediments themselves are composed 

very l a r g e l y of s i l t s (on average 60%) and clays (40%) 

(Fig. 6.8). There i s seasonal v a r i a t i o n i n both p a r t i c l e s i z e 

and i n sediment colour. Generally, the darker laminations or 

groups of laminations represent summer deposition, whilst the 

l i g h t e r and generally wider laminations c o n s t i t u t e winter. 

This has been shown by adhesive tape peel analyses of the 

continuous diatom stratigraphy from two sections of t h i s 

core, both during t h i s i n v e s t i g a t i o n , and also by Simóla et 

al.. (1981). These c l e a r l y demonstrate the seasonality of 

diatom deposition i n Zone C and have i d e n t i f i e d annual 
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sequences of sediment. Such properties have also been used to 

develop a general model f o r the datlng of t h i s portion of the 

Sediment. 

This study has employed the seasonal V a r i a t i o n i n diatom 

deposition within the lake to d i f f e r e n t i a t e between the bands 

of darker (black) and the l i g h t e r (grey) bands of sediment. 

The former are considered to represent summer deposition and 

the l a t t e r the Winter {Simóla et a l . . 1981). Additional 

research on the chemistry of i n d i v i d u a l laminae i n t h i s zone 

by Pickering (Ph.D. t h e s i s , Plymouth Polytechnic, 1987) 

Supports the hypothesis. Both C h l o r o p h y l l c and the 

phaeopigments were found to reach higher concentrations i n 

the black laminations than the grey. Pickering i n t e r p r e t s 

t h i s as being consistent with an increase i n aquatic 

productivity and grazing by Zooplankton i n the summer. 

He also found the C.-N r a t i o to be lower i n summer Sediments 

(which i s consistent with a greater a l g a l input), and higher 

i n the Winter, when t e r r e s t r i a l plant material i s a more 

common source of organic matter. F i n a l l y , Pickering notes 

that perylene, the major p o l y c y c l i c aroraatic hydrocarbon 

found i n many a q u a t i c Sediments, i s , o v e r a l l , found i n higher 

concentrations i n the black laminations than the grey. He 

States that perylene has been shown to d i s p l a y higher 

concentrations i n Sediments where the o v e r l y i n g waters are 

both productive and anoxic. 

Pickering (above) has also shown that the black laminations 
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are so coloured by the presence of m e t a l l i c sulphides. He 

suggests that these were formed under reducing conditions at 

the sediment/water i n t e r f a c e during periods of anoxia i n the 

sumnier months. During the l a t t e r part of the 19th century, 

lake l e v e l was also more stable than before, owing to 

cessation of bar breaching and more consistent management of 

the drainage adit. At the same time, the mean depth of water 

i n the lake during the l a t t e r part of the 19th century was 

greater (ca. 7m) than today {4m), i f only because of the 

smaller thickness of sediment then present. Both fact o r s 

would suggest that at t h i s time, anoxia of bottom waters i n 

summer was a more frequent occurrence. In turn, t h i s gives us 

a possible mechanism f o r the deposition of s u l p h i d e - r i c h 

summer sediment, and grey, oxidised clays i n winter. 

The Information a v a i l a b l e on the diatom f l o r a f o r t h i s zone 

records the existence of a high i n f l u x of diatom f r u s t u l e s , 

from predominantly one or two taxa, to the sediment. These 

diatoms, Synedra rumpens and S u r i r e l l a ovata, are c l a s s i f i e d 

by Van der Werff & H u l l s (1959-66) as being i n d i c a t o r s of 

eutrophic conditions. Their dominance of the diatom f l o r a and 

t h e i r maximum occurrence within the, black, summer, laminae 

supporta the hypothesis that the lake at t h i s time was both 

productive and therefore more prone to anoxia during the 

summer months. This combination of circumstances, i n c l u i n g 

the influence of mining with i t s associated high 

allochthonous sediment input, p a r t i c u l a r l y during winter 

months, has provided a s e r i e s of annually laminated sediments 

which have enabled the dating of t h i s p ortion of the 
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stratigraphy. 

Zone C i n Core LP3M3 i s estimated to span the period from 

1875 at the base of the core to 1927 at a depth of 144cm, 

representing 53 years i n t o t a l . This records the recovery of 

the lake from regular marine incursions and a steady increase 

i n the influence of mining a c t i v i t y . 

A réduction i n marine i n f l u e n c e i s r e f l e c t e d i n the sediment 

chemistry. Figs. 6.3 and 6.6 show that both the percentage 

sodium, and the sodium i n f l u x décline slowly from the base to 

the top of Zone C. This would i n d i c a t e that the r e l a t i v e and 

absolute amounts of sodium being deposited were d e c l i n i n g . In 

F i g . 6.3 the sodium : potassium r a t i o e x h i b i t s a corresponding 

décline. There i s l i t t l e within the r e s u l t s of the chemical 

analyses of Zone C to demonstrate the influence of mining, 

with the exception of some v a r i a t i o n i n lead i n f l u x at a 

depth of 230-260cm. The major boom i n mining during the 

1860's and 1870's was almost over at t h i s time. Mining 

a c t i v i t y within the catchment declined markedly between the 

l a t e 1870's and i t s major résurgence i n the l a t e 1920's. The 

phy s i c a l structure and composition of the sediments deposited 

during the l a s t quarter of the 19th century d i s p l a y l i t t l e 

évidence of such mining a c t i v i t y . 

One exception to t h i s conclusion i s the notable r i s e i n the 

amount of t i n incorporated i n the sediments between 190 and 

210cm depth (Fig. 6.4). These two 10cm sections cover the 

period of opération of the Helston Valley T in Company Ltd., 
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which commencée! i n 1911. The company transported alluvium 

from the v a l l e y f l o o r between Helston and the lake, v i a a 

narrow gauge railway, to i t s processing works at Casle Wary 

on the eastern s i d e of the Loe Valley. Tin was then extracted 

from the alluvium, much of which had been deposited from 

e a r l i e r deep mining a c t i v i t y higher up i n the catchment, and 

the f i n a l waste returned to the River Gober. Such an 

opération so close to the lake i n e v i t a b l y had a greater 

impact on the lake Sediments than many of i t s predecessors 

which were i n opération at a much greater distance. 

The Helston Valley Tin Company i s thought to have ceased 

Operations around 1914 with the outbreak of war, but 

processing may have continued f o r a period a f t e r t h i s (J. 

Brooke, pers. comm.). The co l o u r a t i o n of the sediments l a i d 

down during t h i s period also r e f l e c t s the reworking of these 

deposits. The c h a r a c t e r i s t i c pink colouration i s apparent at 

t h i s depth, suggesting an increased rate of deposition of 

haematite r i e h sediment (Plate S . l ) . 

The diatom f l o r a from the s e c t i o n of core LP3M3 from 171cm to 

183cm depth (Fig. 7.4) also r e f l e c t s the general i n f l u e n c e of 

mining a c t i v i t y within the catchment. This had replaced 

marine incursions as the dominant influence on lake ecology. 

When compared with the taxa seen i n the deeper sediments, the 

diatom f l o r a here i s markedly lower i n d i v e r s i t y , with only 

two dominant taxa, Synedra rumpens and S u r i r e l l a ovata. No 

other species, with the p o s s i b l e exception of Chaetoceras 

muelrleri appear i n s i g n i f i c a n t numbers. 
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Such a paucity of taxa may be accounted f o r by the infl u e n c e 

of high t u r b i d i t y . Synedra rumpens may be planktonic or 

peri p h y t i c i n habit (Van der Werff and Hulls 1959-66), and 

i t s presence here may indicate an a b i l i t y to withstand both 

low l i g h t a v a i l a b i l i t y and any increase i n the concentration 

of heavy metals which might have been increased by the inflow 

of mine wastes. S u r i r e l l a ovata would appear to have s i m i l a r 

tolérances. C e r t a i n l y Synedra rumpens i s the only taxon to 

display p e r i o d i c a l l y high concentrations'of valves within 

t h i s portion of the sediment. These would seem to represent 

the remains of seasonal blooms. Both of these dominant 

species l i e at the freshwater end of the' s a l i n i t y spectrum 

(Van der Werff and Hulls 1959-66) and so i t can be assumed 

that the lake environment was c e r t a i n l y no longer under the 

same degree of marine influence as had been the case p r i o r to 

1874. 

The dating of t h i s section of sediment may shed l i g h t on the 

occurrence of Chetoceras muelleri which i s c l a s s i f i e d by Van 

der Werff and Hulls (1959-66) as a brackish water species. In 

the 12cm séquence of sediments examined here, four annual or 

part annual cycles of sédimentation can be recognised 

(Fig. 7.4). Using the o v e r a l l chronology of the sediments of 

core LP3M3 presented i n Chapter 5, the uppermost annual unit 

(1) dates from 1924. Severe storms during January 1924 were 

known to have thrown large q u a n t i t i e s of shingle over the 

bar, blocking the adit and causing fl o o d i n g to occur at 

Helston (Plates 3.8-3.10). Such storms would have introduced 

some seawater to the lake and t h i s a d d i t i o n a l s a l i n i t y may 
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have favoured the growth of C. m u e l l e r i . I t i s only present 

i n r e l a t i v e l y small numbers, i n t h i s one unit, and i s a i l but 

absent i n the r e s t of the upper sediments. In the séquence 

analysed by Simóla et a l . (1981), which i s d i r e c t l y below the 

one c u r r e n t l y being discussed, C. muelleri again only occurs 

i n u n i t s s and t, which represent 1916 and 1917. No 

information i s a v a i l a b l e on the occurrence of storms f o r 

these years and so the hypothesis must remain f a i r l y 

t e n tative. A b r i e f but sharp r i s e i n the sodium i n f l u x at 

t h i s time (170-180cm depth, F i g . 6.6) i s , however, consistent 

with the idea of renewed marine infl u e n c e . 

The period from 1875 to 1927 i s therefore one of 

s t a b i l i s a t i o n . The dominance of regular marine incursions, 

which had been the norm for several centuries, now ceased. 

The lake became a predominantly freshwater environment with 

corresponding changes i n the diatom f l o r a . The influence of 

mining i s also évident but owing to the general decline i n 

a c t i v i t y during t h i s period, the industry had comparatively 

l i t t l e impact. 

8.6 The period 1928-1938 (Sediment Zone B) 

This eleven year period i s the most s i g n i f i c a n t i n terms of 

the catchment's mining influence. It marked a major 

résurgence of mining i n the area. Although not the only one 

active during t h i s period, the mine known o r i g i n a l l y as 

Basset & G r y l l s , was of considerable importance. It resumed 
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working i n 1928 under the name of Jantar, only to cease once 

more i n 1929. I t s l a s t period of working, t h i s time under the 

name of P o r k e l l i s Mine, was between 1934 and 1938. The 

company was l i q u i d a t e d i n 1941. The technology associated 

with mining at t h i s time was much i n advance of that employed 

i n the l a s t century, and so output was f a r greater. The 

r e s u l t was that the l e v e l s of mine waste were correspondingly 

higher, and reached such magnitude that the p o l l u t i o n became 

the subject of considerable public concern. 

It has already been d e t a i l e d i n Chapter 5 that both l e g a l 

a ction and pressure from the l o c a l c o u n c i l had been directed 

at the owners of Jantar. The p r a c t i c a l consequences of the 

use of the Cober to receive mine wastes were that the r i v e r 

became choked with large quantities of s i l t and sand, much of 

which also entered Loe Pool. Despite promises by the mine 

owners to i n s t a l l a d d i t i o n a l machinery to reduce the problem, 

i t would appear that t h i s p o l l u t i o n continued for some 

considerable time. In the second of the two periods of 

operation, production was from two main lodes, known as 

'Wheal Cock', and 'Old Mens' or 'Red Lode'. The l a t t e r was so 

named because of the haematite-rich nature of the ore. 

Not only d i d the quantity of sediment increase, but 

considerable changes i n the nature of the sediment i t s e l f 

occurred. F i g s . 6.8, and 6.13 to 6.22 show the changes i n 

p a r t i c l e s i z e which resulted. Between 140 and 130cm depth, 

the mean p a r t i c l e s i z e increases to include a higher 

proportion of sand and coarse s i l t s , with very l i t t l e clay. 
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In the centrai portion of Zone B the opposite i s true, with a 

much higher proportion of f i n e s i l t s and c l a y s , p a r t i c u l a r l y 

between 80 and 90cm. Above t h i s the sediments revert to being 

s i m i l a r to those of Zone C. These changes i l l u s t r a t e the very 

d i f f e r e n t nature of the materials being brought down from the 

mine workings by the River Cober. 

Core LP3M3 was r e t r i e v e d from around the centre of the lake 

{Fig. ^ . l ) and so may not t r u l y represent the o v e r a l l change 

i n sediment character. Much of the l a r g e r p a r t i c l e s i z e 

f r a c t i o n s were probably deposited at the head of the lake 

causing considerable i n f i l i . A comparison of the Ordnance 

Survey 1:2500 map of 1906-8 and that made by the Cornwall 

River Authority, which accompanies a report on the 

straightening of the River Cober {C.R.A. 1946), shows a 

considerable reduction i n the area of open water at the head 

of the lake between these two dates {Figs. 3.7 and 3.8). 

The extent of the i n f i l i i s supported by evidence from the 

lake sediments. The period i s recorded i n a number of cores 

r e t r i e v e d during t h i s i n v e s t i g a t i o n and appears as a quite 

unique sequence of sediments. These can be seen i n samples 

LP3M3 (Piate 5.1), LP3M4 (Piate 5.6), IF2 (Piate 5.7) and 

FBS9 (Piate 5.3) and have been designated as Zone B. As 

presented i n Chapter 5, the mean sedimentation rate for t h i s 

zone (from Core LP3M3) has been calcul a t e d as 9.6cm/yr. This 

i s very high, even i n comparison with the mean rate of 

2.6cm/yr for Zone C. However, newspaper reports such as that 

from the West Br i t o n (3rd A p r i i 1930) tend to support the 
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f a c t that the River Cober was c a r r y i n g enormous q u a n t i t i e s of 

sediment i n t o the lake at t h i s time. 

An a d d i t i o n a l event of s i g n i f i c a n c e which occurred i n 1930 

was the construction of the Helston sewage treatment works. 

P r i o r to t h i s date, the waste from the sewered population of 

Helston had been discharged untreated into the River Cober. 

A f t e r the commissioning of the treatment works, the e f f l u e n t 

from Helston, with a population i n 1931 of some 2500 people, 

was given primary and secondary treatment at the works before 

i t was discharged into the River Cober. The treated e f f l u e n t 

nevertheless represented a new source of r e a d i l y a v a i l a b l e 

nitrogen and phosphprus f o r the lake ecosystem. 

Chemical i n f l u x and concentrations f o r Zone B of Core LP3M3 

record considerable change as a consequence of the increase 

i n sediment loading. In r e l a t i v e terms, many of the elements 

show a decrease i n concentration i n Zone B. This "can be 

explained as a consequence of d i l u t i o n by quartz and 

S i l i c a t e s produced by mining a c t i v i t y , and can be seen f o r 

elements such as sodium, potassium, magnesium and i r o n 

( F i g . 6.3) as well as f o r aluminium and chromium (F i g . 6.4). 

When these figures are adjusted to represent i n f l u x ( i n units 

cm-=yr-i), - the influence of such a high rate of sediment 

deposition becomes evident. The pattern generally r e f l e c t s 

the s u b s t a n t i a l r i s e i n the t o t a l amounts of material being 

supplied to the lake v i a the River Cober during t h i s period. 

In contrast to the increases exhibited by those elements 

mentioned above, whose o r i g i n s are l a r g e l y allochthonous, 
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Compounds such as the C h l o r o p h y l l d e r i v a t i v e s and 

carotenoids, which may be mainly autochthonous, show a 

decreased i n f l u x during t h i s period. 

Mackereth (1966) a t t r i b u t e s the r e l a t i v e increases i n lake 

sediments of elements such as sodium, potassium, and 

magnesium to changes i n erosion rates within the catchment. 

In the case of Loe Pool, natural erosion has been 

s u b s t a n t i a l l y and a r t i f i c i a l l y enhanced by the supply of mine 

wastes. These w i l l c e r t a i n l y produce sediments with d i f f e r e n t 

c h a r a c t e r i s t i c s to those which o r i g i n a t e from the normal 

processes of erosion within the catchment. Mine wastes w i l l 

not generally have been subjected to the same period of 

weathering as s o i l s , and so the q u a n t i t i e s of extractable 

cations and metals may d i f f e r from those associated with 

natu r a l l y eroded materials. For instance, according to 

Ochsenbein et a l . (1983) magnesium i s r e l a t e d to erosion 

rather than leaching, and i s p o s i t i v e l y correlated with 

aluminium which i s also associated with erosion. The r e s u l t s 

obtained from t h i s core also show magnesium and aluminium to 

be very s t r o n g l y correlated (r = 0.791, Table 6.2). 

In general, the l e v e l s of metals within the sediments of Zone 

B must be c l o s e l y a l l i e d to the amount of mining a c t i v i t y 

within the catchment. Yim (1981), i n v e s t i g a t i n g the f l u v i a l 

sediments which originated i n part from t a i l i n g s from t i n 

mines i n Cornwall, found evidence of the presence of t i n , 

copper, z i n c , i r o n , manganese, arsenic and tungsten. The l a s t 

two elements were not determined i n t h i s i n v e s t i g a t i o n , but 
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the high l e v e l s of the other f i v e are c h a r a c t e r i s t i c of t h i s 

type of mine waste. 

Phosphorus (Fig. 6.5) follows the pattern of minerai matter 

i n f l u x very c l o s e l y . Mackereth (1966) states that co-

p r e c i p i t a t i o n with both i r o n and manganese i s one of the 

pathways v i a which phosphorus enters the sediment. Much of 

the ore that o r i g i n a t e d from the mines i n the catchment was 

r i c h i n haematite and other i r o n minerals and so iron as an 

element i s a major sediment constituent. The increased 

a v a i l a b i l i t y of phosphorus a f t e r 1930 as a r e s u l t of sewage 

treatment may also have been r e f l e c t e d i n the amounts being 

incorporated into the sediment. Lacey (1979) suggests that 

p r i o r to 1930, the l e v e l s of phosphorus within the sediment 

are a t t r i b u t a b l e to inorganic phosphorus from catchment 

erosion, whereas a f t e r t h i s date, a much higher proportion i s 

from organic sources. 

Levels of nitrogen i n f l u x i n Zone B are some 100-200% higher 

than i n Zone C. The method used i n the a n a l y s i s of t h i s 

element measures both organic and ammonium nitrogen, and thus 

gives the t o t a l concentration present i n the sediment 

(Digerfeldt 1972). This or i g i n a t e s from both allochthonous 

and autochthonous sources, and indeed, i n t h i s analysis, the 

l e v e l s of nitrogen are strongly correlated with the l e v e l s of 

organic matter, (as estimated by measurement of i g n i t i o n 

l o s s , r = 0.785, Table 6.2). This may r e f l e c t changes i n the 

annual i n f l u x of the element into the lake, but i t i s as 

l i k e l y to be a f u n c t i o n of the speed of incorporation of 
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organic material into the sediment. At times of lower rates 

of sediment accumulation, nitrogen compounds spend longer at 

the sediment-water i n t e r f a c e and so become degraded and 

perhaps more e a s i l y re-released i n t o the water, rather than 

incorporated i n thè sediments. The r e s u l t s f o r i g n i t i o n l o s s , 

a surrogate f o r organic carbon, may be explained i n the same 

way. Under conditions of f a s t deposition, organic materials 

have l i t t l e time i n which to become degraded before b u r l a i by 

f u r t h e r sediment. The uniform composition of some of the 

sediments i n Zone B supports the idea of the extraordinary 

rates of deposition that have been ca l c u l a t e d i n t h i s study. 

V a r i a t i o n s i n sedimentary c h l o r o p h y l l d e r i v a t i v e s and 

carotenoids.might at f i r s t appear to contradict the above 

fi n d i n g s . However, i f a d i s t i n c t i o n i s drawn between t o t a l 

organic material and and that which i s merely autochthonous 

i n o r i g i n , i n p a r t i c u l a r the remains of phytoplankton, then 

lake p r o d u c t i v i t y , as implied by these plant pigments, might 

reasonably be expected to decrease during periods of very 

high sediment i n f l u x . Decreased l i g h t a v a i l a b i l i t y as a 

r e s u l t of high t u r b i d i t y would l i m i t photosynthetic 

p o t e n t i a l , and as i s indicated by the paucity of taxa found 

i n some sections of these sediments, the diatom f l o r a was 

c e r t a i n l y affected by these conditions. Much of the organic 

matter incorporated into the sediment during t h i s period must, 

therefore be of allochthonous o r i g i n , and again i s a function 

of the q u a n t i t i e s of material being c a r r i e d by the River 

Cober at t h i s time. 
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The phosphorus:chlorophyll r a t i o ( F i g . 6.2) increases during 

Zone B, and also r e f l e c t s the changes discussed above. The 

diatom record f o r Zone B (Figs.7.1 and 7.2) from core LP3M3 

shows many s i m i l a r i t i e s with that observed from the sect i o n 

of Zone C. The dominant taxa are s t i l l Synedra rumpens and 

S u r i r e l l a ovata. In terms of i n f l u x ( F i g . 7.2), t h e i r 

contribution to the sediment i s an order of magnitude greater 

than that of any of the other species present. Synedra acus 

i s the only other taxon to approach these l e v e l s . The 

sampling pr.ocedure, which used subsamples from homogenised 

lOcm sections of the core, i s unable to d i s t i n g u i s h the very 

f i n e d e t a i l of changes i n diatom f l o r a recorded within these 

sediments and only an o v e r a l l impression of the f l o r a can be 

given. Simola et a l . (1981) have shown that within Zone B, 

the diatom remains are concentrated i n d i s t i n c t bands, 

usually the black laminae, and are very poorly represented i n 

many of the r a p i d l y deposited sections. Nevertheless, i n most 

of Zone B, the o v e r a l l number of diatom valves which are 

preserved within the sediment i s very high. Considering the 

rather h o s t i l e environment p r e v a i l i n g within the lake between 

1928 and 1938, t h i s would appear to contradict some of the 

observations on p r o d u c t i v i t y discussed above. An explanation 

may l i e both i n the r e l a t i v e abundance of a v a i l a b l e s i l i c a at 

t h i s time, a consequence of the very high sediment i n f l u x to 

the lake, and i n the percentage of diatom remains which were 

ac t u a l l y preserved within the sediments once deposited. 

The f i r s t of these points would mean that s i l i c a was never a 

l i m i t i n g f a c t o r i n the production of diatoms. The r e s u l t s of 
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phosphorus and nitrogen i n f l u x i n d i c a t e that both of thèse 

éléments were r e a d i l y a v a i l a b l e . Diatom p r o d u c t i v i t y would 

therefore appear to have been l i m i t e d only by f a c t o r s such as 

l i g h t a v a i l a b i l i t y or heavy métal p o l l u t i o n . With such an 

abundance of s i l i c a within the System, diatom valves which 

were incorporated within the sédiment were probably not 

subject to d i s s o l u t i o n and were most l i k e l y q u i c k l y buried by 

further rapid sédiment accumulation. Evidence of bioturbation 

i n t h i s zone i s a l s o r e l a t i v e l y low, although the burrows of 

some benthic fauna are v i s i b l e i n c e r t a i n l a y e r s . Ingestion 

of diatoms by faunal prédation can cause a réduction i n the 

proportion of whole or i d e n t i f i a b l e remains, fu r t h e r reducing 

the numbers counted (Battarbee 1979), but t h i s wpuld appear 

to be i n s i g n i f i c a n t here, except perhaps i n the uppermost 

layers of Zone B. The percentage of t o t a l diatom production 

which was preserved within the sédiment column must therefore 

have been high i n comparison with periods when the sédiment 

déposition rate was lower and bioturbation more s i g n i f i c a n t . 

The appearance of benthic faunal burrows i n layer B034 

(Plates 5.5, 5.8 and 5.9) appears to be the f i r s t record of 

t h i s type of disturbance of the Loe Pool sédiments. Above 

laye r B034, and p a r t i c u l a r l y évident i n many of the upper 

parts of Zone B i n core FBS09 (Plate 5.3), both the s i z e of 

burrows and t h e i r frequency increase. This may simply be the 

r e s u i t of progressive shallowing of the lake through the 

accumulation of sédiments or i t may be the f i r s t i n d i r e c t 

évidence of lake nutrient enrichment. An a d d i t i o n a l 

p o s s i b i l i t y may be a change i n redox conditions as a r e s u i t 
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of these and other f a c t o r s . The i r o n : manganese r a t i o 

(Fig. 6.3) would c e r t a i n l y appear to d e c l i n e i n Zone B, 

i n d i c a t i n g , according to authors such a& Hutchinson (1957) 

and Mackereth (1966), that the lake environment had become 

le s s reducing. Engstrom and Wright (1984) however, believe 

that the I n t e r p r e t a t i o n of the Fe:Mn r a t i o i s fraught with 

Problems. In circumstances such as these, such commenta are 

p a r t i c u l a r l y s a l i e n t . 

Within j u s t over a decade, humans would appear to have made a 

major impact on the lake system through i n d u s t r i a i a c t i v i t y 

i n the catchment. Met a l l i f e r o u s mining during t h i s period 

delivered very large and unprecedented q u a n t i t i e s of material 

to the lake and appears to have af f e c t e d both the ph y s i c a l , 

Chemical and b i o t i c composition of the lake Sediments. An 

a d d i t i o n a l e f f e c t seems to have been the loss of a f a i r l y 

large area of open water at the head of the lake owing to 

Sediment deposition at the mouth of the River Cober. Of no 

l e s s importance i s the f a c t that lake volume must also have 

decreased with the deposition of such volumes of material. 

This would i n i t s e l f have reduced residence time and 

increased nutrient loadings. Owing to the shallowing of the 

water, wind-induced mixing would have increased. with a 

subsequent reduction i n the frequency of seasonal anoxia at 

the Sediment surface. A l l of these e f f e c t s would have had an 

impact on the chemical exchanges at the sediment water 

i n t e r f a c e and on the b i o l o g i c a l p r o d u c t i v i t y of the lake as a 

whole. The overwhelming influence of mining may also have 

masked evidence of the e a r l y impact of sewage e f f l u e n t on the 
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lake sedimen-ts. 

8.7 The period 1939-1980 (Zone A) 

This forty-two year period, represented by Zone A i n the Loe 

Pool Sediment column, also saw many changes i n the lake and 

catchment System. 

A c t i v e mining ceased i n 1939, with a subsequent e f f e c t on 

Sediment loading. In 1946-47 the Cornwall River Authority 

implemented t h e i r plan to reduce the r i s k of fl o o d i n g i n the 

Loe V a l l e y by straightening or 'canalising' the River Cober 

below Heiston (Plate 3.23). The work i n f a c t d i d l i t t l e to 

ameliorate the problems of a winter r i s e i n lake l e v e l , and 

inundation of the Loe V a l l e y to a greäter or l e s s e r degree 

was s t i l l common. This r i s e i n lake l e v e l on a seasonal basis 

also meant that much of the River Cober's sediment load was 

at times deposited over a large area of the southern end of 

the Loe Valley. Rapid c o l o n i s a t i o n by V e g e t a t i o n of these 

r e l a t i v e l y recent areas of sediment i n f i l l a l s o increased 

sediment trapping i n the area. This i n turn promoted further 

V e g e t a t i o n growth. Between about 1910 and 1980, about 17% of 

the lake's area of open water was l o s t i n t h i s way. The 

process of V e g e t a t i o n succession has resulted i n the growth 

of scrub woodland over much of the southern end of the Loe 

Va l l e y and the development of extensive beds of Phragmites 

a u s t r a l i s and other lake marginal species around the northern 

f r i n g e s of the Loe i t s e l f . 

- 193 -



In the l a s t 40 years, the sewered population served by the 

Helson Sewage Treatment works increased from around 2,500 i n 

the 1930's to approximately 10,000 i n 1980. To accommodate 

t h i s expanding population the works was enlarged on two 

occasions but even now cannot deal with peak flow caused by 

storm runoff. This, together with the sewage treatment works 

which serves R.N.A.S Culdrose and which discharges i n t o the 

lake v i a Carminowe Stream, has sharply increased the input of 

phosphorus and nitrogen entering the System. In a d d i t i o n to 

thèse point sources, d i f f u s e sources of n i t r a t e s and 

phosphates derived from a g r i c u l t u r a l f e r t i l i s e r s have also 

become more prominent i n the l a s t h a l f century. In t h i s , the 

most récent period i n the lake's h i s t o r y , nutrient enrichment 

has become the dominant inf l u e n c e on the ecology of Loe Pool. 

Again, an examination of a number of aspects of the lake 

sédiments support t h i s view. 

With the cessation of a c t i v e mining i n 1939, the degree of 

allochthonous sédiment i n f l u x decreased sharply from the 

l e v e l s experienced i n Zone B, c r e a t i n g an abrupt change i n 

the sédiment type. Zone A i s d i s t i n g u i s h e d by a uniformity of 

colour and, i n most cases, s t r u c t u r e . 

The main problems associated with any d e t a i l e d analysis of 

the sédiments of Zone A i s bioturbation. Thèse uppermost 

sédiments, p a r t i c u l a r l y i n the shallower areas of the lake, 

are h e a v i l y bioturbed and such mixing of the sédiment masks 

the kind of f i n e s t r a t i g r a p h i e détail a v a i l a b l e i n Zones B 

and C. 
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Some samples r e t r i e v e d during t h i s i n v e s t i g a t i o n had escaped 

the worst e f f e c t s of bioturbation and allowed examination of 

the r e l a t i v e l y undisturbed s t r u c t u r e of the sediments. This 

was c l e a r e s t i n those such as FBS07 {Fig. 5.2) where some 

laminations are v i s i b l e . These were i n i t i a l l y thought to be 

varves but the r e s u l t s of Cs-137 analysis dismissed t h i s 

hypothesis. Far fewer "varves" than the number of years 

indicated by the dating technique were counted. 

Even i n FBS07, one of the c l e a r e s t and l e a s t disturbed 

samples r e t r i e v e d from Zone A, there i s some bioturbation. 

This could have destroyed much f i n e r laminations which formed 

upon i n i t i a l deposition. Simóla et a l . (1981) showed that the 

sediments c l o s e s t to the mud-water i n t e r f a c e display annual 

sequences of diatoms, but t h i s property d i s s i p a t e s with 

depth, perhaps i n d i c a t i n g that bioturbation, and i n shallower 

waters, turbulence created by winds, quickly disturbs the 

o r i g i n a l s tructure. The conditions which would favour the 

formation of such varves c e r t a i n l y e x i s t . There i s s u f f i c i e n t 

seasonality of discharge and sediment supply and also of 

diatom and other a l g a l production to produce rhythmic changes 

in sediment composition. 

The degree to which bioturbation can disrupt the sediment 

structure can be seen i n a number of samples where 

laminations are c l e a r l y cut through by faunal burrows and 

mixing. Samples FBS03 and FBS12 (Plates 5.4 and 5.5) 

i l l u s t r a t e t h i s well. Many other samples of these uppermost 

sediments r e t r i e v e d from Loe Pool during t h i s study were so 
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heavily bioturbed as to be of l i t t l e a n a l y t i c a l use. That 

used for Cs-137 analysis {FBS07), and that employed f o r 

detailed diatom a n a l y s i s (FBSIO), were s i m i l a r but somewhat 

unusual i n t h e i r degree of s t r u c t u r a l multiformity. 

No detailed chemical analysis of Zone A was performed. The 

somewhat coarse a n a l y s i s using 10cm homogenised sections of 

core LP3M3 was r e a l l y i n s u f f i c i e n t to d i s t i n g u i s h any f i n e 

d e t a i l i n the l e v e l s of, p a r t i c u l a r l y , nitrogen and 

phosphorus. These r e s u l t s shed l i t t l e l i g h t on the 

eutrophication of Loe Pool. The a d d i t i o n a l problem of mixing 

of the uppermost three or four sections of t h i s core a f t e r 

r e t r i e v a l from the lake add to the problems of i n t e r p r e t a t i o n 

of chemical r e s u l t s . The only generalised r e s u l t s for Zone A 

are that the a l k a l i n e earth elements and metals decline i n 

terms of i n f l u x when compared with both Zones B and C. This 

might be expected and can be explained by the s u b s t a n t i a l 

reduction i n the r a t e of sediment deposition. This i s 

i l l u s t r a t e d by the l e v e l s of mineral matter i n f l u x 

(Fig. 6.5). Even phosphorus and nitrogen show l i t t l e sign of 

r e f l e c t i n g the growing inputs to the system during t h i s 

period. It i s p o s s i b l e that some of the uppermost sediments 

were l o s t during the process of sampling f o r t h i s core. The 

most recent unconsolidated materials are also the most l i k e l y 

to have contained higher concentrations of these elements. 

Work by Lacey (1979) using Im Mackereth cores from Loe Pool 

and 1cm subdivisions f o r chemical analysis have shown 

s i g n i f i c a n t r i s e s i n both nitrogen and phosphorus i n the most 

recent sediments. Both t h i s and the diatom r e s u l t s discussed 
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below suggest that the 3m core could well have l o s t material 

from the surface. 

The most d e t a i l e d evidence f o r e c o l o g i c a l change since the 

l a t e 1930's was obtained by the diatom a n a l y s i s of sample 

FBSIO. A continuous count of diatoms was made, using the 

adhesive tape peel technique, from the sediment water 

i n t e r f a c e to a depth of 26cm, incorporating the whole of Zone 

A and the upper po r t i o n of Zone B from la y e r BOOl to B013. 

The changes which are evident c e r t a i n l y i l l u s t r a t e that 

e c o l o g i c a l s h i f t s have occurred over the past h a l f century. 

At the base of the se c t i o n , sediments from the year 1937 

(layers B013 to BOOS) contain a rather mixed f l o r a comprising 

a f a i r l y large number of u n i d e n t i f i a b l e diatom fragments but 

also a c e r t a i n amount of Nitzschia and Synedra. includ i n g 

Synedra rumpens. Layers B009-B005 probably represent the 

winter of 1937-38 followed by a bloom of Synedra rumpens 

evident within l a y e r B004. After t h i s , C v c l o t e l l a 

meneghiniana appears, together with the remains of some green 

algae of the genera Pediastrum and Scenedesmus. Above t h i s 

there i s l i t t l e t r a c e of seasonality and the bands of very 

high sedimentation no longer appear. 

Zone A subsequently d i s p l a y s a very d i f f e r e n t diatom f l o r a . 

At the base of Zone A diatom numbers are very low. It would 

have taken the lake some time to have recovered from the 

e f f e c t s of such heavy inputs of mine waste. C l e a r l y 

conditions i n the e a r l y 1940"s no longer favoured Synedra 
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rumpens as there i s no evidence of the very large numbers of 

the taxon which occurred i n Zone B. I t p e r s i s t a i n very small 

numbers f o r a period but vanishes above about 12cm depth. A 

more l i m i t e d supply of s i l i c a may not have been t o l e r a t e d . 

Around the mid 1940's, at a depth of 15cm, C y c l o t e l l a 

meneghiniana reappears, followed by A s t e r i o n e l l a formosa and 

T h a l a s s i o s i r a pseudonana at depths of 14.5cm and 12.8cm 

re s p e c t i v e l y . These give the f i r s t i n d i c a t i o n s of eutrophy. A 

number of taxa such as C y c l o t e l l a meneghiniana are to be 

found i n both s l i g h t l y s a l i n e environments and i n eutrophic 

freshwaters. Likewise, T h a l a s s i o s i r a pseudonana has only been 

reported as a marine or eatuarine apeciea (Haale & Heimdal 

1970)- but here aeema to have adapted to an i n c r e a s i n g l y 

eutrophic freshwater environment. A s t e r i o n e l l a formosa i s 

c l a s s i f i e d by a number of authors (e.g. Hustedt 1957, 

Simonsen 1962, Van der Werff & Hulla 1958-66) aa a eutrophic 

diatom. Appearing from the baae of Zone A but i n amaller 

numbers and leaa conaiatently i a Melosira varians. Again t h i s 

i s a Speeles which i s c l a s s i f i e d as both freshwater/brackish 

and an i n d i c a t o r of eutrophic conditions (Van der Werff & 

Hu l l s 1958-66). 

Above about 14cm the remains of Pediastrum sp. reappear, 

followed Scenedesmus and Staurastrum. Their presence i n the 

Sediments also indicated a degree of eutrophy. 

The most s t r i k i n g change i n the diatom f l o r a i s the sudden 

appearance at about 6cm depth of Melosira granulata var. 
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angustissima. This again i s a eutrophic species and i t 

att a i n s dominance at the expense of both C y c l o t e l l a 

meneghiniana and A s t e r i o n e l l a formosa. T h a l a s s i o s i r a 

pseudonana maintains i t s values. Although diatom numbers 

appear to decrease at the sédiment surface, t h i s i s a 

function of a lack of compaction. 

TWINSPAN analysis of t h i s sample (Fig. 7.5) shows a number of 

d i s t i n c t associations of taxa which are more complex i n 

nature than t h i s immediate v i s u a l interprétation. I t tends to 

give equal weighting to the l e s s numerous taxa and as such i s 

a l e s s s u b j e c t i v e technique f o r disc e r n i n g changes i n f l o r a l 

a s s o c i a t i o n s . 

The p i c t u r e which émerges from a i l thèse sources of évidence 

i s one of a lake system suddenly r e l i e v e d of the i n f l u x of 

the mine wastes which had, i n one way or anpther, 

s i g n i f i c a n t l y influenced both the lake ecology and lake 

chemistry f o r many décades. The nature of thèse sédiments and 

i n p a r t i c u l a r the qua n t i t i e s which entered the lake from the 

catchment had altered the character of both the lake b i o t a 

and the lake volume, the l a t t e r by v i r t u e of the t o t a l depth 

of material added to the sédiment column ( c f . O'Sullivan et 

a l . 1982). After 1939 t h i s i n f l u x had a i l but ceased and the 

lake was able to adjust to a différent set of conditions. 

Up u n t i l t h i s point i n the sédiment column, the material i s 

highly structured, not only with annual séquences of 

sédiments, but also, i n places, with numerous sub-annual 
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laminations of considerable complexity. In Zone A, post-1939, 

both the colour and the structure of the Sediments change. 

Laminations a l l but cease^ to be present except i n a small 

minority of samples. Even i n these few cores, the structures 

which are apparent, such as those preserved i n core FBS7, 

Plate 5.2, are much less d i s t i n c t than i n deeper Sediments 

and do not appear to be annual i n nature. The general absence 

of laminations i n Zone A may not be due to a cessation of 

lamination formation, but i s probably due to a lack of 

preservation. As has already been mentioned, bioturbation i s 

very evident i n these Sediments and considerable sediment 

mixing i s the r e s u l t . Laminations, again as a r e s u l t of 

seasonal V a r i a t i o n i n sediment supply, s t i l l form, but are 

l a r g e l y destroyed by the action of benthic organisms. The 

sudden reappearance of benthic a c t i v i t y i n the sediment 

column i s f u r t h e r evidence of the change i n lake conditions 

which r e s u l t e d from an o v e r a l l shallowing of the lake and a 

period of i n c r e a s i n g nutrient i n f l u x . 

Although a l l mining had ceased a f t e r 1939, the influence of 

human settlement continued, and the next major influence on 

the lake System had already had some impact. Sewage e f f l u e n t 

discharge entering the lake v i a the River Cober progressively 

increased i n quantity as the population of Heiston grew. In 

addition, commissioning of the Royal Naval A i r S t a t i o n at 

Culdrose, with a population i n excess of 2,000, brought the 

t o t a l sewered population to some 12,000 people. The e f f l u e n t 

from t h i s population enters the lake and the e f f e c t has been 

the progressive c u l t u r a l eutrophication of Loe Pool. This i s 
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not only r e f l e c t e d i n the s u b f o s s i l diatom record. In recent 

years, blooms of blue-green algae, l a r g e l y Microcystis c f . 

aeruginosa r e g u l a r l y occur i n the l a t e summer (Coard et a l . 

1983) reducing the a v a i l a b l e oxygen and k i l l i n g large numbers 

of f i s h . 

The d i f f e r e n c e s i n sediment colouration i n Zone A are l i k e l y 

to r e s u l t from p e r i o d i c , but much l e s s frequent, instances of 

anoxia i n summer. Rather than being a normal annual 

occurrence, as would appear to be the case p a r t i c u l a r l y i n 

Zone C, s t r a t i f i c a t i o n and anoxia would only occur under very 

favourable, warm, calm conditions. The res u l t a n t black 

metallic sulphides are d i s c e r n i b l e i n some cores but have 

been l a r g e l y dispersed i n most of the sediments through 

bioturbation. The fact that laminations of some sort are 

s t i l l being formed has been established by Simóla et a l . 

(1981), who found evidence of laminations d i s p l a y i n g seasonal 

diatom deposition close to the sediment-water i n t e r f a c e . The 

same seasonal influences on sediment formation that were 

acting on the lake system during the formation of the 

sediments of Zones C and B are s t i l l i n operation now , but 

the physical, chemical and b i o l o g i c a l conditions have changed 

such that preservation of sediment s t r u c t u r e i s now rare. 

The Pool, p a r t i c u l a r l y i n the past twenty years, has also 

changed i n both ownership and function. From 1771 to 1976, i t 

was part of the Penrose Estate owned and managed by the 

Rogers family. In 1976 Lt. Cdr. J.P. Rogers gave the area of 

the Penrose estate surrounding the Pool to the National 
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Trust. The family retained occupation of Penrose House and an 

a c t i v e i n t e r e s t i n the management of the lake. Under private 

ownership Loe Pool was used simply f o r f i s h i n g , with very 

l i m i t e d public access. S t i p u l a t i o n s made by the Rogers family 

upon transfer of ownership to the National Trust were that 

t h i s l e v e l of use should not be s i g n i f i c a n t l y increased, with 

the exception of p u b l i c access to the footpaths around the 

lake. To t h i s day, the only r e c r e a t i o n a l a c t i v i t y allowed on 

the lake i s f i s h i n g , and t h i s has been severely affected by 

recent p o l l u t i o n . The grounds and footpaths around the lake 

now Support a much increased r e c r e a t i o n a l useage and so 

objections to the seasonal blooms of algae which r e g u l a r l y 

r e s u l t i n a r o t t i n g and noxious scum of decaying algae around 

the lake, are growing. The only long-term s o l u t i o n to the 

Problem i s further treatment of the sewage to remove 

phosphorus (Wankowski 1979), or the cessation of sewage 

e f f l u e n t discharge i n t o the lake. 

The l a s t AO years has also seen the growth i n both height and 

width of Loe Bar. Following the i n s t i g a t i o n of regulär 

maintenance of the d r a i n a g e a d i t i n the l a t e 19th Century and 

the l a s t t r u e b r e a c h i n g of the bar i n 1874, a net gain i n 

material began. The process of wave and storm b u i l d up 

continued into the present Century (Figs. 3.3 and 3.4) and 

the bar has now attained some degree of equ i l i b r i u m . Further 

addition of shingle only occurs during the most severe of 

storms. Such events have taken place i n the l a s t decade and 

the a d i t has again been blocked f o r short periods. The bar i s 

now of such dimensions that c u t t i n g a Channel by hand to 
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r e l e a s e the flood water i s not only i m p r a c t i c a l but 

impossible. Following the storms of January 1979 and November 

1984 the Water Authority resorted to mechanical excavators to 

achieve t h i s objective. Whether they presented Lt. Cdr Rogers 

with a purse containing the customary three halfpence f o r 

permission to cut the bar i s not known. At the time of 

wr i t i n g , a new a d i t entrance i s nearing completion with the 

aim of easing the flow of water from the lake and allowing 

improved control of the lake water l e v e l . The a l t e r a t i o n s 

have been conducted with the cooperation of the Camborne 

School of Mines. 

What i s cl e a r i s that the lake has never been allowed to 

a t t a i n any sort of natural equilibrium as a t r u l y freshwater 

lake. Human influence has been such that there has never been 

a period of s t a b i l i t y within the system. Even p r i o r to the 

18th century, before human influence was of any r e a l 

s i g n i f i c a n c e , the system was very dynamic, being affected by 

the c o n f l i c t between a considerable marine input and the 

freshwater influence of the River Cober. 

8.8 General comments 

8.8.1 Loe Pool as a s i t e f o r study 

Loe Pool would appear to be unique i n i t s combination of 

physical s e t t i n g and h i s t o r y . Human influence has had an 

extraordinary inpact on the lake system. Although there are 

s i m i l a r coastal freshwater lakes i n the B r i t i s h I s l e s , e.g. 
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Slapton Ley near Dartmouth i n Devon, none show the same 

degree of human influence, although t h e i r general p h y s i c a l 

development must have been s i m i l a r . Even t h i s must be 

governed by the r e l a t i v e i n f l u e n c e s of the sea and the lake's 

catchment. ,A study of the development of Loe Pool has 

therefore l i m i t e d general a p p l i c a b i l i t y , but i s important as 

a background f o r the future management of the lake. Some of 

the processes studied here can be applied to other l a c u s t r i n e 

systems. 

Some other B r i t i s h lakes have been found to contain varved 

sediments. These include Rostherne Mere (Haworth 1980), Diss 

Mere (Peglar et a l . 1984), Loch Lomond (Dickson et a l . 1978), 

Swanpool i n Cornwall, Braydon Pond i n W i l t s h i r e (O*Sullivan 

unpublished), and a number of other Shropshire-Cheshire meres 

(O'Sullivan 1985). Few other varved or laminated lake 

sediments have been found or studied i n B r i t a i n , and of the 

above, the sediments of Swanpool alone bear any o v e r a l l 

resemblance to those of Loe Pool. The sediments observed i n 

t h i s i n v e s t i g a t i o n d i f f e r from any others published to date, 

and the varves have been c l a s s i f i e d as c l a s t i c / f e r r o g e n i c by 

O'Sullivan (1983). However, many of the sedimentary 

st r u c t u r e s to be found i n Loe Pool could well be formed i n 

any s i m i l a r lake influenced by the same seasonality of 

climate and sediment input. The techniques used to 

i n v e s t i g a t e these r e s u l t a n t sediment structures could also be 

u s e f u l l y applied, and indeed are now being applied, to other 

B r i t i s h lakes. 
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None of the above lakes has been subject to the same 

combination of influences as Loe Pool. In p a r t i c u l a r , the 

i n f l u e n c e of mining a c t i v i t y has resulted i n very high 

sedimentation rates. Urswick Tarn ( O l d f i e l d & Statham 1963) 

was affected by mine wastes and contains a haematite la y e r 

c l o s e to the top of the sediment column, but sediment 

accumulation was not of the same order as i n Loe Pool. In the 

Loe, rates have been shown to exceed 10cm per year. There are 

very few published instances of higher deposition rates i n 

lakes. Normack & Dickinson (1976) found rates of 1.1m per 

year i n a mine waste t a i l i n g deposit i n Lake Superior. Hay & 

Waters (1985) discovered sedimentation rates of 0.57-1.29m 

per year i n a coastal marine environment at Rupert I n l e t , 

B r i t i s h Columbia, where diatoms were also used to e s t a b l i s h a 

chronology for sediment accumulation. 

There have been many published examples of small lakes which 

have varved sediments and which have also been influenced by 

the i n f l u x of sewage e f f l u e n t . Lovojarvi {Saarnisto et a l . 

1977, Simóla 1977) i s an example, but sedimentation rates are 

very low and although the sediments show seasonality of 

diatom deposition, the varve structures are not comparable. 

Loe Pool's h i s t o r y i s unique. The same combination of marine 

and complex c u l t u r a l influences would be hard to f i n d 

elsewhere. As such i t allows a rare i n s i g h t into the response 

of such a system to these influences, some of which have been 

outl i n e d i n t h i s study. Further studies of the f i n e s t r u c t u r e 

of the lake sediments have been undertaken {Pickering, Ph.D. 
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thesis, Plymouth Polytechnic, 1987) and these enlarge upon 

ce r t a i n aspects of the lake's development. 

8.8.2 Techniques 

Conventional dating methods such as many of the radio-isotope 

techniques and more recent magnetic analyses were found to be 

inappropriate to these sediments. As a r e s u l t a combination 

of Cs-137 dating, varve counting and the discernment of 

annual sequences of sediments by diatom analysis were used. 

These were combined with a l i a v a i l a b l e documentary and 

cartographic material to assemble a sediment chronology. With 

such a v a r i a t i o n i n sediment types and rates of 

sedimentation, such a dating i s bound to include inaccuracies 

and e r r o r s . However the mutuai reinforcement of several l i n e s 

of evidence has resulted i n a chronology which makes sense. 

There i s , as ever, room for refinement. Accurate dating i s 

e s s e n t i a l i f the r e s u l t s of both chemical and diatom i n f l u x 

c a l c u l a t i o n s are to be r e l i a b l e . 

The rate of deposition within Loe Pool was such that even 

with a 3m Mackereth corer, sediments containing l i t t l e more 

than a century of deposition could be re t r i e v e d . This l i m i t e d 

the period over which sedimentary analysis could contribute 

to an understanding of the lake's development. Although 

'Russian' borers were also used, the degree of d i f f i c u l t y i n 

maintaining p o s i t i o n and sampling up to 5m of sediment i n 6m 

of water was considerable. The subsequent freezing of both 

these samples and the 3m Mackereth cores highlighted other 
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problems. Unless frozen quickly and i n s i t u . the sediments 

are disturbed by i c e c r y s t a l formation during the f r e e z i n g 

process, which i t s e l f was aimed at allowing freeze-drying and 

subsequent adhesive tape peels to be taken. A l l types of 

frozen sediment samples have to be kept frozen, and the 

f a i l u r e of storage f a c i l i t i e s such as chest-freezers can 

r e s u l t i n the catastrophic loss of material through melting. 

The use of a combination of i n s i t u f r e e z i n g of sediment 

samples and the subsequent adhesive tape peels for diatom 

analysis can give much more d e t a i l e d information on diatom 

changes than i s possible using more conventional coring 

devices and subsampling techniques. Owing to the very minimum 

of disturbance to the sediment column during sampling, very 

much f i n e r d e t a i l of stratigraphy i s discernable. The 

technique i s p a r t i c u l a r l y applicable to the c o l l e c t i o n and 

examination of unconsolidated near surface sediments. Without 

the employment of t h i s technique, much of the dating of the 

stratigraphy of the Pool sediments would have remained 

impossible. 

It i s c l e a r from the r e l a t i v e l y coarse nature of the r e s t of 

the diatom, and the chemical, analyses, that the information 

that can be drawn from them i s f a i r l y l i m i t e d . Since the 

methods of chemical analysis that were adopted here were 

published by Bengtsson (1979), more sop h i s t i c a t e d techniques 

for the chemical analysis of lake sediments have been put 

forward by Engstrom and Wright (1984). These now allow much 

more information to be gained from the sediment chemistry. 
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although the number of instances where these techniques have 

been applied i s , as yet, l i m i t e d . The techniques adopted i n 

t h i s i n v e s t i g a t i o n however, do allow comparison with many 

other published studies. 

The m i c r o f o s s i l s observed during a n a l y s i s of the lake 

sediments also have varied a p p l i c a b i l i t y and use. Of greatest 

importance are the diatoms, d e t a i l s of whose taxonomy and 

environmental preferences are a v a i l a b l e from a wide v a r i e t y 

of sources. A number of other m i c r o f o s s i l s were also counted 

alongside the diatoms. Sponge s p i c u l e s have received 

considerable a t t e n t i o n i n recent years as i n d i c a t o r s of 

l a c u s t r i n e conditions. In Loe Pool they showed no seasonal 

pattern of deposition or d i s t i n c t changes with presumed 

v a r i a t i o n i n water chemistry. The cysts of various Chrysopyte 

taxa were also noted and these played some r o l e i n the 

I d e n t i f i c a t i o n of seasonal changes within the sediments. They 

have been associated with autumnal sediment deposition by 

authors such as Battarbee (1983). 

The further a n a l y s i s of the continuous diatom counts by 

ind i c a t o r species analysis (TWINSPAN) proved useful i n only 

one of the samples. In sample FBSIO, c l e a r changes were 

observed i n the r e s u l t s of the analysis although these were 

harder to i n t e r p r e t than the simple i n t e r p r e t a t i o n of the 

diatom diagrams. It did however provide a more objective 

i l l u s t r a t i o n of f l o r a l change. In most of the other cases 

where TWINSPAN was applied, the a n a l y s i s was unable to 

provide a c l e a r e r p i c t u r e of seasonal changes i n diatom 
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deposition. The use of such analyses of TWINSPAN requires 

both caution and c a r e f u l i n t e r p r e t a t i o n of r e s u l t s . 

- 209 -



Summary 

From the evidence which has been c o l l e c t e d and c o l l a t e d 

during t h i s i n v e s t i g a t i o n , a d e t a i l e d p i c t u r e of the 

development of the Loe Pool system has, f o r the f i r s t time, 

been compiled. 

No one l i n e of i n v e s t i g a t i o n can provide s u f f i c i e n t 

Information to assemble a complete p i c t u r e . However, a 

m u l t i d i s c i p l i n a r y approach, such as has been adopted here, 

has provided a wider perspective on the development of t h i s 

p a r t i c u l a r lake and catchment system. 

Loe Pool i s undoubtedly unique. S u p e r f i c i a l s i m i l a r i t i e s with 

other lowland freshwater lakes, such as Slapton Ley or 

Swanpool, are outweighed by the extraordinary combination of 

natural and c u l t u r a l influences which have operated on the 

catchment, the shingle bar and the lake i t s e l f over the past 

6000 years, and i n p a r t i c u l a r , over the past four or f i v e 

centuries. 

I t has been possible to f u l f i l l the aims of the i n v e s t i g a t i o n 

d e t a i l e d i n Section 1.2, with the exception of dating the 

timing of I s o l a t i o n of the lake from the sea. The major 

phys i c a l and c u l t u r a l influences on the lake have been 
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identifiée! and a chronology has been established which i s 

l i n k e d to the most s i g n i f i c a n t e c o l o g i c a l changes that have 

happened to the system. 

In summary, therefore, the most important influences on the 

lake System have been those of c l i m a t i c change, the sea, 

human management of the system, the metalliferous mining 

industry, and the i n f l u x of sewage e f f l u e n t . 

The f i r s t of thèse, c l i m a t i c change, governed the long term 

development of the lake-watershed system as a whole. 

Overdeepening of the Gober V a l l e y during periods of lower sea 

l e v e l l a i d the geomorphic foundation for the development of 

the lake i t s e l f . The r i s e i n sea l e v e l known as the Holocene 

transgression provided a mechanism for the onshore movement 

of shingle which constitutes a high proportion of the présent 

s h o r e l i n e material around Mount's Bay. Va r i a t i o n i n c l i m a t i c 

régimes also governed the volume of runoff discharged from 

the Loe Pool catchment area. The balance between t h i s and the 

co n s t r u c t i v e processes of c o a s t a l shingle movement i n turn 

c o n t r o l l e d the development of a s p i t or bar feature across 

the mouth of the River Gober. Depending on the nature of t h i s 

e q u ilibrium, the area now occupied by Loe Pool may a t 

times have been either an estuary, freshwater, or a 

freshwater lake with considérable brackish-water influence. 

A slowing of the rate o f sea l e v e l r i s e a f t e r around 6000 

years B.P. provided the system with a degree of r e l a t i v e 

s t a b i l i t y , allowing any bar feature which may have begun t o 
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form, the chance to e s t a b l i s h . Any equilibrium, however, 

could e a s i l y have been upset by changes i n discharge from the 

catchment, r e s u l t i n g from c l i m a t i c change. Present day 

conditions are such that the c o a s t a l depositional processes 

outweigh the a b i l i t y of catchment discharge to remove 

shingle, and so the bar has developed into a s u b s t a n t i a l 

feature. 

The most s i g n i f i c a n t long-term e c o l o g i c a l influence on the 

lake i t s e l f has been the sea, and i t was only i n the l a t t e r 

part of the l a s t Century that i t s impact diminished. P r i o r 

to 1875, the Pool was r e g u l a r l y open to the sea both through 

spontaneous natural outbreaks of lake water, and the 

customary breaching of the bar by l o c a l residents, to reduce 

flooding i n the lower parts of Heiston. The subsequent 

changes i n lake s a l i n i t y sometiraes l a s t e d for raany months, 

imparting a brackish influence on the ecosystem of the Pool. 

The cessation of bar breaching, which followed the adoption 

of a more consistent management of the drainage adit, allowed 

the bar to accumulate material without the regulär loss of 

shingle which was normally associated with each breach. The 

marine influence diminished as a consequence, and the Pool 

became e n t i r e l y freshwater with an associated change i n the 

lake biota. 

The metalliferous mining industry, which had been a c t i v e to a 

greater or lesser degree throughout the previous two 

centuries, reached i t s most i n t e n s i v e period i n the 1920's 
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and 1930's. During t h i s period, the lake was dominated by the 

industry's wastes, with the rates of sediment deposition 

within the lake r i s i n g to very high values. The influence of 

these wastes on lake t u r b i d i t y and on water chemistry i s 

r e f l e c t e d i n the diatom f l o r a preserved within the sediments. 

Climate, lake morphometry and mining have been responsible 

for the formation of the quite unique laminations deposited 

between 1875 and 1938 (Zones C and B). Seasonal v a r i a t i o n i n 

r a i n f a l l , and thus streamflow, provided the basis f o r a 

d i f f e r e n t i a t i o n between winter and summer deposition. In the 

19th century, with the mean depth of the lake was some 3m 

greater than today, anoxia at the sediment-water i n t e r f a c e i n 

the summer months was more frequent. These conditions 

promoted the formation of black m e t a l l i c sulphides which 

resulted i n a d i s t i n c t seasonal change i n sediment colour, i n 

contrast to the grey, oxidised, winter sediments. This 

d i s t i n c t i o n between winter and summer sediment character i s 

further confirmed by the seasonality of diatom deposition 

which i s evident within the annual sequences. Having 

established that these black (summer) and grey (winter) 

sediments represent varves, i t was then possible to use the 

property of seasonal diatom deposition to provide a 

chronology f o r the sediments of Zone B (1928-38), during 

which time huge quantities of mine wastes r a d i c a l l y a l t e r e d 

the regular sedimentation patterns of previous years. The 

unusual nature of the sediments precluded the use of any 

other conventional dating techniques. 
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When, i n 1939, a l l a c t i v e mining ceased, a further c u l t u r a l 

influence assumed a growing dominance over the lake 

ecosystem. The i n f l u x of sewage e f f l u e n t from the treatment 

works at Helston increased i n quantity from the e a r l y 1930's 

when the plant became operational. This point source of 

abundant phosphorus and nitrogen increased i n l i n e with a 

r i s i n g population and was joined i n 1947 by the discharge 

from the treatment works which serves R.N.A.S. Culdrose. 

Again, the lake sediments record changes i n water chemistry 

and algal f l o r a , and r e s u l t s i n d i c a t e a growing l e v e l of 

c u l t u r a l eutrophy over a period of f i f t y years. This 

evidence, combined with the f a c t that the Pool now has an 

increasing problem of a l g a l blooms, i l l u s t r a t e s the extent to 

which human influence has attained dominance over i t s 

ecology. 

The sediments of Zone A, from 1939 to the present, appear 

i n i t i a l l y to be quite d i f f e r e n t from the deeper deposits. 

Their source material lacks the a r t i f i c i a l supplement of mine 

wastes, present to a greater or l e s s e r degree throughout 

Zones C and B. Deposition rates consequently diminished, but 

the seasonality of sedimentation was s t i l l present. Fewer 

instances of anoxia led to greater uniformity of colour and a 

diminution i n the deposition of black sediments. The o v e r a l l 

shallowing of the lake together with an increased nutrient 

input from treated sewage e f f l u e n t encouraged a newly a c t i v e 

benthic fauna. This i n turn promoted mixing and bioturbation 

of the sediments with a subsequent loss of s t r u c t u r a l 

preservation. Seasonal differences i n sediment supply mean 

- 214 -



that laminations s t i l l form upon déposition but can quite 

r a p i d l y become homogenised. 

The lake sysem has therefore r a r e l y been allowed to a t t a i n 

s t a b i l i t y for any period of time. The influences of marine 

incursion, mine wastes, and more l a t t e r l y , c u l t u r a l 

eutrophication, have meant that the system has remained i n a 

state of dynamism, re a c t i n g and adapting to changing inputs 

and pressures. To provide the preconditions f o r a more 

e c o l o l o g i c a l l y s t a b l e and long term future f o r Loe Pool would 

require an e f f e c t i v e management po l i c y which could deal with 

thèse current c u l t u r a l pressures by, f o r instance, reducing 

the phosphorus load which enters the lake. Unfortunately, 

"économie" r e s t r a i n t s may prevent such action, with the 

inévitable r e s u i t that the lake w i l l continue to décline i n 

e c o l o g i c a l value and aesthetic appeal under the persistent 

pressure of chemical p o l l u t i o n . 
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