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ABSTRACE

Problems of the geochemical dispersion of tin in the
marine sediments are dominantly approached from a sedimentological
point of view.

Seotion 1 - The transport of Marazion River was studied
with the help of fluorescent tracers. Rainfall and stream velocity
were high during the period of cobservations. All material was
transported, but only particles of medium and smaller sizes reached
the beach. River characteristics did not greatly influence the
nature of the transport. Heavy minerals were transported, provided
their particle size was equal to or smaller than fine sand.

Section 2 - The current pattern in Mounts Bay was studied
using bottom drifters. There are two currents in the Bay; the main
one is a clockwise current, increasing in strength towards the east.
The second current is a smaller clockwise eddy current in the western
part of the Bay. No information has been obtained on current velo-
citys. Transport of heavy minerals in the marine environment was
studied by using irradiated tantalite/columbite (sp. gr. 6,95) of
minus 200w-nesh size. Transport occurred in four directions related
to the main tidal current, the eddy current, currents induced by
the ebbing tide and currents induced by ground swell, A small
proportion of the total material only was affected by transport,
and overall dispersion did not exceed 1 mile during the period
of observation. v

Section 3 - Groups of samples forming traverses have been
colleoted in western Mounts Bay. Grainsize distribution end tin
content were studied and indicated a uniform sand body with the
mexirmum tin content confined to the smallest sizes. Interpretation
of the data on the Rubey and Rittenhouse application of Stokes law,
indicate that the majority of the tin content of the sediments
is related to terrestrial sources., In addition, primary minerali-
sation is postulated for persistant anomalies south of St. Michaels
Mount, Furthermore, there is an additional source of tin in
composite grains, whose dispersion is restricted to the eddy ourrent,
Disoussion is given on the distribution of material and the
dispersion of tin in wave action, subsurface samples and fossil
beaches, Finally, the copper content of selected surface samples
indicate that maxima in tin and copper content coincide.
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INTRODUCTION

A, GENERAL

Cornwall, the most south-westerly county of Britain has
since long been famous for its resources of minerals such as tin,
copper and china clay,.

Especially with respect to tin and copper, the mining
history of Cornwall goes back a long way. Although after the hey-
day of mining in the last century, the total output of tin decreased
substantially, increased world démand for this mineral has renewed
the interest in the potential of this mineral province which still
remains considerable., Exploration is not confined to the land alone.
On the north coast of Cornwall for instance, mining from the land has
proceeded well under the sea, while as recent as 1968 preliminary
investigations are carried out on an offshore mineralisation known
to occur in the vicinity of Penzance. Offshore mining and prospecting
is not limited to primary sources, but alluvial deposits are presently
being mined in St. Ives Bay, while an extensive survey is being
carried out along the south coast.

To assess the potentials of a recent sediment containing a
detrital mineral such as tin, it is essential to obtain an under-
standing of the sources of the mineral as well as its dispersion in
the sediment. This was the primary object of the research of which
this thesis is the result. Mounts Bay, on the south coast of the
peninsula, was chosen as the study area, mainly since the present
work is essentially a continuation of the research carried out in
this area by P.M. Ong in 1964/65. Much of his data, therefore,.is
used in the present thesis and for overall information regarding

the bay, the reader is referred to Ong (1966).



B. SCOPE OF THE THESIS

The thesis is divided into three main sections. The
first deals with some aspects of the transport by rivers of
detrital tin and its discharge into the sea. This study has
been carried out with the help of fluorescént tracers.

Section 2 is concerned with the current pattern in
Mounts Bay and the transﬁort of material in this environment.
Use has been made of bottom drifters and radio-active tracer
technigues.

The third and last section presents the geochemical
data of the offshore sediments and discusses the geochemical
dispersion of cassiterite and its origin on the basis of
Sections 1 and 2.

The sections form units on their own.. Consequently,
techniques used in the research will not 5e discussed together,
but in each relevant section. Likewise, a review of previous
work is not treated in a single section but is incorporated in

the text.

C. ACKNOWLEDGEMENTS

The writer wishes to express his sincere gratitude to
the Dutch Government, Curatoren van de Rijks Universiteit te
Leiden and Curatoren van het fonds "Noorthey" for their financial

support, without which the opportunity to study abroad would never



have occurred.

To my supervisor, Dr J.S. Tooms, I can only say that his
guidance and advice, in and outside the field of the study, will
have value for the rest of my life; I owe him very much.

I should like to express sincere thanks to Mr D.B. Smith
and Mr, T.V. Parsons of the Atomic Energy Research Establishment
Wantage (Berks). The knowledge and experience, as well as the
facilities they made available were indispensable for the success
of the tracer experiments. To work with them was a great pleasure.

| Thanks are due to the Union Corporation, who provided
the "Wheal Geevor", to Alpine Geophysics Ass., who made available
some coresy and to the Penzance Borough Council for making
available reports concerning their sewage disposal schemes which
contained valuable information with respect to the current system
in western Mounts Bay.

The advice given by the Hydraulic Laboratories, Wallingford
with respect to fluorescent tracers is gratefully acknowledged.

Finally, the writer should like to thank the members of
the Imperial College underwater club who participéted»in the sampling

operations.

D. GENERAL GEOLOGY OF S.W. CORNWALL

Pre~Devonian rocks in S.W. Cornwall are known to occur
as lenses in the Meneage crush zone in the Lizard serpentinite

complex (Hendriks, 1937). This complex, however, occupies a



limited area on the far eastern side of Mounts Bay and will not
be considered further here.

| The dominant sedimentary rocks, which have baen dated
as lower to upper Devonian, consist of non-calcareous, potassium-
rich slatess They are interbedded with limestones, grits, tuff
and agglomerate and spillitic lavas. Other basic, dyke-like
intrusions, known as greenstone, occur locally. They are con-
sidered to be altered dolerites.

The sediments, which were deposited near the northern
perimeter of the Hercynian geosyncline, have a dominant E-W
strike. The Variscian orogeny with a roughly N-S compression
gave Cornwall its complex east west structure mainly during the
Asturian phase (Upper Carboniferous). Deformation was accompanied
by regional metamorphism, the most intensive metamorphism occurring
in the soutﬁ.

During the Asturian phase, and probably also during the
Salic(Permian) phase (Webb, 1947), intrusion of tin bearing acid
rocks took place. The granite outcrops, which are suggested to
be cupolas of a great granite batholite (Hosking, 1949) can be’
followed from the Scilly Islands in the south-west to Bodmin in
the north-east. The instrusions caused contact metamorphism and
hydrothermal or pneumatolytic alteration of the host rocks;
resulting in the so-called spotted slates.

Contact metamorphie zoning is apparently not well developed

but has been observed in a number of places (Cox, 196l). Genetically



related, and general parailel to the trend of the granites, are
the porphyry dykes (known as elvan dykes) and hydrothermal lodes.
The djkes are contemporaneous with the late period of the granitic
intrusions, but have a much finer texture and contain appreciable
amounts of tourmaline and topaz.

The formation and origin of the mineral lodes have been the
subject of many studies. Webb (1947) has classified the lodes into
a ﬁumber of zones. They are as follows:

1. 4 tin zone, dominantly in the granite, near its margins.

2. A .copper zone on the granite/killas contact.

3« A lead-zinc zone in the metamorphic aureole, and

Lk, an iron zone in the unaltered slates.

Zones, especially those of tin and copper, often overlap.

The only éxisting MeSozoic sedimentary deposits in Cornwall
occur in the north and consist of granite pebbles originating from
Devon, Much of the remainder of the peninsula was, probably, land
during the whole of this period.

With the Alpine orogeny,.Cornwall was almost cohpletely
submerged, leaving only isolated granite outcrops ﬁbove the sea
level. In post Pliocene times, gradual emergence took place.

This is illustrated by a number of platforms and raised beaches,
ranging from 1000 feet to 10 feet aﬁove the sea level, with an
especially well developed 400 foot platform. Furthermore, the
emergence is illustrated by valleys filled with sediment to a

depth of 40 feet underneath the present sea level (Robson, 194k),



which more recently have again been submerged. Extensive evidence
of the effect of the glacial climate is provided by the periglacial
solifluction product, head, consisting of & non-homogeneous mass of
clay and rock fragments deposited in the valleys and on the 10 foot

raised beach.

E. GEOLOGICAL ASPECTS OF MOUNTS BAY

The geology of Mounts Bay is fundamentally the same as
the surrounding land. The following summary is based on a joint
geachemical and geophysical survey carfied out in 1965 by the
Imperial College (Tooms et al, 1965).

Although no granite outcrop occurs in the Bay beyond
the immediate coast line, the other prevailing rock types are
frequently encountered, including slates which are locally spotted,
possibly indicating a granite at shallow depths, and dolerite and
porphyry dykes with a NE-SW strike. Bedrock mineralisation occurs
in the vicinity of Penzance and may possibly be expected near St.-
Michaels Mount (Hosking, 1954). Additional indications of seaward
extension of Cu/Sn lodes known on land exist near Trewavas Head
(Ong, 1966);

The Bay is up to 160 feet deep, but the main part has a
depth range between 70 and 100 feet. The bedrock topography is
undulating in so far that fhere are pronounced depressions which

appear to form the seaward extension of the present drainage system,



This period of emergence (i.e. when the valleys were formed), was
characterised by dense vegetation, which resulted in the so called
submerged forest layer, It was in this time that the buried leads
of alluvial tin were formed (Henwood, 1873; Robson, 1944). The
depressions in the Bay are filled with sand. The largest sand
body occurs in the western part of the Bay and has a maximum
thickness of 60 feet. The sand in the eastern part of the Bay
also has a considerable extent, while smaller sand bodies occur
in the baylets at Prah Sands, Perranuthnoe and Marazion.

The coast-line consists of granite cliffs (Lands End,
St. Michaels Mount and the Godolphin granite), greenstone cliffs |
(Mousehole and Cudden Point), slate cliffs (Prussia cove,
Perranuthnoe and Porthleven), and cliffs formed of head (east
of Marazion and Prah Sands), whilst sand-dunes and bars on top

of alluvium form the coast at Marazion, Prah Sands and Looe.

F. CLIMATE AND PREVAILING WINDS

The climate of Cornwall is very temperate. The annual
rainfall is circa 45 inches. Micro-climatic variations occur with
respect to the north and south coast of the peninsula. The Lands
End corner current (see section 2) gives rise to fog formation
and in general more precipitation on the north coast than on the

south coast, The prevailing wind is south to south/west.
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Table 1

Geological. time.scale in .Cornwall (based on

Robson, 1944 and Webb, . 1947)

Holocene

Pleistocene

Post Pliocene

Pliocene
Miocene

Eocene

Carboniferous

Upper Devonian

Middle Devonian

Lower Devonian

Pre~Cambrian

fom e Mte et e s B e S s M mme e eem G e Em dme MRS Sme TR SEe e MRS YA M SR mme e W e dme W e

Blown sands and bars

Alluvium (human relics)
Lower submerged forest
Stream tin, all levels

Head of the Rubble

Raised beaches (10 feet)
50! and 100t-180' platforms
430' platform

(marine) gravels and sand (St. Erth)

750" platform
1000' platform

Gravels (St. Martins) Phonolite

o mme  Lor e M mas KSE e e e W S Eee e e e G e mm Gme Gme e dme SET e Sme Sme TR Sme  MEn ama Gee G e

Pebble beds originating from granites exposed
in Devon

Granites, pegmatites, applites, elvans and
lodes

Culm measures with bhasalt

Phyllites, calcareous shales, basic intrusion
and volcanic activities

Slates (in the north), grits (in the south),
basic intrusives

Slates, grits and basic intrusives

At €1 e WS ow YA e e EE MMM GV AR BER A G SR e e Mme ME e ke e e e R e Sme  Sme Smn e e e e

Dodmen and Start schists in the Lizard
Complex. (The Lizard is regarded to be Upper

Devonian/Lower Carboniferous; Hendrika, 1937)

!




SECTION 1

TRANSPORT OF MATERIAL BY MARAZION RIVER

Introduction

The aim of this section is to obtain some understanding
of the function of rivers with respect to the supply of material
and especia}ly cassiterite to the marine sediments of Mounts Bay.
Priory however, to discussing the nature of transport of rivers,
for which Marazion River was selected (see later), it is essential
to consider‘the possible sources of tin which may have contributed
to the fluviatile sediments, It is, therefofe, proposed to discuss
the sources of tin and to give an account of previous work on the
occurrences of alluvial placers in the ;rea first, followed by a

disoussion on the actual transport.
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CHAPTER 1 SOURCES OF DETRITAL TIN

A, Review of Alluvial Placer Deposits

In any discussion of detrital tin in Cornwall, one
should differentiate between two sources of supply. Firstly,
there is the tin derived from lodes as the result of normal
geological processes of weathering and erosion and, secondly,
tin made available for transport as a result of accelerated
erosion, ie.es. mining and other human activities. Although the
latter is insignificant in terms of time, the absolute quantity
of tin made available for dispersion and consequently for alluvial
and merine deposits is considerable. Thomas (1913) estimates an
average loss of 30% of cassiterite during the main mining period
in the last century.

Pre-human liberation of tin out of the host-rock resulted
in the formation of alluvial tin deposits. These placers, locally
referred to as "tin-grounds" have been subject to several papers,
such as Colenso (1828), Carne (1830), Henwood (1829 and 1873) and
Robson (1944)., The majority of these tin-grounds have an alluvial
origine. Reviewing the literature, it became apparent that these
depositsy at least the ones occurring in the south of the
peninsula and of major interest for the present study, have certain
features in common. In the first place, they are always overlain
by organic material referred to as a submerged forest. In some

places this submerged forest lies underneath marine deposits with
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abundant unbroken shell fragments (Colenso, 1829). As may be
remembered from Table 1, this organic layer and the associated
tin grounds post date the late Pleistocene head. It is, there-
fore, not entirely impossible that after the periglacial period
ended and the solifluction material had moved away from the hills,
fresh material was exposed to erosion giving rise to increased
supply of tin. A second feature, recorded by several authors,

is the consistent depth at which the coastal tin grounds occur;
LO feet below the present sea-level. Colenso (1829) estimates

on the basis of the depth of the submerged’forest layer, a
continvation of the river valley at Pentuan (near St. Austel) of
at least one mile into the sea. In Mounts Bay the bedrock
configuration is consistent with the extension of the Marazion
River valley 2 miles beyond the present coast. A third aspect,
common in the recofded tin-grounds, is the coarseness of the
cassiterite. Colenso (1829) describes the detrital tin as being
of fine sand size, while Carne (1830) and Henwood (1873) refer to
tin of "granular appearance'., Almost all the tin deposits show
traces of transport; graiﬁs are rounded and éub-rounded, some
showing traces of fracturing.

Tin-grounds of this nature have been described, occurring
in the Marazion mafsh underneath the forest layer, but they are,
according to Henwood (1873), of inferior quality. He also describes
a second tin deposit at a depth of 15 feet half a mile downstream

from Crowlas. This tin bed lies on weathered killas which
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-"disintegrates on exposure to semi-fluid mud" (op. cit.). Apart
from a peat layer of 6 feet thickness, no traces of trees have been
recorded,

Not. all tin grounds in this area are alluvial. Henwood
(1873) refers to several residual placers, amongst which the one
at Cold Harbour, near the head of Marazion River (for location see
Fige 1,2) is of special relevance to the present study. Underneath
a 245 foot peat layer and three feet of "disintegrated sﬁbangular
granitic matter unequally mixed with blue clay", tin grounds
occur, The more productive proportion of this 6,5 foot layer
is reddish~brown, with angular and more or less rounded masses
of tin bearing vein stones. The granite underneath presents an
"undulating" surface of unequal hardness. Like so many other
places in Cornwall, this matter could not be further investigated
as the site to which Henwood refers is completely obscured by
numerous relics of mining activities.

Although some of the cassiterite in these placers may
have been derived from weathered granites, the majority undoubtedly
originated from outcropping veins. Unfortunately, however, it is
difficult to study the nature of these sources and their contri~
bution to the river sediments as they were at the locations of the
earliest mining activities. Contamination of the surrounding soils
imposes great difficulties for reliable geochemical investigations.
A discussion on the contamination problems in an extensive exploited

‘area like the west of Cornwall is given by Hosking (1959).
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B. Geochemical Digpersion of Tin in Soil Traverses
near Rosepeath

A locality where primary tin mlnerallsation is known to

PS4

exist in the Mara21on River valley, occurs approximately £ miles '
dowvnstream from Crowlas. Here; just north of the Marazion swamp,

the proaected extension of a lode crosses the valley at right angles,.
The strike is roughly east/west and the 1ode has been mined at
several looationsg the nearest shafts are at Rosepeath, 250 yards

went of the river and at West Fortune, 500 ;'yards east of the river

(Figo loa)
* A recent drill hole near the possible extension of this

lode revealed "a 43 foot alluvium layer, a 21 foot clay with
gravel layer, followed by 71 feet of weathered killas, and under-
lain by solid bedfock". No information could be obtained on the
tin content of the core samples. A geophysical resistivity survey,
carried out at the writer's request by étudent from the Applied
Geophysical Group of Imperiai College gave similar results;

45 feet of alluvium and valley gravel, followed by weéthered
bedrock of which the base has not been recorded. This weathered
bedrock is probably the same as described by Henwood (1873) as
killes for a site several hundred yards upstream.

Samples have been collected along a traverse of 1600 feet
length. The traverse is located on the castern slope of the valley
to minimise possible contamination. This slope is gentler than the
western slope and the workings of the West Fortune mine are twice
as far from the river as those of Rosepeath. The sample interval

was 100 feet at the extreme ends of the traverse, decreasing to
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25 feet over the postulated extension of the lode. The traverse
follows the contour line. At each location two samplés were taken,
one at 6 inches and one at 24 inches. In addition, samplcs have
been taken upslope and downslope from selected.samplimg peints of
the main traverse., The soil along the traverse consists of a dark
red/brown stony loam.
The main features of the data obtained on the traverse
(Fig. 1,1) are:
1. The presence of two anomalies as expressed by samples
from both depths.
2. The high "local background' value.
3+ The difference in tin content of surface samples as
compared to subsurface samples at the extremities
of the traverse.
The high tin content for ﬁhe extremities of the traverse is rather
conflicting. Contamination from the West Fortune workings is a
possibility and would explain the higher tin tenor for the samples
from the 6 inch depth at the southern part of the traverse as this
:éndﬁié:ioégfed closer to the road. However, this does not. explain
the higher subsurface tin content for samples froﬁ thevnorthern_
end of the traverse. Furthermore, in the case of contamination,
one would expect a smaller difference between the apparent anomaly
and "background" values for samples- from the surface as compared
to samples from the 24 inch depth. The alternative is 2 concentra-
tion at the surface by either plants or fractional removal of light

material., The first possibility can be ignored as plants do not
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accumulate tin to any significant extent (Millman, 1957). Preferen-
tial removal of lights may contribute to the overall higher surface
tin content. It is of interést that the slopé is slightly steeper
at the southern end as compzared to the northern end.

Whatever the reason ﬁay be, the fact remains that the tin.
- content of all samples is'extraordinarily'highf VEspecially the
width of the anomalies, which éccur overra'distance of lOO feet
must be considered as surprising (Hosking, 1955).--Thé.cbnfigufétion
of the soil as established by drilling and geophysical techniques
may bc significant in this context. The upper parf consists of
alluvium in which Henwood has recorded the existence of tin-grounds.
The tin content of this alluvium may be in part responsible for the
high values., On the cher;hand, there is no information as to whether
the séil at the fraverse location has a similar profile as at the
locality of the drill hole which occurs slightly downslope from the
traverse location. Secondly, there is the 70 feet of weathered
killas, In order to get such an cxtensive weathering of bedrock
compared to other localities, the rock must have been relatively
weak, probably by joints and fissures. It could be possible that
these fissures have facilitzated the movgment of ore-forming agents.
Whatever the cause may be (contamination from West Fortune,
contribution from the tin containing alluviais or bedrock
mineralisation), there exists a distinct anomaly over the possible
extension of the lode. The second maximum at 1200 feet, and
especially well reflected by samples from the 24 inch depth, may

reflect an unknown or unrecorded lode,.
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The main question, to what extent mineralisation
contributes to the tin content of the stream sediments, could not
be answered., &8ize analysis on a number of samples showed that
the percentage of fractions coarser than 100 mesh is negligible
while the finer fraction, even with their heavy mineral content,
will be transported easily by the river, as will be shown later,
Secondly, any possible cut-off in the tin content of the stream
sediments of Marazion River at this location is completely over-
shadowed by the very high proportion of tin originating' frem the
'mi.ning arco further upstream. Furthermore, due to the existence
of the swamp near the river bed, it is impossible to cobtain samples
from river deposits which predate mining activity and whioh might
have shoun some effects of the mineralisation at Rdsepeath/West
fortune.

C. Tin Content of Stream Sediments

The contribution of tin to the stream sediments by mining
activities was very high (Thomas, 1913) and enabled tin streamers
to recover substantial amounts of this mineral downstream from the
mines. The form in which tin was lost has been déééribed by
Hosking (1956) as "low gravity, cassiterite bearing composite
grains'® and '"the unavoidable generation of slimes from which a
large percentage is coated with iron'" together with cassiterite
of "colloidal to near colloidal size'". At present day, this
material can be seen in the Red River, which dréins tailings

from the South Crofty mine, The same type of sediment can also
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be seen in the Marazion River valley, which also used to be called
Red River, A red clay layer occurs downstream from Crowlas at a
depth of approximately 1,5 feet. This layer, which is 2-3 inches
thick can be traced through the swamp and has been scen under the
present beach. Its tin content is definitely higher than the
adjacent strata (Table 1,2).

Table 1,2 Tin content of red clay and adjacent strata
at Marazion Beach

Fraction in ppm Sn ppm Sn ppm Sn
mesh under clay ; red clay above clay [
-20 +36 -20 - 720
-36 +60 -20 - 1125
~60 +100 -20 1400 225
-100 +200 275 1875 375
-200 275 8250 1500
| .

The higher values above the clay as compared to the strata
undernééth reflect that, although the mining activity had stopped
after the formation of the clay layer, there was still ample supply
of tin bearing material.‘

Not only the older sediments have high tin content, but

also the sediments forming the present day river bed (Table 1,3).



Table 1,3

‘Tin content (in ppm Sn) of stream sediments of some rivers

draining into Mounts Bay

Fraction in Marazion River Newlyn River Porthleven River

mesh highest average lowest highest average lowest | highest  average . lowest
-20 +36 3000 1000 -25 5500 L200 Loo 1300 950 750
~36 160 13000 2500 175 7000 53C0 2250 +2 4 5% +1% 930
-50 +80 9000 3400 340
-80 4100 +2% 7700 75 11000 8000 5500 +2,5% 13000 1140
-100 +150 +2% 9600 650 13000 7500 1300 +2,5% 9000 1240
~150 +200 +4,6% 11300 275 6600 4000 1350 +2,5% 11300 7500
-200 +2% 8100 360 6750 5750 1300 +2,5% 16000 7700

(20 samples) (20 samples) (4 samples)

ot
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The lowest values for Marazion River all come from a
sample location just upstream from the mining area at Nancledra
(Fig. 1,2) and form the best evidence that most of the tin in these
river sediments is introduced from the relic minea.

The nature of the geochemical survey as discussed in the
previous pages is far too superficial to establish any differentia-
tion of the sources of tin contributing to the stream sediments.
This distinction betweén "natural" sources on the one hand and
mining activities on the other is, however, of importance to the
study of the dispéréion of tin in the marine sediments. One of
the differcnces it seems is the grain size of tin made available
for transport. Size analysis on soil samples at Rosepeath
indicated that there is no material ccarser than 100 mesh, while
the first column of Table 1,2 shows that no tin occurs in fractions
coarser than 100 mesh in sediments which predate the mining
activity. Present day river sediments, on the other hand, have
tin in all fractions. Furthermore, it may be possible that the
two sources will feleaée tin of different mineralogical habitil,.
Due to lack of time these aspec#s could not receive the attention
they deserve and although the contribution of human activity over-

shadows the amount of tin derived from watural cources it is

desirable that detailed reséarch should be carried out.
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CHAPTER 2 TRANSFORT OF MATERIAL BY MARAZION RIVER USING
' FLUORESCENT TRACERS

A. Choice of River

In the previous chapter most of the attention has been
paid to the catchment area of Marazion River only. In addition,
there are three other rivers draining into the Bay, the Gober
River in the east, draining a major proportion of the Cammapellis
graﬁite, the Newlyn River in the west, draining part of the Lands
End granite and the Porthleven River; draining part of the Godolphin
-granite. Unfortunately, all four river systems have features
limiting the possibilities of investigétions cn their transport
capacities.

Newlyn River has been dammed for domestic puUrposes.

The amount of water rexching the sea is determined by the daily
demand for water. Downstream from the dam, the.river bed has
very little sediment; the artificial lake acts as a sediment
trap. Cobor River dces not discharge any material into the sea
either, It fldWé‘fhfoﬁgH a sWamp-iﬁté‘a fréshuwétéfmpool which
is separated from the sea by a sand and gravel bar. There is- -
evidence, however, that the closure of the sand bar is very
recent, Porthleven River originally discharged into the harbour,
but was diverted in_the last century from its natural course, and
flowé through a sewer, which“éX£end§ IEOkyafds 5ffshore.

The-onl& remaining rivef, the Marazion River has been
canedised through the Marazion‘marsh, to improve the drainzage of

the-adjﬁcent'aéficultural land. However, this river. was
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considercd the most representative one, and was therefore selected

for studies of the transportation of (stanniferous) sediment.

B. Description of Marazion River

The head of the ¥iver, at a height of 700 feet above
the present sea level, is located 0,5 miles west from Cold Harbour.
Its total length is approximately 8 miles with an overall gradient
of 1:84% (Fig., 1,2). The main rock types of its catchment area
are granite and killas. The river valley over the granite is
narrow with éteep slopes, whiie the valley in the killas is flat
and wide. There is a sharp boundary between the two rock types
west of Crowlas and the river profile at this location is
charactoriscd by a number of waterfalls. The stream bed near the
source consists of peat overlying weathered granite (see Chapter 1,
Henwood, 1873). Downstream of Nancledra, the river flows mainly
over bhedrock éﬁd, below the granite‘contact, it runs over its own
sediment deposited in the valley. 1In its lower course, south of
Rosepeath, the river is canalised through the marsh. This, however,
is very recent. The maximum width and depth ~f the river are
10 and 5 feet respectively.

The stream sediments, mainly-consisting;of quartz and
feldspar, are very coarse and angular. Size analysis on 21 samples
collected along the river profilelshOWed that 75% Of £hé.sédimént ‘
is coarser than 36 mbsh. Sortlng in edth sample is poor, but tends

to be better over a stretch of one mlle downstream from Nuncledra.
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The proportion of finer material increases, in general, towards
the river mouth. The tin content of the river sediment; as

mentioned previously,.is very high for all fractions (Table 1,3).

- Ce Field and Laboratory Techniques

‘1. Choice of tracer

Many methods have been developed to trace the movement
of marine and fluviatile sediments. They inalude materials such
as pulverised coal, brcken brick, magnetic concrete, painted cobbles
and non-fluorescent dyed grains. However, most studieé that have
been corried out, involved radio-active and fluorescent dye
techniques. As radio-active tracers havé-béen:applied in the study
of.material movement in the coffshore environment, discussion of
this method is postponed to Section 2.

The first contribution to literature involving fluorescent
dyed grains, is that by Medvedev and Aibulatov (1956), rapidly
followed by many workers in this field all over the world (Ingle,
1966). The advantages of fluorescent dye-techniques include:

1.  the cost of dyeing is relatively low;

2 no legal or health hazards;

3. different hues can be applied to differentiate
between successive tests, and/or location, and/or
grain sizes;

L, dyeé do not éffeét fhe hydréulic characteristics

of the labelled sand grains (Jolliffe, 1963).
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However, there are some disadvantages including:

1. samples have to be collected;

2. abrasion induces an uncontrollable time factor;

3 counting of fluorescent grains is laborious;

L. @ifficulties in distinguishing fluorescent grains
of very fine sand and silt, and of organic material
and dust.

Amongst the dyes which have generally been used are: Rhodamine B
(red), Primuline (blue), Kitton yellow (green/yellow), Erosine

(browm/yellow), Unitex (blue) and Araldite (blue/green).

2. Gollection and coatiné of material

In order to obtain é piétufe és realistic aS”poésible,
sand of Marazion Riyer itself was .collecbed, as opposed to
comméreially available fluorescent sand. 4 total of 7 cwt was
collected, dried‘ané sieved through a 0,5 inch sieve., The sand
was then washed several times. Due to thé‘fact'that the sand
contained much organic material and that many grains were iron
| ébéﬁed; the red fluorescent dye, Rhodamine B could not be used.
A green‘fluorescent dye had to bhe chosen. Unfortunately, the
'write¥ had some difficulties.in distinguishing the vefy fine green
fluorescent particles from the blue reflecting dust and carbonate
contents in the samples. Results, therefore, of the minus 1Q0-mesh
fraction will not be discussed. Details of fluorescent dyeing

techniques are given by Newman (1964) and Ingle (1966).
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3. Rainfall measurements

Transport of material is ruied by the stream velccity
which is strongly affected by the rainfail. Consequently, the
daily rainfall was measured during the experiment with a rain-
gégge. Simultaneously, data was obtained from the Penzance
meteorological station and from the Cornish Water Board. The daily
data was averaged and is presented in Fig. 1,3. The average annual
rainfall in Cornwall is circa 48 inches. The total rainfall during
the period of observatioﬁ was 4,2 inches, which is above normal for
that period of the yeaf. Data obtained from the Penzance meterolo-
gical station showed that the period previous to the experiments
had been unusually wet as well., This has some effects on the

stream velocity, as will be discussed later,

k. Stream velocity measurements

Stream velocity was measured with a Watts current meter,
provided and calibrated by the Wallingford Hydraulic Laboratories.
Measurements were carried out at nine different stations along the
river profile. The averaéed results are presented in Fig. 1,3B,
while those ot the ford (which was the dumping location) are pre-
sented in more detail (Fig. 1,3C).' Due to a failure in the
instrument, observations could not be carried out during the full

period of sample collection.
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5. Dumping of material and sample collection

The bags in which the dyed sand was stored prior to the
experiment, were lowered on the river bed at the location where
the sand was collected (station 1, Fig. 1,2). 1In this way the
material was soaked before relcase, which was necessary to avoid
flotation znd cocagulation of the very fine particles by air
bubbles. The bags were removed on the morning of February 19th,
1966, The quick release of the.whole mass of material at one
location modified the river cross section and might consequently
have affected the stream velocity at this location.‘ However, as
will be shown later, the effect on stream velocity was negligible.
This form of relecase, dircctly on the river bed, avoided immediate
transport of material by the faster stream velocity at the surface.

On the day of dumping, three series of samples were taken
at 5 hour intervals at increasing distances downstream. Collections
were made twice on the second day, once a day for the following
week and every other day during the second week. After this
period samples were taken every three days and finally once every
}fbur days. Over 200 samples were collected, each representing
a surface aren of approximately 2 sq. ft. The location of sample

stations is given in Fig. 1,2.

6. Comparison between natural and coated sand

The reliability of experiments of this kind depend in
the first place on the extent to which the hydraulic properties

of the tracer compares with the natural sand. Tests carried out
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by workers in this field showed that there was no significant change
in the physical properties by dyeing the particles (Ingle, 1966).
An attempt to verify this in the present case did not give satis-
factory results, as the experimental procedure was far from ideal.

50 grams of coated sand was separated into fractions by
elutriation (Pryor et al, 1953). A full discussion on the
elutriation is given by Ong (1966) as well as in Section 3 of this
thesis, conseguently only the principle will be mentioned here.

The elutriator consists of a number of vertical glass
tubes with increasing ciameters. A constant supply of water through
the system results in decreasing velocity in tubes with increasing
diameter. Meterial introduced in the smallest tube therefore, will
be separated into fractions based on the hydraulic properties of the
individual grains. After the tracer had been elutriated for 5 hours,
the weight percent of each fraction was determined. The fluorescent
dye was then dissolved with a mixture of concentrated nitric acid
and concentroted sulphuric acid. This strong reagent not only
dissolved the dye but also other components of the material, while
in addition, some reduction of grain sizes occurred. Results of
renewed clutriztion on the decoated sand, thefefore, could not be
compared with the original material. A better procedure would
have been to carry out the experiment in reverse order. This,.
however, wis not possible as the sand was handed out to &

commercial firm for coating.
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Each sample was separated into 6 fractions by screening,

and the number of fluorescent grains per gram was counted, using

a long-wave ultra-violet lamp.

The minus 100-mesh fractions were

ignored due to optical difficulties, as mentioned previously.

Better information on the transport of individual fractions would

have been obtained by establishing the number of fluorescent grains

per fixed number of natural grains rather than per gram. The low

concentration of the tracer in most samples makes this, however,

impractical (Table 1,4).

Table 1,4 Convertion of fluorescent grains per gram to
number of fluorescent grains per 1000 uncoated
grains, sample 560559
Fraction Number of fl.| Number of grains/| Theoretical number
gr. per gram gr. of fl. grains per
1000
2
very coarse 0,1 approx. 1x10 1
coarse " lxlO4 0,1
medium " lxlO5 ‘0,03
fine 7 i 1+x105 0,017

,v!'ly coa ise sind

coniisés o/ paréieles o/ 10 to 36 mesh ; cansequenily ¢ does ol ionforms Lo

the Wendworba c‘[nsh‘/a'{‘n[‘a‘on {5ee seelion ES)
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D. Presentation and Discussion of Data

1. Relationship between stream velocity and rainfall

Stream velocity at 2 specific location of the river
profile depends to a large extent on the nature of the river at
that point of observation., The cverall discharge, however, is
dependent on the rainfall and nature of the soil in the catchment
area.of the river. Under normal circumstances the soil will absorb
rain water and discharge it'slowly into the river. In the period
previous to the experiment, precipitation was well above normal
and the soil was saturated. Rainfall during the investigations
therefore, was directly reflected by changes in stream velocity
(Fig. 1,34, B and C), The stream velocity at the dumping ground
will be considered in more detail.

At the ford, which is located at the end of a right hand
meander, the greatest velocity occurs at the left hand side of
the river cross section (Fig. 1,3C1) which is also the»deepeét
part. The right hand side shows a reverse flow (Fig. 1,3C3).
With increasing water supply, the location of highest velodity
alters towards the middle (although this is not the deepest part)
and there is also downstream movement on the right hand side.
This change in flow characteristics is due to water deflected
towards the right bank having been obstructed (when the water
level is high) by the support of a foot-bridge. The change in
flow pattcrn has a marked effect on the river bed., Prior to the
25th of February, the middle of the river bed consisted of medium

to coarse sand., After the 25th there was almost no sand left, and
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it took the river several days to return to its former state.
The reason for discussing this in detail is to illustrate the
effect of the tracer cn flow pattefn. Sand was dumped in
the middle and at the right hand side of the river cross section.
A minor part of the sand was carried away directly, another part
was transported to a limited distance upstream by the reverse
flow, but the bulk of the material was transported downstream

during the 25th.

2. Transport of tracsr

Prior to the discussicn of the results, two aspects of
the investigation should be emphasised. Firstly, resulﬁs represent
the transport over a short period of time only. Details of the
distribution of sediment becomes less significant if transport
over, for instance, a whole year is considered. Besides, less
rainfall in summer and the consequent lower stream velocity will
result in a completely different transport patterns Secondly,
data is expressed as grains per gram, so an absolute amount .
rather than as a percentage. Consequently, only a qualitative
information is obtained. This will be illustrated later in the
discussion.

(a) Transport with distance

10 sets of observations are presented, extending over
a period of almost three weeks. Fach sample has been divided

into four fractions and their tracer content established (Fig. 1,%).
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The first and main feature shown by the diagrams is the fast
transport of fluorescent grains. Three days after dumping, fine
and medium sand could be traced 2,75 miles downstream from the
release point.  On the fifth day, these fractions were encountered
in the riyer mouth, 3,5 miles downstream. Although coarse and
very coarse sand did not reach the river mouth during the period
of the experiment, their transport is very fast as well. Within
5 days, fluorescent grains of these fractions were found in the
sWamp.'

The location where the maximum amount of tracer grains
occurs (i.e. the bulk of the material), moves much slower but
still considerably; three days after dumping it had moved over
50 yards and 5 days later it was found some 300 yards downstream
from the ford. The actual amount decreases rapidly, which is
probably due to the combined effects of the spread of the tracer
grains along the stream and the supply from upstream of uncoated
grains,’ The overall distribution of the tracer along the river
ﬁrofile,“with the exception of stations lla and 12 on the 26th,
appears to be fairly uniform, especially.for the last three
diagrams, This can only be explained by postulating a consistent
form of transport, irrespective of river characteristics at any
given stotion such as gradient of river profile, width of river,
depth of water, etc.

The way in which transport can take place, falls broadly

into three groups: )
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1. transport by rolling;

2+ transport by saltation;

3. transport by suspension.

Iransport by rolling depends largely on the nature of
the river and the grdin sizes involved. Accumulation of material
will occur at localities where the river characteristics such as
gradient, depth of water etc. change. Transport by suspension
on the other hand will carry material irrespective of these river
characteristics and does not; in theory, deposit any material on
the river bed. In practice, however, there is an equilibrium
between suspended load and bed load, If the stream is saturated
with suspended load, variation in the stream velocity will tend
to discharge material when the velocity decreases and to
pick up material when the velocity increases; for instance, at
the inner and outer curves of a meander. Transport by saltation
forms the transition zone between rolling and suspension.

The fast transport and the uniform distributicn of
fluorescent grains of fine and medium sizes, seem to suggest
that the stream velocity during the experiment was high enough
to transport these fractions by suspension or an advanced form
of saltation. Transport for the coarse and very coarse fractions
on the other hand, took place Somewhere in the transition =zone
between rolling and saltation, as illustrated by their more

erratic distribution.
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The only indication of the effect of the nature of the

river bed is given by stations 1la and 12 on the 26th February.

Just after Rosepeath (station 1la) the river depth increases by

a factor of 3, as the river is canalised from here onwards. The

stream vélocity has a direct relationship with depth, assuming

constant width, and any increase in water discharge will affect

the shallower part to a greater extent than the deeper part

(Table 1,5).

Table 1,5 Stream velocity in ft/sec at 3 successive
stations
Date Crowlas Rosepeath Maragzion Bridge
(station 10) (station 1la) (station 15)
2hth February 4,36 4,33 1,92
25th it 7,98 4,34 2,21
26th " 3,76 3,76 2,35
27th  © 4,25 3,76 2,47

Material transported by the stream at Crowlas on the 25th

will accumulate with the sudden drop of velocity at Rosepeath as

demonstrated by the fluorescent grain content.

However, it is peculiar that the accumulation of the

tracer grains at stations 1lla and 12 is not diluted by accumulation

of uncoated grains of the same fraction.

Upstream from these

stations, as well as the period previous to the 26th, the tracer

appears to be well mixed and an inherent part of the sediment, as
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expressed by the fairly constant amount of fluorescent grains in
each sample, This relationship sﬁddenly ceases to exist. From
the same diagram it is clear that the amount of fluorescent grains
at and near the dumping ground decreases drastically as compared
to the previous diagram. Furthermore, it may be remembered that
with the high rainfall on the 25th, almost all sediment at the
ford was carried away. Consequently, it seems that most of the
fluorescent grains have been transported right through from the
dumping place to stations lla and 12, probably by suspension.
This form of transport is illustrated by a sample taken that same
day just downstream from station 12. At that location the river
broke through the levee and flooded the swamp. The sample
represents material deposited behind the levee and some fluorescent
grains were found in the very fine sand fraction.

The fact that the sediment between the ford and
Rosepeath 1s not mixed to any significant extent with the trans-
ported material from the ford, is explained by assuming that by
transporting all material from the ford, the stream was saturated
with suspended load. Consequently, it was unable to pick up more
material, Furthermore, it may be important that the only locations
with abundant sediment in the river bed are the ford, which was the
£eason to select this point for the collection of the material, and
from Rosepeath in downstream direction. Sample stations in between
were always in very sheltered locations, such as behind boulders,
fallen trees etc., and the sediment these samples represent was

only available in small guantities.
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A difficulty is the fact that the diagram representing
the dispersion on the 2nd of March which follows the 26th February
has no traces of the accumulation at the étations 1lla and 12, while
the coarse and very coarse fractions are not represented at all.
Although there is an interval of 4 days, and continued supply of
material may have diluted the fluorescent grain considerably, one
would still expect some differences between successive sample
stations.

Results for the coarse and very coarse fractions are
_ slightly erratic. As can be seen in Fig. 1,4 many samples have
a tracer content for these fractions in the order of 0.1 or even
0,01 grains per gram., It is therefore very likely that saﬁples
having no tracers in these fractions but which occur between
samples with fluorescent grains are purely accidental, as for
instance sample 10 on the 26th February.

In the later stages of the experiment no more tracers
were found in samples from the last stations., This is due to
the diluting effect of two tributaries joining the Marazion River
in the swamp, while the very slowly decreasing tracer content
further upstrecam is also partly due to the diluting effects of

uncoated material transported from beyond the ford.

(b) Transport with time

Results from two sample stations, 50 yards downstream
from the ford and from the river mouth, have been presented on a

time basis (Fig. 1,54 and B). From Fig. 1,54 it can be seen that



35

an initial rise in the fluorescent grain content of the samples
there is a steady decrease until the 26th. From this day onwards,
the amount of fluorescent grains remains constant within narrow
limits for each fraction.

The increase in tracer content for the first 48 hours,
followed by this decrease is entirely due to the relationship
between the supply and the removal of fluorescent grains. TFor
the first period supply exceeds removal, and for the second period
the reversc is true. The sudden chanée on the 26th once more has
to be explained by the very heavy rainfall of the previous
2k hours. Almost all material has been transported and the
constant tracer content for the next 16 days means either of
two things; supply from the remainder at the ford and the
removal at this location were in perfect balance, or the heavy
transport during the 25th/26th left behind only relatively
sheltered grains which were not transported by the subsequent
lower stream velocities. The writer favours the latter possibility
because:

l. Apparent equal supply and removal would still result
eventually in an overall decrease of the tracer
content as the source is limited and diluted by
material from upstream.

2« After the 25th it was extremely difficult to obtain
enough sample as the river bed consisted of pebbles

and boulders with the sand in between.
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The relationship with time of station 15 near the river
mouth is presented in Fig. 1,5B. At this locality there are three
factors influencing sediment transport, which do not apply to the
other locations. The first factor, the contribution of the
tributaries, has been mentioned previously. -Secondly, there is
the existence of the swamp itself. Several drainage canals have
been dug and they join the river circa 500 yards before the mouth.
The discharge from these canals will not be subject to rapid
variations and consequently they will act as stream velocity
regu}ators.

A third factor, only effective on rare occasions but
operative during the experiment, is the pericdic (once or twice
a year) shift of the river mouth towards the west by cutting a
channel through the storm beach. This results in a tempbrary
increase in the river gradient, which has a great impact on the
stream velocity at station 15. The reconstruction of the mouth
was carried out on the 5th March. The stream velocity before
that date was 2 ft/sec. On the Sth it increased to over 4 ft/sec,
decreasing slowly during the next three days to 3 ft/sec. No more
velocity measurements have been carried out after that day, due to
failure of the instrument.

No changes occurred in the stream velocity at the other
stations., The increased tracer content at the 5th March at
station 15 is believed to be due to this third factor. The
effect is not expressed by samples from stations further upstream

in the swamp as the increased discharge at the river mouth is fully
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intercepted by the drainage channels of the swamp; The small
increase in the number of fluorescent grains on the 4th, one day
prior to the construction of the river mouth is not fully under-
stoods The stream velocity on that day was slightly higher than
the previous days, but the difference was very small; 0,3 ft/sec
which, however, may have been sufficient to account for the

increasc,

(¢) Transport with time and distance

In Fig. 1,5C, results of transport with distance, as
well as with time, have been combined, by plotting the tracer
content of station 1 om the first day, the tracer content of
station 2 at the second day and so on. It shows that the fine
and medium sizes of'material'are equal in their behéviour with
respect to transport and are able to reach thelsea. Sorting
between these two fractions does not seem to be well developed,
Coarse and very coarse fractions are not transported very far
during the time of observation and the sharper decrease in the
number of grains per gram as compared to the two finer fractions
indicates that, if sorting occurs, it is best expressed between

the medium and coarse sand fractions.

5. Representativity of tracers

So far discussion has been limited to the fransport of
fluorescent tracers only, and the questioﬂ as to whether they are
representative af the transport of uncoated material has been

left aside. The low concentration in many samples, especially
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the coarser fractions made a prescntation of fluorescent grains
as o percentage of uncoated grains extremely unreliable. Never-
theless, it is of great importance to obtain information in this
respect.

In order to investigate this matter, the fine, medium
and coarse fractions of samples from stations 3 to 10 of the
8th March have been converted to percentile fluorescent grains,
while the actual grain size distribution for these fractions has
been obtained by screening (Table‘l,6). The reason for selecting
these samples is the fact that the samples represent the largest
interval between relcase of the tracer and sample collection
and thus were expected to be the most homogenous. In addition,
the number of fluorescent grains per gram for individual fractions

remains very constant.

Table 1, 6 Comparison between size distribution of
selected samples as obtained by fluorescent
sand and screening

Fraction No. of fl. | No. fl. grains| % fl.gr.| Weight %

grains/gr. per 1000 (screening)
fine sand 20 , 0,05 11% 16%
medium sand 12 0,12 29% 31%

coarse sand 2,7 0,27 615 L 52%
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The table illustrates that the grain size distribution
as obtained by secreening and computation compares reasonably.
Differences between the two sets of data are most likely due to
assumptions made for the calculations, as the total number of
grains (uncoated) per gram in any given fraction is essentially
an approximation. Nevertheless, it is ccneluded that the
transport pattern as indicated by the tracer may be considered
as representative of the sediment as a whole. In view of the
limited accuracy, however, no attempt has been made to give any

quantitative interpretation of the transport of material.

4, Transport of heavy minerals

Of major interest with reépect to the main object of
the present study, the dispersion of tin in the offshore sediments,
is the behaviour of the heavy mineral fraction. The fine sand
fraction of all the samples collccted on the 4th March (Fig. 1,4)
as well as all samples collected from station 2 (Fig. 1,5A) have
been subjected to heavy mineral separation and the number of
fluorescent grains has been counted. From the diagrams it can
be seen that the number of fluorescent grains per gram of the
heavy mineral fraction roughly coincides with the distribution
of the fluorescent grains of the medium sand size fraction.

As mentioncd previously, the tracer may be considered
as represcntative for the size fraction it represents. Conse-
quently, it must be concluded that the heavy mineral fraction of

the finc sand range is transported in a similar way as the sand
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of the medium range. This conclusion is in agreement with Stokes

law on the velocity of particles in a viscous medium. On the

basis of this law, one can calculate the corresponding grain sizes

of other light and heavy mineral fractions to be transported together.
Thus, cassiterite of the medium size is equivélent of quartz of

very coarse size, and cassiterite of very fine sizes will be
transported together with sand of the fine size range.

As will be remembered, analytical results not only showed
the existence of tin in the finer fractions of the stream sediments,
but also in the coarse and very coarse fractions., On Stokes law,
these coarse tin sizes are transported in similar ways as granules
or even small pebbles., The tracer experiment showed that these
fractions are not traﬁsported to any significant extent.
Consequently, as tin in these sizes occurs throughout the river
sediments, one must assume that tin occurs in the form of, as
Hosgking puts it, "low gravity,'caésiterite bearing composite
grains., It is fully appreciated that these conclusions éf similar
transport of Vhydraulic equivalent!" grains needs to be considered
further., However this discussion is more relefant for data of
Section 3. 1t is, theréfore, proposed to postpone further dis-

cussion to that section.

E.  Summary of Conclusions

With the extraordinary environmental conditions in mind,
it is concluded that:

ls Transport for all fractions is extremely fast.
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Sand of medium and smaller sizes is able to reach
the marine_environment.

Transport of sand of medium and smaller sizes takes
place by saltation, probably reaching proportions
of suspension.

Transport of sand of coarse and greater sizes takes
place by saltation, probably decreasing to rolling.
Due to the nature of the transport, sorting between
successive fraction is not well expressed, but may
occur between sand in the coarse to medium range.
The canalised part of the river acts as a site of
deposition for coarse sand.

Transport of heavy minerals and their equivalent

light fractions is similar.
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SECTION 2

TRANSPORT OF MATERTAL IN MOUNTS BAY

Introduction

In the offshore environment, the dispersion of
material depends to a large extent on the quantity and quality
of the transport media., It is, therefore, essential that,
prior to any interpretation of the results obtained from the
geochemical survey, the environmental conditions are fully
understood.

This section, which deals with these processes, consists
of two separate chapters. In the first one, an attempt is made
to establish the current pattern in the Bay. The second chapter
deals with the transport pattern of material with special reference

to cassiterite in the western half of Mounts Bay.



CHAPTER 1  CURRENT SYSTEMS IN MOUNTS BAY

4. Introduction and Previous Work

The main currents in Mounts Bay are tidal. The average
difference between low and high tide is 15 feet, with a maximum
of 18 feet for spring tides and a minimum of 13 feet for neap
tides.

Cooper (1960a) in a paper dealing with the water
exchanges between the English and Bristel channels around Lands
End, comes to the conclusion that "a narrow well mixed cormer
current flows intermittently around Lands End from the south to
the north coast of Corawall". Furthermore, it appeared from a
survey undertaken by the Harine Biology laboratories, Plymouth,
that Mounts Bay is relatively isclated from the tidal system
along the S/W coﬁst of England. Drifters released near Plymouth
were recovered on the beaches and bays of éhe north coast of the
Cornish peninsula. The effect of this main water movement on the
direction and wagnitude of currents within the bay is not known,
but from the Pocket Tidal Strecam itlas (1961) and the Admiralty
chart, it appears that flood tides produce easterly surface and
near surface currents in the bay. The maximum velocity (6 hours
beforc high water in Dover) during spring and neap tides are 0,9
and 0,5 knots respectively. As the ebb tide commences, southerly
eurrents occur with velocities of 0,5 knots for spring tides and
0,3 knots for neap tides, At the height of the ¢bb tide in the

bay (high water at Dover) westerly currents are generated; the
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maximum velocities dufing spring and neap tides are the same as
those of the flood tide.

Data on current directions and velocities obtained by
' Binnie and Partners (1965) in the western part of the bay close
to Penzance, give lower results. Between high and low water the
direction of the tidal current is mainly between east and south,
with a2 maximum velocity in the subsurface water cf 0,1 knot 3
hours after high tide. During the incoming tide, the current
directions are mainly between west and north with the same
maximﬁm velocity. The minimum velocity measured in the sub-
surface water during the tidal cycle was 0,01 knot half an hour
before high tide. Surface.and bottom currents are similar
in direction, but the maximum vclocity measured was slightly
higher at the surface; 0,15 knot.

The movement of the sediment will be controlled by
the bottom currents and wave action. as these éurrents may be
different in direction and velocity to those at the surface,
negative bouyant bottom drifters have been used, in preference
to surface drifters, to investignte the water movement. The
bottom drifters used consist of a circular, slightly .concave
" downward, plastic ¢ap of 7 inches diameter., Four holes of one
inch diameter allow any trapped air to escape. From the centre
of the cap there is a shaft of 20 inches long to the end of which

a weight is attached to compensate for the bouyancy of the plastic.
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This weight is determined by the weight of the drifter cap in air.
The relationship between the drifter density in water, weight of
the cap and additional weight on the shaft is presented in Fig.
2,1. 4&n average weight of 8 grams was used. However, in some
cases it proved necessary to add an additional 0,5 gram weight

as some of the drifters kept floating.

B. TField Techniques

l. Selection of release points

although the survey was aimed to investigate the current
pattern, it alsoc intended to select a point near Marazion River
for the release of radic-active tracers, which have been applied
for the study of transport of material (see next chapter). In
practice, 5 dropping points were used., Three of these in the
vicinity of St. Michaels Mcunt and marked +, o, and x in the
figures, were specially selected with the above aim iﬁ view.
They alsc provide with the two other points (symbols = and O,
Figs, 2,7 and 2,5) information on the general tidal system. In
addition, the most westerly point, off Mousehole (symbol @),
enabled & check on the conclusions drawn from the radioc-active
background values in this area, which indicate a transport in

northern direction (Chapter 2).
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2.  Time of release

In anvarea so close to the shore, the dropping time is
of critical importance. Wave induced currents will be superimposed
on the tidal changes and may limit the effects of the latter. In
the case of the dropping points in the vicinity of Marazion River
and St. Michaels Mount, drifters were released half an hour after
high tide, in order to enable an offshore dispersion of the drifters
before the incoming tide would affect them. Drifters near Mousehole
were released just after low tide. Dispersion on this location was
expected to be in a northern direction with incoming tide. Release
time offshore from Porthleven was not considered to have the same
importance, as the water depth at the dropping point, 60 feet,
would eliminate to a great extent the effect of wave action at the
bottom, However, it appeared during the course of the investiga-
tion that the above considerations did not carry too much weight
as the time between release and recovery included in general many

tidal cycles.

2. Method of dropping

50 drifters were released at each point. In the case
of the dropping points near Marazion River mouth, care was taken
to avoid dispersion by wave action during the slow sinking of the
drifters. The drifters were loosely bound together with a rope
on which a weight was attached. Once the drifters reaéhed the

bottom, the rope with weight was detached.
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L.. Recovery of drifters
Bach drifter wae marked with its dropping location.
During the first week intensive patrolling along the beach was
undertaken. Location and time was recorded for each recovered
drifter, After the first week drifters arrived only sporadically
and from then on the recovery was dependent on the cooperation of

the public. On returning the drifters to Imperial College a small

reward was paid, provided the time and location were given.

C, Presentation of Results

It is proposed to mention the general data of each
dropping point, followed by tables combining the details from

all drifters. The discussion will deal with each point in detail.

Station 1 (symbol +, Fig. 2,2)

This first release point is located about 100 yards off-
shore from the 1o§ water mark and outside the breaker zone, at the
time of dropping. It is flanked by two parallel rock outcrops;
Great and Little Hogus, of which Little Hogué submerges at high
tides The choice of this point was determined by the fact that
at the time of the experiment the Marazion River outlet was located
between these two rocks.

Drifters were released at 10.30 a.m. (half an hour after
high tide), the following morning at 6.30 a.m., 24% of the drifters
were recovered. The area of dispersion was not more than 0,5 miles

wide, i.c. between the Marazion River mouth and the causeway to
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St. Michaels Mount. In the same period a great amount of kelp was
washed ashore, probably originating from the submarine rock out-
crops of the mount. Although recovery did not continue with the
same speed, more than 50% of the drifters were recovered within
three wecks. The maximum dispersion did not exceed the one mile
of beach between Maraéion station and Marazion village, with a .
slight concentration east of the release point. After four weeks
no more drifters arrived, with a significant exception of one
drifter, recovered 20 weeks after release on the quarry beach S.E.

of Newlyn.

Station 2 (symbol o, Fig. 2,3)

The second release point was basically a repeat of the
first one, but a little bit wmore in an offshore direction. This
location, 250 yards from the low water mark, is still in the
vicinity of Great Hogus, but offshore from Little Hogus. 4Although
recovery was not as faest as from the first group of drifters, the
overall pattern was the same; 58% recovery spread over 5 weeks,
with a dispersion of almost two miles from Long Rock village to
St. Michaels Mount.s As with the first drifters, the maximum
concentration occurred east from the dropping point. Two
drifters were recovered outside the main area of dispersion;
one in the outer harbour of Penzance 19 weeks after release,

and the other on the Newlyn/Penzance beach 20 weeks after release.
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The third point was located just south-west of St.
Michaels Mount. 50 drifters were released one hour after high
tide. The recovery picture is quite distinct from the previous
two points, and stretches over a length of 6_mi1es towards the
east. The first drifters to be ccllected were not on the nearest
beach, and arrived on Perranothnoe beach (Perran Sands) 2,5 weeks
after release, followed by four other drifters during the next
wecks, The second location was Trenow cove, one mile east of
Marazion and the nearest beach to the dropping point. Drifters
arrived here 5 weecks after release., Prah Sands was the location
of several recoveries 36 days and more after release. Small
coves and beaches, such as Prussia cove, Acton castle and Kennegy
beach, were also recovery locations of several drifters. On the
whole, there is no distinct advancement of recovery with time,
although the direction of movement is easterly. The total
reéovery was 58% and the last drifter to arrive was found 78 days

after it had been dropped.

Station 4 (symbol @, Fig. 2,5)

The fourth point is located east of the Penlee life-
boat‘house and north/east of Mousehole. This point was selected
to establish the direction of the current pattern in the western
part. of the bay. As will be discussed in more detail in Chapter 2
of this section, radio-active background values suggested a move-

ment of material in a northerly direction.
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The first drifter to arrive was collected off the
Penzance promenade 35 days after release. 14 days later a second
drifter was recovered just east of Long Rock village. From then
onwards, a consistent number of drifters was washed ashore during
the next few weeks. The main area of recovery being the Newlyn-
Penzance beach and the area near Long Rock, halfway between
Penzance and Marazion. The last recovery took place 115 days
after release at Newquay on the north coast of Cornwall. One
drifter was also found in Newlyn harbour; while another which
had lost its shaft was found at the Perran Sands. Altogether,

50% of the drifters had been recovered.

Station 5 (symboi B Fig. 2,%)

The fifth and last dropping point was located 0,5 miles
offshore from Porthleven. Recovery took place with a greater
speed thon was shown by the other offshore dropping points, i.e.
stations 3 and 4. U44% were found within the first week, all east
from the dropping point. Two concentrations were observed, near
Porthleven and at Gunwalloe, which is 1,5 miles further east.

The difference shown by this group of drifters to those from
elsewhcre, is the dispersion all over the bay. Two drifters
were recovered at the Penzance-Marazion beach, one on Perran

Sands and thrce on Prah Sands and adjacent beaches.
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Station 1
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Symbol Location

!
Depth of

Wind direction i

Date of Time of
water release release and force
+ 509721 5 feet 6.9.1966 | 10.30 a.m. NW 3
L bstesson L L o]
Number of Time in Wind direction Location
drifters days after and force
recovered release
12 1 W1l Between Chapel rock
6 2 N 3 and Marazion River
2 - 11 SE 2 i
2 12 ESE 3 Causeway St. M.h.
5 27 SE 8 Marazion beach and
1 29 SW 2 Long Rock
1 137 NW 4 Quarry beach, Newlyn
Table 2,2 Station 2
Symbol | Tocation | Depth of| TDate of | Time of |Wind direction |
water release release and force
o 50°7115" 10 feet 8.9.1966| 12.15 p.m. N 3
5%29'0
Number of Time in Wind direction Location
drifters days after and force
racovered release
2 4 W3 Chappel rock
2 7 NW 4 Great Hogus
1 8 N2 Causeway St. M.HM.
1 10 ESE 3 Marazion beach
1 11 ESE 3 Causeway St. M.M.
2 16 SE 2 Long Rock beach
1 24 SE 2 Marazion beach
10 25 SE 8 Between Marazion and
Long Rock
1 26 SE 2 West of Long Rock
1 30 NW 3 East of Marazion
1 34 SSE 8 "
1 133 NW 2 Penzance Harbour
1 139 SE 3 Newlyn beach




Table 2,3

Station 3
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Symbol Location

Number of
drifters
recovered

50°6136u
5028|38n

FH HFUW R HEKFERFEFRFENHEH

H H v N H

Depth of

" water
L7 feet

e - — . e

Time in
days after
release
26
28
53
3h
36
41
4o
k9
52
54
55
59
60

67
70
71
72
77
78

Date of | Time of |Wind direction
release release and force
8.11.1966| 12.15p.m. NW 3
Wind direction Location
and force
NW 3 Perran Sands
NW 2 u
SW 2 "
N 8 "
SwW 1 Prah Sands
W3 n
NW &4 Acton Castle beach
NW 3 Kenmnegy beach
WNW 8 "
NW 2 Trenow cove
SE 1 Prussia cove
NW 2 Perran Sands
NE 3 Perran Sands,
Trenow
NE 2 Prussia cove
SW 3 Trenow cove
SE 4 n
SW 8 n
sw 8 Prah Sands
WNW 5 Trevean beach
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Table 2,4  Station 4
Symbol Location Depth of Date of Time of | Wind direction
water release release and force
e 5025'24" 66 feet | 8.11.1966| 3.15p.m. N 2
5 31|21ll
L o e e e o e o L

Number of Time in Wind direction Location

drifters days after and force

recovered release
1 25 NW 7 Penzance beach
1 Lg NW 3 Marazion
2 50 WsW 5 n
3 51 W6 "
2 52 WNW 8 "
1 53 W3 "
1 57 SW 1 Roskilly
1 69 SE 3 "
1 70 SW 3 Penzance
5 7k NW 4 Newlyn & Penzance
1 75 sw 8 Perran
3 76 sw 8 Penzance
1 80 SW 5 "
1 81 SW b n
1 82 S 7 n
1 83 SW 3 Eastern Green
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Teble 2,5  Station 5

- .

Symbol Location Depth of Date of Time of | Wind direction
water release release and force
. 5024'50" 60 feet | 10.9.1966 | 13.00p.m. SW 2

5719'5"

Number of Time in Wind direction Location

drifters days after and force

reccovered release
1 2 W3 Porthleven beach
6 3 NW 4 " & Gunwallce
3 L W2 " "
8 5 NW & " "
1 10 ESE 3 "
1 18 SE 3 Penzance
2 23 SE 8 Rinsey
3 24 SE 2 Porthleven
1 25 Sw 1 Perran Sands
1 29 Nw 1 Prah Sands
1 136 NE 2 Gunwalloe
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Table 2,6 Relationship between wind direction and force
and number of recovered drifters

number without brackets refers to the number of days on
which indicated wind conditions occurred

number in brackets refers to the number of drifters
recovered under indication wind conditions

Wind force (Becaufort scale)

1 2 3 4 5 6 7 8
N 5 1 1
NN 1 2
NWo | (1) 13(7) 4(13) 6(5) 2 1 1(1) 3(10)
WNW 1 2(2) 1 2(3)
W 2(3) 1) 6 2) 7y
WSwW ' 2 1 1(2) | 1
swo (52 6(3) 7(2) 2(3) 1(1) (L) )
SSW 2(5)
5 1 1(1)
SSE 1 - 1(16)
SE |2 7(5) 7(6) 1 1
ESE 1 2 '
E
ENE
NE k(3 - L
NNE
§§§:1 11 1 32 19 7 5 2 13
Total ;
drife (3) (21) (22) 13 Gy (3 (@ (37)
ters .

Data of stations 3, 4 and 5Aoﬁly
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D. Discussion

It should be emphasised that the discussion and conclu-
sions are based on a total. recovery of just over 50%. The where-
abouts of the other half remains obscure, although the recovery of
some drifters outside the main area of dispersion have given some
valuable indications as will be shown'later. 4 second point,
which should be mentioned prior to the discussion, is that the
actual recovery of drifters is mainly ‘due to the wave action, although
their transport will take place through tidal currents, Detailed
discussion on wave action will follow in Section 3, However, it

may be mcntioned here that in general, waves induce inshore currents

which are related to the wave dimensions. The greater the dimensions

the further offshore (in other words the deeper) wave action will
become important.

It is significant, with respect to the lasf point, that
relatively speaking, most'of the drifters were recovered during or
after storms (Table2,6). 37 drifters were recovered during the
13 deys which had a wind force of 8, while, for instance, during
the 41 days on which the wind force was 2 only 21 drifters were
collected.

In the area west of St. Michaels Mount, there are
probably three media affecting the dispersion of the drifters
of dropping points 1 and 2. They are:

1. The Marazion River outlet

2.. The wave action

3. The tidal currents.
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The first one, the discharge of fresh water in the bay,
does not seem to have any significant effect, compared with the
other two. Firstly, drifters were collected in the mouth itself
which fans over the beach. Secondly, the area of maximum recovery
was the stretch of beach in the vicinity of Little and Great Hogus,
which is also the location of the river outlet.

The wave action is more important. The wind thch generateé
some of the waves, will be most effective when it comes from any
direction between SW and NW (this is also the prevailing wind
direotion, Table 2,6). These winds generated waves which approach
obliguely this particular beach, resulting in an easterly drift.
This oblique approach is also helped by the refraction of waves
against the mount. The effect of this easterly longshore current
is demonstrated by the drift in easterly direction of Marazion
River mouth, the decreasing grain size of beach material as compared
to the moterial forming the beach near Long Rock village and finally
by the concentration of recovered drifters east of the dropping
points. The piling up of water through this current will result
in a compensating current in an offshore direction, the rip-current,
especially when the causeway to St. Michmels Mount is emerged, which
is the case during a great part of the tidal cycle., This current
system is held responsible for the large number of unrecovered

_drifters, although it has to be mentioned that a substantial number
may have been trapped in the kelp, which is known to occur round the

Mount.
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The influence of the tide is difficult to estimate in this
arca., The difference between high and low tide is in the order of
14 feet, but it is doubtful if there are any tidal current movements;
it is likely that the bottom waters and thg;efore the drifters will
normelly only move a few feet inshore during the incoming tide and
vice versa., The main effect of the tida; range is that waves will
act on the bottom.over a fairly large zone. For this reason, the
area extending several hundred feet seaward from the low water mwark
was unsuitable as location for the radio-active tracer work.

The results of station 3 (symbol x, Fig. 2,3 and Table
2,2) speak for themselves; drifters havevtravelled in an easterly
direction. The reason that there is no distinct progress (in
terms of distance) of recovery with time, is explained by the fact
that transport takes place through tidal currents but fecovery is
determined by wave action. This is not shown by Table 2,2.

However, most of the recovery days were preceded by wind forces
ranging from 6 to 8.

The long time interval between release and first recovery.
is explained in the same way; the first day which has a wind force
of 8 occurred 23 days after the releasc date. 4n important feature
shown by this group of drifters is the fact that submarine rock
outcrops, for example the Crcep (west of Perran Sands) and Cudden
point (west of Prah Sands) do not act as major obstacles. In other
words, the Perran Sands, Prah Sands with their submarine sand bodies

as well as smaller coves such as Prussia cove, Trenow cove and 4cton
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Castle beach are not as isolated from the bay was was presumed,

Drifters released at the fourth station (symbol O, Fig. 2,5
and Table 2,4) sﬁow a very distinct and important distribution. The
first d?ifter arrived offshore off the Penzance promenade followed
by a group of drifters recovered at the Marazion beach. The next
two driftcrs arrived on Roekilly beach close to the dropping point.
This suggests a clockwise movement in the western part of the bay
and this suggestion is supported by the fact that the next drifters
arrived once more on the Penzance/Newlyn beach, followed by a
drifter recovered 83 days after release at the Penzance/Marazion
beach (Eastcrn Green).

There are three more arguments in support of the ébove
hypothesis. Firstly, drifters released from stations 1 and 2,
which '"escaped'’ the main dispersion area, as indicated by the main
dispersion arca of the drifters of these points, were recovered
not eastwards, but at Roskilly beach and in the Penzance harbour.
Secondly, as shown in the second chapter of this section, measure-
ments of radio-active hackground values in this area éuggested a
transport in northern direction for the western part of the bay.

The third supporting feature is provided by the results of a
hydrographic survey carried out in this area by Binnie and Partners
at the recquest of the Penzance Borough Council. This survey, amongst
other things, made use of fluorescent dye in an area close to

Penzance. The results of 14 experiments to establish current
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direction and current velocity, indicated that with incoming tide
northerly to north easterly currents are generated which, at high
water, changed to easterly currents. With ebbing tide, the direction
was in general south-~east.

It is of considerable interest that the dispersion of

fluorescent dye patches showed that the average current velocity
in the middle of the western half of Mounts Bay (approximately in
the middle of the proposed circular movement) not only were lower,
but also more erratic in direction (Fig. 2,6) ¢ompared to locations
closer to the shore. This indicates a stronger current velocity
away from the centre. Furthermore, it appeared from experiments
with floating objects that the wind affected the surface waters
only when itsforce exceeded 2 to 3 mark on the Beaufort scale.
In addition to this discussion, it may be mentioned that the tin
content of the surface sediments within this circular system has
some distinct aspects not revealed by samples from outside this
current location.

It is not completely understood why the first drifter to
arrive took 35 days to travel a distance of no more than two miles.
This is the more surprising as there occurred a storm (WSW 8-9)
on the twenty-third day after the drop; It indicates at least
that in an expcriment like this oné, information may be obtained
on the general direction of the currents but not on the current

velocitye.
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There are two main differences between the dispersidn _
pattern as obtained by drifters from station 5 (symbol m Fig. 2,7
and Table 2,5), compared to stations 3 and 4, Firstly, the speed
of recovery; 18 drifters within the first 5 days, although no
heavy winds occurred during this period: This indicates that the
tidal current has a much closer inshore effect than elsewhere in
the bay. The fact thet Fhe shore line is not broken by submarine
rock outcrops over at least 2,5 miles may be significant in this
cascs The stronger inshore current is also reflected in the grain
size distribution of the beach material, which is very much coarser
for the Porthleven beach than for any of the other beaches. The
second point of interest is the recovery of 5 drifters on beaches
west of the dropping point. Their dates of recovery suggest once
more & general transport direction from west to east; the drifter
found near Penzance arrived one week earlier than those found at
Perran Sands, Prah Sands and Rinsey beach.

4lthough the number of drifters which are recovered west
of Porthleven is rather limited, the writer sugrests that based on
the above discussion and the general information as revealed in the
introduction, there exists an overal clockwise tidal current pattern

in Mounts Bay, with an eddy for the most western part.

E. Summary of Conclusions

Based on the above discussion it is suggested that:

1. The main tidal current shows a clockwise pattern

which may well be induced by the gencral tidal system
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along the south-west coast of Britain.
2+ The western part of the bay, occupying roughly the
triangle Mousehoié, Penzance and St. Michaels Mount,
shows an isolated circular pattern whose current
velocity is less than for the main tidal gurrent as
the time interval between release and recovery of the
relevant drifters in this part of the bay is very
much greater than elsewhere, regardless of the weather.
3. The individual béaches and coves are not isoiated from
the main current, despite the presence of submarine
outcrops or cliffs.

4, The dispersion force of the river outlets is rather

insignificant.

On the results as obtained on the five dropping points and
the general available information, a tidal current chart has been
constructed (Fig., 2,7). The number of co-linear arrows indicates
the postulated relative current velocity.

The disaster of the Torrey Canon in March, 1967 has
confirmed the current pattern as postulated above. Most of the
oil passed along the north coast of Cornwall. Some oil was blown
into the bay and contaminated the Porthleveh beaches badly, while
Przh Sands and Perran Sands had only traces of oil. The triangle
Mouseholc, Penzance, St. Michaels Mount remained completely oil
free. Although the wind direction was mainly responsible for the
transport of oil from the wreck into the bay, and contamination of

the shore line, the tidal system certainly has had an important effect.
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CHAPTER 2  MOVEMENT OF MATERTAL IN WESTERN MOUNTS BAY
USING RADIO-ACTIVE TRACERS '

A, Introduction

v

The main aim of the present study, as stressed previously,
is to establish and possibly to solve some of the problems involved
in the plural origin of the tin in the marine sediments. It has also
been mentioned that this problem is dominantly a sedimentological
one, The first section, therefore, dealt with some of the aspects
of material reaching the bay, while the first chapter of this
section assesséd the current pattern in the bay. In this present
chapter, an attempt is made to study the movement of detrital tin
in this offshore environment. The movement of sediment and the
~distribution of tin in the zone of wave action have been considered
in isolation in Section 3 dealing with the geochemical aspects of
near-shore traverses. |

The western part of the bay has been selected as the most
suitable study area. This selection was based, amongst other reasons,
on the fact that submerged valleys in this part of the bay form a far
more distinct continuztion of the present rivers (Marazion and Newlyn)
than elsewhere in the bay. Secondly, transport investigations in
this part of the bay form a logical continuation of those of
Marazion River. Thirdly, because placer deposits have been
reported from western rivers only, and finally, the Penzance/
Marazion sand body is by far the largest of the isolated sediment

bodics in Mounts Bay.
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B. Previous Work

In section 1, several tracer techniques have been mentioned.
Although fluorescent tracers have been used successfully under marine
conditions, there are certain shortcomings when applied in deep
waters, 1In the first place, there is the quantity of material
involved, which is considerable., Secondly, there are the problems
of sampling and location. dJollife (1963) and Ingle (1966) developed
a sampling technique involving greased cards. The main disadvantages
of that method are; the representativity of the collected sample
depends on the thickness of the grease and the grain size distri-
bution of the sand; especially in sediment of an unsorted nature,
finer grains tend to be protected by coarser grains and therefore
not come into contact with the card; furthermore, the taking of
individual sampleé is time consuming and requires a very accurate
positioning technique.

Radio~active tracers on the other hand, have the advantage
that with continuous readings along traverses, only a limited number
of fixstions are required. Other advantages are that:

1. no sampling is required (measurements in situ);

2a small amounts of materizl are involved;

3 highly efficient as very low concentrations will

still be detected.
However, there are a number of disadvantages which are listed.below.

L. Coast of irradiation is high.

2 The total amount of gamma emission is limited by

health considerations.
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3¢ Artificial tracers are seldom hydraulically
equivalent to the naturally occurring material.

Investigations in the movement of nearshore and littoral
sediments have made great advances since the advent of radio-active
and fluorescent techniques. In the U.K. the first use of radio-
active tracers was made in 1954. Since then these tracers have
been applied in a number of investigations, both of scientific and
industrial value (Putmen et al, 1954, 1956; Smith, 1956, 1957, 1958,
1965; Goldberg, 1955; Hours et al, 1958; Inose et al, 1956;
Mman et al, 1957, 1960; Davidson, 1958; Kidson, 1958; Joffy,
1959; Inwan, 1959; Crickmore, 1962, 1963; Chabert et al, 1963;
Kato et al, 1963). in excellent review of the use of radio-active
tracers with over 250 references has been given by Courtois (1966).

Several radio-active tracing techniques have been developed

and are discussed briefly below.

}:“ngggggyligggggiation of quartz (Goldberg and Inman, 1955;

Crickmore and Lean, 1962)
The advantage of this method, which involves the activa-

tion of silicon, lies in the fact that the hydraulic properties
of the material involved remains unchanged. However, there are
some shortcomings in this method in that the half life-time is
very short (T silicon 31 = 2,6 hours), while the emission of 1,8MeV
consists of beta particles only. Good results have been obtained by
using an artifically activated isotope of Phosphorus 32 found within
naturally occurring quartz sand grains (Goldberg and Inman, 1955;

Inman and Chamberlain, 1959).
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2. Surface labelling (Steers and Smith, 1956; Kidson et al,

1958; Davidson, 1958; Hours et al, 1955, etc.)

This method has the same advantages as the previous one;
hydraulic properties remain the same. However, activity in this
case is a function of the surface area rather thén mass, which
prevents a quantitative interpretation of the data. Several
techniques have been developed for surface labelling, to minimise

the effect of abrasion, including drilled holes in pebbles.

3+ Mass labelling

This method is by far the most frequently used. It makes
use of glass with identical density as the material to be traced. |
In this glass an element is incorporated which can be made radio-
active. After grinding to the required grain size, the material
is irradiated. As the glass grains are very angular, they sometimes
are blow through a gas flame to obtain a more or less rounded shape.

In the Netherlands, expcriments have been carried out on
the basis of an ion exchanger, The inorganic zeolite greensand
(also known as Ionac C 50) is treated with a radio-active isctope
by means of exchange reaction (Arlman, 1955). However, the hardness
of the zeolite is less than sand, heating increases the hardness,
but decreases the absorbtion capacities.

The choice of the iéotope is controlledvby several factors,
which may carry a different weight according to the type and nature

of the expcriment. The most important ones are given below.
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The half-life of the iséﬁope used.

The energy emission of the isotope, gamma emission,
is preferable as beta emission is easily absorbed

by the sediment and water.

Specific activity of the isotope; the higher it is
the less quantity of activated material is required.
For mass labelling this limits the choice of isotope
to those with a high neutron activation cross section.
The strength of bonding of the isotope to the grains
when surface labelling is used.

The toxicity; dindividual grains must be harmless to
human beings. (The maximum allowable activity of any
grain is 0,1 micro Curie; A.E.R.E. radio isotope
réview sheet C 13, 1965) This point needs special
consideration where there are densely populated

beaches as in Cornwall.

The most generally employed isotopes are listed in

Table 2,7.

In addition, Au, Si, .- Na and

198, 31, 24 32p (the last

three occurring in natural sand) have been used. However, the

most widely applied isotope is h6Sc.
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Table 2,7 Elements gencrally used for radio-active
tracer experiments

Element Atomic Energy MeV % Half life time
weight gamma, i in days
emission
P
Ag 110 0,51 17 253
Rb 86 1,08 20 18
Cr 51 0,32 10 28
Zn 65 1,11 45,5 245
Sc 46 0,89 and 1,12| 100 and 100 85
Ba Ia 140 1,60 Lo 12,8
) (+40,2 hours)

Ce Choice of Tracer

Although the movement of the sediment as a whole is of
interest, the main purpose of the study was to investigate the
transport of cassiterite, Ideally, therefore, one should take
naturally occurring detrital cassiterite for neutron irradiation.
However, the existing isotopes of Sn doe not have the required
physical properties. Amongst the 10 available isotopes, only two
have a suitable half-life; 1350 ana 1123sn., 11351 has a
maxdmum gopma emission of 0,39 MeV, which is 65% of the total
emitted energy. This low energy emiésion will be absorbed by
the water and the brass of the Jetector. The other isotope, 1338n
has a gammz emission of 1,08 MeV, Unfortunately, this 1,08 MeV

forms only 2% of the total emitted energy as compared to 200% for
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the 0,389 MeV plus 1,12 MeV of 4650. More important, however, is

the fact that the active cross section of natural tin for l2-3511
production is only 5.10"5 barn and 0.012 barn for -l;BSn. (The
activation cross section of natural scandium for 468c production
is 22 barn.) In other words, tc prodﬁce this isotope im
sufficient quantities would require an uneconomic period of
irradiation plus enormous amounts of cassiterite.

Any alternative tracer material should have similar .
density and hardness to cassiterite. The compounds of two elements
received particulaf consideration; silver and tantalum. The
isotope of silver, as can be seen in Table 2,7, has very suitable
radio-active properties, although its half live time is rather
long. The only compound of silver which has a similar density
to cassiterite (7,01 g/cm3) is silver sulfide (specific gravity
of Ag,S 1s 7,31 g/cmB). However, its hardness is low, namely 2.
In order to establish the effect of this on intensive transport
and abrasion, the following experiment has been carried out.
Medium sand, mixed with very fine silver sulfide in a ratio of
10 to 1 was stirred in water for 5 hours. After drying and
screening with the same scet of siceves, a considerable reduction
in the grain size of Agas was noted, and the ratio between the
proportions of original material had increased to 1% to 1. The
experiment has been repeated using other grain size combinations.
All results showed a substantial pulverisation of silver sulfide.

It was, thereforc, decided to abandon Agas as an artifical tracer.
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Tantalum appeared to have a greater potential. The half-
life of the isotope 182Ta is 115 days. Its gamma emission spectrum
falls into two groups; one below 0,2 MeV and the other above
1,0 MeV. The proportion of the gamma emission above 1,0 MeV is
8% . The dose rate of tantalum, given in Rontgen per hour at
1 cm distance from a 1 milli-curie source is 6,8 as compared to
scandium which has a dose rate of 10,9. The detection sensitivity
for Ta is therefore lower than for scandium.

The way in which tantalum could be applied for the specific
experiment is twofold. In consequence of the physical properties
of TaZO5 and SnOZ, one can expect on theoretical grounds (Steele,
pers. comm.) that cassiterite and tantalite will form a solid
solution containing up to 5 mol % of the latter. This solid
solution could be prepared in two ways; (1) by means of sintering,
(2) by means of chloride disproportionation: 4Ta015+55n02 <::E;_
2Ta205+5Sn014. Although this form of mass labelling would be ideal,
the method has not been reported as far as the writer is aware, and
this method belongs more to the field of powder metallurgy, and falls
consequently outside the scope of the present thesis.

The other possibility is naturally occurring tantalum in
the form of the solid mixture of columbite/tantalite. The density
of this mineral depends on the Ta205 percentage and ranges from
2o5 to 7,03 g/cm3 for 65,6% Tazos. Through
the generosity of Mr. Monro of Bikita Minerals Ltd. Rhodesia, the

5,36 g/cm3 for 3% Ta

writer was able to obtain 3 1lbs of tantalite with a tantalum

pentoxide content of 50% resulting in a demnsity of 6,95 g/cm3.
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D, Preparation of Tracer

Granular tantalite was ground down to minus 75 microns
( =200 mesh). All material finer than 50 microns (= 300 mesh) was
- separated off., The maximum grain size was based on the fact that
the majority of the cassiterite in the marine sediments occurred in
the minus 200-mesh fraction. The lower boundary was chosen in order
to avoid the possible suspension of tantalite during transport 6f
the very fine particles. This would result in unreliable results
but more important, could have hazardous effects if washed ashore.

In order to establish the activity required, the following
matters have to be considered.

l. The background counting rate.

2. The area of dispersion.

5. The length of the experiment.

L, Health considerations.

5. The quantity of material involved.

6. The efficiency of the detector.

7+ The statistical accuracy demanded.

By far the most important points are 1 to 4, For instance,
with a background rate of 35 counts per second (c/sec), which is
equal to 35.10_9 Curie/foot2 and an assumed dispersion area of
1,5 square wiles, the total radio-activity in this area is
35,1077 Ci/foot® x 4.2.107 foot® = 1.5 Curie. So the activity
of the tracer must be in excess of 1.5 Curie, in order to be

detected, provided its spread is uniform. In practice, however,
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dispersion will take place in a concentrated area rather than in all
dircctions. It was, therefore, decided to give the tantalum an acti-
vity in excess of 2,0 Curie (total activity after the irradiation

was 2,6 Curie). With a quantity of 500 grams of tantalum ventoxide

the nctivity of cach individual grain is far below tho L@ TiW limit.

The tantalite was divided between 10 ampoules of 5C g oo
each, and irradiated for 18 hours in a nuclear reactor at Harwell
(Berks.). Short lived isotopes, especially Mn, which occurs in
natural tantalite, was produced during the radiation with an
activity of 1CO Cﬁrie, and was allowed to decay for sevéral days.
The ampoules were stored in a lead container until the start of the

experiment.

E. Radio-active Packground Survey

A background survey, a2s explained above, is essential
in order to establish the activity required for the tracer. In
this case, however, the survey was also undertaken with another
aim in view. A preliminary survey of the rivers and beaches
fringing Mounts Bay, revealed that the river sediments had, in
general, a natural radio-activity three times as high as the
activity of the beaches. Whether this aspect is caused by
differenges in mineral composition and/or grain size distribution
of the two types of sediment has not received further attention,
but as these sediments are undoubtedly related to some extent,

it was hoped that the background survey of the marine sediments
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would'reveal a variable pattern which in turn could give some
indications on the movement of material discharged by the rivers.

Comparison of data obtained on land and in the sea
is not possible as measurements on land and sea were carried out
with different equipment. Furthermore, it is difficult o make
allowance for the absorbtion of gamma radiation in the water.
Without a complete understanding of the nature and the source of
natural activity, a survey of the transport pattern of material
on the basis of natural activity may not be justified. However,
since the background survey had to be carried out anyway, special
attention has been paid to the above possibility.

The background survey in the bay was carried out with a
plastic phosphor‘scintillation,counter and a sodium iodide
scintillation counter. (The sensitivity of the latter is 50%
of the former but is more stable: Both have a high efficiency
for gpomma detection.) For financial reasons, the work could not
be as detailed as would be desirable. However, the data obtained
indicate that high values are concentrated close to thelwestern
shore, Intermediate values occur more in the middle of the
surveyed area, while low values are dominant close to St, Michaels
Mount (Fige. 2,8). Also of interest is the occurrence of five high
values.rOughly in a line with a W/E strike, south-west of Penzance.

The only local source of material with high natural
radio-activity is the Lands End granite, High values in the marine

sediments, however, occur much farther to the north than the granite
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outcrop, possibly indicating a dispersion in a northerly direction,
at least for the area close to the western shore. The five high
values in west/east direction more or less coincide with the
current pattern at that location as established by the fluorescent
dye tests by Binnie and Partners (see Chapter 1). The apparent
parallelism between the natural radio-activity and the postulated
current direction, at least for the area covered by the background
gurvey, suggest that a detailed study of the natural activity
dispersion may prove to be valid‘in an area like wéstern Mounts
Bay as additional evidence for transpoft direction. It will be
appreciated that far more work is required to investigate this

possibility.

F. Location of Release Point of Radio-active Tracer

As mentioned previously, a release point close to the
Marazién River mouth is not feasible from health considerations.
It was, therefore, decided to select a point 5.W. of St. Michaels
Mount 2t the beginning of the submerged valley. Its location is a
little westward of the third relecase point of bottom drifters and
its exact position is 50°6'41"/5°2913M, Tt was hoped by positioning
the actual release point more towards the west,_to obtain dispersion
by the main current as well as the eddy current, while in addition
it was hoped to find out as to whether the location of the submerged

valley affected transport in any way.
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G. Release Technique

Transport of the tracer from Harwell to Penzance took
place in a 10 cwt lead container. A smaller container shielded
by sand bags was placed on the boat., Ampoules were transferred
to the bozt using a portable container. The release device
consisted of a pneumatic cylinder, 10 inches long and 2 inches:
diameter, On one end an 8 inch long brass tube was mounted which
could be closed by a perforated lid. A crusher in this tube was
connected with the piston in the cylinder. A high pressure
double hose connected the cylinder with a nitropgen cylinder.

A two woy valve enabled the operator to move the piston forwards
and backwards.

An ampoule was placed in the brass tube by means of a
6 ft long pair of tongs. The equipment was lowered over the
side of thHe ship. The ampoule was crushed within 2 to 3 feet
of the bottom. The process was repeated until all the ampoules
were crushede. The reason for crushing the ampoules above rather
than on the bottom was to enable the material to be spread over
a limited area. Accumulation at one single spot would hamper -
transport due to the dense packing of the heavy tracer, while-a
small initial spread also facilitated the location of the

dumping ground. -



76

H, Data Collection

Data was obtained by means of a sodium iodide scintillation
counter, which was frequently lowered onto the bottom of the sea
while sailing along traverses. When weather conditions permitted,
the detector was dragged over the bottom giving a continuous reading.
Later in the survey, it was felt necessary to obtain a gamma spectrum
of the measured activity in some selected locations as high back-
ground values at St. Michaels Mount could not be distinguished from
the actual tracer. The apparatus used to measure the gamma spectrum
comprised of a PIP 400 Victoreen Multi-channel Analyser, an inter-
face unit to allow an ADDO-X printer to work from the PIP 400, a
Telsec recorder and a translation amplifier. All the above required-
230 V A.C. 50 ¢/s supply and a small generator was used to produce
this., The standard electronics and scintillation counter were
used for detection. The pulses from the detector were tapped off
as they entered the pulse forming unit, amplified and inverted by
the translation amplifier before being registered on the PIP analyser.
Equipment was kindly made available to the writer by the A.E.R.E. and
Mr, T.V. Parsons joined the field operations to supervise measure-
ments with these expensive and delicate instruments.

Positioning was made by means of sextants using out-
standing coastal features as bearing marks.

As no transport occurred during the first two days, the
next survey took place one week later. From then onwards, readings
were taken with 3-4 week intervals depending on weather conditions.
In all, & groups of data have been obtained each consisting of

several hundred measurements.



FIG 2,9



Sackgreund Radic.activity ef Sea.bed

° 300 1200 . . 24 )
[ T T | ) 5 o ,
teet . LV » . K4 .- i "‘
’ . r A - .
, ® ¢ \
. ' ¢ g
. % counts por  second . ° { .
o H
a 2 2 . A ; “
o 3. . [ [ ] : !
. U . . . . pu 5 ;
e *+*80 v . . . [ ] g /"_\ .
o P y Micheols  Mennr Iy, :
- - . B .
‘ + 40 ¢ - ° { Soa o,
. ’ . e H e (N
. . . s « " 3 ; _
° ‘0 ’ . ~ =T
1 4 4 :.
. [+ ’ i . . o : - ¢
. . e e o ! 4 ?’
. 1 ’ / e
- . .
a , o .
. . e’ a ’ ,- :
* te s 7, k)
. S o © a . O ,‘. k" K
* s * 'S v
. * > ' < g
'S o . . ¢ . \ ac
- . . N . ° . ‘. Pl 40
s °. s \\ n i f‘ - ™
7T . a. ° \P. v’ | h
. ‘% oL s \* . } : .
t e . e
0 RS- Sl BN 3 N -
N 1] h O ~ ° . [ ]
-1 . [} N
° . PR . e ° o
. " . 0. “n, o°* \e . . . .
. o S [ JE * o ° as * ~ [ 2 ] . - L] [ ]
j % . Po.o W . . .
SN * 270 g ,00 - .. .o ] . .
. - » .
- s | 0" g a . 2 .Y ~ oo
. . ‘ Q o™ a oo . A . ) ™
. o a 6 o [ oy . o . . - +40 .
o . ° % ° ,.;D ‘e e ® . .
. , o o Lot . e ead -
s e S S gL o TR Be Tgeed LN ,
\ 0O, , ..
. o . o 9. . s, o O e - « L
. ; o o b O A a° © A R T o .- - .-
* L] fo N - Q0 , o ' . PR ~-.
. o? . 5. . a4 o . ') * . o
e O oo ’ RETIN -35 . . - a ° .
Ohs ® * o hR .« . . N
s ‘o 1 S AN . s 0 T ° .
Lem--ll O LA - ;S o N o e .
? / - 0. .- RN .8 © Y . 'y . °
. oo - . LR oogo‘.‘ o .J‘B o9 ° ° ca . . . ..
. . .~ N - .
. ; - . b o. & O ® o .
. ‘o - - . .. o440, .- 0 o ° o'. : . .
- DR s ° ] °
- . ~ 0o ° ’ - . - )
. . . N . o, 1] 'I - o .
., * % % [+] 35-40 . -] o, ° - . .
. - ., 0040 . “ © , s . . L
. ) 'y . . .
Y v . . op at o oo l' .
a, [ ' g0 & ‘e ,‘ ° :' a . .
. & N 2 .- T o s ' 'y ¢ O ' . -35
¢ LAY - o . . \ .
. cr e I .
. 'oo‘ s ‘a * \ .
* s o0 . L o [T ° ° o s . .
. . (2] ] ©o . ' H e
. ‘. ] . \ o
a N a o ' N ' . ry .
~ e ¥ | ¢ D ! .
N @ T ;) (] . e € P a . .
-33 - s ot . & T-0L...0% .
o e 4 ¢ a . ..
. - . a . .
. . o
. . o . . 'y N 'Y .
. . -
.. 'y "
. L4 ‘
.. . . .o é a .
¢ . - o o .
. s . - - .
: I
'
* '
IS N s
I
o




77

I. Presentation and Discussion of Data

1. Backpround radioactivity

The activity of the tracer will be superimposed on the
natural activity. In order, therefore, to compare data, it is
essential that the natural activity is deducted from the total
activity. Secondly, to compare results of different sets of data,
one must adjust ecach set for the loss in activity with time as
determined by the half-life of 182Ta. Background was established
by joining all measurements with an activity below 40 counts/sec
(Fig. 2,9). During the pre-tracing period, it became apparent
from & background survey that the natural activity of the sand

in this area ranged from 26-38 COuntsySec, while rocks had an

activity in excess of 50 counts/sec. Accordingly, it was decided B
to take 40 counts/sec as the upper limit of the natural radio-

activity of sand. Most of the data in Fig. 2,9 were collected

after the drop of the tracer, and during the survey of the tracer

movenment, It can be seen that values in the range of 35-40 counts/

sec are clustered round the dropping point. It is possible,

therefore, that the selected upper limit of background activity

is slightly too high. However, rather than creating an optimistic

dispersion pattern, it was decided to use this level of background

activity (40¢/sec) and to present in the figures the locations

of 40 c¢/sec without taking them into any calculations.
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Similarly, the area round St. Michaels Mount has been
given a background in excess of 40 ¢/sec without further differen-
tiation. The area was thought to be of less importance from a
transport point of view, as rock outcrops and kelp would obstruct
transport.

More uncertainty, however, occurred in the area west of the
Mount and north of the deposition pointy where a rock outcrop of at
least 1000 ft in length occurs with a north/easterly strike. The
activity in this area was in excess of 50 ¢/sec, but two traverses
from the same location at the southern end of the rocks and taken
with a considerable time interval, gave different results. On
the other hand, values increased away from the dumping ground.
Ganma spectrum analysis in this area showed, however, that the

high values are due to outcropping rocks in this area.

2. _Gamma spectrum analysis

Eight sites were selected for gamma spectrum determination.
The locations are presented in Fig. 2.14%. The positions are not very
accurate, since during the period of observation there was persistent
fogs Positioning was therefore made relative to the Mount. With
respect to the diagrams, Fig. 2,104 to H, comparison can be wmade for
the horizontal coordinate only. The vertical coordinate, the number
of counts, is dependent on the position of the detector relative to
the sca bed which causes variation in the number of pulses registered.
Bach station was followed by a run of 6OCo in order to calibrate
the equipment. Nevertheless, small drifts in the calibration of

the pulse height analyser occurred, which resulted in variations
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in the horizontal scale (compare diagrams F and H).

Figure A reljpresents the bottom near the dumping ground.
The energy of l82Ta, approximately 1,2 MeV is well presented.
However, the peak is rather wide, which makes its determination
in less obvious circumstances rather difficult.

Figure B from near the Mount indicates clearly the
presence of uranium and potassium. Peaks are due to pulses from
the following energies: 1,09, 1,15, 1,29 and 1,50 MeV. It is
apparent from these two diagrams that although a similar counting
rate (165 c¢/s and 150 ¢/s resbectively) this is due to emission
from a completely different source.

Figure C located west from the Mount and at the beginning
of the high background area has 2 peak caused by potassium-40 and
and i1l defined peak which may be due to a little 182Ta although
its encrgy of 1,12 MeV is very close to uranium.

Figure D comes from a location approximately 200 feet
further north and has a well defined peak of qOK. The smaller
ones are due to traces of uranium,

Figure E, representing a‘locality west of the dumping
ground, may contain marginal 182Ta although there is no real peak
at the 1,1 to 1,2 range. It is, however, of interest that in
this area positive readings occurred at an earlier stage in the
tracing survey.

FMgure F comes from a locality north of the dumping ground

and has no tantalum. The peak at 1,50 MeV is thought to belong to
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potassium-#O, The drift of energy level, also demonstrated by the
OCo imist be due to instability in the electronics.

Figure G from the extremity of the eastern tail of the
dispersion pattern has again the difficulty in determining whether
the peaks belong to tantalum or uranium. It is quite possiblevthét
both sourceé contributed to the counting rate and this becomes more
likely if one compares this diagram with figure H which comes from
a locality just a little north of the previous one. Peaks in
figure H belong to potassium and uranium only.

In conclusion one may say that although the occurrence
of uranium obscures positive conclusions, the main problems, i.e.
high background values around the Mount and west of it have been

solved in so far that they are not due to 182Ta.

5« Dispersion of tracer

(a) Dispersion pattern after 6 days (Fig. 2,11)

The small dispersion shown by the map, is not believed to
be related to the spread of the tracer during dumping. The release
occurred three feet above the sea bed, and even with a maximum current
of one knot, initial spread would be limited to 100 feet (based on
the settling velocity of the particles). Accordingly, the dispersion

in east/west direction is considered as genuine.
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(b) Dispersion pattern after 26 days (Fig. 2,12)

Transport in south-westerly direction is the most
prominent. Discontinous dispersion occurs in southerly direction,
while some dispersion appears to take place in northerly direction.
However, too few readings were taken in this area to vom: ©o wuy

firm conclusion. ZEasterly transport is continuing sloﬁly.

(c) Dispersion pattern after 83 days (Fig. 2,13)

The main aspect of the map is the general spread in
southerly direction, which tends to tail off towards the east.
Transport in easterly direction continued more strongly, while

dispersion in south-westerly appears to be stagnant,

(d) Dispersion pattern after 142 days (Fig. 2,14)

Transport in easterly direction continues and follows
a very narrow path, Dispersion in the other directions appears
to be immobile or even decreases, leaving behind isolated patches
of positive readings.
In summary, with respect to all four sets of data, one
can say that:
1, There is no dispersion in the north-easterly quartcr.
2. There appear to be two major and opposite directions
of dispersion, towards the eust and towards the south-
west. In addition, there are two less defined
dispersion directions in southerly and northerly

dircctione
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4 Interpretation

The dispersion in an easterly direction is similar to
tbe direction indicated by the bottom drifters of station 3.
Consequently, it is concluded that the main tidal current is
responsiéle for transport in this direction. The face that the
distance covered by the particles is greater than for anj other
direction, is in agreement with the postulated current strength
(Fig. 2,7, Chapter 1). The narrow path as indicated by the
tracers is considered to be due to the configuration of the coast
i.e, the rocks of the Mount. The main tidal current, coming from
the south-west at this location is forced towards the east by the
rocks, while in addition, there may well be an additional current
from the area west of the Mount, resulting in a very narrow path
of maximum current velocity just south of the Mount. It is of
interest in this context that the general southerly dispersion
tends to be carried towards the east (Fig. 2,13). Two spectrum
analyses have been obtained in this area to differentiate between
the activity of the submerged rocks and the activity of the tracer
(Fig, 2,10G and H).

As mentioned previously, the flood currents are active
only during part of the tidal cycle. The following ebbing
tide gencerates currents of lesser strength in a southerly
direction. This aspect of the tide is regarded as responsible

for the broad dispersion towards the souths The more outstanding
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transport in a south-westerly direction is suggested to be caused

by the circular eddy current, postulated in the first chapter of

this section, which passes the dumping ground on the western side.

It is, however, not well understood why the relatively quick dispersion
in this direction as shown by Fig. 2,12 is not continued; spread

in this direction almost appears to be stagnant, in the subsequent

sets of data. Sudden dispersion aé the result of heavy weather
conditions secems unlikely since the area is protected against winds
from the north-east.

The transport in northern direction cénnot be related to
any tidal current but may well represent the action of waves,
especially the heavy ground swell after a storm in the Atlantic,
which always washes considerable quantities of kelp ashore.

VThe guantitative dispersion picture is slightly dis-
appointing., From the tracer, only a meximum of 4% has been transported
(Teble 2,8) while the total activity measured at the dumping ground
was only 25% of the original activity. This can be due to loss of
tracer by vertical dispersion, but is most likely caused by the
extrme difficulties in bringing the counter on the exact position
of relecse location. Activities in this area varied.within a few
feet from well over 10,000 c¢/sec to'less than 500 o/ses.

It appears from Table 2,8 that the first three sets
o£ data have a.relation between spread and total actiVity, in so
far thaf‘the increase in dispersion area is of the same order of

magnitude as the increase in transported material. This tendency



Table 2,8 Relation between area of dispersion snd
total activity

Time after Burface area of Percentage
dumping in dispersion material
deys transpoaled
6 0,01 sg. mile - 0,5%
26 0,045 sq. mile 2%
83 0,067 sq. mile 3,5%
142 0,08 sq. mile %
(0.053 sq. mile 3%)

(The caleulation of peréentage matefi@l trangported is
based on the fact that 1 ¢/sec = 1077 Curie)

is lcss obvious for the last set. The area of dispersion and the
total activity as presented between brackets, refers to actual
measurcuents, while the first set of Tigures refer to interpreted
results. During the survey on that duay, most of the attenticn was
paid to the northern area and too little data was obtained west from
the dropping point. However, based on the dispersion of the previous
survey, it was felt justified to include this area in the total
dispersion pattern.

The relationship between the sets of data indicates that
only o small proportion of the tracer is involved in transport.
Whether this is a form of sorting in the grain size distribution
of the tracer, could not be investigated since the activity at the
dumping ground remained too high, while the concentration of tracer

outside the dumping ground was too low to recover any tantalite



85

grains. Comparison therefore between transported tracer and
"residual' tracer could not be made. The decreasing velocity

of dispersion per unit of time may indicate that either further
transport diluted the activity to beyond the limits of the detector
or that tracer grains were buried.

The limited dispersion of the tracer is mainly due to
the complicated current systems at this location. It is possible
that dumping towards the east or towards the west would have given
a more uni-directional dispersion picture, but this however is no
more than speculation. The most important conclusion of the
tracer experiment with respect to the present study is that a
heavy mineral like tantalite with a particle size of 70 microns
or less and thercfore cassiterite of similar sizes, is transport-

able by all currents under the present conditions.
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SECTION 3

GEOCHEMISTRY

Introduction

The work of which this thesis is a result, is mainly
a detailed research, following the reconnaissance survey in the
samevarea, carried out by P.M. Ong during 1964/65. As marine
surveys are relatively expensive, it was decided to concentrate
on a limited area rather than to spread the work over the Bay as
a whole, |

The layout of this section, consequently, will start
with the considefationé on which the study area was selected,
followed by a general discussion on the possible origins of tin
and transport of material. Chapter 2 deals with the techniques
and the data are presented. Chapter 3 consists of the discussion

and interpretation .of the data.
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il

CHAPTER 1 GENERAL CONSIDERATIONS

A. BSelection and Description of Study Arga

During the reconnaissance survey by Ong, data has been
obtained covering Mounts Bay as a whole, To clarify the distri-
bution of the tin in the surface sediments, before additional
sampling, the bulk of the analytical data has been subject to
statistical treatment.

The method used was the so called trend surface analysis
which is: '"a procedure for separating the relative large scale
systematic changes in mapped data from essential non-systematic
small scale variations due to local effects" (Krumbein, 1959).
This method has been developed by Krumbein and Harris (1957) and
was subsequently modified by Krumbein and Faulkner (1960), Axélrod
and Benson (1961), Whitten (1962) and Garrett (1966). In this last
form it has been applied in the present case.

The principle of surface trend analysis is, that on the
availablé’data contour lines are computed which are not influenced
by the subjectiﬁity of the individual worker. The accuracy or
reliability of these contour lines is given by a percentage fit:
50% fit is considered as good. The mathematics of this method
are beyond the scope of this thesis and the interested reader is
referred to Garrett (1965).

Trend surfaces are linear, quadratic or cubic. The
best fit, in this case, is provided by the cubic trend surface,

Fige 3¢1s From this figure, the parallelism of the contour lines
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with the northern coast line stands out clearly, while there is
a steady decrease in the tin content of the surface sediments
offshore,

The statistical analysis thus reveal some general
information regarding the possible sources of the tinj; this will
be considered later., To select areas of interest, not only are
contour lines computed of significance, but also the deviation,
positive or negative, of the actual values from the calculated
surface, Positive areas of deviation are presented in Fig. 35.l.

Moét of the higher values are restricted to a few areas.
Those east of Trewavas Head have been discussed by P.M. Ong and
are considered to be related to postulated offshore extensions
of mineraligation on land. South-west of St. Michaels Mount an
aréé occurs where tin values have been noted as much as 5 times
the computed values. Furthermore, anomalies are present in the
extreme west of the Bay within the Penzance/Marazion sediment body.

These Penzance/Marazion unconsolidated sediments have by
far the most extensive dimensions of all sand bodies. They cover
2/3% of the western half of the bay and have a maximum thickness
of 60.feet“ (Ong, 1966). The sediments are consistently fine
grained, although there is a tendency towards finer grain sizes
in off-shore direction., Ong suggests a '"slightly bimodal size
distribution with a second maximum in the silt/clay fraction'.
The mean tin content of the 80-mesh undersize fraction is 150 ppm

Sn. The lowest values, less than 50 ppm, are found in the southern
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part of the Penzance sediments. Furthermore, the maximum amount
of tin in any given sample is consistentl& found in the finest
fractions.

4 third aspect of this area is the fact that the bedrock
topography is well pronounced with two main north/south depressions
which can be related to the present day river system and consequently
are regarded as drowned valleys. In addition, bedrock mineralisation
is known to occur in this area.

Finally, from an economic point of view, most of the
suitable harbours occur in the western part of Mounts Bay.
Consequently, it was decided to select this area for detailed

investigations.

B. Considcrations of Sources of Tin and Transport of Material

From figure 3,1, the parallelism of the contour lines
to the northern coast stand out clearly, while there is a steady
decrease in the tin content of the surface sediments towards the
open sea. It appears from these data, that in general, the
distribution of the tin in the minus 80-mesh of the surface
sediments is consistent over the whole bay, irrespective of the
fact that the sediments occur as a number of more or less isolated
bodies.

Although all the tin in the sediments ultimately is
derived from bedrock, a number of direct sources can be cénsidered

as follows:



1, Elluvial deposits, related to submariﬁe lodes.

2 Alluvialiplacers, drowned by a transgressing sca.

3¢ Tin mineralisation as a minor constituent of the

marine rocks.,

L. Terrestrial ascurces.

If tin of elluvial origin was meinly responsible for the
tin content of the surface sediments, the contour lines of figure
3.1 would suggest a N.W. strike of the lodes with a decreasing
frequency towards the open sea. However, the known mineralisation
has a N.E. strike (Wherry mine and St. Michaels Mount; Hosking,
1967)., Furthermore, based on the genesis of tin in south/west
Cornwall, tin mineralisation in general occurs in the vicinity
of grénites and their thermo-metamorphic aureoles. Consequently,
tin being an immobile mineral, one would expect a greater variétion
in contour lines near the granite outcrops, i.e. the Lands End
granite, St. Michaels Mount and the Godolphin granite. However,
no such tendency is noticeable: contour lines are pafallel to
the north coast, irrespective of the rock type exposed.dﬂy34)

With respect to the second possibility, it appeared
from the geophysical survey, that there are three major submerged
valleys in which alluvial placers might be expected. The strike
of these valleys is N/S, none of which is reflected in the
direction of the contour lines. |

The third possibility, tin as minor constituent of

submarine rocks, also appears unlikely. As far as rocks are
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exposed, they always appear to be slates and extremely low in
tin (15 to 60 ppm Sn, Ong, 1965). They separate the individual
"sand .bodies and, consequently,-if slates.are a major source-of- ...
tin, the immediately adjacent sand would be expected to have a
higher tin content than sand which occurs laterally and vertically
further away, i.c. in the middle of the sand body. No such
parallelism has been observed of contour-lines-with submarine. .
. rock.outcropsa

......The three mentioned possibilities have in common the
reference to sources underlying the present sand bodies. If any of
these possibilities were genuine, one would expéct an increase in
"the tin content of the subsurface samples. This is, in general,
not the case (see later).

There is, therefore, no evidence that the distribution
of the tin content in the 80-mesh undersize of the surface
sediments is due to geology of‘lqcation of submarine mineralisation
or drowned placérs. Accordingly, the distribution is considered
to be dominantly due to transportation from present day terrestrial
sources. |
Provided this hypothesis is correct, the transport medium

responsible for the distribution of the tin in the surface sediments
should a1so have effects on the other components of the sediment.
Consequently, one would expect some form of relationship between
the tin distribution on the one hand and the distribution of, for
instance, quartz (being the dominant constituent of the sediment)

on the other hand. On theoretical considerations (Stokes law)
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there will exist certain specific sizes of grains of different
densities, which will be taken together into suspension by a
given current, These gfains may be called hydraulic equivalénts.
The concept of hydraulic equivalence has been infrOduced in
sedimentology by Rubbey (1933), followed by Rittenhause (1943)
who formulates this idea as follows: 'Whatever the hydraulic
conditions may be that permit the deposition of a grain of
particular physical properties, these conditions will also
'permit the deposition of other grains of equivalent hydraulic
value'. Other papers dealing with this concept include Zonneveld
(1946), van Andel (1950, 1955) and Taylor (1954).
The relationship between the different components of
a sediment will depend in the first place on the grain size
distribution of those components in the sediment source. If,
for instance, mineral A with grain size (a) is hydraulic equivalent
to mineral B with gfain size (b), but mineral B only occﬁrs in the
source material with grain sizes smaller than (b), and the grain
size of mineral 4 is greater than (a), then in the sediment ori-
ginating from this source there will not exist any hydraulic
equivalence between minerals A and B. This aspect becomes.
particularly relevant when plural sources have to be considered.
At a given location, the relationship is also determined
by the nature of the transport medium at that location. With
variation in transport medium, i.e. alterations of hydraulic
conditions, & change in the absolute quantities will occur, 5ut

the ratio between hydraulic equivalent fractions remains the
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same. This ratio is called the "relative availability", which is:
"... a constant that is common to the stream load and to all the
deposits from the stream load regardless of the difference in
absolute amount of minerals of the same and other sizes that are
depositea under the particular hydraulic conditions existing at
different places of deposit" (Rittenhause, 1943). Van Andel in his
study of the Rhone delta sediments concludes: "Hence the size
distributicn of the heavy fraction is controlled by the size
distribution of the sand grade of the sediment and thus by the
hydraulic conditions."

Another aspect of transport, which may well influence
the hydraulic equivalence, is the form in which transport takes
place. Suspension, forming the basis of the theory, usually
takes place under extreme conditions, whilst normal tfansport
will éccur in the form of saltation and rolling. The effect on
smller heavier grains is a concentration in the.“valleys" between
the ripples (riffle effect), while in addition there also exists
a tendency for the finer grains to work their way through the bigger
lighter grains (jigging effect). This will effect the relative
availability. These and other complications limit the use of

hydraulic equivalence and detailed discussion is given in

Chapter 3.
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CHAFTER 2  FIELD AND LABORATORY TECHNIQUES

A, Sample Collection

The areas selected for detailed examination, were sampled
on the basis of traverses. The traverse unit, a 700 foot long hemp
rope, was divided into twelve lengths of 50 feet. At each 50 foot
mark, a plastic bag was firmly attached. One end was connected with
the anchor of the main ship. The procedure then was as follows.
After the ship had anchored on the desired location, a 15 foot dinghy
was lowered and sailed in the desired direction. The traverse line,
stored in the dinghy was automatically unrolled. At the far end a
small anchor and a bouy were attached. In the next stagé a skin
diver went down at the far end and worked his way back to the main
ship, filling every sample bag. The dihghj, with a stand-by-diver
followed slowly. After the traverse was completed, the dinghy
returned to collect the traverse line. One worker emptied and
cleaned the bags, while a second worker coiled the rope ready for
uses When all samples were collected, the dinghy séiied arouhd.
the main ship and the whole procedure was repeated in the opposite
direction., 1In this way, a continuous traverse of 1400 feet was
collected which required two to three hours, according to weather
conditions and the skill of the divers and dinghy crew.

4L total of 19 traverses have been collected in this way.

5 men were involved in each traverse: 3 divers and two dinghy crew.
In addition, & number of cores have been obtained by means of a
vibro-corer kindly made available by Mr. Miller of Alpine Geophysics

ASS‘
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B« Sample Location

Prior to any days work, the traverse locations were
selected, The desired anchoring point was then .established. This
- was done from the map, by measuring at this point the angles between
outstending coastal features, such as churpheS¢ The two obtained
angles were set out on sextants. The ship then approached this
point slowly, and on the exact location the anchor, with the
traverse rope attached, was lowered.

Although it frequently happened in the beginning that
the desired point was misscd on the first attempt, experience
- and increasing understanding between skipper and sextant reader
improved the technique considerably. After the ship came to a
standstill, the traverse was laid out. At the far end a second
positioning was made. Plotting on the map was carried out with

a station-pointer.

Ce Sample Errors

The accuracy of the sample location is dominantly
determined by the weather conditions and visibility. Firstly,
the anchor will be dragged over a certain distance before 1t gets
a good grip in the sand. Secondly, it is extremely difficult to
maintain a straight line when laying out the traverse, especially
with strong beam-winds. In the third place, the accuracy of
sextant readings in a bouncing dinghy ‘4s rather limited. Finally,"
traversc locations are based on the existing geophysical map, whose

accuracy is not known.
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With respect to the sample collection itself, some
systematic errors are unavoidable. Due to the manouvering of
the diver, especially when actually filling the sample bags,
stirring occurs, resulting in a possible loss of silt and clay

fraction. Samples, therefore, are not wholly represcut..ive.

D. Terminclogy

For the classification of the size fractions, the Went-
worth scale (1922) is used, while notations are given in phi units.

The phi value is the negative log. of the diameter in mm. One phi

2

units is equal to one Wentworth division (Krumbein, 1936). Inman's
“pencentile

terminology (1952), using“phi 5, 16, 50, 84 and 95 values, has been

applicds This is done to obtain & simple tool for statistics,

while the results of the different methods in size analysis are easily

comparable,

Ee Mechanical Size Analysis

1. Dry sieving
A1l samples have been screened, using a set of nylon
screens, with the following ; gpertures: 20, 36, 60?9102, 140, and
197 mesh. These correspond to phi values of: 0,25, 1,0, 2,0, 2,25,
2475, 3,0 and 3,5, No attempt has been made to separate the silt
and the clay fractions, as the minus 200~-mesh fraction represents,

in general, only a very minor constituent of a given sample: from

1to %%. In addition, the total minus 80-mesh undersize was
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obtained, in order to establish the correlation coefficient of its
tin content and the tin content of individual fractions. All
fractions coarser than 80-mesh have been ground prior to analysis,

using ceramic ball-mills.

2. Flutriation

The elutriator has already been described in Section 1,
The purpose of applying this method is to obtain information on
size distribution based on hydraulic properties of the material
éoncernod, rather than diameter alone.

In order to.est&blish the most effective water supply,
resulting in a separation of fractions which can be compared with
screening, the diagram in figure 3,2 has been calculated. The
computation, using Stokes law, is based on the density of quartz.
With the given set of tubes, it was decided ﬁo use a water dis-
charge of 5 ml/sec. Size fractions obtained with this discharge
are presented in Table 3,1.

Shaée of grains is not taken into account. However, it
will be appreciated that this factor has a differential effect
espccially when minerals such as micas are concerned. Further-
more, shape will have an increasing effect towards the finer
fractions. In order to cestablish the reprementivity of Table 3,l.-

the following experiment has been carried out.
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Table 3,1 Size fractioning by elutriation,using a water
discharge of 5 ml/sec and density of quartz

Diameter of tube Max. diameter of grains

in cme. taken in suspension
0,8 om 1,4 phi

l,2 ® 1,86 n

1’7 ii 2’45 "

2,6 it 3’2 i

3,4 1" 3,57 1

6,8 o h.gs N

N _ .

25 grams of sample 561142 has been elutriated for two
hours, 4fter each elutriation, the ffactions were weighed and
critical phi values were calculated. After this procedure
fractions were composited and the sample was homogenised before
re?cating the elutriation (Table.3;2).

Table 3,2
Table 3,2 Representivity test of elutriation

Percentile Sample 561142 phi
diameter A B c D B range
phi 5 2,37 | 2,48 | 2,48 2,48*ﬁé,46 0,11

voo16 2,60 2,61 | 2,61 | 2,60 | 2,60 0,01
" 50 3,08| 3,05 | 3,03 | 3,02|3,02 | 0,06
L1 - 4,161 4,07 | 3,71 | 3,50! 3,84 0,66
w95 L L8| 4,45 | 4,34 { 3,82 | 4,37 | 0,66

From the table it can be seen that the separation is

accurate for grain sizes coarser than 3,5 phi (= 904, is the finer
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part of the very fine sand fraction). Below this value, a
reliable separation is difficult to obtain and not too much
weight should be given to the results.

The inaccuracy in elutriation for the finest fraction
is not entirely due to shape: dirrgularities in the stirring device
and trapped air which decreases the effe;tive weight of the water
column are factors which become relatively more significant towards
the finer fraétions. However, e¢lutriation has provided some useful

additional information as will be shown later.

F. HClL Treatment

In order to establish the quantity of shell fragments
and its connection with sample location, the carbonate content of
a randomly chosen series of samples has been determined. A 50 gram
samplce was placed in a beaker ahd 6N HC1 was added. The carbonate
saturated solution was decanted and the procedure was repeated until
no further effervescence occurred. Cleaning with de-ionised water

was followed by weighing.

Ge Analysis for Tin

Al]l samples have been analysed using the colorimetric
‘method (Stanton and McDonald, 1964). The precision of the analyses
was controlled by an incorporated statistical series. If results
of the test samples were beyond the acceptable limits (& 25%) 5

analyses were repeated, In addition, selected samples have been
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analyscd on the emissioﬁ spectrograph, while copper has been
determined by atomic adsorption, The efficiency of the colori-
metric analysis for tin has been discussed by several authors

‘including Ong (1965).

H. Heavy Mineral Separation

i sclected number of samples have been subject to heavy
mineral separations uing tetra bromethane (sp. gr. 2,9) and clerici
(sps gr. 4,1). 1 gram of sample was used. To speed up separation,
most samples have been centrifuged. Recovery of material out of
a closed test-tube imposed some‘difficulties, resulting in a small

variation of accuracy.

I. Presentation of Geochemical Data

Data will be presented in two different manners; grain
size and tin analysis will be followed by a combined presentation

of these data on the principle of hydraulic equivalance. .

la, Grain size distribution (dry sieving)

Ais has been said.before, all samples have been separated
into 8 fractions according to the Wewtworth scale. A sub-division
has been made into fine and very fine sand as these fractions form
the bulk of.the scdiment. Significant phi valucs of each sample
have been calculated. In order to establish important general
tendencies, the histograms of the mean values of samples and the

more important individual fractions have been computed (Fig., 3,3).
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From the inset of this figure, it can be scen that the
sediment is very uniform. 95% of the sand (mean plus twice the
standard deviation) is well within the fine sand range (2 to 3 phi).
In addition, there exists a clear tendency for a second 'coarser"
population, All samples having a mean value of less than 2,0 phi
(coarser sand) belong to traverse 1. Disregarding these samples,
which are subject to a different environment as compared to the
rest, one mﬁy say thut sample location appears to have little
sigpificance on the grain size distribution of the sediment as a
wholes This will be shown in detail below.

Eight fractions have been obtained by screeﬁing. However,
only the foﬁr finest fractions will be discussed at present (Fig.
343 4~D)s The reason for disregarding the coarser fractions is that
they-seldom exezed 10 per ' cent by weight, and they dominantly congist
- gfbsﬂelllffagments.

* Figure 3,3 reprecsents the distribution of the finer part
of the fine sand., Its mean valuc is 11,5% with a standard deviation
of 5,26, Samples exceeding the threshold valuc for this fractiop
(mean plus twice the standard deviation = 229%) almos@ exclusively
belong to traverse 1 and form in the diagram a small_second popu~-
lation (discussion on individual traverses will be givén iatéfj;i“

| Figure B,BB;‘repfesenting the coarser pért of thewVery
fine sand fraction and a small part_of the finer part of the fine
sand fraction, has a completely different distribution. The

histogram is clearly asymetric., The mean value is 46,3% with
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a standard deviation pf 14, 7%. All samples, which have less than
30% of this fraction, belong to one traverse located 2,5 miles
offshore. Samples of this traverse have more than 20% coarse

shell fragments which accounts for the relative deficieuncy of
othor fractions. Disregarding these samples, the mezn value
increascs to well over 50%, while the standard deviation decreasecs.
In other words, regardless of location, the bulk of the sediment
is confined to very narrow limits.

In Figure 3,3C, the majority of the very fine sand is
represented. It has a mean value of 23,5% and a standard deviation
of 12%. More than any of the cother histograms this one shows the
existence of two populations: the first maximum at about 20% and
the second one at 45%. All samples which have more than 35 weight
per cent of this fraction belong to traverse 2. This traverse is
the seaward extension of traverse 1 and also subject to some
special conditions.

Finally, in Figure 3,3D, all material finer than-3,5 phi
is represented. Its mean value is 3,5%,only with a relatively
large standard deviation of 2,8%. This is caused by samples of
traverse 18, Every sample having more than 5 weight per cent of
this fraction belongs.to this traverse, and is the only indication
of a deerease in grain size in offshore direction, as this traverse
is the most southern. However, even in this traverse, 64% of the

sediment belongs to the very fine sand fraction.
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Not only the surface sediment is extremely uniform.
Analysis of the cores, which in some cases reached bedrock, showed
that the Penzance/Marazion sediments maintain their uniformity in
vertical direction as well. The mean value of two cores of which
one foot interval samples have been taken, is 2,79 phi wiun w

standard deviation of only 0,07 phi.

1b, Grain size distributicn (elutriation)

As a comparison, half of the samples used for screening
have also been separated into fractions by means of elutriation
(Fig. 3.4). Once more, the inset of this figure represents the
sediment as a whole, while A4, B and C are the histograms of the
three dominant fractions. The average mean value of the sediment
(Figs 3,4 ingset) is 3,00 phi with a standard deviation of 0,33 phi
unitse. This indicates that using this method, the sediment tends
to be slightly finer. This is dominantly due to the shell fragments
which forg,on average, 14% of the sediment. The lower specific
gravity and laminar shape of this sediment component, causes this
material to settle in equivalent, but finer quartz fractions.
However, elutriation also shows the very good sorting of the sedi-
ment: 90% falls within one phi unit. Of the six elutriation
fractions, only the finer three froctions will be discussed.

The other three have negligible quantities and are almost
exclusively composed of coarse shell fragments.

Figure 3,44 represents the histogram of the greater part

of the fine sand fraction. This fraction has a mean value of
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54,5% and its standard deviation is 2%. This mean value is L

to 5 times as great as its comparable dry-sieving fraction. This

is pnrtly due, as said before, to the incorporation of shell frag-
ments, which in the case of dry-sieving remain in coarser fractions.
However, the main reason for this difference is the fact that in the
case of clutriation, 0,8 phi units are covered by this froction and
in the case of screening only 0,5 phi units.

Figure 3,4B, with a mean of 22% and a standard deviation
of 18,5% has an indication of 2 second population. All samples with
more than 50 weight per cent of this fraction belong to traverse 2
(compare Fig. 3,3C which, having the same group interval, shows
this feoture as well).

Figure 3,4C represents the fraction of which the grains
have a dioameter of smaller than 3,5 phi. Its mean is 11,3% and
the standard deviation is 14%. There existsonce more a strong
comparability with its equivalent screened fraction (Fig. 3,3D):

605 of the samples have less than 10% of thig fraction. Samples with a
kighc§ weight percentage of this fraction do not clearly belong to
one single traverse, but are scattered all over the bay.

From the cbove data it is clear that the Penzance/Marazion
sediments have a very well sorted grain size distribution, regardless
" of somple locations. The only exception is provided by samples from
traverses 1 and 2. However, they represent a different and compli-
cated cnvironment, as they are under the influence of wave action,

Discussion on this feature will follow later.
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In the discussion on the individual samples and traverses,
the terms coarse and fine will be frequently used. It is obvious
from the above data that these terms only refer to relative

differencese.

2e _Tin distribution in surface sediments

(2) Dry sieving

Fractions coarser than 2,0 phi will not be considered
in the following discussion. 4nalysis of thesce coarse fractions
showed that no significant amounts of tin occurred in them.

Apart from individual fractions, the total minus 80-mesh undersize
fraction (approx. 2,5 phi) has been analysed as well. The‘reason
for this will be explained below.

In the case of the present study, a plural source of
tin hos to be considereds. It is by no means certain as to
whether these sources contribute to the same extent to the tin
content of individual fractions of a sample. Hence, the size
fraction analysis. It will, however, be appreciated that there
are many advantages in analysing one fraction only of a given |
sample., The minus 80-mesh undersize fraction was selected
for this purpose @s it (1) represents the bulk of the sample,

(2) excludes coarse (mainly shell fragments) material and (3)
much of the previocus data obtained by Ong refer to this fraction.

Figure 3,5A represents the histogram of the tin content

of the total minus 80-mesh fraction. The mean value is 110 ppm Sn,
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with a standard deviation of 116 ppm. These results are similar
to those obtained by Oné (1965). The histogram is rather asymetric
and high values are restricted to the area south-west of St.
Michaels Mount.

Figures3,5B and C reﬁresent the tin content of the minus
80 plus 100 mesh fraction and the minus 100 plus 150 mesh fraction
(i.c. the range between 2,25 and 3,20 phi). The diagrams will be
discussed together as there exists virtually no difference. The
bulk of the samples have a tin content of less than 12 ppm Sn.
This was the lower limit of detection with the colorimetric
procedure, The respective mean values are 26 and 39 ppm Sn and
standard deviations of approximately 25 ppm and 49 ppm.: These
valuce may well be high for the mean and low for the standard
deviation as they are based on samples.containing less than
12 ppm tin which are assumed to have 12 ppm. High values for
both fractions are restricted to traverse 1 and the area south-
west of St., Michaels Mount.

The finer very fine sand, figure 3,5D, has a mean value
of 400 ppm Sn, a standard deviation of 700 ppm Sn and there is a
clear indication of the existence of two populations, which accounts
for the high standard deviation. The population with the higher
values once more restricted to the area south-west of the Mount.
An interesting feature looking at the sample location, is the fact
that samples with high values are often situated near rock outcrops.

This will be considered further in the detailed discussion.
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Finally, figure 3,5E represents the minus 200-mesh
fraction, The analytical results hiave not been treated statistically
because too many samples had tin values greater than the extreme
limit of the chemical procedure as employed by the writei. 30% of
the samples have more than 1% Sn and 20% have a tin conicnt in excess
of 2%. Only in a few cases was the tin content in excess of 2%
estimated. In a proportion of these samples, values up to 3% Sn
have been found. However, the representivity of analyses of only
0,01 gram of a sample is rather limited. Values of more than 1%
occur in the traverses 1, 5, 6, 12 and 14, all but traverse 1 are
located south-west of St. Michaels Mount.

The correlation as obtained by computer programming between

the tin content in the different fractions is given in Table 3,3,

Table 3,3 Correlation coefficient of tin content in different

fractions
T ]
Fraction Total minus 80 to 100 100 to 150 150 to 200
80 mesh mesh mesh mesh

total minus

80 mesh l 1,00

80 to 100 mesh 0,15 1,00

100 to 150

nesh 0,18 . 0,87 1,00

150 to 200 0,68 0,13 0,15 1,00

mesh
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The best correlation is between the minus 80 plus 100
mesh fraction and the minus 100 plus 150 mésh fraction. This is
also noticeable from the diagrams on previous pages. The corre-
lation of the total minus 80 mesh with the individual fractions
increases towards finer fractions and becomes signifs~nnt fou the
minus 150 plus 200 mesh size. it is possible that there is a
good correlation between the total minus 80 mesh and the minus
200 mesh fractions. This, however, is by no means certain. The
minus 200 mesh fraction is only a very small proportion of the total
minus 80 mesh fraction and accordingly, any variation in the tin
content of this fraction will have negligible effect on the
variation in the tin content of the 80 mesh undersize, compared
with the effect of other fractions. Unfortunately, this matter
could not be investigated because of the analytical problems
mentioned earlier. Nevertheless, the writer favours the hypothesis
that the tin content of the total minus 80 mesh is in the first

place a reflection of the tin content of the minus 150 plus 200

mesh fraction.,

(b) Elutriation
Results of analytical data on elutriation fractions
are distinctly different (Fig« 3,6). The mean values of the finé
sand (Fig. A) and the very fine sand (Figs. B and C) are 100 ppm
Sny 120 ppm Sn and 115 ppm Sn respectively. Their standard

deviations are 90 ppm, 105 ppm and 75 ppm.
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The fact that the same samples yield grestly different
results when treated with screening and elutriation must be
explained on the basis of the principle underlying each method.

Screening takes grainsizes into account only, whilst
elutriation separates on grainsizes plus demsity: i.e. hydraulic
properties (idealised), the difference being the density.

Differences in the tin content of elutriation fractions
are guall compared to those between fractions obtained by screening.
This indicates, therefore, that smaller, heavier cassiterite grains
now occur in coarser, more abundant and hydraulic equivalent light
fractions, meaning that the size distribution of heavies is
"shifted" to coincide more or less with the grainsize distribution
of lights. Differences in the mean tin content of elutriation
fractions is virtudlly non~existent. Consequently, one must
assume that:

1. the size frequency distribution of the tin grains
is similar to that of the light fraction (ppm is no
more than a ratio), and-

2. the displacement towards finer sizes of the tin, as
indicated by screening, is entirely due to differences
in density. |

It is of extreme interest to recall the analytical results
of the total minus 80 mesh fraction, which had a mean value of 110
ppm Sn and a standard deviation of 116 ppm. This fraction represents

the bulk of the sample. Consequently, its tin content is not



110

influenced by size frequency distributions of individual components,
and thereforey in support of the above results.

Flutriation is in fact a controlléd form of transportation,
which may or may not have any resemblence with the actual environ-
ment. Nevertheless, the data, suggesting the existence of hydraulic
equivalence between tin and quartz, indicates that a similar mechani-
cal process may have been responsible for the distribution of these
components in the marine sediments.

Hydraulic equivalence is, in principle, based on Stokes
law. Consequently, with the available data on grain size distri-
bution and tin content, one should be able to verify the above
hypéthesis by simple calculations. This is illustrated for
two samples in Table 3,4 where, for comparison, the tin content

of the fractions obtained by elutriation are also presented.

Table 3.4 Comparison of computed relative availability of
tin and elutriation
Size Weight % | Weight% | Relative Elutr.
fraction ppm Sn of size of hydro.| availabil-| in
fraction i equiva=- | ity of Sn | ppm Sn
lent in ppm
fraction
1 2 3 b4 5
Sample 561005
-200 2,375 0,9 69,4 316 200
~150 to 200 k1o 20,7 16,0 273 135
~100 to 150 65 48,7 9,8 322 130
Sample 561154
-200 5,000 3,7 80,1 230 160
-150 to 200 175 18,1 9,8 260 185
-100 to 150 12 62,0 3,3 22k 160
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The absolute amount of tin in the different fractions
(column 1) shows a tremendous_variation. Once expressed as tin
content of their hydraulic equivalent fraction (relative avail-
ability of tin, column 4) differences, however, almost disappear
and compére with the analytical results of elutriation (column 5).
The fact that the hydraulic ratios (column 4, Table 3,4) are
consistently higher than the elutriation results is probably due
to the fact that'for the computations, the tin content of the
screened samples is regarded as consisting of pure cassiterite grains.
‘The analysed tin, however, may well occur in the form of multi-
mineral grains as well and the gallein method, used for the analysis,
attack all forms of tin exposed, whether the grain is monomineralic
or muiltimineralic. The result of this aspect on the computations
will be considered later,

In addition the fact must be taken into consideration
that the precision of the anzlysis is only then 25% at the 95%
confidence level. This fact superimposed on the analytical errors
in the determination of the grain size distributions, will cause
variation in the hydraulic ratios,

Despite these shortcomings, it is appreciated from
Table 3,4 that expression of results, obtained on a single sample,
as relative available tin greatly simplified assessment of the
datae. Similar results are obtained when the tin contents of a
given fraction of different samples are compared. In some cases
the differences between the two methods of presentation are

spectacular (Table 3,5).
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Iable 3,5 Comparison of actual and relative tin content
of selected samples from traverse 12

Samplé No. ppm Sn Relative Availability

minus 200 mesh fraction

561158 11,000 : 425
561164 6,500 425
561172 12,50C 624

e R TP -

Here, on absolute tin content, both samples 561158 and
561172 vould be considered as anomalously high. However, on the
basis of relative availability only sample 561172 is anomalous.
Sample 561158 has the same relative available tin as all other
samples of this traverse,

As will be remembered, the standard deviation of the tin
content, obtained by elutriation, is rather great. This, however,
is explained by the fact that the tin content decreascs considerably
in off-shore direction, whilst the sand.size distribution remains
virtually the same. Although this seems at first to conflict with
the concept of hydraulic equivalence, it should be emphasised that
the transport of material is extremely complex and will be

congidered in the next chapter,
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CHAPTER 3  DISCUSSION AND INTERPRETATION

A.  General

In Chapter 1 of this section, several sources of tin
have been considered, which were dismissed as an explanation for
the overall tin distribution in the marine sediments of Mounts
Bay., For the detailed discussion of the Penzance/Marazion sediments,
however, some of these sources may become significant. Similarly,
the concept of hydraulic equivalence has been inttoduced in that
chaptér and illustrated in Chapter 2. Both aspects of the previous
chapters are considered further here.

Systematic application of Stokes léw on the data of the
traverses, reveal considerable variation of relative availability.
Before considering the results, it is desirable to review the
causes of deviation from the basic theory.

The application of Stokes law is based on the assumption
that the current velocity required to move particles along the bottom
is approximately the same as the settling veldcity of these particles
in still water (Rubéy, 1933). However, this applies only in the
region of viscous settling. Inman (1949) suggests that this assump-
tion is only correct for particles of a critical size (0.18 mm
diameter in the case of quartz particles). Above this size, the
velocity to initiate movement of a particle is less than the settling
velocity, which results in transport by rolling. Below the critical

size the threshold velocity to move a particle is greater than the
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settling velocity, resulting in transport by suspension. These
considerations will affect rclative availability of heavy minerals
below the critical size and which are hydraulic equivalent to light
particles above this size as will be discussed later, Furthermore,
in the region of transport by rolling or saltation, threshold
velocity is dependent on the critical drag force. This force

is a function of density and size and will be slightly smzller for
coarse light grains as compared to the equivalent smaller heavier
grains, This results in a decrease in heavy mineral content with
distance along the travelled path, and consequently, in a decreasing
relative availability.

Apart from these mechanical considerations, which can only
be conéidered qualitatively without much more information on the
nature of the bottom etc,, the strict applicability of the theory
also assumes that all the relevant grainsizes are available in the
source material or, in the case of plural sources, complete
hoﬁgenisation'of the materdal before deposition. The actual
calculations can be influenced by sampling errors which could be
considerable when a number of divers are being used, and the
precision of the analytical results is only better ttan 25% at
the 95% confidence level.

Finally, in the calculations of the relative availability
it hos been assumed that all the tin occurs as cassiterite grains,

In foct, some tin will occur within the mineral lattices of other
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grains and thus resulting in polymineral graiﬁéa The effect of
this is a decrease in the density of the tin containing polymineral
grain as compared to cassiterite. The hydraulic egquivalent light
grain of such a polymineral grain therefore will be smaller than
the grain sizes used in the computations., The high relative
availability resulting from this can be very erratic, as the density
of the polymineral grains may vary in their density from 7 to 2,65,
according to the amount of tin, Although this will probably be
reflected -in "micro" variations of the grainsize distribution of
the lightimaterial, this could not be established by the size
fractioniég‘method used, For the minus 200 mesh fraction this will
be less important, as the equivalent light fraction includes 21l
material smaller than 100 mesh and forms the bulk of the sample.
For the 150 to 200 mesh tin fraction, whose equivalent light fraction
is 80 to 100 mesh and which forms only a small proportion of the
sample, this can result in high and erratic relative availabilities.
This effect will normally be confined to at most one or two of the
size fractions, Consequently, anomalous relative availsbilities
are only considered Signficant when they are expressed in all
fractions of the same samplés,

Thé combined error due to sampling and analytical pro=-
cedures and data processing could not be accurately determined.
However,; it is considered that differences of less than 50% are

of doubtful significance and only two-fold differences between pairs
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of results are taken as definitely significant. Of course, where
there is a clear trend reflected by a number of samples, smaller
differences are considered as significant.

It will be appreciated, that the concept of hydraulic
equivalence in itself is correct, while its application in a number
of studies was justified. However, as a prpspecting tool, for
which it hzs been used in the present study, it has severe
restrictions. Nevertheless it became apparent, after careful
examination of the results, that the expression of the data as
relative available tin in addition to the plain data, emphasised
aspects of the tin distribution in the sediments which were not
s0 obvious from the sample presentation.

Data in Table 3,6 show the mean tin contents and grain-
size distribution for each of the traverses and for 3 cores.
Locations are given in figure 3,7.

The table can be divided into four groups.

Traverses of group 1 have in common that their relative
available tin content is fairly constant in all size fractions and
is similar for all traverses, Traverse 14 has rather high values,
but this aspect will be considered further in the detailed
discussion.

Traverses of group 2 all have outstanding high relative
availeble tin in the 150 to 200 mesh fraction, while in addition
they can be divided into two sub groups, based on the relativg

tin content of the minus 200 mesh fraction; one low and one high.
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The third group shows very high values for the 100 to
150 mesh fractions

The last group, of which core 5 is from outside the study
area, exclusively consist of subsurface samples. Absolute as.well
as relative tin values are of an entirely different magnitude as
compared to the other traverses,

The difference in the grainsize distribution between
the two sets of samples of group 4 indicate a completely different
environment of sedimentation. This is not reflected in the
relative availability in the three cores. On the contrary,
hydraulic ratios are almost identical,

Samples from cores 3% and 34 (group 4) and the traverses,
all come from the Penzance/Marazion sand body. Grain size
distribution (last column, Table 3,6) is uniform. Relative
tin content in the surface samples is, however, many times
greater than for the subsurface samples. Consequently, it can
be concluded that the higher surface values indicate a recent
increase in the suéply of tin, not accompanied by an equivalent
change in the supply of sand. This, undoubtedly, is related to
the recent mining activities in the catchment area of the bay
through vhich more tin was made available for transport than

would have been the case with normal erosion.
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Table 3,6 Average values of absolute and relative tin
content of traverses (1)
Traverse Minus 200 ppm Sn E‘ : | phi value
number mesh minus 150 mesh; minus 100 mesh of
plus 200 mesh | plus 150 mesh traverse
Group 1
1 (15,000) 280 (550) 300 (50) 330
12 (6,600} 290 (240) 320 (10) 220 2457
14 (18,000) 500 (400) 670 (20) 410 2,50
(2)14 (18,650) 660 (1430)3250 (30) 480 2,50
9 (3,920) 160 (1%0) 450 (15) 480 2,70
18 (1,600) 230 (35) 1ko (10) 150 2,67
Group 2
8 (1,750) 220 (150) 1550 (15) 1400 2,83
11 (3,300) =280 (150) 1875 (10) 80 2,11
16 (1,620) 225 (35) 2350 (15) 650 2,4k
(8,100) 500 (220) 1500 (25) 800
5 (20,500) 590 (650) 1920 (16) 550 2,52
10 (3,000) 500 (90) 4470 (10) 340 2,51
Group 3
13 (5,500) 260 (75) 340 (10) 1280 2,73
17 (4,400) 160 (120)520 (10) 1500 2,72
| Group 4
Core 33 |
and 3k % (95) 17 (16) 20 2,72
Core 5 (1,480) 25 0,77

(1) Traverses 15 and 19 are not included in the table as their dis-

tribution is irrelevant for this table (see later).

is included in traverse 5.

(2)

the first one includes only the non-anomglous samples.
anomalous samples of this traverse are related to nearhy minerali-
sation and in the discussion on this table reference will be made

to the first data only.

Traverse 6

The second group of data on traverse 14 include =1l samples, while
The
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Two general aspects emerge from the first three groups.
Firstly, the relative available tin of the minus 200 mesh fraction
remains comparable regardless of the differentiation into groups.
There is, however, variation in that traverses 2, 5, 10 and 1% have
a relative available tin content double that of the other traverses
foy this fragtion. Three of these traverses (2, 5 and 14) are close
to the shore. The second overall aspect of table 3,6 is the fact
that all traverses of group 2 and 3 occur within the current eddy
postulated on drifter and tracer data in Section 2.

With respect to the first consideration, it will be
remembered that the tracer experiment indicated that tantalum
and therefore cassiterite is transportable, provided its size is
smaller than 200 mesh. This conclusion, together with the constant
relative availability of tin for this fraction indicate almost
certainly an allochthonous tin source; détrital tin from
terrestrial origin. The occurrence of higher values for near-
shore traverses has been explained in Chapter 1 and is further
support for terrestrial supply.

With respect to the second consideration, more problems
arise. The tin content of a single fraction of a given sample
is higher than justified by the weight per cent of its equivalent
light fraction. This could be due to either of three possibilities.

1. In the source material of the tin of these traverses

there is no equal availability of quartz and tin in

all sizes.
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2+ A substantial amount of tin in these fractions
occurs in polymineral grains.
3+ The current velocity of the eddy is approximating
a value where threshold velocity and settling
velocity for fine sand coincide,
For the first possibility there is little evidence.
Absolute tin content for this fraction is by and large of similaxr
magnitude for all traverses and decreases in offshore direction,
Grain size distribution remains the same, but relative availability
is high only for certain traverses.
The second possibility is more difficult to assess.
In order to verify the suggestion, heavy mineral separations
have been carried out on the 150 and 200 mesh fraction of 6
selected sampies répresenting all groups (Table 3,7). It appears
from this table that only in the case of traverse 12 and traverse
5 do analytical results conform to this hypothesis. For the first
traverse (group 1) tin is concentrated in the plus 4.1 s.g. fraction,
while for traverse 5 (group 2) tin occurs in the lighter fractions.
The remaining results indicate the existence of tin in the lighter
fraotions, but this was not expected for traverses 14 and 17, both
of which have a relative availability of lower magnitude than
traverses 8, 5 and 16, For traverse 14 this may be explained by
the fact that for most of its samples a local ellwvial asoures has
been postulated (see page ) while the adjacent é;;p;e ééuﬁo. 1215
does have an abnormal high relative tin content for this fraction.

However, for traverse 17 there is no explanation.
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Table 3,7 Tin distribution of the 150 to 200 mesh fraction
in selected samples,using Tetra Bromethane
(seg., 2,9) and clerici (s.g. 4,1)
| ’ |
Traverse Sample S8, of weight ¥ | ppm Sn | percentage !
number number fraction fraction Sn of total

12 561152 Sl 2,5% 7,810 92, 3%
>2,9 21 ,4% 900 0,0%(1)
<2,9 78,6% 18 747%

1k 561215 >1,4 0,6% 5,800 L8,6%
>2,9 13,8% 500 b7,8%
<2,9 86,2% 3 3,6%

8 561093 Sk 0,5% 2,300 17,1%
>2,9 4, 8% 810 Lo, 7%
<2!9 95,2% 30 42!2%

16 561236 >hy1 1,350 1,660 19, %
22,9 7,25% 1,590 76 4 2%

5 561052 >k, 7,8 Loy 9,0%
>2,9 %1.,0% 1000 90, &%
%2,9 69,00 1 0, 4%

17 561260 >4, 0,5% 2,670 341%
5249 11,19 3,710 Oy 5%
<2,9 88, % 1 2, 5%

For technical reasons, analysis of the less than 2,9 s.g.
fraction included the less than 4,1 s.g. fraction, whose own tin

content was later deducted.

Consequently, the tin content in

absolute weight of the former fraction should be higher than for
the latter, provided there is tin in the lighter than 4,1 fraction,

For traverse 12 amounts of tin in both fractions are equal,

resulting in the zero percentage for the plus 4,1 less than 2,9
Sefs fraction,
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It is apprecicted that too few traverses have been
collected outside the eddy, which makes the discussion inconclu-
sive.

As mentioned previously, traverses with a high relative
tin content occur within the boundaries of the eddy current. This
current by itself can give no satisfactory explanation. Firstly,
there are other traverses in this areu which do not show this
feature., Secondly, sorting by the current of polymineral grains
from a mutual source for all traverses (in and outside the eddy
current) would also be reflected in the other components of the
sediment, for which there is no evidence. Alternatively, one must
postulate an additional source(s) of tin in polymineral grains
within the eddy. It seems unlikely that either Marazion River or
the mineralisation of St. Michaels Mount are responsible for this
form of tin, as othér traverses of which the tin contentlcan be
related to these sources but which occur outside the e¢ddy do not
show these features.

An alluvial source which will influence the western part

of the bay more than any other location is Newlyn River. This

S

river drains mincralisation in the Lands End granite, and material
discharged by this river will be taken in a northerly to north-
westerly direction by the eddy current. However, no information
is available as to whether the mode of tin in the Newlyn River is
distinctly different from the Marazion River. A second possible

source may be submarine mineralisation. However, in the cases
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where submarine mineralisation is regarded as responsible for the
tin content of a traverse, this was reflected in all fractions.
Conclusions with respect to the above suggestions will be considered
after cach traverse hos been discussed in detaii.

The third possibility with respect to the high relative
available tin content in certain fractions is based on the mechanical
aspects of transport as outlined in the discussion on the limitations
of Stokes law (page 113).

From the discussion on the grain size distribution, it
may be remembered that-the mean diameter of the sediment was
restricted to very narrow limits, while the most frequent diameter
was in the order of 2.6 phi (= 0,17 mm). Inman (1949) in his
paper on sediments and fluid mechanics, comes to the conclusion
that "Grain sizes near 0,18 mm are hydrodynamically unique from
all other sizes in that;

1, they are moved by weaker currents than grains

smaller or larger than themselves;

2« once moved they do not have as great a tendency

to go into suspension as do smaller grains;

3. they are more readily carried into suspension than

larger materiall',

The close agreement between the actual grain size
distribution of the sediment and Inman's critical size, seems to
suggest that the preponderant current velocity in this part of

the bay approximates the value where threshold velocity and
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settling velocity coincides. A current with slightly higher velocity
will initiate movement of particles in the fine sand range (0,25 mm =
80 mesh to 0,125 mm = 120 mesh). Transport of the finer part will
be in suspension, while that of the coarse part will be by saltation
and rolling. If one considers now tin of 150 to 200 mesh size,
which is equivalent to light material of 80 to 100 mesh (0,2 mm to
0,18 mm) and a current velocity slightly above the threshold wvalue
for quartz grains of 0,18 mm size, transport of the light material
of 150 tc 200 mesh size will be transported by suspension, but
the tin in that fraction will be transported by saltation like
its equivalent coarser light fraction. Consequently, there.will
occur somec form of concentration of tin in the 150 to 200 mesh
fraction, resulting in a high relative availability. Tin of minus
200 mesh size will not be affected as all relevant sizes of lights
and heavies are transported in the same way; by suspension.
Likewise, tin of 100 to 150 mesh size is not affectea to the same
extent as transport of the relevant sizes will occur predominantly
by saltation.

High hydraulic ratios occur in groups 2 and 3 onlye.
Grainsize distribution of the surface sediments on the other hand,
remains the same for all the traverses. If the above hypothesis
is correct, it seems a discrepancy that anomalous hydraulic ratios
are restricted to a limited number of traverses. One can only

overcome this problem by assuming that the current affecting the
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non-anomalous traverses has a slightly highér’Velocity during its
most effcctive phase as comparcd with the -eddy current velocity.
This results in similar transport (suspension or near suspepséqp)
for all fractions concerned. Near the critical value a small
variation in current velocity may have considerable effects on the
MOde of transport of particles slightly coa;ser than the critical
sizce

Neither of the two possibilities provide a complete
satisfactory answer, and it may well be possibie ;hat.both
hypothesis contribute to the high relative availabilities ifi &
speolfic fraction. More definite conclﬁsiﬁns may bé obtained if
future work is concerned with accura%e velockty measuremen%é;
studies on the nature of the bottom as well as a study on the

mineralogical habit':: of the tin in the marine sediments.

B,  Detailed Discussion on Individual Traverses

A total of 19 traverses have been collected (Fig. 3,7).
Their locntions have been selected to cover as many features of
western Mounts Bay as possible:. They include nine traverses over
the main submerged valley which occurs S.W. of St. Michaels Mount
Ltraverses 14, 5, 12’:15 and 18). Four traverses have been laid
out over the second but less dominant ¥alley which occurs one to
two miles west of Penzance (traverses 11, 10 and 16). Another

four traverses cover an isolated, thicker sand body in the north—
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west part of the bay. Three more traverses (1, 2, and 19) represent
the sediment influenced by wave action as they occur close to the
shore., Two of these (1 andVZ) cross a known mineralisation in the
vicinity of Penzance Harbour. An additional two traverses were
scheduled west of the Mount, but they could not be collected due

to bad weather conditions.

Traverse 14 (Fig, 3,8)

This traverse, together with traverses 5, 12, 15 and 18
cover most of the depression in the bedrock which occurs S.W. of
St. Michaels Mount. This valley is approximately 2 miles loﬁg,
up to 0,5 miles wide and the sediment filling this valley has a
‘thickness ranging from 20 to 40 feet. From iis location, it is
very likely that the depression is the seaward extension of the
Marazion River valley in glacial and post glacial times. 1t was
also noted previously that the tin content of the surface sediments
in this area S.W. of the Mount is rather high, considering its
iocation so far from the present shore line. The question
therefore arises as to whether there is a-connection between tin
content and bedrock topography.

Traverse 14 is 1400 feet long and is located 1/2 of a mile
south of St, Michaels Mount (Fig. 3,8). Its strike is north west/
south ecast and its N.W. half overlies the submerged valley. Some
200 fect beyond the edge of the valley, a rock outcrop reported by
divers, was found to be an elvan dyke approximately 15 feet wide with

a N.E. strike.
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Grain size distribution, obtained by screening, shows
that as a whole there exists 1it£le va?iation along the traverse
(Fig. 3,8B). The average mean diameter of the sediment is 2,5 phi
with a standard deviation of 0,1 phi. The sand; therefore, is
extfemely well sorted and falls in the fine sand class (Wentworth).
The standard deviation of individual samples is 0,35 t0,08 phi. ‘
Only one sample is relatively coarse and occurs over a small
depressions The skewness, a meaéure of the symmetry of the grain
size distribution, showed that samples from either end of the
traverse arc slightly coarser than elsewhere. Howevef, it is
evident that the underlying bedrock topography has no noticeéble
influence on the grain size distribution of the surface sediments.

Elutriation has also been carricd out on samples from
this traverse. In view of the limited accuracy, as mentioned
previously, broad tendencies will be discussed only. The sand
appears to.be slightly finer; the average mean diameter is 3,06 phi
which is probably due to shell fragments. More important, however,
is the fact that negative skewed samples (relatively coarse) are
limited to the buried valley. The weight per cent of the finest
fraction (circa 200 mesh) is very much less than the circa 150 mesh
fraction over the buried valley. Differences between these two
fractions decrease towards the south-sast of the traverse (Fig. 3,8C).
This tendency is not reflected by screening. Consequently, one must

assume some sort of difference between the sediment overlying the
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valley and overlying the plateau. In this context, the tinicontent
of this traverse becomes significant (Fig. 3,84).

Referring to the 80 mesh under size fraction, it can be
seen that higher values are concentrated over the valley; Two
of thesc values are above the threshold value for the bay as a whole.
Conseguently, one might expect a high tin content for the minus
150 plus 200 mesh fraction. Indeed, high values for this fraction
are restricted to the area overlying the valley; four successive
saﬁples form a well defined anomaly? 1,5 to 3 times the threshold
valuc for this fraction. Other fractions are also markedly high
in their Sn content. The minus 200 mesh fraction has a maximum of
three pér cent and thé two coarsest fractions have maxima just below
their respective threshold values.

The consistency of the grain size distribution and the
variation in the tin coﬁtent suggest that no constant hydraulic
ratio might be expected. This is confirmed by table 3,8 which
represents absolute and relative available tin of the individual
semples of the traverse, The average values-of this traverse used
in table 3,6 excluded anomalous samplés and.showed fairly constant
hycraulic ratios. From table 3,8 it can be seen that this is not
the case for the anomslous samples.

Apart from the confirmation of the anomalous tin content
over the valley, two more peak values appear at 700 feect in the
minus 150 plus 200 mesh fraction. These values are 1,5 times the

mean value for the part of the traverse overlying the pluteau.
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Table 3,8 Absolute and relative available tin of traverse 14
Sample minus 200 mesh minus 150 mesh minus 100 mesh
number plus 200 mesh plus 150 mesh

ppm Sn rel,av. Sn|{ ppm Sn rel.av. Sn | ppm Sn reé;av.
563191 11,400 380 Lso 960 10 150
56119% 30,500 1290 700 1300 70 550
561195 25,000 1040 5200 9100 10 160
561197 | 20,000 790 2750 6080 10 240
561199 20,000 790 2750 7650 45 450
561201 13,750 4zo 2500 7100 85 2270
561215 15,000 660 335 780 10 330
561213 14,000 Lo 335 1660_ 10 160
561211 15,000 570 560 1660_ 10 220
561209 19,500 340 275 - 660 10 300
561207 19,200 800 480 760 10 170
561205 20,500 780 Lis 700 55 660
! 561203 360 570 10 110

If all the tin along this traverse had been derived from a

single, i.c. terrestrial, source it is difficult to explain the

differcnce in the tin content, but not in the grain size distri-

bution at the two ends of the traverse.

Considering the thickness

of the scdiment beneath the N.8. half, which is in excess of 20 feet,

it seems unlikely that the tin content of this part of the traverse

is reflecting an underlying relic alluvial placer.

In discussing an alternative interpretation of the data,

it is worth noting that maxima in tin content of successively finer
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fractions are slightly replaced towards the north-western part of
the traverse (Fig. 3,84). Decrecasing mobility towards coarser
sizes, would suggest a source in the vicinity of the maximum of the
minus 100 plus 150 mesh fraction.

The occurrence of an elvan dyke, some 200 feet further
S.E. along the traverse may be significant. None of the samples
adjacent to this dyke, however, show an increased tin content,
although there exists a small but marked anoraly in the reiative
available tin of the minus 150 plus 200 ﬁesh fraction, The real
distance between elvan dyke and anomalous samples may be, however,
much shorter. Firstly the traverse cuts the’dyke obliquely and
secondly, the dip of the dyke is unknown. This also could result
in a shorter direct distance between suboutcropping rock and traverse
location, It is, therefore, not entirely impossible that the dis-
placciment of maxima is related to grainsize variation in the primary
source, the traverse representing an oblique cross section.

The fact that the succession of maxima occurs over the
sediment filled valley, may well be in support of the postulated
eluvial source. If one imagines the mineralisation'situated on the
valley slope, its dispersion yattern will be down slope, with the
maximum migration for the finest grains. If one has simultancous
depositipn of material in the valley, the dispersion will not be
limited to the valley slope and bottom alone, but also to the '"new"

valley floor, with the finest grains the furthest away from the
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mineralisation, In this way, one gets a "fingering'" effect
depending on the speed of sedimentation. The distribution as
found with the traverse, may well represent such a "tongue',
The above suggestions should Ee verified with subsurface samples.
Unfortunately, they could not be obtained during coring. It is
evident from the dicussion that many questions remain and if
further rcscarch is carried out, this location should have a
high priority.

The results of traverse 14 have been considered in
isolation. However, the data prescnted below on traverse 12
have considercble relevance in any discussion on the nature and

strike of the postulated eluvial source of tin.

Traverse 12 is located one mile south-west of St.
Michacls Mount and approximately 0,5 miles further along the
draowned valley (Fig. 3,9). The strike of the traversc is E'W and
has a length of'0,5 miles., The traverse is not continuous. Due to
difficulties in manouvering the 75 foot long ship, it was impossible
to drop the’ancﬁor at the end of the first sampling section.

The bedrock topography covered by thié traverse has
three depressions. The eastern two converge just south of the
traverse location, whilst the third one is more or less isolated.

The maximum thickness of the sediment is 40 feet.



FIG 3,9
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Grainsize distribution as obtained by screening shows
in general similar results to traverse 14, The average mean diameter
is 2457 phi with a standard deviation of 0,1 phi, compared to 2,5
and 041 phi respectively on traverse 1l&. The mean of the standard
deviations of individual samples is 0,32 phi ki 0,07. Like the
previous traverse, the sand is very well sorted indeed. In the
middle of the traverse, however, a group of samples occur which
are rclotively coarse; wmore than 0,3 phi units less than the mean.
They are located over the middle and deepest bedrock depression.

The grainsize distribution obtained by elutriation shows
the sand to be slightly finer; 2,8 phi for the mean diameter and
a standerd deviation of 0,25 phi. There exists a temdency for
coarser samples towards the middle of the traverse as well, although
none of them is anomalous, An interesfing feature revealed by
elutriation is the common minimum in weight per cent of the two
finest fractions 300 feet from the eastern end of the traverse
(Fig., 3,9C), This is not demonstrated by the screened data.
Consequently, using the same arguments as for traverse 14, one
may cexpect at this location a higher percentage of heavy minerals
and possibly a higher tin content than elsewhere along the
traversc..

The tin co§tent of individual fractions is by and large
far less than the comparable fractions of traverse 1k (Fig. 3,94).

The absolute and relative tin content are given in Table 3,9.
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Table 3,9 Absclute and relative available tin of
traversel2

Sample minus 200 mesh minus 150 mesh minus 100 mesh
number plus 200 mesh plus 150 mesh
B ppm Sn rel.av, Sn | ppm Sn rel.av.Sn |[ppm &n rel.av.Sn
561164 6,500 425 175 470 10 210
561162 5,000 200 85 170 10 270
561160 6,000 240 100 190 10 190
561158 11,000 ka5 210 370 10 190
561156 7,000 325 100 200 10 270
561154 - 5,000 230 175 260 10 220
561152 4,500 210 130 300 10 270
561150 6,500 320 175 460 10 190
561149 3,000 120 90 110 10 230
561147 5,500 200 65 60 10 160
561145 3,600 80 85 18 10 60
561143 3,250 160 85 220 10 280
561141 6,300 Loo 175 250 10 135
561166 4,500 200 160 350 10 210
561168 7,600 390 175 340 10 180
561170 15,000 580 1600 2120 10 200
561172 12,500 620 450 600 10 140
561174 6,000 270 260 490 15 160
561176 6,500 300 275 810 85 105027
W '

to its location with respect to the present shore line, and

The overall lower results are due, as stated previously,

therefore with the source of terrestrial tin. Relative availability
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of tin is far more regular than for traverse 1k, indicating
that the tin distribution between the different fractions is
dominently caused by transport.

Three interesting aspects emerge f;om the computations.
In the first place, there appears to be a "deficiency" in the tin
content of all fractions in the coarser samples of the middle
of the traverse, Relative availability decreases as low as 82, 18
and 60 for the minus 200 mesh, the minus 150 plus 200 mesh and the
minus 100 plus 150 mesh fractions, respectively. Secondly, at the
eastern end of the traverse, high relative availability occurs,
which is restricted to the two finest fractions. Thirdly, the
last sample of the traverse shows anomalous relative tin content
for the two coarsest fractions.

The deficiency in relative available tin (sample 561145,
Table 3,9) is difficult to explain. As mentioned the sediment at
this location tends to be slightly coarser as compared with the
other samples. This could be due to either of two features:
(2) the samples represent a different horizon of the sediment as
compared to the other samples of the traverse or (b) the hydraulic
conditions at this location are differént.‘ The first assumption
is nct supported by any change in depth according to the divers.
Furthermore, the absolute tin content does not change drastically,
which could be expected on the basis of comparing surface with sub~
surface material (Table 3,6). The writer therefore rejects this

first hypothesis. An immediate problem in accepting the second
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hypothesis is that the theory of constant hydraulic ratios does

not seem to apply to these samples. However, relative availability

decreases in all fractions, indicating that there still exists

a hydraulic relation in the samples themselves, although the

absolute amount of tin is less than would be expected oun the basis

of the occurrence of greater quantities of coarser light material.
The conclusion, therefore, is that there exists an
additionnl supply of hydraulic equivalent light materials only,
diluting the relative tin content in the sediment of which these
samples are taken. This then could be the effect of the incoming

- tidal current, the path of which is independently postulated in

section 2 and which crosses traversgse 12 more or less at this

location,
One could make several objections against this interpre-

tation: 3

(a) If this current exists, its direction is opposite
the direction of the tin supply, consequently there
should be little ér no tin at all.

(b) It is difficult to visualise an active current
restricted to a relatively small zone.

(¢) 1If this current exists, and is responsible for the
supply of coarser hydraulic equivalent light material,
then it should also remove finer light fractions,
resulting in an increased absolute tin content for

thesce fractions. This is not the case.



Regarding the first two objections, it will be
appreciated that the tidal current is only active during part
of the tidal cycle, Furthermore, the current may occur over the
whole traverse but relatively stronger over the discussed area.
There is no completcly satisfactory explanation for the absence
of any significant increase in the absolute tin content of the
finest fraction. However, it should be emphasised that the terms
coarse and fine are qualitative and only refer to "coarser fine!
and "finer fine" sand.

The second aspect of table 3,9, the high relative
available tin &n the samples 561170 and 561172 is directly
reflected in the absolute tin content of the samples. As will
be remembered, this was predicted from comparing grainsize
distribution obtained with screening and elutriation. It is of
extreme interest that at this location an elvan dyke was reported
as wells VWhen this dyke is projected along its north-easterly
strike, it Jjoins the elvan dyke of traverse 1k4. Accordingly, it
is concluded that‘this elvan dyke is probably responsible for the
anomrlous tin contents in traverses 12 and 14. The reason, then
that the anomaly in traverse 12 is less wide, is due to the fact
that the troverse crosses the rock outcrop more at right angles,
while the elvan dyke occurs well away from the depression in the
bedrocks The magnitude of the anomaly is also lower, as less tin

from terrestrial sources contributes to the total tin content of
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the samples., This is expressed in the overall lower relative
availability.

The third aspect of the table, the higher tin content in
the coarser fraction at the eastern end of the traverse, cannot be

satisfactorily explained without additional information.

Traverses 15 and 18

Discussion on these two traverses will be limited, as
neither the grain size distribution nor the tin tenor of the
traverses reveals special features.

Traverse 15 is located 1,5 miles S.5.W. of St. Michaels
Mount (Fig., 3,10). The drowned valley at this location is
approximately 500 feet wide and is covered by the traverse which
is 700 feet long. The sediment is characterised by abundant shell
fragments, which in the minus 36 mesh undersize fraction account
for more than 20% of the material compared to less than 10% for
the rest of the bay. Although all traverses have shell fragments,
they are restricted to the coarser fractions. The minus 80 mesh
undersize fraction is almost shell free, while the minus 60 plus
80 mesh fraction has a little. As thesc coarse fractions are not
under consideration for reasons outlined before, shell content
will only be mentioned when it forms a major component of.the
sample,

The shell fragments give the samples of this traverse a

conrse appearance with an average diameter of 1,47 phi and a very
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unsorted nature; standard deviation is 1,08 phi. Elutriation
has been carried out on a number of samples., Thé average mean
diameter of 2,34 phi clenrly illustrates the effect of the low
density of the shells. The tin content of the samples is low.
Relative availability has not been calculated.

Traverse 18 is also 700 feet long and was laid out over
the most southerly part of the buried valley. Its distance to
Ste. Michaels Mount is approximately 2 miles. Shell fragments
occur but not to the same extent as in the previous traverse.

Traverse 18 is marked by an increased quantity of fine
materinl as compared to all the other traverses; the minus 200
mesh fraction has an average of 13 weight per cent. Nevertheless,
the average dicmeter of the sediment remains almost the same;
2,67 phi,

The tin content of the traverse is similzr to that of
traverse 15, Hydraulic ratios, which could be computed in this
case, arc constant. The average values for the minus 200 mesh
fraction, the 150 to 200 mesh fraction and the 100 to 150 mesh
fraction are 230, 140 and 150; fespectively. - These values are
in agreement with the results of the other traverses. For the
minus 200 mesh fraction relative available tiﬁ is of the same
oracr of magnitude as elsewhere in the bay, while for the two
other froctions this relative available tin is much lower, being

farthest away from the shore.
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Traverses 5 and 6

These traverses together form the third major traverse
over the drowned valley (Fig. 3,11). It is 1300 feet long and is
located approximately 2 of a mile S.W. of the Mount. The strike
is more or less north/west-south/east. The average mean diameter
of the samples, obtained by screening, is 2,52 phi and has the same
dimensions as for traverses 12 and 14, The standard deviation is
greater and has a value of 0,15 phi. This great variation is
entirely due to the combination of the coarser samples of traverse
5 (N.Y. part) with the finer samples from traverse 6 (S.E. part,
Fig. 3,11B), Sorting of individual samples is good; the mean
standard deviétion is 0,27 phi. Samplés from traverse 5 tend to
be slightly less sorted than for traverse 6. This feature is
fqrther emphasised by the first and second skewness, both of which
are negative and indicating an asymetrical distribution towards
coarser sizes (Fig. 3,11C). The size distribution does not appear
to have any relation with the contour lines of the bedrock
depression,

The tin content of this traverse is in general high.
Within the traverse it is higher for the north-western part, and
it reaches a maximum towards the middle of the sample series. In
terms of relative available tin content, the data give a rather
inconsistent distribution (Table 3,10) and samples and fractions

can not be compared with each other.
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In Section 2 an eddy current was postulated, to which

reference was made in the general discussion at the beginning of

this chapter, This current crosses the traverse near or at its

north~western end,

South-~east of the traverse location the main

tidal current is postulated to exist which has an opposite

direction.

it seems likely, therefore, that the eddy current

decreases in transport capacity in south-easterly direction

along the traverse, which results in finer and better sorted

gediment towards traverse 6.

Table 3,10 Absolute and relative tin content of traverses
5 and 6

Samplé1 minus 200 mesh minus 150 mesh i minus 100 mesh
number plus 200 mesh plus 150 mesh

ppm Sn rel.av.Sn| ppm Sn rel.av.Sn ! ppm Sn  rel.av.Sn

Traverse 5 |

561041 | 20,000 690 | 700 1510 0 | 210
561042 | 20,000 770 550 1420 10 280
56104k | 23,000 830 600 1040 10 320
561046 | 28,000 800 500 1280 10 270
561048 | 20,000 430 875 2420 35 1020
561050 | 20,000 760 1375 4100 35 890
| 561052 |, 30,000__ 870_ _|_ _750_ _ 1 2340 _ | _25_ _|. _46O0_ _
' Traverse 6 '
561053 i 20,000 450 850‘ 2830 15 540
561061 | 14,000 250 250 1090 10 610
561059 | 20,000 540 310 1370 10 kso
561057 | 13,000 230 225 700 20 760
561055 18,500 L0 770 2950 15 660
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The decrease in the relative available tin of the minus
200 mesh fraction towards the south-east is caused by the increase
of the proportion of equivalent light material (Fig. 3,11B) without
an increase in absolute tin content. Maintaining hydraulic
equivalence as a working basis, one must therefore conclude that
the tin content of this fraction in the north-western part repre-
sents a form of concentration. This observation can be interpreted
in either of two ways:

1. in this part of the traverse there is too little

light material of minus 200 mesh size, or

2. for this part of the traverse there is an additional

source of tin in this size.

The first interpretation seems illogical as there'is
already a higher weight per cent of the minus 200 mesh fraction for
traverse 5 as compared to traverse 6, while the amount of light
material required to dilute the tin content sufficiently, would
result in a much smaller average diameter of sediment for traverse
5 than for any of the other traverses.

The second interpretation will be considered later as
there is additional supporting evidence.

The tin content of the 150 to 200 mesh fraction, which
ocours to a substantial amount as polymineral grains (Table 3,7)
resulting in an overall high hydraulic ratio, decreases as well
in south-~easterly direction. This is considered to be due to the

form of transport of the fractions concerned. Light material of
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150 to 200 mesh size is easier transported near the north-western
side és reflected by the increasing proportion of this size in
south-easterly direction. The heavy mineral content of this
fraction as well as the equivalent light material are not as
easily transported and their quantity decreases towaris traverse
6 (Fige 3,114, B). Relative availability is and should remain of
comparable magnitude. The outstanding values of samples 1048 to
1053 will be discussed later,

For the 100 to 150 mesh fraction relative available
tin increases in south-westerly direction, while differences
between this fraction and the minus 200 mesh fraction decrease
in that direction. The lower results for traverse 5 are due to
the greater proportion of equivalent light material in the samplc.
‘as expressed by the larger mean diameter of the sand. The tin
content for this fraction appears therefore too low. However,
variation in analytical results will especially affect this
fraction which makes a discussion difficult. Far more important
are the high relative availabilities for the samples 1048 and
1050,

For the 150 to 200 mesh fraction these samples have
high relative and absolute tin content as well, while the
adjacent samples for this fraction (1052 and 1053) have a
similar tendency. For the minus 200 mesh fraction relative

available as well as absolute tin reaches a maximum in sample
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1052, while it has been concluded previously that for the whole

of traverse 5 values must be considered as high.  Maxima in the

suécessive fractions are displaced from coarse to fine in south-
easterly direction.

Accordingly, it is concluded that for these traverses
there exist as well an additional local source of tin, which is
probably located to the north of the traverse. Two aspects may
support this conclusion. Firstly, Ong (1966) has found an
anomalous high tin content in a sample just north of the traverse
location. Secondly, just north of the traverses rocks occur,
found during the tracer experiment. Their background radiocactiviiy
is as high as the rocks of St. Michaels Mount and may, therefore,
have a granitic composition. Their strike is north-easterly and
they are about 600 to 800 feet iong.

The combination of variable currents, variable grain
size distribution, tin as cassiterite and in polymineral grains
as well as plural sources make any interpretation extremely difficu’*
and if further work is carried out in Mounts Bay, the area south;

west of the Mount should have the highest priority.

Traverses 11, 10 and 16

A second, less pronounced valley occurs more to the west
of the Penzance/Marazion sand body. From its location (Fig. 3,12)

it appears that this valley may be related to the Newlyn River.
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This relationship should be seen in the form of a tributary valley,
rather than the main valley, which occurs mcre to the south-west.
Three traverses have been laid out over this valley, all of which
have been subject fo screening and tin analysis. As the tin con-
tent of the traverses has certain features in common, the size
distribution of individual traverses wili be discussed first,
followed by & combined discussion on the tin distribution.
Traverse 11, the most northerly one (Fig. 3,12), is

500 feet long. Both extremities are located on rock outcrops
which appear to be slates. Thé sediment is characterised by an
increasing amount of coarse shell fragments towards the western
side of the traverse, resulting in very little material finer
than 80 mesh in the last couple of samples. On average, the shell
fragments count for more than 50% of these samples. It is of
interest that divers reported not only a depression as compared
to the level of the rock outcrops, but also a distinct drop in
temperature. Apart from shell fragments, which give the samples
of this traverse a coarse and unsorted nature, angular slate
fragments occur in many samples.

The average mean diameter of the sediment is 2,11 phi
(excluding the most westerly samples) while the averége standard

deviation is 0,5 phi units.



Traverse 10 is located approximately 0,5 miles further
in an offshore direction. Its total length is 700 feet. Contrqry
to traverse 11, its shell content is much lcwer and éomparable to
the rest of the bay (circa 15%). The size distribution and sorting
is also of the same order of magnitude as for other traverssc. The
average mean diameter is 2,51 phi with a standard deviation of 0,25
phi units, The most easterly sample of this traverse is extremely
fine; the weight per cent of the minus 200 mesh fraction is L2, 2%
which makes this sample by far the finest of the bay. As this
sample stands on its own, no conclusions can be based on this
features.

Traverse 16, located another 15004feet further towards
lthe south, is 1100 feet long. There exists a slight but persisent
tendency towards coarser sand in an easterly direction (Fig. 3.127,.
Neverthecless, the sediment as a whole has a similar mean diameter
and standard deviation to the other traverses; 2,44 phi and 0,28
respectively.

. Regarding the tin distribution, figure 3,124, B and C
show o distinct decrease in tin content in an offshore directicn.
This could be expected with the overall terrestrial origin for tin
in the surface sediments. The hydraulic ratios, however, vary
considerably from fraction to fraction as well as from traverse
to traverse (Table 3,11). Within fractions of a given traverse,

relative availabilities compare well (nat presented in the table).
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Table 3,11 Average.' absolute and relative tin content of
traverses 11, 10 and 16
I

: Traverse|minus 200 mesh minus 150 mesh minus 100 mesh

number plus 200 mesh plus .50 mesh
ppm Sn | rel.av. ppm Sn | rel.av. ppm Sn | rel.av,

Sn Sn Sn

1 3,300 280 160 1,875 10 80

10 3,000 500 90 4,470 10 340

16 1,620 225 35 2,350 15 650

Samples 561133, 561135 and 561111 have not been included
in the table. The first two (traverse 11) because too little
material was available for weight per cent determination, while

the third one (traverse 10) has so much fine material that it

should be further subdivided to obtain accurate results,

»»,-4,»—\»‘.. IR T
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minus 200 mesh fraction of traverses 11 and 16 is in close agreement
with the previous traverses. The relative tin content for this
fraction in traverse 10, however, is twice as high and it compares
cnly wiﬁh the traverscs located close to the shore. The high
relative available tin content for the 150 to 200 mesh fraction
has already been explained to some extent by table 3,7, where
anﬁlytical results indicated that for traverse 16 a substantial

amount of the tin occurred in the fractions lighter than 4,1 s.g.

Although no analyses have been carried out on the same fraction.
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of the other traverses, similar results are obtained by calculations.
If one takes for instance traverse 10 and decreases the relative
availability of the 150 to 200 mesh fraction to the level of the
other fractions of this traverse, i.e; by a factor of 10 (450
instead of 4470) the absolute amount of tin is 10 ppm. The actual
amount measured is 90 ppm Sn., Consequently, pure cassiterite seems
to form 11% of the total tin content in this fraction. However,
this does not explain the great variation in results for this
fraction in different traverses, A certaih variation may be due

to the fact that the density of the polymineral grains may vary
which affect the caléulations accordingly, but the difference
between, for instance, traverse 11 and 10 is almost three-fold.

In addition, higher values for traverses 10 and 16 may be caused
by the eddy current on the way as outlined in the general
discussion (concentration of tin in this fraction due to the
different form of transport of material smaller and greater than
0,18 mm). The path of this current is postulated to occur near
traverse 10. However, there is no real satisfactory explanation
for this feature. Local sources can be disregarded as anomalous
values occur in one fraction only, while the absolute tin content

is low and constant for the traverses (Fig. 3,12).

Traverses 17 and 9

These traverses, which are co-linear, occur approximately

045 miles south-east of Penzance., The sediment over which they are
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12id out, forms a more or less isolated body in excess of 20 feet
thicka .

Only 9 selected samples have been used for grain size
analysis. They indicate that the sediment once more is extremely
uniform., The average mean diameter is 2,72 phi with a standard
deviation of only 0,01 phi. Variation from sample to sample is
negligible as well; +the individual standard deviations are
0,28 £ 0,01.

Absolute and relative tin content of the samples used for

screening are presented in Table 3,12,

Table 3,12 Absolute and relative tin content of traverses

17 and 9
Sample minus 200 mesh minus 150 mesh minus 100 mesh
number plus 200 mesh plus 150 mesh
ppm Sn | rel.av. | ppm Sn ; rel.av. ppm Sn | rel.av,
Sn : Sn . Sn
Traverse 17
561268 | 4,000 | 190 110 | 550 10 | 1,560
561266 5,500 200 110 500 10 1,030
561260 4,650 110 180 700 20 1,780
561256 | _ 3,500 | _ 1o _ | _80o_ !_ 330 |__10_ 1_1,580 _
' Traverse 9
561097 | 5,600 | 150 135 ;330 10 | 270
561099 3,500 140 125 330 10 400
561101 3,250 180 185 700 10 594
561105 4,000 200 135 500 10 770
561109 3,250 150 85 380 10 400
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As can be seen from the table, relative availability for
the minus 200 mesh fraction remains constant. Furthermore, it
is lower than any of the other traverses. Based on the previous
discussions, it is therefore concluded that the tin of this size
is from terrestrial origin, while its distance from the source is
greater than for the other traverses, in or outside the eddy system.
The only source which can possibly affect all traverses is Marazion
River (see discussion on traverses 8 and 13).

The relative tin content of 150 to 200 mesh fraction is
higher than for the jgrevious size fraction. The explination for
this has been given in the discussicr on tables 3,6 and 3,7.

The relative available tin in the coarsest fraction is
rather puzzling. Altﬁough values for traverse 17 are probably
due to a large percentage of tin in non-cassiterite form, the
far lower results of traverse 9, which forms no more than an
extension of trayerse 17, are not understood. Even with an
additional source affecting traverse 17 only, one would expect
a gradual decrease rather than a sharp distinction in the relative
amount of tin. Grain size distribution of the light material of
both traverses remains the same.

It should, however, be emphasised that a small Qariation
in ppm content and weight per cent determination of the light
fractions causes appreciable variation in the relative availability

as compared to other fractions.
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Traverses 8 and 13 (Fig. 3,13)

Both traverses are 600 feet lcng and are located on the
extremities of the same sand body as traverses 17‘and 19. The
grain size distribution for traverse 8 is slightly finer (average
diameter is 2,83 phi) than for traverse 13 or 17 and 9 (average
diameter of 2,73 phi). Sorting in irdividual samples,hcwever,
is equally good, as both standard deviations are similar; 0,30
and 0,28 respectively.

Absolute tin content is‘of the same crder of magnitude
as for the other two traverses over this sand body, but relative
tin content varies (Table 3,13).

Table 3,13 Average, absolute and relative tin content
of traverses 8 and 13

Traverse minus 200 mesh minus 150 mesh minus 100 mesh
number : _ plus 200 mesh plus 150 mesh
ppm Sn | rel.ave. | ppm Sn | rel,av. | ppm Sn ; rel.av.
Sn Sn Sn
8 1,750 220 150 1,150 15 1,400
13 5,500 260 75 240 10 1,280

(data is based on selected number of samples only)

The above data is in agreement with results of the previous
traverse within the eddy. For the minus 200 mesh fraction the
relative tin content is the same, although the absolute tin content

of traverse 13 is three times as high as for traverse 8.



The high relative available tin for the 150 to 200 mesh
fraction of traverse 8 is due to the substantial amount of tin
in polymineral grains (table 3,7). Nevertheless, it is not
completely understood why the same fraction for traversc 13, which
afterall also occurs in the eddy, does unot show & similar tendency.

Before discussing the 100 to 150 fraction it is of
interest to note that, with respect to traversesll3, 17 and 9
and 8 relative tin of the minus 200 mesh decreases from traverse
13 via traverses 17 and 9 to traverse 8. This indicates probably
r source for this size of tin north from traverse 15. For the
150 to 200 mesh the reverse is true, and is emphasised by the
relative tin of this fraction. Consequently, it appears that
for this size there is an additional source in the south to
south-west, The fact that relative tin decreases far quicker
than the absolute tin may indicate that the decrease in tin is
dominantly caused by a decrease in the proportion of tin in
polymineral grains.

A second explanation which may be partly responsible or
serve as an alternative, is concentration‘in this fraction by the
current. This will be less towards traverse 1%, as this traverse
is located more towards the centre of the postulated current -
path. Results of the 100 to 150 mesh fract’on once more suggest
a substantial amount of tin in polymineral mode for these

fractions, although this is not tested by heavy mineral separation.
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The low results of traverse 9 become even less understandable
with the results of traverses 8 and 13.

It is of interest that high values for this fraction
are restricted to the most westerly traverses and may also point
towards a source of polymineral grains in this direction. Further
discussion on this suggestion will follow after the discussion on

traverses 1 and 2 which have relevant evidence.

Traverses 1 and 2

Discussion on these traverses has been postponed until
now, as they form by far the most cemplicated ones. However,
conclusions based on data of theée traverses are relevant to all
the previous traverses.

The traverses are co-linear and located close to the
shore, with right angles to the Penzance promenade (Fig. 3,1%).
Its total length is 1500 feet and includes 30 sample locatiouns,
ranging from the low water mark to a depth of 15 feet. The main
purpose of this traverse is to establish the dispersion pattern of
tin in relation to a known mineralisaticn. Parallel to, and ¥ 500
feet from the low water mark, an elvan dyke occurs which has been
mined for tin as early as the late 18th century. The richness of
this mine is illustrated by the fact that up to 1830, wheh the mine
collapsed, the total output was in the order of £70,000 (Russel,
19%9). Re—examining.of the elvan dyke is presently . undertaken by

Amalgamated Roadstone.
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Located so close to the shore, the area under considera-
tion is subject to a number of mechanical processes, affécting the
size distribution of the sediment. They can be divided into (i)
wave action, and (ii) tidal action.

Wave action can be further divided into a number of
idealised individual processes; waves in deep waters, waves.in
shallow water (solitary waves) and breaking waves. Apart from
"orimery’ wave action, a "secondary" action will be induced by
reflection against the promenade wall and the rock outcfops which
flank the traverse. Although tidal action will be discussed later,
it mey be mentioned here that one of the effects, the rise and fall
of water level, will result in a continuous variation in wave
action location.

The action of a wave, described in terms of wave length
L, wave height H, and wave period T, has been expressed in simple,
jdealised mathematical functions (King, 196%, Shespard, 1963).
H6Wever, the whole sequence of wave action is extremely complex.
Most workers, therefore, have approached near shore processes from
an experimental point of wiew (Ingle, 1966). Consequently, it is
proposed to limit the discussion to broad lines only.

A wave is in principle a mass of water, in which the
individual water particles perform an orbital movement. The
orbital diameter of this movement, which tends to be open (i.e.

a spiral rather than a circle) in the direction of the wave
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propagation, is equal to the wave height at the surface. It
decreases exponentially with distance below the surface and
becomes zero at a depth equal to the wave length. Being open
circles, there is a net horizontal movement of which the velocity
depends on the orbital diameter and wave period. The above
process is called the effect of a deep water wave. (Deep,
intermediate and shallow in this context are c;mmonly défined

in terms of the ratio of water depth versus wave length; deep

water wave is % > 4, intermediate wave is L < % < 3 and shallow

20
wave g < L
L~ 20

While advancing, the wave reaches water of intermediate
depth and eventually enters into shallow water. During this
process, wave period and to a certain extent, the energy, remain
constant, Wave length and height however, change. The waves
alter into a so called solitary wave, and wave height becomes a
significant proportion of the total water depth. The orbital
movement changes from an open circle to an ellipse, with the
largest diameter horizontal.

The maximum horizontal velocity at the bottom is half
the horizontal component of the orbital velocity at the surface.
The acceleration landwards takes place with the passage of the
crest, while the rough shows a slight reverse flow to compensate
the water mass which is transported onto the shore. Finally, when
depth of water is equal to wave height, the orbital velocity

becomes equal to the wave phase velocity, the crest advances
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faster than the lower part and the wave forms a breaker.

The main interest for the puwpose of this study is the
resulting bottom velocity of the above processes. In deep
water, the wave induced current is a function of orbital velocity
and wave phase velocity. In the intermediate and shallcw depths
however, this Stokes relation does not hold anymore. It has been
shown, both experimentally (Bagnold, 1947; Russel and Osario,
1957) and theoretically (Longuet-Higging, 1953) that in this depth
vange the forward movement is restricted to the surface and bottom,
whils® a reverse flow exists in between. Provided the wave dimen-
sions are known, it is possible to calculate the actual resulting
bottom velocity which has an inshore direction. However, a series
of 'secondary" wave actions will have a compensating effect.

In the vicinity of the Wherry mine, waves approaching
the coast, will be reflected against the Wherry rock at least
at low tide, resulting in an adjustment of the orbital movement
and consequently of the induced currents. The effect of the
reflection depends; apart from wave dimehsions, on the angle
of the wave train approach.

Secondly, there is the effeﬁt of the Penzance promenade
wall., Apart from low tide itself, the waves reach the promenade
wall before they break. If the wave orthogonal is at right
angles to the shore, little energy will be lost during reflection,
and the reflected wave will interact with the prihary wave. This

will form a clapotis (standing wave) resulting in no more than a
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rise and fall of the wave crest. If, however, there does occur

a loss of energy (i.e. the water is too shallow for perfect
reflection), the smaller reflected waves pass through the primary
ones, and obstruct the currents induced by the primary wave. When
the orthogonal ig not at right angles to the wall, a diagonal
crest pattern develops. It will be appreciated that the resulting
bottom vélocity is difficult to establish.

A third effect of wave action is the so called rip-
current., Accumulation of a water mass through wave action will
induce a longshore current, which periodically results in a sea-
ward directed cﬁrrent; the rip-current. As mentioned earlier, the
area under consideration is flanked by rock outcrops. The only
location for a rip~current is along the line of the traverse.
Because of the configuration of the rocks and bottom, longshore
currents induced by waves can be largely ignored. Any rip-
current will develop mainly  as a result of waves breaking
over the outer rocks (the elvan dyke) and only be able to return
to the sea via the channel between the rock outcrobs.

The force of the rip-current is considered to be
proportional to the stage of the tidal cycle. At low tide, few
waves break over the rocks, fesulting in a small rip-current,
while at high tide great quantities of water flow over the rocks.
The significance of this current probably decreases sharply when
it leaves its predestinated path between the rocks and is able

to disperse. To clarify the effect of all these processes, it
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is useful to consider the situation within a wave of given
dimensions at various stages of the tide.

Fbr this purpose, a wave with a length of 60 feet and
height of 4 feet will be chosen. It is also assumed that the
wave orthogonal is at right angles to the shore, in oxder to
avoid complexity of reflection patterns. At neap tide, the
wave will effect the bottom at a .depth of half a wave length
isee 30 feet., The orbital diameter at the bottom is only 4 per
cent of the wave height. At a depth of 15 feet (intermediate
depth) the orbital diameter is still only 20 per cent of the
weight height. From now on the wave drift current will increase
noticeably with decreasing depth and at 10 feet the onshore
velocity of the bottom current will be in the order of 0,25 ft/
secs In the meantime, being in the intermediate and shallow
zone, a reverse flow between top and bottom will come into
existence.

At a certain location, the inshore current will be met
by the offshore rip-current and the former ceases to exist.
Bringing‘into account the tide, the whole process will be shifted
inshore as water depth is the main criterium. However, the
location where inshore and offshore carrents meet each other
will still be the same; the rip-current gains in strength during
the incoming tide. With the outgoing tide the rip-current will
have a decreased significance, but may be compensated for by the
ebb itself. In other words, regardless of the state of the tide,

there is a fixed location wi>~re wppcsite currents will meet. The
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net effect will be determined by the phase of the tidal cycle.

It will be appreciated that the above discussion is
essentially an over simplification of & complex process.

However, it enables an interpretation to be made of the grain
size distribution and tin dispersion of traverses 1 and 2.

Grain size distribution as obtained by screening is
presented in figure 3,14B. Towards the sea (from left to right),
the weight per cent of the coarsest fractions increases gradually
up to 600 feet. At the same time, the quéntity of ali other
fractions decreases. Comparing the mean diameter of successive
samples, there exists a clear tendency towards ooarser sediment.
This feature reaches a maximum at 600 feet where the sample has
a mean value of 2,13 phi, This is the coarsest of all surface
samples collected in western Mounts Bay (neglecting samples
distorted by shell fragments) and is well above the threshold
for the bay as a whole,

The next sample, beyond 600 feet, has a mean value of 2,73
phi. In other words, there is a difference of more than half a
Wentworth division between these two samples. The weight per-
centage of the two finest fractions increases from 6,8% to
47,8%. The dominance of these two fractions is maintained and
increases even to 78% at 1000 feet, where the sample has a mean
diameter of 2,83 phi., This is anomalously fine for the bay.
Beyond 1000 feet the amount of the fine fractions decreases

slowly.



FIG 3,14
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The interpretation is as follows. Thé offshore rip-
current which gains in strength on its way out, is able to
transport more and more material, leaving behind increasingly
coarser material. At 600 feet, which is just outside the line
connecting the most offshore rock outcrops, it meets the iucoming
wave drift current, disperses and dischargés part of its trans—
ported material., From there on,; the finest material will be
carried further by the reverse flow at intermediate depths.
However, the deeper the water the less significant this current
and fine material settles. The effects of this latter current
on this location depends on the state of the tide. Consequently,
the area over which fine material is deposited is a wide zone
rather than‘a fixed location.

At first sight, the tin distribution along this traverse
appears to be rather inconsistent. The total 80 mesh undersize
fraction shows two peak values, one at 300 feet from the beginning
of the traverse and the other at 600 feet, separated by two samples
with very low values. The minus 150 plus 200 mesh fraction only
shows one peak of 2,250 ppm Sn which is well above the threshold
for this fraction. On the other hand, there does not exist an
anomalous feature.at 300 feet, as would be expected on the basis
of the 80 mesh undersize fraction. The two coarsest fractions on
the other hand, are distinctl& higher at this location compared
to the rest of the bay. The minus 200 mesh fraction has a peak
value of 3 per cent at 800 feet. More distinct, however, are the

two "negative" anomalies at 400 and 1000 feet.
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Calculations of the hydraulic ratios of the tin in
individual fractions (Table 3,14) on the other hand shows a more
regular distribution., With respect to the minus 200 mesh fraction,
relative availability of the samples 1003, 1005, 1007, 1025 and
1027 is of the same order of magnitude as most other traverses.
This indicates that the absolute tiﬁ content of these fractions
conforms to the size distribution of the sediment. The relative
tin content of the samples 1013, 1015 and 1017, on the other |
hand, show that the absolute tin content in the minus 200 mesh
fraction of these samples is too high in terms of hydraulic
equivalence. The two '"negative' anomalies remain, although the
one at 1000 feet decreases in significance.

- The minus 150 mesh plus 200 mesh fraction is even more
interesting. The tin diétributioh for the first four samples is
normal, followed by a deficiency as in the minus 200 mesh fraction.
The peak value of sample 561013 decreases considerably, while
the following four samples show that their absolute tin content
has to be considered as anomalously high with respect to the
distribution of the light material. The last samples have a
high relative availability as well.

The minus 100 mesh plus 150 mesh fraction has a similar
distribution; a deficiency at 500 feet and an anomaly between

700 and 900 feet. The last four samples are also somewhat high.



161

ggp;g_3,14 Absolute and relative tin content of traverses
1l and 2
Sample | minus 200 mesh | minus 150 mesh | minus 100 mesh t feet
number plus 200 mesh plus 150 mesh ; from
ppm Sn rel.av. | ppm Sn rel.av.! ppm Sn rel.av.| 561001
Sn Sn JE5i
561001 23,000 240 175 230 25 320
561003 | 23,000 340 410 210 25 200
561005 | 24,375 310 ko 270 65 20 200
561007 | 20,000 320 310 390 100 710 |
561009 | 4,375 75 175 135 65 500 4oo
561011 | 1,250 25 135 70 50 160
561013 | 12,000 160 2250 850 35 86 600
561015 | 21,500 750 o 1330 70 1300
561017 | 30,000 1070 4so +| 2930 12 200 800
561019 | 10,400 500 200 3000 65 1280
561021 | 6,750 360 120 1330 10 450 {1000
561023 | 3,800 175 70 430 10 720
561025 | 12,500 420 135 2160 10 890 11200
561027 | 15,000 475 150 1380 10 650

In summary, ohe can say that by computing the hydraulic

ratios, some order is brought about in the tin data. It emphasises

a common minimum, while anomalous values are brought together and

eliminates to a certain extent the scattering as shown by the

absolute data.

The constant hydraulic ratic of the first four samples in

all fractions indicates that the distribution of the tin is similar

to the size distribution of the light material. The following two
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samples maintain a constant hydraulic ratio although the relative
availability is much lower, This is a siﬁilar situation as for
traverse 12. However, it is impossible to apply the same explana-
tion as for that traverse. Additional supply of light material
is contradicted by the postulated current which.increases in
velocity in an offshore direction, as reflected by the coarser
material, Therefore the only possible source of such material
should be located further inshore from the samples 561009 and
561011. Removal of light material would result in an‘increased
relative availability for the first four samples. This is not
the case, Fractional removal of tin by divect Eranspont seems
very uniikely. Cbnsequently, the only alternative that remains
is fractional removal by vertical dispersion. For the wholé
traverse this is the best location for such a process, as the
rip~current velocity varies constantly yith the tide. It may
be significant that the relative availability is the least for
the minus 200 mesh fraction, which in consequence of its size
may filter through easier than the coarser fractions.

From sample 561013 onwards, the relative tin availability
increases for all fractions, with a maximum at approximately
800 feet (sample 561017). The increase is rot of the same
order of magnitude for individual frattions. Consequently,
there is no hydraulic equivalence betw&en the fractions, and
lone has to postulate an additional source of tin at this

location, Alluvial placers can be disregarded as no river
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has ever discharged at this point, Elluvial supply seems tc
be the alternative, for which the Wherry mine is the best evidence.
Beyond the 800 foot sample, relative availability decreases for
the minus 200 mesh fraction to values similar to the inshore part
af the traverse. For the minus 10C plus 150 mesh fraction this
decrease is not so marked but is still apparent. The relative
available tin of the minus 150 plﬁs 200 mesh fraction, however,
remains high and irregular.

As will be remembered, there is an overall offshore
movement of sediment along this part of the traverse, induced
by the rip—currént and wave action at intermediate depths, while
a less significant inshore bottom movement exists outside the
600 Ffeet mark. Consequently, material introduced at the postu-
lated source point will disperse, dominantly in an offéhore
direction. Not knowing the availability of tin in the source
material, it is no surprise that the relative available tin from
fraction to fraction is all but connant at and near the
postulated point of introduction. It is, however, surprising
that no constant hydraulic ratio exists within a given fraction.
The environment of this traverse afterall is clearly affected
by an active transport system, aé‘expressed by the grain size
distribution of the light material and the relative availability
of the minus 200 mesh. The latter, while slightly higher than
for the inshore part of the traverse, regains a constant value

very soon beyond the postulated point of introduction.
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If one compares, for insténce the 150 to 200 mesh fraction of
samples 1003, 1005,‘1015 and 1017 their absoluie tin content
remains constant. The relative availability of tin, however,
is far greater for samples 1015 and 1017 as compared to 1003
and 1005. It appears, therefore, that the ratio of cassiterite
versus tin in polymineral grains increases towards samples
1015 and 1017. It is of intercst that the heavy mineral content
of the 80 mesh undersize for sample 1003 is twice as much as
for sample 1015, which seems to support the suggestion that more
tin ocours in lighter fractions for the offshore part of the
traverse.

fAccordingly, it is concluded that the high and incon-
sistent relative availability in samples of the seaﬁard extension
of the traverse is largely due to the introduction into the
sediment of tin of another nature than cassiterite. The
mincralogical aspects of the multimineral grains and the effect
of varying tin content on density, which is held responsible
for the great variation of hydfaulic ratios, is a research
project in its own right and largely beyond the scope of this
thesis, If any further research is éarried out, this aspect
should get the highest priority.

It is very unfortunate, that the traverses have not
~been extended further offshore. In the first place, it would
have been interesting to study the changes wifh distance from

the source. Secondly, the effect of the longshore eddy current
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would havec been extremely relevant to the results of the previous
traverses. The similarity in problems of traverse 2 and other
traverses within the eddy suggests a common solution. Whether

or not this is true, is not known. Far more detailed sampling

is essential, while investigations also should include a closer

examination of the river sediments.

Iraverse 19

In order to compare the results and discussion of
traverses 1 and 2 with samples of similar physical environment,
but without the complications of an elluvial source of tin, an
additional traverse has been laid out. The location of this
traverse was determined by the fact that the sediment should be
affected by wave action, whilst in addition it should also be
favourable for the existence of a rip~current. The only possible
location within the study area is provided by St. Michaels Mount
and the adjacent Hogus rock (Fig. 3,1%5).
| Wave generated longshore currents on this particular
stretch of shore line, have in general a south-easterly direction
as indicated by bottom drifters (Section 2). Consequently, a
rip~current will be geﬁerated during part of the tidal cycle
vhen the causeway *» the Moupt is emerged, The existence of a
rip-current is not only determined by wave train direction and
the causeway, but also by the Hogus rock. During a few hours;

before and after low tide, the beach behind the rock falls dry
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and any eurrent ceases to exist. It is not possible to estimate
precisely over what period of time conditions for the formation
of an offshore current are present, but this will be in the order
of a few hours every tidal cycle. A second difference 1i the
environment of this particular location as compared to traverses
1 and 2, is the well developed beach profile, which enables the
waves to perform a normal sequence; deep water waves, shallow
water waves and breaker zone, Only at spring tides will waves

be reflected against the wall protecting Marazion village.

The aim of this traverse, however, is to check the
results of the previous traverses. It was, therefore, decided
to avoid the complicated processes of breaking waves, by locating
the travefse outside the zone of breaking waves at low tide.

‘The total length of the traverse is 1000 feet. The sample
interval is 50 feet. Duc to frequent rock outcrops on the bottom
it was impossible to obtain a continuous series. The depth varies
from 6 to 19 feet at low tide.

With respect to grain size distribution, a similar
tendency seems to exist regarding the sequence coarse to fine
sand as for traverses 1 and 2. The mean diameter of the sediment
increases in an offshore direction (phi values decrease) followed
by a series of samples with smaller mean diameters (phi values
increase). The change occurs near the 500 foot mark from the
beginning of the traverse. This feature, however, is far less

outstanding as compared to the previous traverses; the maximum
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differences between coarse and fine sand are in the order of
0,15 phi units. The mean diameter for the traverse as a whole
is 2,68 phi. To interprete the resmlts, a similar line of
arguing is used as for traverses 1 and 2.

At high tide, the bottom movement, determined by wave
dimensions, will be inshore. No rip-current exists as the
causeway to St. Michaels Mount is submerged, although it may
still provide some sort of barrier to the development of long-
shore currents. With outgoing tide, the effect of the waves
on the bottom will increase (the water becomes shallower) but
at the some fime a rip-current will be gencrated whose signi-
ficance increases with emergence of the causéway,

The inshore movement by wave induced currents will be
countered by the rip-current. Similar to the previous traverse,
there will exist a point where the offshore current disporses.
This will occur on that location where the predetermined path
of this current ceases to exist, i.e. somewhere &long the line
connecting the seaward side of Hogus wifh the nearest point of
the Mount.

At low tide, no rip-current exists, and the movement
at the bottom once more is inshore. The net result of the
three variables; waves, tide and rip-current is far less
predictable and more gradual than for traverses 1 and 2.

This explains that there is not a sharp distinction between
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coarser and finer sand along the traverse. Furthermore, sub-
marine rock outcrops will obstruct the e¢ffect of bottom currents
on the sediment. Although less conclusive, it appears that
processes explaining the grain size distribution of traverses 1
and 2 are valid as well for this traverse.

The tin distribution along this traverse (Fig. 3,15A)
shows, in the first place, that for the minus 200 mesh fraction
absolute tin values are at least 10 times lower than the other
traverses. The other fractions appear to have a "mormal" tin
content. There is no evidence that the "deficiency" is explained
by assuming an offshore transport for this fraction only, (for
instance by means of the eddy current) as this would also affect
the equivalent light fraction for which no apparent deficiency
exists., More likeiy, low results are due to dilution by an
increased quantity of light material of the same size, for which
this traverse has a relatively large proportion. All these
processes are mechanical ones. One may therefore expect that
the relative amount of tin remains within comparable limits.
This is extremely well illustrated by table 3,15.

Two very satisfying results emerge from this table. In
the first place, high absolute tin contents for the minus 200
mesh fraction disappear completely in terms of relative tin.
Seconﬁly, for the two coarser fractions there exists a more or

less common minimum. This latter feature occurs at approximately
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Table 3,15 Absolute and relative tin content of traverse 19
Sample | minus 200 mesh minus 150 mesh | mfnus 100 mesh | Distance
number plus 200 mesh plus 150 mesh |in feet

pom Sn rel.av. |ppm Sn rel.av. | ppm Sn rel.av,

"Sn Sn Sn
561719 | 9,000 174 650 1135 65 - G425
561718 | 12,000 316 800 1618 10 573
561717 300 15 155 300 35 1875 100
561716 | 1,200 33 210 360 65 2050
561715 550 4o 185 250 135 1400 200
561712 600 4o 185 250 10 150
561711 380 30 65 80 10 170 4O0
561710 600 20 175 540 10 790
561709 | 2,250 50 175 520 10 600 500
561708 750 43 75 460 10 1380
561707 | 2,750 48 160 310 10 400 600
561706 400 66 300 600 65 930
561704 750 67 220 630 50 1100
561703 700 35 175 440 65 6260 800
5617021 750 50 { 200 | 790 85 | 6600
561701 675 25 250 600 65 3000 900
561700 750 38 240 210 65 830 offshore
1

400 feet from the beginning of the traverse, which is also the

location where the line connecting Hogus and the Mount crosses the

traverse,

location the rip~current reaches its maximum after which it

disperses, and discharges its carried load.

As will be remembered, it was postulated that at this

The common minimum for

the coarsest fractions at 400 feet and the apparent high in the
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absolute tin content for the finest fraction at 500 feet are
entirely sedimentological features, confirming similar results
on traverses 1 and 2.

The relative availability of the minus 100 plus 150 mesh
fraction is very erratic and is higher for the offshore part of
the traverse. Once more, there are two possible explanatiohs;
tin could occur in the form of polymineral grains, or there is
a concentration of tin in this fraction due to the difference
in transport of the equal and equivalent light sizes. The first
possibility lacks support in that the feature is festricted to
parts of the traverse only, while differences are very greak.

Concentration by currents appears more likely., Velocity
of currents, either induced by waves or rip-current varies and
reaches muximum values somewhere in the middle of the traverse.
The decrease in velocity in offshore direction maybpossibly reach
critical values where difference in transport of tin of 100 to
150 mesh and lights of the same size is optimal. This results
in o concentration of tin as compared to that part of the traverse
where transport of tin and lights of same sizes occur more in
similar woys. The far more constant values for the 150 tq 200
mesh tin fraction may support the above interpretation in that
they indicate that current velocities for the whole traverse
are high enough to transport this finer size and its relevant

light fractions in the same way.
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Finally, there are samples 561719 and 1718. The
absolute, as well as the relative tin content, is of a completely
different order of.magnitude as the rest of the‘traverse. The
grain size distribution of these samples on the other hand remains
the same and compares to the other samples of the traverse. It
may be possible that the samples represent a lense of heavy
minecrals similar to lenses encountered at beaches. This concentra-
tion at beaches is the result of wave action. Advancing waves
transport material by suspension onto the beach, espécially during
storms and returning waves carry material by rolling, leaving
behind some heavies and resulting in an impoverishment in heavies
at the location where the material is picked up, However, these
are beach processes, where there is an alternative to and fro
movement, The samples under consideration on the other hand, occur
outedde the low water mark. Transport by waves increases in inshore
direction and there is, therefore, no reason why transported
material should be discharged at the locétion of the samples,
since they occur outside the breaker zone.

Deposition as the result of the counter action of the
rip-current may be active during part of the tidal cycle but
this feature is more likely to happen where the rip-current
disperses, i.e. further offshore as indicated by the grain size
distribution., In addition one would expect gradual ﬁariation
rather than abrupt differences. The concentration of tin in

samples 1918 and 1719 as a result of present day processes seems
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therefore unlikely. It is, however, not entirely impossible that
the tin in these samples represent a lense of heavy minerals of a
foreshore beach in a very recent past. The sea level is known to
have been a little lower at the turn of the century, while the

depth at the inshore part of the traverse is not more ithan several

feet.

Vertical distribution of tin

Through the generosity of Alphine Geophysics Ass., the
writer was able to examine some cores from western Mounts Bay.
Due to shortage of time, only three cores could be fully analysed.
Two of them come from within the study area, while the third one

collected near Porthleven, will serve as a comparison.

Cores 33 and 34

Oore 33 is 16 feet long and samples have been taken with
1 foot intervals, with am additional sample 2,5 feet from the bottom
where the sediment changed from sand to very fine sand with a thin
pebble layer in between. It appears from this core, at least as
far as the top 12 feet are concerned, that the Penzance/Marazion
sand body is very uniform, not only laterally but also vertically.
The average diameter of the top 12 feet is 2,79 phi with a
standard deviation of only 0,07 phi units. Although these results
are supported by samples from core 34 (average diameter of 2,65
phi), it is appreciated that two cores are not necessarily

representative of probable vertical distribution, but they do



provide, nevertheless, some indications.

The change of enviromment at 13,5 feet from the surface
as indicated by the very coarse layer (mean diameter of 0,80 phi),
is difficult to interprete without further information. The
coarse granules are rounded to well rounded and occur at the base
of the marine sediment column. It may, therefore, represent a
fossil beach. If this is the case, tranegression must have taken
place very rapidly as the layer is thin; 1 inch, and situated
on top of a very fine sand layer.

Material, forming the last two feet of the core and which
occurs underneath the silt layer is of a different nature.
Material is more angular and includes rock fragments. It may
indicate that bedrock is not far below, but more information in
the form of deeper cores and more closely spaced is essential
to come to anj reliable interpretation of these bottom samples.

The tin content of the samples is far less than that of
the surface samples and is limited to the minus 200 mesh fractions
only, at least as far as the top 13 feet are concerned. The very
top samples have been ignored as the vibration during coring as
well as the transport of the cores has distorted the top few inches.
There appears to be an enrichment in the tin content of the minus
200 mesh fraction 9 feet below the surface. This is, however,
not clearly emphasised by the relative availability which is only
slightly higher. Consequently, the value of 550 ppm tin in the
samples is regarded as the result of the environment of deposition.

From 9 to 13,5 feet below the surface, there is hardly
any tin at all.,

The coarse layer at 13,5 feet remains low for the minus

200 mesh fraction, but the coarser fractions have detectable tin.
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In terms of relative available tin values are faifly constantv
with the exception of the 100 to 150 mesh fraction. The tin
content of the‘last two samples increases towards coarser fractions,
and reaches a maximum in the 80 to 100 mesh fraction. Values for
the last sample in terms of absolute and relative tin content

are consistently higher than for the penultimate sample. It is,
however, impossible to say as to whether this is a form of
concentration at the bottom, as one does not know if this sample
represents the bottom. The only small variation in the relative
tin content of the four finest fractions of the last sample,

on the other hand, may indicate an environment in which
hydraulic equivalence was maintained, but more data is needed

to make any valid suggestion, as to what these results mean.

Core 34 recovered 8 feet of sediment. Its grain size
distribution, as stated before, is similar to that of core 33.
Tin content also of the same order of magnitude. The sample
6 fect bedow the surface has a rather high felative tin content
for the 150 to 200 mesh fraction, but as neither the sample above
or below has any tin in this fraction no significance should be
attached to this result.

By far the most important implication of the analysis
on the core samples is that the tin content of the surface samples
is many times higher than'for the subsurface sediments. With the
size distribution of thefseéiment remaining the same, this is the

best evidence in favour.of an additional and recent supply of tin



Table 3,16

Absolute and relative tin content of tin containing fractions
of core 33
Fraction
fectbelow minus 200 150 to 100 to 80 to |60 to 35 to mean diameter in
surface mesh 200 mesh|{ 150 mesh| 100 mesw 80mesh | 60 wesh phi

1 <20 (8) 2,94

2 <20 (7) 2495

3 3h0 (27) 2,79

b 90 (10) 2,87

2 30 56; 2,93

75 (5 2,79 ;

7 4o (6) 2,89 fine

8 250 (18) 2,72 sand

9 550 (33) 2,69

10 <20 (8) 2,71

11 <20 (10) 2,79

12 <20 (10) 2479
IS IS A <-(o T €7 SN A A N ISR S -3 < I
L 135 <20_(17) _ | _ 30_(23)]_35 (60)_| 20 (9) {30_20) | _ _ _ _|_ 0,80 _Eies

very fine

i A T I T T O e

15 <20 (29) 210 (70) 105 (23) T 1,65 Twvery

16 30 (130) 75 (70) 1135 (130)1325(110) 250 (40) | 35 (11) 1,50 coarse sand

Core 34

1 <10 (9) 60 (11)

2 225 (18) 50 (18)

3 15 (7) - -

b <10 (6) -

5 <10 (2) - -

6 110 (5) 35 (60)

7 100 (3) - -
8 175 (8) 35 (36)

(pni values of the coarse samples refer to the minus 20 mesh undorsizc fraction only)

GLT
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which, no doubt, is related to the mining days of the catchment
arca. Ong (1966) noted for two cores of 4 feet, collected just
north-cast of Penlee Point (east of Newlyn), a similar tendency.
His data, which refer to the minus 80 mesh only, indicate, however,

a less spectacular decrease,

Core 5

This core represents sediment in the vicinity of Porthleven.
It is 11 feet long and much coarser than cores 33 and 34 (last
column, table 3,17). In addition, grain size distribution varies
considerably from sample to sample., From the top to 5 feet beiow
the surface, samples increase in diameter over more than two
Wentworth divisions. For the next 5 feet average grain size
diameter remains constant, followed by finer sand which increases
downwards in diameter as well. The boundary between coarse and
fine sand (samples 1509 and 1510) is very sharp. Material is
" very well rounded, and within a sample it is well sorted. It
seens, therefore, likely that the sediment represents a beach
deposit in an earlier stage of the transgression.

The tin content of samples of this core varies considerably,
as can be secen from table 3,17. In terms of relative tin content
it appears that there exists little hydraulic equivalence between
the tin and thevlight material. This may be the result of the
particular conditions of the environment. Some material carried
onto the beach by the waves may remain trapped in the pores of

coarser material although the backwash may have enough potential

(AN
L]
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to carry that material in an offshor «direction. This will result

in a concentration of heavy minerals as indicated by the high relative
availability, especially in the coarsest sample (561504), This
process of concentration will be the least effective for the finest
particles, as is demonstrated by the data on the minus 200 mesh
fraction (Table 3,17).

In addition, it may well be possible that the appropriate
grain sizes of tin to match the size distribution of the light
material was not always present in the source of material of the
tin during the various stages of deposition. An indication to
this affect may be provided by the very low relative available
tin in thc 80 to 100 mesh fraction of samples 561507 and 1508.

Of interest is the fact that no real concentration occurs on the
boundary from coarse to fine material (sample 1509 and 1510) but
that some form of placer formation appears near the coarsest ‘
sample, This is especially reflected in absolute as well as
relative tin content for the 100 to 150 mesh fraction.

Comparison with cores 33 and 34 can be made for the minus
200 mesh fraction only, since it is the only fraction which. &s.
tin containing for all cores. From tables 3,16 and 3,17 it can
be scen that the majority of the samples have a relative tin content
of the same order of magnitude, although there is a great variation
in the absolute tin content. This feature is regarded as further
evidence in favour of the concept of hydraulic eguivalence, since

the conditions under which the sediment of core 5 is deposited



Table 3,17

Absolute and relative tin content of core 5

feet below sample 200 mesh 150 to 200 mesh 100 to 120 mesh| 80 to 100 mesh mean
surface number ppmt Sn rel.av. rpm Sn rel.av. ppm Sn rel.,av.| opm Sn rel.av. diametor
Sn Sn Sn Sn in phi

1 561500 | 2,750 65 135 50 35 270 60 200 1,90
2 561501 6,000 150 185 75 85 550 45 180 2,30
3 561502 325 20 119 60 110 420 100 30 0,53
b 561503 750 20 4120 2400 1100 50 0,33
5 561504 2,250 10 650 650 1500 2500 250 20 0,11
6 561506 325 ko 225 190 0,40
7 561507 ' 500 170 680 100 325 b 0,25
8 561508 | 3,250 | 160 Lso 150 650 180 550 8 0,26
9 561509 1200 25 800 340 600 310 165 10 0,46
10 561510 200 10 75 35 75 190 1,86
11 561511 1,160 20 75 4o 175 375 1,53

8t
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are different from the environment of deposition of cores 33 and
34, The three higher results for this fraction in core 5 are
considerced to reflect processes of concentration as discussed

above.

Raised beaches

The last group of sediments to be discussed briefly
are the raised beaches. As mentioned in the chapter dealing
with the general geology, Cornwall is characterised by a series
of marine platforms at different levels., Fossil beaches
immediately fringing Mounts Bay are dominantly present in the
form of the "10 foot" beach and, to a far lesser extent, the
hO footi béach. In addition, a beach deposit has been reported
situated on top of the head near Marazion (Robson, 1944). The
writer was not able to locate this beach, possibly due to erosion
of the soft cliffs., |

The 10 foot raised beach can be seen in a number of
places all relatively sheltered by cliffs and rocks, which
offered a protection for the head from erosion. A good eXposure
occurs approximately one mile east of Marazion. -Under a cliff
called the Creep, fossil beach material can be found even
trapped in rock fissures. Another excellent example of this
marine deposit is located 0,5 miles south of Mouseholq’, where
a fracture zone in the granites enabled the sea to form a small

cove, DBig boulders occur in a matrix of head. Other localities
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where this beach can be found occur at Prah Sands and east of
Porthleven near Loo bar,

Samples have been taken ffom the Creep and near Mousechole.
The thickness of the 10 foot raised beach at the Creep is difficult
to establish as it is partly covered by the recent beach. The
three feet exposed have been sampled with half a foot interval.

The sediment consists of very well rounded particles, whose
average diameter is in the order of 3 to 4 mm. Material is very
well sorted.

Fine fractions (minus 60 mesh) are largely absent. This
comes as no surprise, considering the location near a steep cliff
forming more or less a spearhead in the coast line. Consequently,
grain size analysis with respect to fine material could not be

obtained, and tin analyses are presented only (Table 3,18).

Table 3§ﬂ§ Tin content of raised beach near Marazion

(in ppm)
Sample =200 | 100 to| 60 to| 36 to| 20 to| 10 to nesh
number 200 100 60 36 20 es
560936 2Lko | 210 1060 75 25 | 75
560937 175 | 120 130 | <25 75 285
560933 30 50 140 | <25 125 75
560939 125 75 480 | 225 <25 75
560940 <25 100 960 140 65 75
560941 8s | 175 350 | 125 25 | 75
560942 75 | 125 450 | <25 8 | <25

From the table it can be seen that the fossil beach has

a fair amount of tin mat only confined to the smallest sizes; the
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maximum amount occurs, with the exception of sample §37, always
in the minus 60 plus 100 mesh fraction. It seems not unlikely
that this tin content represents a similar sort of concentration
as happens in the backshore of present day beaches as haslbeen
discussed previously. Whether or not this beach and some of

the subsurface sediments in the bay are contemporaneous is not
known, but they have in common that they were formed prior to
human activities. In the marine sediments, tin occurred only

in the wminus 200 mesh fraction: in the beach tin is dominantly
confined to the coarser fractions, illustrating once more the
feasibility of transportation of tin of this very fine size.

Of grcat interest is the fact that the last sample of core 33 has
a similar distribution of the tin; a maximum in the minus 80 mesh .
fraction. It is not known if this sample 561586 also represents
a fossil beach, although it seems unlikely as the particles

are angular.,

The source of tin in the beaches is a matter of specula-
tions One may assume that the overall tidal system has little
changed since Cornwall got its final geographical outlay.
Conseqguently, tin is most probably derived from the west.

The nearest known mineralisation in that direction occurs on the
Mount. It would be of extreme interest to find out as to whether
the mineralogical nature of the tin present in the beaches reflects
that of the tin of St. Michaels Mount, This was largely beyond the

scope of the present thesis.
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The second beach sampled occurs south of Mousehole.
Its exposure is no more thén 15 feet wide and forms a small
cove in the granite. The beach deposit is characterised by
rounded granite boulders of several feet diameter. They occur
on a platform of fractured and weathered granite. The matrix
consists of angular and rounded material some of which undoubtedly
has been derived from the head, which lies on top. 4 man-made
tunnel occurs on the side, whose roof consists of the same
material. Due to cementation little material could be collected.
Four samplcs, 5 feet apart, have been taken of which sample
561291 represents the roof of the tumnnel (Table 3,18).

Results are of the same order of nagnitude as the
previous ones, with a2 maximum in the tim e-ntemt f=r the 80 to 100
fraction, Furthermore, data indicate that the tin content
is slightly higher for the sample taken from the tunnel. A
little higher up the tunnel, just before a roof fall, a

gquartz vein appears. No samples could be taken at this point.

Table 3,19 Tin content (in ppm) of Mouseholé raised beach

Sample -200 ~150 -100 -80 -60 h
number +200 +150 +100 +80 Mes
561291 145 155 225 520 80
561500 85 200 65 240 -

561308 - 35 55 65 35
561313 65 100 35 110 110
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The history of this tunnel could not be traced, but it is quite
possible that there is a connection with some ancient prospecting.

The writer does not think that the tin of this raised
beach has come from very far., First of all, water depth increases
immediately beyond the cliffs to well ovef 100 feet. Secondly,
there is a very little sandy material amongst the components of
the beach material, while thirdly, currents passing this part of
the coast line come from the south, i.e., from the open sea.

It is of interest that in terms of absolute tin content
both beaches reach their maximum in the same fraction, although
they are more than 7 miles away from each other and most likely
have received their tin from completely different sources.

Whether this feature will persist in terms of relative tin content
which would increase its importance significantly, could not be
determined as too little material has been collected to separate

out sufficient quantities of the fine light materials.

Distribution of copper in some selected samples

Copper has been determined in 34 samples representing all
traverses. They include the majority of samples from traverses 1
and 2. In addition, samples from raised beaches have been analysed.
Results refer to the 150 to 200 mesh fraction and the 100 to 150 mesh
fraction only, since insufficient material of the minus 200 mesh

fraction remained after tin analysis.
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No attempt has been made to interprete the results on the
basis of hydraulic equivalence, since copper sulfide (s.g. 4,1)
or copper oxide (s.g. 5,6) require a completely different grain
size distribution analysis for computations for which no time
was available.

Histograms of the copper distribution of the marine
surface sediments are presented in figures 3,16B and C. The
histogram of the 150 to 200 mesh fraction (Fig. 3,16C) clearly
shows the existence of two populations. The higher values are
formed by 10 samples from traverses 1 and 2, one sample of
traverse 12 (561171) and one other sample from traverse 1h
(561216). This latter sample has a value of 90 ppm Cu and has
by far the highest copper content of all samples. The sample
of traverse 12 occurs at the same location as the tin anomaly'
on this traverse, while the sample of traverse 1h occurs at the
location where the tin content of the.lOO to 150 mesh fraction
reaches 2 maximum, A

Samples of the 100 to 150 mesh fraction (Fig. 3,1B)
which have a Cu content of more than 20 ppm belong to traverse 1
only (samples 561009 and 1011). The location of these high
values is not exactly the same as the location of the high tin

values for this traverse, but they occur in the same general

vicinity (compare Fig. 3,1. and Fig. 3,14), Likewise, the
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high copper value of the 150 to 200 mesh fraction for this
traverse does not coincide with the location of maximum tin values.
However, it became apparent from the di§cussion on the tin distri-
bution of this traverse that absolute maxima are not necessarily
real anomalies, and the only conclusion one can make is that the
copper content of traverses 1 and 2 is definitely higher than for
most samples.

It cannot be a coincidence, that high or anomalously
high values in the copper content of the sediment occur near known
or postulated mineralisations of the bgdrock, especially since Sn
and Cu often are associated in Cornwall. There is no reason to
assume differences in thepH of the freely moving seawater in so
simall an area. Consequently, the copper analytical results are
regarded as further evidence in favour of the postulated minerali—
sation south of St., Michacls Mount.

For the Marazion raised beach, data is essentially the
sane as for the marine sediments, with the exception of the minus
200 mesh fraction of sample 560936 (Table 3,20).

The copper content of the Mousehole raised beach
is significantly higher. As with tin, values are in general
higher in the samplevtaken from the roof of tﬁe tunnel, It is
of intercst that the mean copper content of the minus 150 plus
200 mesh fraction (37 ppm Cu) of this raised beach is identical
to the mean copper content of the same fraction of traverses 1

and 2 (37 ppm Cu).
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Table 3,80 Copper content of Marazion and Mousehole

raised beaches

Sample ~200 -150 =100 | -80 | -60 Ceeh
number . +200 +150 +60 +80

560936 62 6 15 19 13 .
560942 6 19 13 13 10 Marazion
s tie v s e 0l g e e po e e o b o o - — -~ .-| ——————— —
561291 82 L6 39 29 23

561300 85 36 29 19 23

561308 79 36 36 32 26 Mousehole
561318 56 29 26 23 15

Data on the copper content of the samples is very

incomplete. Nevertheless they show that a detailed examination

may well reveal some very interesting information

Summary and General Conclusions

Based on:

1.

2e

the high tin content of the rivers draining into
the bay;

the capability of the rivers to dischérge tin into
the bay;

the parallelism with the northern coast line of the
contour lines of decreasing tin content in offshore
direction of the submarine sediments; and

the substantial difference in the tin content of

surface sediments as compared to subsurface sediments.



187

It is postulated that a dominant proportion of the tin

in the surface sediments had an allocthonous origin, while its

dispersion in the marine sediments was the result of marine

transport. Since the processes of mdrine environment will affect
all componends of the sediment, it was assumed that this would

result in a relation between éhem. This relationship should, in
theory, be a constant ratio between two or more components of the
sediment, since it is the result of a transport medium affecting

a certain grain of a given densgity in a similar way as another

grain of different density.

In calculating the ratio between the tin distribution

and the size distribution of the sediment, it appeared that:

L. for tin of minus 200 mesh size, which includes the majority
of the tin in any given sample and whose equivalent size of
light material forms more than 80 per cent of the sediment,
the ratio remains, by and large, constant, irrespective of
the absolute tin content or sample location;

2e the ratio for tin of 150 and 200 mesh and tin of 100 to 150
mesh remained of the same order of magnitude only in a
number of cases. In most samples the tin content of these
fractions was "too high' as compared to the tin content
of the minus 200 mesh fraction.

Two factors which can act separately or together may cause

this Yconcentration". These are:
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(a) A proportion of the tin in these fractions océurs as
part of polymineral grains. This results in high computéd
hydraulic ratios.

(b) Concentration of tin in these fractions is the result
of differential transport. This feature is optimal when
current velocity reaches valués where the settling velocity
of a particle and the velocity required to initiate move-
ment of this particle are equal. The plausibility of a
current velocity in this region is demonstrated by the very
well sorted sediment, whose mean diameter conforms to the

critical size related to this velocity.

High hydraulic ratios for the coarser fractions seem to
occur more frequently in samples from the western traverses. Grain
size distribution for all samples remains by and large the same.
Accordingly, it is concluded that for these fractions there exists
an additional source of fin for this part of the bay, which may
be the Newlyn River. This source, however, is less significant
than supply from Marazion River, as is indicated by the absolute
tin content of the samples. Transport of tin from the postulated
source takes place by the eddy current, which in itself may cause
additional concentration of tin in these fractions.

The most important conclusion is that by presenting the
data in two ways; as absolute tin content and as relative tin

content, a better understanding is obtained of the dispersion
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of tin in the marine sediments. If high absolute tin content
remains high for all fractions in terms of relative tin content
at the same or closely related locations, a local source has to
be postulated. This is demonstrated by traverses 1 and 2, 12,

14 and possibly 5 and 6. If on the other hand, high absolute

tin conteht does not persist, in terms of relative tin content,
in all fractions, the concentration of tin is due to sedimento-
logical processes. This is demonstrated by traverses 1 and 2 and

19.
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SUMMARY AND GENERAL CONCLUSIONS

Section 1
1. Placer deposits, alluvial as well as residual, are known

2.

S

5

7o

to occur in the catchment area of St. Michaels Mount.
Allﬁvial placer deposits may be expected in the drowned
valleys.

The tin content of a soil profile near Rosepeath indicates
the poésible extension of mineralisations which have been
mined on either side of the river.

The contribution of primary mineralisation to the tin
content of stream sediments is difficult to establish since
the tin content of the present day river sediments is
dominantly the result of contamination from mining
activity.

The stream sediments of Marazion River are coarse angular
and not well sorted. The most dominant components are
guartz and feldspar.

The tin content of the stream sediments of Marazion River
which predate mining activity is confined to the minus 80
mesh fraction. The tin content of stream sediments which -
arc contemporaneous to and later than the mining activity
is many times higher @nd tin occurs in all fractions.
Tracer technigques are an essential help for the study of

sediment transport in natural environments.
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Oa The use of fluorescent hues does not affect the‘hydraulic
properties of the sediment and transport of tracers is
representative of the sediment as a whole.

9. ariation of stream velocity of Marazion River is the
result of variation in daily rainfall.

10, Transport of stream sediments of Marazion River is fast
for all fractions irrespective of river characteristics.

11, Transport of medium sand and smaller sizes takes place by
suspension and is able to reach the beach.

12, ‘Iransport of sediment coarser than medium sand takes place

by rolling.

13, With high stream velocities all material is transported by
suspension.

14, Sorting between successive fractions is not well developed.

15. Heawvy minerals are transported in similar ways as their

hydraulic equivalent light fractions and heavy minerals of

fine sizes and smaller are able to reach the marine environ-

ment.
Scction 2
1. The current systems in Mounts Bay are isolated from the

main current system along the south-west coast of Britain.
2, Current velocities in Mounts Bay vary between 0,1 2nd 1

knot.,

3, Bottom drifters give information on current directions only.
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9.

10.

11.

12.

1k,
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Recovery of drifters was in the order of 50 per cent.

A higher rate of recovery occurs with strong winds which
generéte bigger waves with stronger inshore wave indueed
currsnts,

Currents in Mounts Bay are tidal and have an ovecrall
clockwise direction.

Currents west of St. Michaels Mount are inshoré with a
tendency of an easterly drift and are wave induced,
Currents south of St. Michaels Mount have an easterly

to south~easterly direction parallel to the coast line.
Currents in the eastern part of the bay also follow the
coast line but appear to be stronger.

Currents in the western part of the bay are northerly

and form a circular eddy current within the triangle formed
by Mousehole/Penzénce/St. Michaels Mount.

Surface current directions in the middle of this eddy

are low and crratic.

Individual beaches and coves are not isolated from the main
current system,

Varietion in radio-active background values in western
Mounts Bay roughly coincide with the postulated current
dircction.

The application of radio-active tracers showed that heavy
minerals are transported in the marine environment by all

currents, provided its grain size is 70 microns or smaller.
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15, Only a small proportion of the trater has been transported
during the period of observation.

16. Gamma spectrum analyses in the natural environment have
only qualitative significance‘and give valuable information
with respect to the nature of the radio-active source.

17. Heavy minerals of 70 microns or less whose equivalent
light fraction forms the bulk of the Penzance marine
sediments are transportable by all currents; the main
tidal current in easterly direction, the eddy current
in south~westerly direction, the ebbing tidal current in

southerly direction and wave induced inshore currents.

Section 3
l. The tin content of the unconsolidated marine sediments of

Mounts Bay decreases in an offshore direction, while con-
tour lines are parallel to the northern coast line.

2 ireas with anomalously high tin content occur south of St.
Michaels Mount and east of Trewavas Head.

3. Size fractioning by elutriation has a limited reliability
espeeially for fractions finer than 150 mesh.

L, The¢ unconsolidated sediments of the Penzance/ﬁarazion sand
body are uniform and well sorted in 95 per cent of the sand
and has a mean diameter in the 2 to 3 phi range (fine sand).

5. Deereasing grain size distribution in offshore direction is

apparent in a limited number of samples only.
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The tin content of the minus 80 mesh undersize fraction is
dominantly a reflection of the tin content of the 150 to
200 mesh fraction.

The tin content of the marine sediments is confined to the
smallest sizes.

The tin content of the surface sediments has high to
anomalous values for all fractions in the area south of
St. Michaels Mount.

The tin content of the size fractions obtained by elutriation
remains fairly constant from fraction to fraction and has
far lower values than the corresponding fractions obtained
by screening.

The tin distribution as obtained by elutriation sﬁggests
that the size distribution of tin particles is similar to
the size distribution of the sand but displaced towards
finer sizes.

Presentation of the data on the basis of hydraulic equiva-
lence indicates that = major proportion of the tin of the
marine sediments (tin of minus 200 mesh size) has a
constant ratio with respect to its equivalent light fraction.
This suggests that tin of this size has been subject to
transport.

Variations in the hydraulic ratios for the 150 to 200 mesh
fraction and the 100 to 150 mesh fraction are suggested to

be due to the occurrence of tin in polymineral grains and
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20,
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to concentration as the result of selective transport.
High relative available tin for all fractions at the same
location is due to supply from a local source.

It is postulated that the tin content of traverse 1k is
partly the reflection of an elluvial source.

The tin content of traverse 12 is the result of supply of
tin of an allochthonous source. In addition, it reflects
the existence of an elluvial source while a deficiency din
the tin content indicates supply of light material only.
The tin content of traverses 5 and 6 is suggested to be
partly related to supply from an elluvial source.

The tin content of the western traverses suggests an
additional source of tin of polymineral grains. The
significance of this source is restricted to a limited
ared.

The distribution of tin and sand of traverses 1, 2 and 19
is the result of wave action. In addition, the tin content
of traverses 1 and 2 reflects the existence of bedrock
mineralisation

The tin content of subsurface samples is confined to the
minus 200 mesh fraction and values are many times lower
as compared to surface material.

Raised beaches have tin content in.all fractions with a

maximum in the minus 60 to 100 mesh. fraction.
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High copper content of the sediments coincides with high

tin content.

Egggmmgggﬁpions for Future Studies

1.

2a

3.

The contribution of bedrock mineralisation and mining
activity to the tin content of the stream sediments should
be studied, This could be done by comparing stream sediments
of different age while in addition, a study should be made
of the mineralogical habitus.

Comparable work should be ecarried out in the Marazion and
Nowlyn rivers.

Transport of rivers should be studied in different seasons
using a number of fluorescent dyes for individual fractions.
In addition, flume experiments using natural material and
simulating the actual environment are desirable to obtain
an understanding of the form of transport of material.
Detailed studies on the variation of natural radioactivity
with respect to its possible connection with transport
patterns should be carried out.

It is desirable that transport of material in the marine
environment is studied at different locations using a
number of trapers simultaneously to obtain information

on the selective transport.
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Studies of transport should be accompanied by accurate
measurements of current velocities,  wave dimensions, nature
of bottom, etc,

The mineralogy of tin in the mérine sediments should be
studied and its relation to possible sources.

The concept of hydraulic equivalence should be checked

by controlled experiments, making allowance for tin in
grains of differcent density, by separating the sediment

in fractions of smaller size interval, by applying the
concept on other components of the sediments especially
COpper.

The area south of St. Michaels Mount should be subject to
detailed surface sampling with a: number of critically
chosen cores reaching

The tin content of subsurface samples should be studied in
detail.

The eastern part of the bay should be subject to similar

investigations.
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