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paragenetic sequence (73 sections) is pyrite--chalcopyrite--galena--

sphalerite. The main mineralization episode 1sg interpreted to be

syngenetic, genetically related

to the velcenism. The veins and

~

stockworks probably resultéiquqka_f

d Variscan remobilization
of the primary mineralization.

Trace element analyses (Cu,

Sr), on 350 specimens, detected anomalous concentrations of these

)

relationship petfveen




ACKNOWLEDGEMENTS

I am especially in debted to Dr. J. W. Gaskarth for his
advice, criticism, and encouragement during his supervision of
this studye.

I wish to thank Canadian Industrial Gas and 0il Limited,
and intermine TLimited of Toronto, who were in charge of the
exploration programme at Parys Mountain during this stucdy, for
permission to use the data and core specimens. The kindness and
co~cperation of Mr. E. Cockshutt, the caretaker cf the companies,
is gratefully acknowledged.

I also wish to thank the British Council for the scholarship
awards for this study.

Dr. R. A. Ixer must be thanked for his advice, suggestions,
and useful discussion on the polished section studies. Mr. ¥. B.
Frost is thanked for his discussion and permission to use the
computer progranmne.

1

I wish to express ny gratitude to 2ll memnbers of the staff

[}

5

and technicians of the Department of Geological Sciences, University
of Aston in Birmingham, for their consideration and much useful advice
received during my studying here. Special thanks are due to lr. J.H.
Williams for his help in prepvaration of the plates used in this work,
Mr. P. Brueton and lrs. 14.V. James for their care and skill in
preparation of the many polished and thin sections, and Miss H.J.
Couper for her‘kindness in proof reading of the thesis.

irs. . dJ. Montéomery is highly thanked for her care and
skill in preparation of the many diagrams and tables, and also her

kind and useful advice during preparation of this thesis.



TABLE OF. COMTEHTS

vage

SUMMARY s e 6 o e e o s & e 8 o o e & e s o o 6 o e o i
ACKINOWLEDGEMENTS o o« o o % e7 e o s o v s s o s » o o o 5 @ 1id

TABLE OF

LIsT or

LIsT OoF

LIST OF

CHAPTER

O

2:2 Ordowicien |, .

TR MG : .
COL'-' ,L.L’szl 1D Py S Py Y ® . o ° e ‘e & & .6 e & e - e e e LV

= 7
° e ° ° . e s ° e ° ° © ° ° e ° ) ° 3 L3 © e P5s
e
T <
FEEe) ® e . s e e ° ° ° 3 o L ° . e 3 ° - e ® ° ° X1a

THTRODUCTION o o o v o o o

s

1.1 General Geology of Parys dountain . e woi. .
1.2 Interpretations of the Geological History of
A it 3 - v :
Parys Mousibadm b ol il o s W B o 6

Ao dining and 1

.5 fims of the 13

2.1 Brecambrian .

2.3 SHadyyian .

3.1



bage
CHAPTLER L  STRUCTURALGEOLCGY v ¢ o o o o o o o o o & & ¢ o £ o

Lol Introductionn o« v« v v ¢ o ¢ o o o 4 o o o o o . Sk

L .2 Caledonian StructUres =« « o o o « o o « o o o 55

h.? Post-Caledonian SEructures « « o o o o o o o @ 57

CHAPTER 5 HINSRALIZADTT ’a‘. < o e e o o o 5 o o ¢ ‘o0 e . . 59
5.1 General Characteristics of the Cre Bodies . . 59
5.2 General Description of Orec Minerals ..o v o . W 6

\)-1
SRS ¢
% X
g
<
S B
o
® <0
o e
o e
v e
o e
o e
T
o ke
o e
o e
o e
o e
o e
o e
o e
o
s e
0. O 8:1\ \N

2. Satlarcasite v e e el e a0 LR G L

Pyrrhcbitesc i ont wie o0 o oG T

U1 A
N 2
I

o
\n

-\I‘SQJLO’DVI" JCQ c,{,:‘g:/‘:o / . t v 0 iz . ° ® ° P \0_ . 93

\n
L]
te
o

Chalcopyr

NS\ AN\ A\
» L] ] ] (] °
i DO N D o
£ s e
~J

'l
%] V)

e

1]
v

o
N

Yl GG
> ‘

\op N\




vi

pazge
Chalcopyrite . . o o o o o i u a0 127

Galena o o v o v o o o o e v e e v e e 27

<509 Bphalerite o o v v i e e e e e e e e 128

e
o
(]
L]

5.5.90 Tetrahedrite group, native bismuth,

£

bismuthinite, and bismuth sulphosalts .
2]

Ut
o
N

°
e
N 2N Y
NN
n
(0]
o
(©]
3
o
%)
!
o
2
=
= fi
(¢
B
}._J
)
o
L]
(]
L]
L.}
°
L3
L]
L]
)
L]
SN
o
o)

\n.
.

AN AN
°

Gangue MINeralsS o % « o o o o o o o o oo o 129

C'\
=
(X
ey
L
C"
-
5]
bt
=
o

GEOCH!

A

\.Ysrn £33 B A
Py Lk L e i3 ° ® @ e eI e e e e o el @ T ) © o °

6.1 Introduction § e e e ate

.
.
v
.
5
#
.
\
5

: iy

& 8 &

N

¢m
o

=y N

GeB piscu551on of Bulk EChemical Resulits . 2o

1]
N N N

U SHD SIS
General Stater

/i
2.2 The_@rdoviéia‘

7.2.2 Bource
7.5 The\Voloanlc o
’ P50 Qrevidus
7.5.2. kvidence

:lnt

7.5;3AOT1D

o
19}
Q
8.2 Prev1uus inter
3

’76130.:31 ullex]




page
CHAPTER O SUMMARY COF COHCLUSIONS o <« W o e e 200

9.7 Introduction . o . . =

o“ v'o @ Ceie ° LY L3 ° ° e 200
9.2 Origin of the '"felsite'; the Carreg-y-doll, and

the Mhite Rock Formation . . . . . &F 980 %, =, 200
9.3 Relationship between the Volcanic Rocks and the
Enclosing Sedimentary Strata . « « + « .

9.4 Origin of the

Ui

T TP TV /‘1':’“"—.’ 1"‘r"]"'_,’l"' e
RELEERENCEH CITED o oy ST

Appendizn A sSpecimen-Collection Wi o toni oie i o Loved ol L0006
Appendix B SBketch Geologic Sections for ous Diamond

them . . .,.”\221&f 

Drill Holes and Correlati

Appendix C Geochenical Techniqaés,.;.:f:¢ ,;, s s Al

Appendix D Bulk Chemica

Appendix E Statist




Figure
Figure
Figure

Figure

%
;_l
M
=
=
D

Figure

Figure

]
Ty
o3
o
e
o)

¥

Figure

Tigure

Figure 1k

[O2Y
i
st

N
Lo

10

11

Differentiation

LIST Or FIGURES

-

paéé

Sketch map of Anzlesey to show the study area . .

no

Simplified geological and tectonic map of Anglesey 3
Geological mer of?ﬁafYS Mountein (in pocket)

Sections thrduéﬁ Pafgé ﬁéﬁﬁtain/td show different
structural intéfprétatiéﬁstjéfsz:’:;. . - = 5

Barly Caradocian Palaeoge

9.

CaledonidesS v o o o ¢ @

Sketch map to show the positions of boreholes

Sketch map to show the positions (and bearings)

Jocations of

Sketct

)

_of
macroscopic

Jiggli alk-si



Migure
Figure
Figure

"igure

=~
[N
o0

P

Figure
Figure

Figure

Figure.

Figure

Figure

Figure

Figure

Tigure

Fipure

Pigure

15

16

17

Mo
\n

N
O

,27

N
@)

\Sketcn dlug,

. page E
Hormative An-Ab-Cr diagram o o o o e ¢ o o o o o o 141 é
g0 vs re207 Al2ETram o o o o o o o o o o s o o o o 142 é
ATl Qi8ETEM o o o o o o o o o o o o o o o o .o o Ll :
Harker Diagrams . « o o ¢ ¢ o o o o o o o o o o o 14628
Plot of pr1£c¢oul comporent co-ordinate g;gng:
boreholes' Ch, 110, and E17A. . . . . « o . . . .1582160

Plot of factor scores

Plot of factor scores a;opg,uore“ole MWQ/,,. P 1 165
Plot of factor scores along borehole TMQ & s 166

6

Plot of factor scores along bqreholerﬁ17A eilny

ketch to show the wltn respect

to the plate

Ketch diagrams

Sketch map to sho?

diamnond

‘drill oles

Diagramatic

the determination



Plate

Plate

Plate

Plate

ze)
)
S:A_\)
-+
0]

Plate

Plate

LTST: OF  PLATES

page

1 General appearance of porphyritic dacites in hand ;
Specimen, and- their photemicrographs v . % o ¢ « . ke |
2 General appearance of aphanitic dacites in hand
specimen and in thin section + « « ¢« o o o o o « o - 36
3 Aphanitic’ dacite with welded and. f]or -like textures = 37
L. General appearance of lithic/tu'f:i Héhd specimen
and their pnotomlcf zraphs: . ?/{Ltf~/ , Lot %0 

and interlayering

-

state in nand

L3

G

¢
&

10 Photomicrogranh

and rhyolitic



Plate - Photomicrographs of " page

1 and 15 Framboidal pyrit

D

77 and 73

16, 17, and 18 Colloform pyrite o 94 97 ana 98

19 snd 20 -~ Secondary overgrowths in pyrite / 80 ang 82
21 Secondary overgrowths and corrosion

in pyrite ' ’ 83
22 Corrosion and zoning in pyrite = 85

86

23 Zoning in

ol o Poikilitic

in pyrite 5 ; Beg s e - ; 89

25 Special fabrics in pyrite , 90
26

37

33

39 \ v Tennantite ond tet

Lo ana U1



N

Go

10

15

Table

(4,B)

’utOCA solutlons ;or A A S

DIEIEE

LIST OF TaBLES

page
General stratigraphic seauence at Parys Mountain 2@$
Comparison of interpretations of the liona Complex 2
The economic:mincrals and theirsassociated host
rocks in the four ore types of Parys Mountain 64
Paragenetic sequernce off the ore minerals =% 122
Correlation matrices . oad v oo fawt:452;«ﬂ53 and15L
Inferred depositional events in Anglesgy from 175
Precambrian to early'Silurian}zwiih;probable
depositional enVironmontS'relatéd to%the\s£atus
of the Trish Sea La nonass.7:
Sulphide minéral assemblage es and tqelr associated 190

host roc&se

Kumber of speolths'

Informatibn on 1035 ions and treatmen

and analytical 1csu‘

Materials and.solvents used in pr

ica l resul s

R

Bulk cheal cal Qﬁulv

Statistical data
Total V&rlax ce forr,

Analysis of 239 sam

i



Table

17

no

o
N

Y
r—

<

N
U1

wiii

Total variance for Principal Component

Analysis of 61 samples

jatrix of Principal Component Analysis

for 61 samples

=
o
—
il m \‘
SR
2
o
l,_J
o
0]

Matrix of factor loadings fo

Matrix of principal component co-ordinates

for borehole Ch

Hatrix of factor
Matrix of factor

Matrix of factor

rincival compon

©
o
H
o
e
O
e
jre]

Matrix of

factor scores

nd H15

a

page

271

no
~J
\UN

e
~J
o




HAPTER 1
INTRODUCTION
1.1 General Geology of Parys Mountain

Parys Mountain is situated about 6.5km socuth of the town of
Amlwch in the north-east corner of the island of Anglesey, North
Wales (Fig.1). It forms a topographical feature trending ZiE-USY
which is some 150m high over an area of 2400 by 800m.

Two thirds of the area of Anglesey is occupilied by Precambrian
rocks (Fig.2), and the rest is approximately equally occupied bty

vantities of

5

Ordovician and Carboniferous rocks, with subsidiary ¢
Cambrian, Silurian, and Devonian rocks (the disposition of these
rocks is described by Vheatley (1971a), and Greenly (191G).

A simplified tectonic map of Anglesey (Fig.2) shows Farys
Hiountain to be situated on the north-eastern side of the north-
westérly trending syncline, which crosses the north-western part
of the island.

Parys lMountain is underlain by the Precambrian lona 3eries
and a succession of Lower Palaeozoic sedimentary and volcarnic rocks
most of which, except the Silurian sediments, are intruded by a group
of doleritic sills. The Precambrian rocks consist of chlorite schists,
micaceous and granitoid gneisses, and quartzitic gneisses. The Lower
Palaecoroic succession consists of Crdovician slates, Ordovician da=-
citic and rhyolitic volcanic rocks, and Silurian slates. The doleri-
tic 1intrusions are probably contemporaneous with the volcanic rocks
(late Orcovician).

The rocks of the Precambrian liona Series, cxposed in the north-

ern and southecrn parts of the Parys lMountain area, are thrust over
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‘the younger rocks along several low angle thrust faults (the Carmel
Head, Corwas, and Illebo Thrusts -~ Fig.3, in pocket). The northern
outcrops consist of chlorite schists, and those in the south are of
micaceous, granitoid, and guartzitic gneisses. drdovician slates are
exposed arcund the core of the mountain in the northern, western,
and souvthern parts of the area/(Fig.B);”These slatesiéfe overlain
by, and have gradational contacts with,fvdl@aﬁié,rocks of late Ordo-
vician age. Silurian slates form the core”éﬁ the mountain and are
enclosed by the volcanic rocks (Fig.2). The doleritic rocks form
small sill-like. intrusions (10 to-20m tq1c ), and have a-éenerélly
easteriy or  north-~easterly strike. They intrude the Precambrian and.
Ordovician rocls but not the'Silurian slateégf

The most comprehensive ge01091cal account of Parys Mountain,

05

includinrg a detailed (6inches to 1mile) geological map,’ls in the

Geological Survey HMemoir on Anglesey enqlv k1910) This work

identified and defined the major robk/%rﬁés,/and gave a detailed
aescrlptlon of the overall geolovy. The rocks of the area were des-

cribed as con }1sting of the Precambrian Mona Complex, Ordo: ic1an

slaty shales, Silurian graptolitic shales, an

1

structure of the

The

"Telsitell,

anticline,

Fig.h-1 and

2). These folds were thought to be:t un'a+ d h oyrthe'Rhwéh'

o ,

Thrust. Later Hanning (1959) interpreted tructure as that of
single syncline overturned to the north (Fig.k-3), and he

the erlﬁifeﬂmtq be a two-pronged dyke and not a sill&.ﬁdwevefi

Hawkins (1966), Bates (196L,1966), and - (1971a,b) all favour
: ) ! ] = y =y ‘






an extrusive volcanic origin for the ""felsite', and structure of the
mountain was re-interpreted as being a simple overturned syncline
(Fig.b-4). These latest interpretations are based on petrogranhic,
structural, and stratigraphic information collected from cores from
the exploration programmes, carried out by FKorthgate “xploration of
Canada between 1961 and 1962, and by Canadian Industrizl Gas and

Uil Limited and various partners, during the period 1966 to 1970.

1.2 Interpretations of the Geological History of Parys Mountain

In the Lower Pazlaeozoic, the Zritish and Irish basins of
deposition, in which Parys llountain is situated, formed a najor
branch of the Caledonian Geosyncline, whose marsins were the orth-
Vest Highlands of Scotland ard the vestern edges of the Znglish
Hidland Platform (Yilliams, 19893 heatley, 1974%b). Willianms (1969)
sugzested that two volcanic island arcs were vresent at this time:

one, trending north-ezst to scuth-west bordering the geosyncline

rom the Tnglish

Fh

along the 3outuhern Uvlands; and the other, lving

e )

Lake Jistrict through lorth Jales, to South-iast Ireland (Fig.S).

The existence of an "Irish Sea ZLandmass', stretching from the Angles

region to the extreme south-east corner of Ireland, was vos:iulated

1

- Y . . . .
by Jones (1933), and was accented by several later authors in their

O

interpretations of the geological history of the area (Brenchley,
1959 Rast, 1959; Uilliams, 1969; Pitton and ilughes, 1970; iheatley,
1977a,b). Brenchley (1959) sugrested that, in mid-Caradocian tine,
this Irish Seca Landmass was a belt of active uplift sevarating the
weloh basin from the other depositional basins of the Caledonian
Geosyncline.

Villiams (1909) and Vheatley 1971b) interpreted

ct-
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v
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tionel environment in this part of the Culedornion belt as beins
eugecosynclinal, based on abudance of volciuic nmoterisls within the
sedincntary secouences.

Fitton and Hughes (1970) applied wlate tectoric theory to
the interpretation of the rock scguences and concluded that the

environment of deposition was that of island arc/continental margin.

5

They showed L there 1s a laterel variztion of magma itype from
tholeiitic and calc-alkaline in the Lake Distric to alkaline in

North Vales. Uhis variation is cinmilar to that observed in nodern

igland arc/continental margin environments (Kuno, 1966).

prs
8]
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ct
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ct

The mailn tectoric events vihich affected

@)

his v

Caledonian bteclt, as interpretet

~
.Y

O
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g

~
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H
[0

by iller and Fitch

outlined below:

the rrecambrian reccks in lLorth Vales are affected bv over-

printing of the Caledonian and other vounger events (Fitch et al
1969), ard results obtained by isotopic dating vary from 593

S

617+1°m.y. for the Precambrian roc

1969) .
b. The Caledornian Orogeny (400 to 420+10n.y.) vroduced various

metamorphic, and magmatic events in the area. Howvever ritch al

prs

(193%) showed that the Caled
possible subsidiary maximum arouvnd 450m.y. ago and, the last najor
Caledonian event was dated around 390:+1C0n.x.

c. e Variscan Crogeny (02545 {o+0n fu.y.) wroduced sone

basic maguatiom, metasonatisn, ond ninereliation. e age of the

3 . . T PR .. B .
Variccan event at Parvye Dountoin smcasured weing
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cified igninmbrite, is 294+410m.y. (Fitch and liller, 1664). This
determination is directly comparable with the Pb age of 500i40m.y.
obtained from Pb=Zn ore of Parys Mountain by lioorbath (1962). Fitch
et il.(1969) sugzested that Variscan mineralization was the last
important metasomatic event at Parys ilountain. ‘heatley (1871a,b)
surmised that the mineralization was of a pulsatory nature, spanning
the period from 440 to 150m.y. ago. e also sugsested that homogeni-
sation and crustal contamination may have obscured the true isotopic
ratios and that the mineralization is prcbably Caledonian in age.

d. A swarm of Tertiary alkali olivine dolerite dykes, with a
UMW trend, were intruded into the Precambrian and Palaeozoic rock
across Anglesey and Snowdonia (Fitch et al, 1959) . The ages of these
rocks measured by K-Ar nmethods, vary from 55.735.2 to 61.6i1.¢m.y.

. o) + — : .
snowdonia, and from 43.520.7 to 62X3m.y. in rocks

!_J
o
=
(o]
@]
e
&]
Hy
H
@]
:;S.
U:

; (Dort Dafarch and Guydryn) (Fitch et al, 1959). These
o g -

dvkes are not found at Parys :lountain.

1.% lirneralization at rarys lMountain

The nircralization at Parys lountain is present mainly in
the acidic igneous rocks, which have been described most commonly
as ''felsite'. The origin of the mineralization was thougnt to be
enigenetic, sroduced by deposition from hydrothermal fluids, with
some riodifications formed as a result of various metasomatic pro=-
cesses. This interpretation was largely based on tae identification
of the "felsite! in the area as being an intrusive igneous body
(Greenly, 1919; lianning, 19595 2lerry, 1951) . Hagmatic processes

occurring during the Caledonian and Variscan orogenies were believed
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to have produced the mineralization (Fitch et al, 19693 Wheatley,
1971a,0)

Wheatley (1971b) studied the genesis of the ores and discovered
that a metal zoning is present in the area. This zoning has an axial
belt of pvrltlc zones and the main copper deposits, hodered by an
area with lead~zinc mineralization. The pyritic zones have a close

ssociation with the acidic volcanic sequences and commonly postcate
them. Wheatley (1977a, b) suggested that these minerals were deposited
in & marine environment, possibly during diagenesis. Later, migrating,
hydrothermal metal-rich chloride fluids were thought to have resulted
in the formation of the major copper deposits stratigraphically asso-
ciated with the pyritic zones. The complex lead-zinc mineralization
was thought.to result from .reaction *between: the minerals-of
ritic zones and the final fraction of the hydrotheéermal fluids. The
presence of crosscutting veinwtype, fissure infilling, mineralization

was interpreted to have resulted from pulsatory metasomatic processes

associated with even later structural deformations (Variscan).

The mineral deposits at Parys Mountain have been compared

o

with “those at Avoca (South eastern Ireland), and Coniston (Lake Dis-
trict) in that they all have a similar age, and have directly com-

parable tectonic ande=st

-
)
d.
H

[0ic]
k3
)

3
joy
Ho
o

e}
O

(williams, 1969; Fitton

and Hughes, 1970; Wheatley,

1.4 Mining and Exploration Hi

out during the period 1762 to 1865 whea arys Nountain was-the‘laﬁ~es
O By =
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copper producer in Europe. Recorded figures on the quantities of
metal produced snow that a production of some %000 tons of metallic
copper per annum was reached by 1773. After 1835 production dropped
and soon afterwards stopped mainly because of a falling off of the
graderf the ore at the same time as copper prices. decreased.
Attempts were made to re-open the mine 1321920, and again
between 1955 and 1953, but failed because Sig ificént/quantities
of new ore were not found above the former working level (250m below
surface in the western part of the area, and 200m at the east end).
In 1961 Forthgate Exploration of Canada, formed a subsidiary
company, Anglesey Copper lines (Parys Mountainfﬁines, U.K.) Limited

of Toronto, Canada to explore the property. ”hls company drilled a

series of eleven, inclined, exploratory, diamond drill holes, the

deepest of which is some 500m (DDH. MTG};:fo the north of the 0ld

3

mine(Fig.bfA).This drilling programme was abandoned at the end of
1662 because assay results showed that/fheiminerélization found was

not of an econonic grade. In 1966 ¢C nadlan Industrlal Cas

Limited took over the property and extended Northgate's drllllng

programme. This company, in conjunction Vth various partners, has

actively explored the area since that time. One partner, Intermine

Limited of Toronto, carried out an extensive exploration programme,

.

including diamond drilling, in ) surveys, and

duced potenti:

a geochemical soil survey but réi/

of 1975, A new partner, Cominco T

ratlon promraﬂme, at the beglnnlng of 1974, and at the same time

Amax Inc. @egan\explor tlon of the Rhosmynadh area, Just e

Parys lountain (Iig.1).
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rocks was carried out using both Atomic Absorption and X-ray fluo-
rescence spectroscopy. Included in this work is a study of alteration
of the wall rocks of the mineralized zones using X-ray diffraction
for mineral identification. The techniques and rationale for the

elements determined are explained in later chapters and appendices.

) To develop a hypothesis for the origin of both ‘the volcanic

\N

rocks and the mineralization at Parys liountain. This hjpothesis will
be fitted to the plate tectonic interpretatidhs of the British Cale~
donides. An attempt will be made to correlate the rocks at Parys

Mountain with other mineralized Lower Palaeozoic volcanic\sequences

<

he British Caledonides. Comparisions with worldwide groupings

e
]
ot

mineral deposits will be made.

O
)

1.6 Terminology
The nomenclature of acidiQ*rogk, girg,from 1ava flows to

pyroclastics is variable and a rumber o? di f rert terms hav ve been

4.7
J L,f‘ie

used for rocks in thls catagory. Furthermorg, the,replacement Qf

requires the re~definition of
tions used in this thesis are o

the NDiction

following sources:-

Vlodavetz (1966); HMitche

Hatch; Wells, and Wells (1972
Andesite, dacite, and rhyolite

rThese\roéksdare'théuvdlgaﬁic members of the calc

series of 1gneous rocks in which the t increases progres-




|
0
b
o

sively from andesite to rhyolite, e.g. the free quartz content varies
from less than 5 percent in andesite up to some 67 percent in rhyo-
lite. Transitions between the three rock types are found, however
sone main distinctions are made:-

Andesite contains more than 60 percent felsic minerals, of
which less than 5 percent is quartz. Intermediate plagioclase (es-
sentially andesine) is the main feldspar though the composition
range is from An t

35 ¢} }LII?O.

falls within the andesine range, and this constitutes more than 95

The most common composition however

percent of the total feldspar. The mafic minerals are pyroxene
(generally hypersthene, diopside, or pigeonite), hornblende, and

biotite in various proportions,..

The essential minerals of dacite are plagioclase (andesine

to oligoclase), quartz, pyroxene or hornblende, or both, with minor

biotite and sanidine. A1l these mi 1ls occur as phenocrysts in a

glassy, or finely crystalline, groundmaSSfoffélkalic feldspar and

silica minerals. he chleT dlstlpctlon between dacite and apde51te

is silica content with dacite containing be tween 63 and 68 ercent
: ’ by S p

$i0,. The high percentage of normative

L dacite leads to
the early precipitation of modal oua~‘ as phenocrysts and the'pre—b

sence of these is used

to distinguish

hvollte 13 deflned as. an aphanltwc volcanlc rock, conta1n~

1ng over 80 percent fe151o mlnerals, S to 67 percenb of wh’

quartz, and o? to 100 percent of its total feldspar is 511101c.
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Ash flows

These form as a result of either an avalanche of gas and
pyroclastic materials, predominantly volcanic essh, produced by the
explosive disintegration of viscous lava in a volcanic crater, or
by the explosive emission of gas-charged ash from a fissure, or
group of fissures. These rocks range in composition frﬂv rhyoclite
to andesite.

Ignimbrite

The wide use of this term has caused much confusion in that
it has been used both in a genetic and a descriptive sense. In
general the term is used in such a wéy/tha% it is synonymous to
tywelded tuff!'. In this thesis the tér% ignimbrite! is épplied to
a rock, consisting mainly of/fine grained rhyolitic welded fuff. It

ded glass particles in which crystals

consists of a groundmass of we

of feldspar, quartz, and, in somef;nSQancgs,‘hypersthéAe and horn-

blende, are embedded. The glass par tlcles are wly welded, and
bent around the crystals. These deposits are believed to result from

3

the eruption of dense clouds of inca descent volcanlc 51ass particles

in a semi-molten of wiscous state fro issures. The ignim-

brite: ofi the b

s

orth ‘Island, New Zeala ) 13, and the ig-

nimbrites of Snowdonia, North Wa

1967) are examples of such rocks.

Lithic tuff

Tuffs that consist dominantly of rock fragments are best

described as lithic tuff. The fragments may be of PTeViOusly“ 

rocks (sedimentary or igneous) through which the volcanism has oc-

curred, or of earlier lavas from the same~§Qng;‘Qr,of snall frag-
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ments of nes lava (essential ejecta) that solidify in the vent prior

to their ejection by later explosive eruptions.

Welded tuff
A tuff which has been indurated by the combined action of
heat retained by the particles, and the enveloping hot gases. As a

result, the glass particles are flattened and effectively welded.

Siliceous sinter

Silice deposited from hot springs or volcanic emanations,
commonly with a colloform texture, is described as siliceous sinter.
The term is used here for a variety of very fine grained, white

quartz rocks, in close association with siliceous volcanic ‘rocks.

Granophyric rim

zregate of

&

o)

Terminology on geosynclines and concepts
gins usedinithis thesis is that used by

Dickinson(1971); and McElhinny (1973).
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CHAPTER 2

STRATIGRAPIY

equence is shown in Table 1 and

9]

The general stratigraphic
approximate thicknesses of the units are given there. The thick-
nesses of the Precambrian and Silurian rocks are not known due to

tectonic and erosional effectse.

2.1 Precambrian

Only the general lithology and outcrop patterns fér the
Precambrian rocks are described here. For detailed petrology and
petrography of these rocks, and descriptions of the sequences com-
prising the lona Complex (Tablg/Z),'tﬁé reader is referred to the
works of Greenly (1919) and Shackleton (1969).. -

The part of the llona Complex present at Parys Mountain be=-

longs in part to the Hew Harbour Group

part to the Gneissic

Group (Greenly, 1919). In this area the lew Harbour Group consists
of green, mica schists and phyllites. These rocks crop out din the
northern part of the area and are thrust over the Crdovician rocks

along tne Carmel He Group, waich

consists of both micaceous and granitoid gneisses, and

grieisses, is present in the southern part
has thrust fault contacts with the Ordovician slates (Fig.3) and
part occurs vithin these slates as thrust slices.

3

There are two main interpretations of the relationship be-
tween the two members of the liona Complex in this area.’GreeﬁlyV

(1919) separated the Precambrian rocks into the Bedded Succession
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T
i

Table 1 General stratigraphic sequence at Parys H

[
=

ounta

Age Lithology ‘ Thickness (m)

Silurian Dark grey to black slates e g

— e e = — — — 2 ynconforpity ? — — — — — — — — — — — — —

Ordovician Rhyolitic volcanic rocks = 200

Grey to greenish gféjfélafgs - 600

— e e, e e ISR e e e e e

]

Precambrian Chlorite schists, micaceous

and granitoid gneisses,

guartzitic gneisses
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Table 2 Comparision of interpretations of lona Complex succession

proposed by Greenly (1919) and Shackleton (1969).

Greenly £ Shackleton

Top Holyhead Quartzite wieve e Fydlyn Felsitic -Group
South Stack Series* . : Gwna Group

Mew: Harbour Group Skerries Group

Skerries Group . _ Vew Harbour Group

Gwna Grouwp . . Rhoscolyn Beds

Fydlyn:Felsitic Beds - Holyhead Quartzite

Base Gneissic Group@

* Tncludes Rhoscolyn Beds of Shackleton's succession.

@ Rocks of this group are considéied/b& S§é¢kieL§n;£ofbe/the high

grade metamorphic products of Gwna G?bﬁpéi;,fz
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(comprised of six main groups), and the Gneissic Group. His strati-
graphic sequence was based on a study of the fragments contained in
the rocks of each group, e.g. the Holyhead Quartzite contalns grains
of jasper which he identified as being derived from the Guna Group.
Shackleton (1969) remapped these rocks and evidence from graded
bedding, current bedding, pillow shapes, etc., showed that the 'way
up! of the stratigraphic sequence 1is fhe reverse of that proposed
by Greenly (1919). Shackleton (1969) copsidéred the Gneissic Group
to be the high grade metamorphic equivalent of the Gwna CGroup. Ie
proposed a new member for the sequence, the Rhoscolyn Beds, which
was included in South Stack Beds by Greenly (1919). The two proposed

successions for the Mona Complex are shown in Table 2. For details -

of the evidence used to make these interpretations the reader is

referred to the

Shackleton's (1969)

voses of this: thesis, thus the

of the Parys Hountain area are

an the micaceous schists

Group. They are considered to be younger ti

and phyllites of the lew Harbour Group the northern part

of the area.




2.2 Ordovician

The Ordovician rocks of Parys lHountain were described diffe-
rently by various workers:- Greenly (1919), Manning (1959), Bates
(1964,1966), Schindler (1966), Hawvkins (1966), and Wheatley (1971
a,b) called them 'shales'; fGvans (1878) and Ramsay (1881) ~ 'slaty
shales'; Derry (1951) and Volfenden (1967) - 'slates'. These rocks
are called 'slates' in this thesis becauser£he§ possess a well-
developed slaty cleavage.

The main area of outcrops of the slates are on the nortﬁérn,
western, and southern slopes of the mountain (Fig.3). Those on the
northern and western slopes vary in/cbléui from grey, greenish grey
to dark grey. Bedding is rarely sééﬁ,yﬁﬁt;/ﬁheré present, is parallel

to cleavage, which is well developed. Graptolites belonging to the

03
o8]

lower part of the Didymograptus bifidus zone have been found, and

1919; Bates, 1964,1966). Contacts with 2 Complex are faulted
(Carmel Head Thrust and Corwas Fault).

Hawkins (1966) used lithological evidence, from eleven in-

e

clined bore holes drilled durin

i

I

of the area (Fig.6), to subdivide the

VAR

forming his lower-most division ar:

S i

o

ceous. They are approximately 400m thi

generally thinly bedded (6mm to 15cm), but in
vidual beds are as thick as 20m. These rocks contain angularwfrag'
ments (uﬁ tb&QCﬁ)\bf'palé green phyllite and quartzite (from t

Mona Complex), and in a few specimens slate fragments are present.




The middle division is approximately 210m thick, poorly bedded,
and consists of grey to greenish grey, well cleaved, slates. These
are paler grey in colour, less micaceous, than those of the lower
division.

The upper-most division is approximately 100m thick, and
consists of poorly bedded black pyritic slates, with individual
beds up to %0Ocm thick. The pyrite is present as numerous, small
(0.5 to 2mm), euhedral crystals.

The stratigraphical relationship between the three divisions
is not easily defined as only the middle division occurs as surface
outcrops. Hawkins (1966) interpreted the relationship between the
first two divisions, from drill core evidence, as being geographi-

cal as the slates of the lower division were found only in the three

most westerly bore holes (M1, ¥4 and ¥M10). The breccia beds of the

lower -division are not found in the other bore holes (M2, N3, M7Z,

N

and M9) to the east. The.projectionsféf’bédginé planes of the rbck
of the lower division eastwards allow the ihter?retation that the
breccia beds could be present north of the surface position 6f ﬁhe#é'
easterly bore holes, thus placed theJ@ié§14;“ y;§i9n slates strati-
graphically above the lower divis%@g.iﬁégr

that the slates in the lower WZOlef_‘k/

stratigraphically higher than those in

equivalent of the middle division slates.

The majority of the black slates of the upper divi




n
Ul

been silicified and are interlayered with the overlying rhyolitic
rocks.

This three fold division was checked with cores. from the
later bore holes (Ch, HI7A, H3k, H35, and IHS)rand found to be
generally acceptable, except that the breccia beds in the lower
division are interpreted here as beds of lithic tuffs (see page 38)
]

The slates on the

0]

outhern slope were first - considered: to. be
Silurian (Greenly, 1919; Manning, 1959) on the basis of identifica~

tion of some poorly-preserved graptolites as monograptids. Bates

(1964) re-examined these fossils.and identified them as didymograp-
tids thus these rocks are. Ordovician - rather than Silurian. Uncon-

trovertible evidence for the & of these rocks is not available,

[638]
o)

~however the weight current opinion is that they zre Ordovician

(Wheatley, 1971a,b). Their relationship with the three divisions

~and western slopes is not

of the Ordovician slates on the northern

discernible.
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2.3 Silurian

The Silurian slates crop out in the central part of the moun-
tain, and their outcrop area is enclosed by that of the volcanic

rocks (Fig.3). These rocks yield remains of monograptids (Wolfenden,

§67) which confirm their Silurian age. An arbitrary division into
two parts is made on the basis of the presence or absence of silici-
fication. This division is used merely for descriptive convenience
as no evidence for a stratigraphic subdivision was found. The majo-
rity of the non-silicified rocks occur on the southern side of the
area, and the silicified ones crop out on the northern side, close
to the contacts with the volcanic rocks.

The non-silicified slates are very fine grained and vary in
colour between dark grey and intense black The dominant feature .of
the rocks is a well-developed sléﬁy~¢leavagerwhiéh has almost obli-
terated original bédding-planes tﬁoi erde“,/1967); Bedding is re-
cognized on the basis of some colour layefiﬁg,iénd the presence of

some few thin (6mm to 2cm) layers of siltstone.

The silicified slates are extremely hard, fine grained, ho-

mogeneous, cherty or flinty rocks varying between light and dark

grey in colour. They break with a subconchoidal fracture, and

volcanic rocks does not crop out3and;Silurian/§l§tés;are not en-

countered in the diamond drill holes on the né:fbern side of the

area (M6, M8, M2, l3, M9, and N5 - Fig.6) whlcq 1nalcates that th
are not present at depth there. The contact between tne ﬁllurlanh

slates and the volcanic rocks was encountered in bore hole H2 (Figié)
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and there it is sharp. This contact is believed to be an unconfor-
mity as interlayering is absent, and some fragments of volcanic

materials are present in the slates.
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CHAPTER 3

IGNEOUS RGCKS

3,1 Volcanic Rocks

3,71 Introduction and General Succession

The volcanic rocks crop out in two east-north-easterly
trending, subparallel, bands. These bands meet at the western.end
of the mountain, enclose the outcrop area of the Silurian slates
(Fig.3), and to the east they are truncated by the Corwas Fault.
The volcanic rocks are the most resistént to erosion in the area,
consequently their outcrops form the upper ridges of the mountain,
Contacts between the volcanic roc§§uaéd the Silurian slates are

sharp, and probably unconformable, as shown in Figure 7A. Contacts

between the volcanic rocks and the Ordovician slates are gradational,
and interlayering between the two is seen both in outcrop and in

drill cores. The interlayering generally occurs.over a vertical

distance of betiween 20 to 20m. The distance being measured from

vwhere volcanic roecks first-appear to,wher /Drdoyician slates are

//¥rogks (Fig.7B).
- to 100m (Fig.70).

» to 5m thick

The Ordoviecian slate layers in this thicker zone are v

and they become progressively thinner upwaz (down to less than 1m
thick) until the sequence is composed entirely of volcanic rocks

(Fig.7D).







Four distinct lithological types are discernible in the vol-
canic rocks:~ a) dacitic rocks b) lithic tuffs c¢) siliceous sinter
and d) rhyolitic rocks.

The dacitic rocks comnrise approximately 3 to 5 percent of
the total of the volcanic rocks. They crop out in two main areas
in the north close to the Precambrian rocks, and between the north-
ern rhyolitic rocks and the Silurian slates (Fig.?) and at different
stratigraphic levels (Fig.8) in the volcanic secuence. The earlier
ones are interlayered with the Ordovician slates, and occur in the
northern part of the area, whereas the later ones form local, irre-
gular lenses at the top of the volcanic succession and have sharo
contacts with the Silurian slates (Fig.9 in pocket). Zvidence from
diamonc drill cores shows that there is a further seqguence of daci-

tic rocks formed just before the be

Y

(Figures . and 93 logs of cores M2, 13, M4, 17, 19, and 416 in
Appencix 4).

Litnic tuffs form less than 5 percent of the volcanic seauence,
and the majority occur as two senarate layers within the Crdovician
slates, at the base of the volcanic secquence. ‘ithain one of these

) e

lithic tuff layers is a thin layer of dacitic rocks (Fig.

(=)

\0

S51liceous sinter comprises apvroxinately 5 pefcent of the
total volcanic rocks, and is present at the base of the main sequence
of rhyolitic rocks (Fig.9). This rock type crops out along the
northern.contnct between the Crdovician slates and the main outcrops
of the rhyolitic rocks (I'ig.3).

Rhyolitic rocks are the dominant phase in the volcanic suc-

cession comprising sone C0 percent of the tetal.



N
N

Silurian slate

""S—l:—_— Rhyolite
_e_’_r—"—"‘
..__3“'-—-:—':: Siliceous sinter
Lithic tufbt
[ 100m
Dacite

Ordovician slate

Mona Complex

M R

Figure 8 General stratigraphic sequence at Parys Mountain
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ILvidence from diamond drill cores indicates that variations
in composition, as well as lateral variations in thickness, are
common in all the volcanic rock types. 4 simvplified stratigraphic
table for the area showing the overall sequence, and the contact
relationships between the volcanic rocks and the Ordovician and
Silurien metasedimentary rocks is shown in Figure 8. This shows
the two main parts of the voclcanic succession are separated by and

occur within tiie Ordovician sediments.

3+7e2 Dacitic Rocks

The dacitic rocks are divided into four groups (Dacites 4
B, C, and D) on the basis of their age. The groups are minerelo-
gically sinilar and eﬁhibit two main textural types:~ porphyritic
and apnanitic. Because of this the petrogravhic descriptions are
grouped as one although an introduction to each of the grouvs is
given,

Dacite .. 1s the oldest and occurs interbedded within the
Urdovician slates (Fig.J3). The porphyritic-type is predomirant and
comprises some 30 percent of these rocks. The aphanitic-t
dominant in Dacite 3 where it occurs as thin interlayers in the
Ordovician slate secuence. The rocks of Dacite C form a disconti-
nuous layer between the siliceous sinter and the rhyolitic rocks
(Fig.3). In this group the apharnitic-type is predominant and the
porvhyritic-type is very uncommon. The rocks comprising Dacite D
occur Jocally at the too of the volcanic succession. The aphanitic-
type is dominant (over 90 percent) in this group, although some

thin layers of the vorvayritic-type are vresent.



N
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The porphyritic-type dacite varies in colour fron light to
dark green, with some tinges of grey, on fresh surfaces. Weathered
surfaces arec most commonly yellowish or brownish grey. The pheno-
crysts are dominantly of cquartz and plapgicclase feldspar. In sone
specimens phenocrysts either of clinopyroxene or hornblende are
present. Uhe phenocrysts vary in size from less than lum up to lenm
anc may form up to 50 percent of the rock (Plates 14 and 1B). Over-
all approximately 60 percent of the vhenocrysts are of quartz and
betveen 25 and 30 percent are of plagioclase feldspar. Pyroxenes
and hornblendes are coually abundant and comprise the rest of the
phenocrysts, although both are not necessarily present togetner.

The phenocrysts of plagioclase feldspar are commonly well

formed althouzh some, particularly the larger oncs, are Ccomrmonly

7

ed and are replaced by cuartz, sericite, and chlerite (Flates

[N

corro
1C and 1D). In some svecinens where replacement is incomnlete,

complex twinring can be distinguished (Plates 13, 12, and 17).

'.J.
[

Compositional determination on ccmbined Carlsbad-.lbite twins

tiie plagioclase phenocrysts show them to be of calcic andesine

(Anq, to An, ).
O U

suartz piienocrysts are cowmmonly round, have granoonayric rims

(Plates 1C, 1D, and 13), and somc zave corroded boundaries (Plate

1¥). It should be noted that sone quarts phenocrysts are nmultigra-

nular aggregates with subround boundaries. It has been sungested

that such nultigranular cuartoes nay be xcrnocrysts (Moorhouse, 1959;

Steiner, 1963).

1

i s D3 ey v A N RN . - -
The groundmass is very fine grained (less than 0.1mm) and

9]

} y Ty o Tog £ Aesnm 1 . NI 3
consists of a mosaic of cuartn, »nlagioclase feldspar, and the seri























































































































































































































































































































































































































































































FIGURE 108
Harker diagrams ifor metamorphic and volcanic rocks of

Parys louuntain
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calc~alkaline volcanisnm (Iii

to the foct that the rate

zone 1is controlled by the rote

BN

plate ould accelerote the rate

)
L

PN
.{ull

they reach o surface wvith livt

produced ebove & plate descent

1

TLLON ; to bhe

Processes

o.'f‘

tle

REERE

5 above the Denioff

5

£ corvergence. i ranidly descending

hence

or 1o wagnas

= more slowly have more tinme for

developed, and the resultant

ma;mas become enricined dn silica and are relatively depleted in

iron (Mg, Al, and Fe show a depleted trend against 51 for the volcanic
rocks of rarws llountain - Jigs. 16D, =, and F). “he rapid uprise

of morma in arcas of rewid plate convergence wmay result Iron nigh
temperatures vroduced by frictionzl heating along the Senioff zore
(Cxbursa and Yurcotte, 1970). If the magmas of Parys Hountairn

Ffornad as ouilined =sbove, then ithis part of the island arc systen
nust have boon an arca waere the rate ol nlate consumption

. low oxyoon nressure generally resulis in
& hipsh oomren nreasure would activate
fractiornztion »rocosses thus producing a :line trend. This
ernleration recuires tho prescuce of a noarcntal basaltic
nd tiin oxroan nressure differonces in thie ared.
c) uingwood (1974) »ronosed that in the carly vhasc of
volcanic evolubtion, i whica the Tocation of the volcnnoes with




respect to the Denioff zone is shallow (30 to 100um), a tholeiitic
phase is produced. In the later phascs, nagna 1s produced at
.preater denths (100 to 150kn), giving rise to the calc-ullaline
type. This model involves differentiation of magna plus partial
melting under different conditions of water pressures (Rirngwood,
1074) .

Of the three nodels described above a) and c) are more
applicable. llocel b) recuires the presence of z parental basaltic
me. gria which‘iL this case is not likely since evidence for the
presecnce of such magnma is not found (sece Chanter 7 on petrogenesis).

However model b) can be fitted to both models a, and ¢) in that the
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conversence hence the rate of the uprising magna, and nodel b) is
concerned with +the commencing voint of the megna (shallow or deep)

nlate. .. more suitable exvlanation Ior

5

the British Caledonice




Gt race 'lcment>Cnomistry.
Some %50 rock specinmens were analysca for Cu, b, “n,
Co, Ca, Cr, Ig, Da, and Sr using A.A.2., and 61 of ¢
were also analysed by M.R.I'. for Rb and . A descriviion oi npecimen
locotions and techrnigues used is given in Appendices
The analytical results are tabulated in Appendix b.
The trace elcment study wves done to discover 1f any enomslous

concentration ( dispersion haloes ) are present around the

mireralized zones. The distribution of thesc elements and their

=]

intercorrclation, both among themselves and with some major
elements (Si, Al, and Fe), were investigatecd in order to discover

if they srow Iisuersion nattern characieristics.

Srincivnsl Comvorent analysis anc

b S ~ PP S . o ¥ PR

data were searated into tuo sets:i- one consisting of 20T sanples
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Table 5a Correlation iatrix of 289 Samples.

A1l Ba €4 Co Cr Cu Fe Hg H®i Pb Si Sr 7n
A1 1.00 48 -.23%3 =.33 .29 -.33 .09 -.05 .10 -.27 =.57 .13 -.27
Ba 48 1.00 -.12 -.17 Ok -.21 -.19 .38 -.05 -.15 -.09 -.01 -.15
cd -.23 -.12 1.00 .07 .08 .32 .00 -.01 -.03 .84 -.13 .03 .96
Co -.3% -.17 .07 1.00 .03 .20 .11 .06 .5k .08 .08 -.08 .07
cr .29 JO4 .08 .03 1.00 -.02 .30 -.06 .24k .03 -.kO .13 -.07
Cu -.38 -.21 .32 .20 -.02 1.00 .34 .01 -.02 .33 -.12 .03 .35°
Fe .09 -.19 .00 .11 .30 .34 1.00 -.09 .1k .02 -.67 .13 .02
lig ~.05 .33 -.01 .06 -.06 .01 -.09 1.00 .02 .01 .08 -.03 -.01
Ni .10 -.05 -.03 .54 .2k -,02 .14 .02 1.00 -.0k -.19 .06 -.Ok
Pb -.27 -.15 .84 .08 .03 .36 .02 .01 -.0k 1.00 -.01 .CO .90

Si -.57 -.09 -.13 .02 -.kO -.

Y
A8
!
L]
N
~J
L]
(@]
o

)3 "'.19 -001 1.00 "028 ".12
Sr .13 -.01 .03 <.C3 .13 .03 .13 -.03 .06 .00 -.25 1.00 .03

Zn ""027 ‘_.15 196 107 —007 ‘35 002 "001 _..OLi. .CO _'12 003 1.00
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Table 5b Correlation lMatrix of 61 Samples

si Ti Al Fe Fn Mg Ca. Na. K P S
si  1.00 -6 =51 =.69 =-.70 -.62 =-.43 -.26 -.11 .13 .16
P -.61 1,00 .28 .43 .58 .11 63 W43 .05 -.06 -.20
41 -.51 .28 1.00 -.20 .02 =-.1% 11 .5 W77 -.05 0 -.25
Fe -.69 .43 —.20 1.00 .76 .79 .25 .06 =-.52 =-.10" -.06
Mn  -.70 .58 .02 .76 1.00 .51 .58 .31 -.26 =-.08 -.12
Mg -.62 .11 ~.1k .79 .51 1.00 .06 -.08 -.4b9 -,12 =-.15
ca -.48 .63 .11 .25 .58 .06 1.00 .51 .07 =-.05 .06
e ~.26  J43 .15 .06 .31 ~.08 .31 1.00 =-.07 =.02 =-.13
K -.11 .05 .77 =.53 =.26 =-.49 .07 -.07 1.00 =-.02 =-.0>3
p .13 -.06 =-.05 =-.10 -.08 -.12 =-.05 =-.02 =-.02 1.00 -.0% -
S 16 —.20 =.23 =.06 =.12 =.15 .06 -.13 =.03 =.09 1.00

Ba -OO 006 035 “‘-38 —-18 -.21"" '08 020 .L|r6 .08 —011

Rb | .06 =.05 .70 =.64k -.39 -.,54 .05 -.06 .33 .00 -.03
Cu -.2% .k7 .10 .24 .38 .08 -.03 -.08 .05 -.03 -.05
Zn -.15 =.06 .07 .10 .01 .25 -.11 -.1% .01 -.10  .Ck
Pb .2L  ~.01 =16 =.13 =.12 -.14 -.07 -.07 -.10 =.02 -.03
NP -.64 .82 .33 .43 .60 .2k .46 .35 .05 -.06 -.13
Co =-.05 .21 02 .01 .05 =-.0%3 .11 .12 =-.05 -.06 .07
Cd -.17 .11 .19 .05 =.03 16 -.11 -.03 .00 =-.08 -.06
Cr =.33 .57 .13 ¢ 31 o 41 .16 02 .01 .01 -.02 -.09

hg 008 ".13 “'020 -012 001 -005 030 006 011"' -.OLF 044




Table 5b continued

Si
Ti
41
Fe
Fn
Mg
Ca

Ha

Sr
Rb
Cu
Zn
Fb
Ni
Co
Cd

Cr

Hg

—.1h
<17
.08
.16
.11

«37

Sr
~.20
.26
-.03
.01
39
-.0k
.73
.53
.11
-.05
<1k
.32
1.00
-.03%
-.06
-. 14
-.05

.21

Rb
06
-.05
.70
-.6h
-39
-.5h
-.05
-.06
.33
.00
-.03

.3h

.00

-e13

"“QOL{‘

Cu
~.23
L7
.10
2k
e 30

.08

-.06
~-.07
1.00
.03
-.0k4
48
kb
11
.92

-.05

154

Zn
-.15
-.06

.07
.10
.01
25
-.11
-1l
.01
-.10
Ok
-.01

—o1k

17

-.12
-1k
-.07
-.07

-.10

- O

13
1.00

-.12

017

-.05

.06

2k

46

«35

.02
-.12
1.00

.17

o3k

.60

“'010

.01
«05

-.03

.12
-.05
-.06

.07

.03

.05

.0k

b

+07
-.17

«17
1.00

.1k

.18

.01

cd Cr
-7 =33
A1 .57
19 .13
.05 .31
-.03 L1
16 .16
-.11 .02
-.03 .01
.00 .01
-.08 -.02
-.06 =-.09
A6 L
-.09 -.03
.00 -.13
A1 .92
A7 .07
-.07 =.05
3k .60
A4 18
1.00 .17
.17 1.00
-.02 =~.05

.08
-.13

-020

-.10

«01
-.02
-.05

1.00
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134 and B). Other statistical analytical data including total
variance for priincipal component aralysis, matrix of principal
component analysis with list of components,matrix of factor
loadings with list of factors, natrix of principal component
co-ordinates for boreholes Ch, M10, IMS, 174, IN6, H1k4, H16,

and matrix of factor scores for the above boreholes, are also

presented in Appendix E (Tables 14 to 26).

Discussion of Results.

Intercorrelation of the trace elements is based on data
from Table S5A (for 289 samples) because of its greater reliability.
However correlation with major elementé also used data in Table 53

(for 61 samples).

Ba, Sr, and b are positively correlated. These also show
a positive correlation with Al and K, and a negative correlation
with Fe, Mg, and Mn. This is interpreted to show that they are
associnted with K and Al in feldspars, particularly in the nore
felsic volcanic rocks of the area (Rankama and Sahama, 1950;
Hawkes and i/ebb, 1962; Krauskopf, 1957).

The positive correlation between Ba and kg (Table 54)
probably is indicative of remcbilization (Rankama and Sahama,
1550), or an association with Pb-Zn sulphide mineralization
(Hawkes and ‘'ebb, 1662). Both interpretations are applicable at
Parys Mountain in that Ba and g vere primarily associated with
Pb~.n sulphide mineralization of the area, and,being highly mobile
elements (Rankama and Sahena, 1950; ilawkes and Yebb, 1962), were

remobilized by later tectouic deformations.
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Cu, Pb, and Zn are positively correlated with each other and
with Cd. This is interpreted to indicate that they are associated
with the mineralization of the area, though none of them show a
positive correlation with S. This probably 1s because S5 was
determined in only 61 samples, none of which contain ore minerals.

The positive correlation between Cu and Fe probably reflects
the presence of i'e in chalcopyrite, whereas the correlation between
Pb and Si (Table 53) may be related to some later Pb-mineralization

during silicification.

Positive correlation of Co with Iii may indicate an
association with the more basic members of the volcanic sequence
of the area, or association with the main sulphide mineralization
episocde. issociation with mineralization is likely to be the more
significant since only Iii shows a positive correlation with Ui,
lin, Cr, and Fe (Table 58). These clements are associated with
ferro-nasnesian minerals and as the volcanic rocks are quartz-

feldspar-ricii such a correlation is unlikely.

Cr is %the least abuncdant of tie trace elements @etermined,
ar.d its correlation with Fe, A1, and i (Table 5A) is thought to
be due to the sedinentary cycle {Fawkes and “ebb, 1962). Cr probably
is present in cdetrital sediments, derived from olcder basic rocks,
devosited as part of the Crdovician secuence. Its strong correlation

with Cu (Table 55) is either fortuitous or due to their association

in the mincralized sedimentary rocxs.
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+

g shows positive correlation vith Ba (Table S5A), and with
sr, 3, and Ca (Table 5B). This probably reflects the remobilization
of the Hg, in solutions containing sulphatc anions (Rankanas and

Yahama, 1950) associated with later carbonatizeation of the rocks.

Principal Component ifnalysis.

The main purpose of this analysis is to determine the linear
combinations of variables with large variance, and to consider only
the linear combinations (component) of variables tiat show large
velues of variations. This is done by considering the eigenvalue
or variaice of each principal component. This value is given in

Table 14, which illustrates total varizuce for the data set of 289
samples, and it indicates that of the 13 components the first 5
show larger variances and account for 75.%5 percent of the total
variance. 3ecause of'this only these 5 components are considered.

The matrix of the 5 components, together with lists of each

coriponent, is given in Table 15.

~q

Comporent Lo. 1 (4n, b, <d, Cu)

~

This component is associated with mineralization since the
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sulvyhicde ores. HIigh Zn, Pb,
the negative component co-ordinates
(Table 15), leud to ndgative values. Plots of therco—ordinates of
this comvonent (values given in UYables 20 and 25, along boreholes
Clh, 1170, and 117, (Fizs. 194, B, and C) show that the Ligh values
corresponc to the mincralized zones in C

beyond tie minerclirved zone {(in the siliceous cinter layers) in ii10.

me hicher values occur in the siliceous sinter layers of C
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¥10. This commonent is thus closcly associated with the siliceous

b

sinter and may reflect the mineralization formed with this rock
type. Similar distributions, but with relatively lower values,
occur in materials from the other boreholes. These were not plotted

but the values are given in Table 25.

Component No. 2 (Fe, Cr, &1 vs Si)
This component illustrates the distribution of Fe, Cr, and

Al against that of Si. Iigh positive values corresponc to nigh Te,

j O]

.

Al levels, vhereas high negative values correspond to nigh

ny
o
—
bt

Cr,

i levels. Uhic component is considered to be lithologically

b

controlled (i.o. Fe, Cr, Al reflect the more basic rocks and Si

reflects the acidic ones) and the values can be read from 'iables

20 and 25.

Component Ho. 3 {Ba, Al vs Co, i)

This component is thougit to reflect the crystallization
behaviour of the volcanic rocks. It nrobably reflects the
relationshin between felsic minerals (feldspar or other alumino-
silicates) containing Ba and Al, and mafic minerals which have Co
and i in their crvystal structures. Positive values corresnond to
high levels of Da and Al, and nesative values correspond to high
levels of Co snd Mi. This commonent was not plotted as it has no

relationship to mineralismation, however it does distinguish acidic

Trom nore basic rocks.

Component io. 4 (Hg, Ni, Ba, Co)

T™is component probably reflects the effects of tectonic
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deformation on the rocks and the ore mineralization.

either the prescnce of later hydrothermal proces

remobilization of these elements. The

believed to be more likely since all f

nobile (llawkes and Webb, 1862). High p

high levels of Ra, and Co. Plo
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borehole CI high values are generally
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given in Table 16. Of the seven factors listed only three (factors
1 - %n, Cd, Pb, Cu; 3 -~ Ba, AL vs e, Cu, Co; and 5 - Hg, Ba, Cu)
are related to mineralization. actor 7 (Pb) may be an ore factor
but the varisnce of this factor is too small (i.e. 0.001) to be
significant.

Plots of the three factors (1, 3, and 5) along boreholes Ch,
M10, IM9, and #17A are illustrated in ¥igs.20, 21, 22, and 25
respectively. These plots were used because most samples were taken
from these borecholes and the factor scores in these boreholes
(febles 21, 22, 23, and 24) show good variations. Values for other

samples are listed in Table 256 (Avppendix ).

Factor 1 (%n, Cd, Pob, Cu)

High Zn, Cd, Pb, and Cu levels, through the negative factor
loadings of these elements (Table 16}, lead to negative scores.
The 2ihest negative scores =zre found in the mineralized zone of

boreiole Ch (#ie.20) and in the siliceocus sinter layers of borehole

210 (Fig.21). The factor shows lower values ir

s
o+
b
(]
=]
'—l
3
(0]
=
A8
.._l
i
]
[0
[o%)
'3
o
a1
i

of boreholes IMC and H174 (Fizs.22 and 23, rela
from Clt arnd 10. The host rocks of IM9 and H17A are rhyolites, and
this factor is intervreted to be a mineralization factor

particularly related to the siliceous sinter type lithology and

depositioral environment.

Factor % (Ba, Al vs e, Cu, Co)
This is also a mineralization factor for which high negative
scores correspond to hish levels of e, Ju, and Co, and low levels

~

of 'a and Al. It has high values in the mineralized zone of borehole
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ch (rig.20), and in the siliceous sinter layers of borehole 110
(Fig.Zﬂ). It is much higher than factor 1 in the mineralized zone

of borehole H174, but in borehole IM9 it is similar to factor 1.
This is believed to be indicative of a different mineralization

from that defined by factor 1. It is probabvly related to deposition
of pyrite and chalcopyrite in the Pyritic and Copper ore types
(Chapter 5), while factor 1 corresponds to the intimete associlation
of sphalerite, galena, and chalcopyrite in the Bluestonc cre type.
This factor is not thought to be lithologically controlled, although
higher scores are fouud in the rhyolitic rocks. Soue high values
extend outside the nineralized zone into the Ordovician slate contact

with rhyolite in borehole Chk (Fiz.20).

Factor 5 (Hg, Ba, Cu)

This is mainly a iig factor, but Ba and, to a lesser extent,
Cu are essociated. iligh negative scores correspond to higher levels
of Hg, fa, and Cu. This factor does not show significantly hizh
scores in any borehole except the top part of borehole Mg, 1t is
believed to indicate similar effects as component 4, i.e.
remobilization effects due to later tectonic deformation. Iowever
the moderately high values found in the siliceous sinter layers of
boreholes Cl and 310 (Fizs. 20 and 21), may be indicative of a

primary association between these elements and this rock tyoe.

The results of Princinal Component Analysis ard Factor

~

Analysis of the data set of 61 samples (Tables 17, 18, and 19 -

/

Appendix ) show variations which are related mainly to the najor

oL

elements, probably because major elements have larger variance.
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These are considered to be solely lithological factors. Trace

element variance in this data set shows similar association as

that in the other set hence is not discussed.

Discussion of the Statistical inalyses.

The factors from the multi-element data set can be divided
into two groups:~ @) lithologically related factors and b)
mineralization related factors. The aim of the statistical analysis
vas to correlate trace element analyses with the mineralization
factors. This has a limitation due to the magnitude of the.
eigenvalue (the percentage of total variance accounted for by each
factor) consequently the number of factors considered to be
significant is limited to a small number. These are those factors
related to Zrn, Pb, Cd, Cu, kg, Ba, Ni, Co, Fe, and Al (components
1, &, and 5 ; and fabtors 1, 3, and 5). Plots of these factors
along the four boreholes Ci, 110, IM9, and H174 (Figs. 19, 20, 21,
22, and 23) allow the interpretation that there were two major
evisodes of mincralization, both of which were probably associated
with volcanism. This is indicated by the two mineralization factors
(1 and 3) commonly essociated with volcanic horizons, particularly
the siliceous sinter. In some instances the two factors show higher
scores in the siliceous sinter (TFig. 21) than in the mineralized
zone (rigz.20).

Dispersion haloes around the mineralized zones, containing

anonalous concentrations of various trace elements, are not readily

definable since the main coincentrations are confined to the

mineralizecd zmones, except in borehole M10 where anomalous concentrations
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‘were found outside the minecralized zone (Fig.21).

Two general conclusions can be nade: -

(1) Elements related to mineralization are closely
associated with the volcanic rocks and are particularly prominent
within the siliceous sinter. This suggests a common origin between
the mineralization and the siliceous sinter.

(2) The effects of later tectonic deformation of the area,
caused remobilization of some highly mobile elements (e.g. Hg, Ba,
i and Co), which also have a primary relationship with the

principal ore metal elements.

6.5 The Study of 'Jall Rock Alteration.

Wheatley (1971a) reported silicification and potassic
metasomatisn with the development of sericite in wall rock
alteration associated with sulphide mineralization at Parys lountain.
The petrogranhic study indicated that alteration is presen
particularly silicification and carbonatization, and the development
of sericite and chlorite.

In the present study 215 rocl specimens vere analysed, usihg
an X-ray powder diffraction techriaue, in an attempt to discover
if there is a zonal arrangement of the various alterations associated
with mineralization in the area. This was done because alteration
zones cre comuonly found associated with some types of sulpnide
mincralization (lMleyer and Hemley, 1567) .

This primary study indic
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te ation 15 present but no
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4

specific alteration zoning effeccts were defined. The alteration
G

appears to reflect the nineralogy of the primary rocks, e.g. chlorite

is commonly found in the more basic membervs or the sedimentary rocks.

“
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CHAPTER 7

PETRCGLITES IS

7.1 General Statement.

Any interpretation of the genesis of the volcanic rocks of
pParys liountain rnust teke into account their close associlation with
the underlying Ordovician sediments, their vertical lithological

variations, and variations in their lateral thickness. These are
’ .

shown in the eseneral stratigraphic sequence as illustrated by 7ie.8.
o & i J

<

N

In the lower wart of the sequence the Crdovicien slates and the

1

lowermost volcanic (dacitic) rocks are interlayered. This is followed
by & thick (700m) sequence of Ordovician slates which are overlain

[X

by the main volcanic {(rhyolitic} seguence.

“he occurrernce and interpretatiors of similar Lover Falaeozoic

volcanic rocks in the other parts of tne ISritisia

C:

aledonicdes must

el

O]

o be talien into account in intervreting the petrogenesis of tae
volcanic rocks at rarys nountain. These other occurrences form
major rocik units in three areas:- the Lake District, .orta iales,
and south-east Ireland. Those of the Lake District are the
Borrowdale Volcunic Series (Green, 1S$1¢; liitchell, 10633 Cliver,

1954 ; Fitton and Husghes, 16703 Soper, 1970; Vheatley, 1971b); in

ortn Vales the 3Snowdonian Volcanic series are most important

0D

(Rast, Deavon, and Fitch, 1 58; Leavon, ritch, and Rast, 16613
Lromley, 1965; Fitch, 1967; Brenchley, 1969; Rast, 1969); and in

south-east Ireland the Upper Volcanic Jeries arc the main

Palacozoic volcanic rocks (Charlesworth, 14063; Uilliams, 196

O

Vheatley, 1:971b).
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7.2 The Crdovician Slates.

The Crdovician sediments at Parys lMountain have a close
reletionship with the volcanic rocks, and their origin and
depositional environment is important to the interpretation of
the volcanic rocks.

Despite the strong alteration and deformation of these rocks
they still retain characteristics indicating a marine devositional
environment (Brenchley, 1969; Rast, 1569; Vheatley, 19710) i.e.
very fine grain-size, and pelagic nature indicated by the occurrence

of Didymograptus bifidus.

q a

The existence of an Ordovician depositional basin in inglesey
requires the presence of an Irish Sea Landmass to explain the

rovenance of the Ordovician sediments.
p

7.2.17 The Ordovician Depositional Basin in inglesey.

It is generally accepted thatv the Irish Sea Landmass (Jones,
1933) was present in Ordovician times as shown by the overstep of
the Arenig and the basal Caradoc onto the Precambrian rocks in
Ainglesey (Brenchley, 196%). This belt of active u»nlift, extending
from nglesey to the extreme souti-east correr of Ireland, is thought
to be fault bounded (Bates, 19¢9; Brenchley, 1959).

The scarcity of Cambrian rocks in Anvlesey has led to the
idea that the Irish Sea Landmass began its emergence in thais period.
“he presence of sowme early Canmbrian (Arvonian) rocks indicates that,
during that period, at least some parts of .inglesey were still

submerged. These Arvonian rocks comprise a sequence of tuffaceous

and agslomeratic sediments of the Baron iiill Group, the Bwlch
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vayn Felsite, and & conglomeratic horizon near the village of
Trefdraeth (Greenly, 1919; Vood, 1969). Wood (1969) interpreted
he Dwlch CGwyn Felsite as consisting of ignimbrites, anc Fitch
(1967) suggested that they were devosited subaerially. The nature
of the rocks of the Baron Hill Group anc the conglomnerate also
indicates a subaerial, shallow-water, depositional environment.
The above evidence, together with the absence of otner rocks of
Cambrian age in inglesey, allows the conclusion that Anglesey, as
part of the Irish Sea Landmass, began to emerge at this tinme.

I . “ .

Following the arvonian deposition and volcanism the area continued

-
N
o

to emerge, e volcanic activity died out, and no further Cambrian
rocks vere devposited. The whole area was then probably a source of
sediments for the late-Cambrain horizons in the 'elsh Zasin to the
soutl.

‘nclesey vere subnerged in the early Crdovician
(Arenig) when the shallow-water Zasal Grit was deposited (Bates,
19843 Jilliams, 196S). Volcanism recccurred during irenig-Llanvira
‘Jales, c.5. the oelwyns; lioel

+

Llyfnant; tne .rans and the Cader Idris range on the soutlern

leyn Zeninsula

g

flank of Harlech Donej; and .ynydd Rhiw in tae
(Miitchell, 1937; Dast, 1959). 3inmultaneous volcanic activity
occurred in ‘nglesevy and produced cifferential uplift there.
iowever as the Velsh Jasin overall was subsiding, the submarine
environnent for tie accumulation of the Crdovician sediments at
Parys !lountain was produced. This volcanism continued during most
of Llanvirn and Llandeilo times, and explains the occurrence of

the dacitic rocks and lithic tuffs, interlayered witih the sediments,
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at the base of the Parys ilountain seqguence.

The Anglesey area overall began to émerge again at the end
of Llandeilo time and the major part vnrobably remained as an area
of uplift until the end of the Ordovician. The intense volcanic
activity which produced the Caradocian rhnyolitic rocks at Parys
}Mountain is believed to have been associated with this emergence.

Table 6 summarizes the events in the Anglesey area from
Precambrian to early Silurian times, and includes an interpretation
of the probable depositional environments relateda to the status of
the Irish 3ea Landmass.

It is coancluded thaet the Irish Sea Landmass began to energe
in the early Cambrian and existed as a landmass througi most of
the Ordovician period, during wiich time several episodes of
alternate differential subsidence and uplift occurred. Volcanisn

4o

is believed to account for most of this instability.

i

7.2.2 Source of the Crdovician 3edinents.

~

During the Crdovician the Zritish part of tne Caledonian

Geosyncline received considerable sunplies of sediment from areas
to the north-west and south-east (Williams, 13969). Some of the
rnudstone and shale conmnonents in the Welsh Basin were thought to
have been derived from the Sorrowdale Volcanic IJeries of the Lake
Sistrict (Brenchley, 1989). The products of the extensive
Crdovician volcanism in the VWelsh Basin probably contridbuted an
enorrious supply of sediment, although these rocis were localized

in extent and formed relatively tewporary landmasses (Brenchley,

19595 villiams, 1959). In an unstable area, like Anglesey in the



Table & Inferred depositional events in inglesey from Precambrian
to early Silurian, with probable dewnositional environments

related to the status of the Irish lea Landnsss

Age Representative stratigrapnic Dnvironnent Status of the
horizons in Anglesey Irish Sea
Lancmass
Silurian  Silurian slates at Parys liarine Submerged

lMountain (Greenly, 1919;

Bates, 1964)

Ordovician*

Bala ilone Erosional Emerged
Ashgill None Erosional Emerged
Caradoc Rhyolites at Parys lountain  Subaerial Imerging
Llandeilo Ordovician slates at Parys Marine Submerged

}lountain (Greenly, 1919;
Bates, 1964)

Dacites and lithic tuffs at

Llenvirn Parys iiountain MHarine Submerging
Arenig The Basal Crit (Bates, 196L; Subaerial Submerging

Jilliams, 1269)

Tremadoc None Zrosional Emerged
Cambrian

Upper None Erosional Zmerged
Lower Conglomerate, Daron Hill Subaerial Zuerging

Group, Bwlch Guwyn Felsite
(Greenly, 1919; Wood, 1969

Precambrian The liona Comvlex - -

(Creenly, 1619)

* The subdivision of Ordovician is after Skevington (1669).
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Ordovician, extraneous sources are not thought likely to play an
important role in supplying the sediments.

Jones (in Rast, 1969) estimated that the average rate of
deposition in the Ordovician was C.2m per 5000 years, although
Boswell (in Rast, 1969) suzgested that a rate of 0.3m per 6000
years is a more representative figure. At these rates approximately
12x106 years would be necessary to accumulate the 6001 of the
Crdovician slates at Parys liountain. Sedimentation rates such as
these are really only applicable in a basin of continuous deposition
like the Velsh Basin. In a tectonically unstable area like fnglesey
deposition of materials from a source outside the area would take
even longer. [lowever the CUrdovician slates at Parys liountain were
deposited mainly durirg Llanvirn time (approximately 9x106 years)
thus a more rapid rate of deposition must have operated. It is
vrobable that a local source of sediment such as the volcanic
materials eruoted during the Arerig and Llanvirn, in the .nglesey
arec, were the main sources. This interpretation would account for
the absence of volcanic norizons in the Arenig and Llanvirn of
Anglezey comnared with the large volumes of volcanics present in

other parts of liorth VWales.

7.% The Volcanic Rocks.
7.%.7 DPrevious Interdprectations.

“he pretogenesis of the volcanic rocks of Farys Hountain
has been interpreted in different ways by various previous workers.
the nnjor factor that a

poears to have resulted in the different

intervretations is the intensive rock alteration, which has removed
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most of the primary volcanic characteristics from the rocks in the
field.

Greenly (1919), who proposed the name felsite for these rocks,
concluded that they constituted of an intrusive soda-felsite sill,
but Hanning (1959) suggested that they were emplaced as dyke rather
than sill. The extrusive character of some of the rocks was
recognized by Derry (1961), but he concluded that they were mainly
intrusive. Dates (1964) was the first to interpret the felsite as
being almost wholly extrusive, and based his conclusions on:- a)
the absence of contact metamorphic effects in the underlying slates,
and b) the agzslomeratic nature of the felsite with its included
slate fragments. Since then information from diamond drill holes
in the area has revealed more evidence for an extrusive origin.
Hawkins (1666), Wolfenden (1967), and Yheatley (19712,b) concluded
that they consist of grouvns of igneous rocks comprising rhyolitic
laves, tuffs, and intercalated sediments. This conclusion is borne
out by the petrosraphic evidence gained in this study. This evidence

is discussed in the next section.

7.3.2 Zvidence used in the Petrogenetic Interpretation.

& description of the characteristics of the volcanic rocks
of Parys iiountain, including outcrop pattérns, stratigraphic
relation with associated rock tynes, and their general appearance
both in nand specimen and thin section, were previously given
(Chapter 3). The features which indicate an extrusive origin, are
listed below:

(1) The presecnce of flow textures which appear as colour

- A

bands in dacite (Plate 3A) and rhyolite (Plate vC), strives of
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‘glassy and lithic characters (Plates 27", 6D, 9B, D, and E), end
lines of spherulites (Plates 2iI, and 8B) in dacites and rhyolites.
(2) Spherulitic and perlitic textures resulting fron
devitrification of glassy rocks (Plates 6B, E, F, 7, 8, 98, and

10F) .

(3) Pyroclastic textures, with the presence of quartz and
feldspar crystal fragments, and some few lithic fragments, set in
a very fine grained matrix, of rhyolitic rocks (Plates 6A, C, D,
9D, and I).

(4) The mixed pyroclastic and flow-like textures in the
rhyolitic tuff-lava (Plates ¢C, D, E, F, 10A, B, C, and D).

(5) Lithic fragments of various sizes, shapes, and lithologies,
embedded in a very fine grained matrix, of lithic tuffs (Plates
ba, B, C, D, E, and T).

(6) The presence of glassy groundmass and amygdales in the
dacitic rocks (Plates 1C, 24, 3, C, £, 3D, I, and F).

The above evidence is indicative of an extrusive origin for
the igneous rocks at Parys Mountain. Explosive volcanism produced
the pyroclastic-tyve rocks and relatively quiet activity oroduced
the flow types. Transitional, or contemporaneous, activity between
the two types of volcanism probably gave rise to the tuff-lava
types.

Interlayering between the volcanic rocks and the Ordovician
sediments is clearly seen in the bore hole cores and indicates
contemnporancous deposition of the two rock types. This contemporaneity
occurrcd during the first eoisode of volcanism (dacitic rocks and

lithic tuffs), and at the ernd of the Ordovician sedinentation
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(beginning of the rhyolitic phase).

The genesis of the siliceous sinter vas previously thought
to be through hydrothermal agencies operating during the Caledonian
(post-Silurian), or Variscan (late Devonian to Permian) orogenies
(Greenly, 1919; Manning, 1959; Bates, 196Lk; Fitch et al., 1959).
It was generally believed, by these previous workers, that this
rock type formed as a series of large cuartz veins. This hydrothermzl
activity was also thought to be responsible for the mineralization
at Parys Mountain. Petrographic evidence, gained in this study,
indicates that the siliceous sinter was more likely a product of
fumarolic activity or volcanic emanations. Colloform layering and
the occurrence of well-formed quartz crystals aligned along walls
of cavities (Plates 54, B, C, and D), indicate deposition fron
solutions at low temperatures (up to 100°C) in near surface, or
surface, environments, rather than formation as hydrothermal quartz
veins. Interpretation of this rock as the product of hydrothernal
solutions at depth would recuire tne presence of a large intrusive
body in tae Parys iountain area. This would be needed to provide
the hydrothnermal fluidé for guartz veins of this size, assuning
that hydrothernal activity is the result of late stage magnatism.
Cn the other hand, if hydrothermal fluid is considered simply as
thermal vater ascending Iirom some deeper sones within the earth,
regardless of its source, it is reasonable to expect that such
vater would nenetrate wealier zones in the rocks. In the rarys
lountain area, preferred sites would be the unconformable contact

between the rayolitic rocks and tihe Silurian slates, and the faulted
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.contacts between the Precambrian liona. Complex and the Ordovician
slates.

No evidence for an intrusive ignecous body is present in the
Parys llountain area, and this quartz rock occurs at the most
unlikely site, the gradational, interlayered contact between the
Ordovician slates and the rayolitic rocks. Furthermore, the outcrop
pattern of this rock (Figs. 3 and 9) indicates that it was folded
during the Caledonian orogeny (see Chapter 4) hence was formed
prior to this tectonism. The main mineralization episode in the
area, waich is intimately associated with this rock tyre, was
volcanogenic (see Chavter 0). Because of this the siliceous sinter
is interpreted as a silica deposit formed by fumarolic processes
or volcanic emanations in late Crdovician, prior to the rhyolitic
phase of volcanisn.

The abundance of arenaceous beds at the base and the top of
the sedimentary sequence (Hawkins, 1$65), indicates that although
the nain environment of cdeposition was submarine, shallow-water or
subserial environnents existed during the periods of volcanisn.

The Crdovician sedimentary and volcanic rocks on the southern
limb of the major syrcline (Fig.3) may be thinned by overthrusting
of the Precambrian hona Complex. This may, 1in vart, account for
the scarcity of dacites in the southern part of the area.
Ilevertheless, as was previously stated, all the volcanic rock units
at Parys liountain thin toward the south. This thinning is believed
to indicate that the sources of the volcanics lie to the north of

the »nresent area.
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7.%.% Crigin of Magma and Regional Tectonics.

Evidence from the bulk cheniicel study of the volcanic rocks
of Parys iiountain indicates that they are parts of the calc-alkaline
volcanic series, and vary in composition from andesite through
dacite to rhyolite (Chapter 6). The intermediate and acidic types
of the calc-azlkaline series are the most abundant igneous rocks in
the orogenic belts (Green and Ringwood, 1966), and have a close
genetic relationship with island arc systems (Kuno, 1968; liyashiro,
19745 Ringwood, 197H).

Three petrogenetic models have been commonly applied to
explain the origin of this orogenic volcanic series. These are
outlined below:~

1) Fractional crystallization or differentiation of basaltic
magmas (Bowen, 1¢28; Usborn, 195%; Battey, 1965; Taylor and ¥White,
1565; Kuno, 1¢63).

2) Melting of pre-existing sislic continental rocks or wet
geosynclinal sediments,during orogenies (Turner and Verhoogen, 1950),
or tie contamination of mantle-~derived vasaltic magma with sialic
material (dry lower crust) or recent sediments (aters, 1S55;

er, 1974).

Coats, 1952; Zichelberg
%) iielts or their derivatives, formed from either the upper

. n L . o . s . e

part of the oceanic lithosphere descending along suvduction zones

or from partial melting of mantle directly above such a subduction

zone (Diclinson, 1970; Jakes aud hite, 19723 iiyashiro, 1974;

Ringwood, 1974;.

The first two nodels ere conumonly applied until plate

tectonic theory was widely accepted when the third model became
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increasingly popular.

The major drawbacks of the first two models are that both
require many specific conditions to produce andesite magmas and
the more acidic types. They also commonly fail to explain many
observed features of the natural rocks (Green and Ringwood, 1566).
Fractional crystallization of basaltic magmas reguires the
production of very large volumes of feldspathic and ferromagnesian
crystal residua to account for the large volumes of andesitic magma.

Green and Ringwood (1966) suggested that over 65 percent

H

crystallization of the basaltic magma is needed to produce andesite.
In the natural calc-zlkaline series there is no evidence for the
occurrence of such larse volumes of basaltic magma associated with
the volcanism. Ilormal fractiornal crystallization of basaltic magma
according to Bowen's (1928) model does nct always result in
basalt-andesite-dacite-rnyolite series. Differentiation of basaltic
megma, in the 3kaergaard (Vager and Deer, 1939), oroduced the
series olivine gabbro-gabbro-ferrogabbro-~iron rich granophyre

where extreme iron enrichment occurred because the megma was in a
highly reduced state. Usborn's (195%9) model, which involves silica
enrichment and the removal of iron, requires conditions of high
oxygen or water vapour pressure during fractionation, to produce
early crvstallization of magnetite and ferromagnesian minerals
together with suppression of crystallization of plagioclase.
powever Green and Rirngwood (19566) argued that while the available
evidence is arainst the early formation of magnetite, in calc-
alkaline rocks, early crystallization of plagioclase is commonly

scen.,



The second model also has somc limitations becauvse it is

only applicable where sialic continental material is present

to

allow for a degree of contanination. This faeils to exvlain the

very comnon occurrence of andesites in island arcs develoved on
oceanic crust. The low initial strontium isotope ratios found in
many andesitic rocks (Dickinson, 1970) indicates that contamination
of basaltic magma by assimilation of old crust is unlikely to be

an important petrogenetic process.

Basic volcanic rocks are not present in the Crdovician
sequence at Parys lHountain but variation from andesite through
dacite to rhvolite is present (Fig.14). In other parts of iiorth
Wlales both basic and acidic magmas were available during Ordovician
tines at several volcanic centres, e.g. Snowdon, i renig, and ltoel
Hebog. Titch (19467) showed that a differentiation secuence fronm

pyroxene-andesite to alikkali rhyolite is present in these centres.

[

h)

Ye used the argueneznts of Taylor and Vhite (1966) to suggest that
basaltic mazma was not involved in the genesis of the andesite,
end that the calc-zlkeline magmas of llorth ‘‘ales were nroduced by

pre-existinrg continental crust. However the

Y]

vartisl melting of
process of partial melting as suggested by ritch (1967), and

vroposed by icBirney and leill (1905) Ifor the genesis of rhyolite

rl

[3}]

sma of south-east Guatemala, cannot be applied at Parys Mountain
because, although a metamorphic basement was present in the area,
xenocrvsts, or vartially fused xeroliths, nave not been found. The
v b - v k]
rocess of marma ntamination within the volcanic vile, vrovosed
Process of masma co X y PIOX
by Jichelberser (1974) is not applicable to the rocks at Parys

llountein sirce the volcanic pile there was too small fer such a



process to be effective.

The plate tectonic model for the formation of the andesite-
dacite rhyolite magmas implies a derivation either from partial
melting of the upper part of the crustal lithosphere on a Benioff
zone, or by partial melting of the mantle, under high load pressures
and high water pressures, above such a zone. liagmas formed in this
wvay are believed not to be significantly contaminated during
passage through the crust. lowever a thick continental crust may
hold up the magma and allow it to differentiate to a high degree.
The models proposed by Miyashiro (1972) and Ringwood (1974) (see
discussion of section 6.2) for differentiation of magmas along
deacending lithospheric plate, are applicable to the magma type of
Parys Mountain.

“he plate tectonic model, on which this interpretation is
basec, can be used to explain the magma variation in the British
Caledonides as a whole. The scheme proposed by Fitton and Hughes
(1670), for the early Palaecozoic arc-trench system in this area,
has the iloffat Geosyncline as the oceanic trench, the Znglish Lake
District and the Irish Sea Landmass as the island arc system, and
the Inglish liidlancd Flatform as part of the continental margin
(Fig.2k). The oceanic lithosphere descending along a Jenioff zone
produced tholeiitic magma in the Lake District area, calc-alkalire
magma in the Irish Sea Landmass, part of which is Parys Mountairn,

nd alkaline magma in the lielsh Basin. Parys liountain was situated
on the continental side of the arc thus magmas there would have a
composition close to that of the continental margin type rather

than a typical island arc andesitic nagma. This is believed to
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explain the abundance of rhyolitic rocks particularly the apparently
alkali-rich rhyolites (Fig.15) of the area. Plot of Mgb versus Fe2 2
on a Yoder's (1969) diagram, for the volcanic rocks of Parys
Mountain (Fig.16) shows that their compositional trend lies in the

field of continentesl-margin calc~alkaline series.
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CHAPTER 8
ORE GENESIS

$.1 Introduction

liassive sulphide deposits, associated with both volcanic
and intrusive igneous rocks, were interpreted as being formed
epigenetically by hydrothermal processes. Later work has shown
many of them to have a close genetic relationship with their
associated volcanic rocks. Zxamples of such deposits are those in
New Brunswick ana Quebec, Canada (Suffel, 1965; Anderson, 1969;
Sangster, 1971; Hutchinson, 1073), Jerome district, Arizona
(Anderson and ilash, 1972), Skellefte district, Sweden (Anderson,
1969), and the Iberian Pyrite Belt, Spain and Portugal (Strauss
and Madel, 1973).

Reconsideraticn of tie genetic aspects of these deposits,
and many other massive sulpaide deposits occurring in volcanic
rocks, has been influenced by the volcanogenic evidence obtainec
from undeforned, younger denosits such as the Tertiary kuroko ores
of Japan (iorikoshi, 1569, the Tertiary cupriferous pyrite deposits
of Cyprus and Turkey (Suffel, 1963; Xinkel, 1966), the Pliocene
massive nyrite deposits of the Izu peninsula, Japan (Sumi, 1953;
Xinkel, 1566), and the pyrite deposits of Pleistocene and recent
ages of Taiwan, which have a direct relationship with aotspring

1d fumarolic activities (Kinkel, 1S60). The netal bearing brines
of the Ned Sea are verhaps the mest recent examples of metal
corcertrations associated with areas of high heat flow and volcanisnm

g ~ P - ¥ I \
(Millev, ot al., 1968; Degens and Ross, 1909).
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Sulphide deposits with similer characteristics to those at

parys Mountain, i.e. similar oremineral asseublages (pyrite,

chalcopyrite, galena, and sphalerite), and similar host rocks

(submarine/subaerial silicic volcanic rocks with interbedaed
sedimentary rocks), are found in many parts of the world. Zxamples

include those of:- Mt Lyell and Nt Isa, Yest Tasmania (Solomon and
Elms, 1965; Bennett, 16653 Loftus-Hills and Solonon, 1¢567); Adak

rea, illorthern Sweden (Nairis, 1971); Caucasus and Urals, U.5.3.R.

(Smirnov, 1971); Cyprus and Turkey (llutchinson, 1965; Suffel, 1965;

Yinkel, 1966); Matagami Lake, iloranda, and llew Brunswick, Canada
(Stanton, 1959; suffel, 1955; Kinkel, 19066); the Iberian Pyrite
Belt of South Portugal and Southwest Spain (Schermerhorn, 1970;

trauss and lladel, 1973); ancd the kuroko deposits of Javan

T )

(Forikoshi, 1259; ‘atanabe, 1570). In these places the mineralizati

3

is considered to have & close genetic relatiounship with volcanism

(5uffel, 1965; iinkel, 13663 Anderson, 1969; Hutchinson, 1973).
9 7 9 ) 9

!

incderson (1969) sumnarized the literature on massive

o,

sulphide deposits associated with volcanic rocks, and classified

them into four categories, base on the major sulphide mineral

T

assemblages. Cf some 100 major sulphide deposits that he considered,

twvo-thirds are equally divided between silicic and mafic volcanic

host rocks, and the remainder occur within se :dimen

interbedded with volcanoclastics. le defined "massive sulzhide'' as

being any solid, couvact, nass of pyrite and/or vyrrhotite commonly

O

containing one or more sulpiides of Cu, rb, and &4n. later,

’

utchinson (197%) discussed volcanogenic sulvphide cevosits and

their seneral geologpical characteristics, l.e. thelr associated
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“yolcanic rock types, types of volcanism and sedimentation, their
associated precious metals (Au and 4g), and their related tectonism.
e divided these volcanogenic sulphide deposits into three distinct
vaerieties on the basis of their mineralogy and rock associations,
¢.z. pyrite-sphalerite-chalcopyrite bodies in differentiated
nafic~to-Telsic volcanic rockxs; pyrite-~galena-sphalerite-chalconyrite
bodies in more felsic, calc-alkaline volcanic rocks; and pyrite-
chalcopyrite bodies in mafic, ophiolitic volcanic rocks.

table 7 is derived from the works of Anderson (1969) and

.

Eutchinson (1¢73), and shows the classification of volcanogenic

sulphide mineral assemblages, their general geological

.

chazracteristics, the distribution of each type of the sulpaide

ascenblages in conjunction with their host rocks, sund their age of

mation. sits listecd are those which form tebular or

o
4
-
=3
[¢V]
p
d
O

e}

lenticular bodies which are generally conformable with the bedding

(’}

b3S ]
or the Foliation, of the host rocks. Various terms have been applied
to these tadular or lenticular sulphide bodies, and these include:-
Nstratabound, 'stratiforn’, 'bedded!, banded", and "kuroko type
(Buffel, 1965; Kajivara, 1570; 3angster, 19715 Smirnov, 15713 and
Yutchinson, 1573).

The mineral deposits of Farys Mountain commonly form tabular
or lenticular bodies, generally conformable with the bedding and
cleavage of the host rocks (Chapter 5), hence can be classified as
stratiform, pyritic dcpwosits with appreciable polymetallic sulphides,
i.c. galena, sphalerite, and chalcopyrite, associatedeith felsic,

calc-alkaline volcanic rocks. They corresvond to type > of Table 7.
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8.2 Previous Interpretation.

The mineralization at Parys Mountain has long been considered
to be of an epigenetic nature, that is, having been formed by the
processes of metasomatism, or hydrothermal deposition (Greenly,
1919; Manning, 1959; Bates, 1964). This interpretation was generally
accepted on the basis of 1) the occurrence of nmineralization as
crosscutting veins, stringers, and stockworks in the host rocks,

2) the interpretation of the 'felsite!' as a post-Silurian intrusive
igneous body, hence a likely source of the ore fluids, 3) the age
of the mineralization interpreted as being post-Silurian.

Mining has removed the main mineralized materials, however,
recorded descriptions of the ores note that the exploitable ore
occurred as lenses or tabular bodies rather than veins (Greenly,
191%; Derry, 1961). Therefore the veins, stringers, stockworks of

ores should not be intervreted as being truely representative of

]
the ore bodies. ..oreover the drilling programme, whlch started in
61, hes provided evidence (Chapter 3) that the felsite is

extrusive rather than intrusive (Hawkins, 19663 “heatley, 1971a).

1 at

This 1led Vheatley (1971&) to suggest that the mineralizatio
Parys:Mountain had a close geretic relatiornship with the extrusive,
folsitic rocks, and that it is probkably syngenetic in origin.
Petrographic evidence presented in thié work (Chapter 3)
shows +thaot the 'felsite' consists of a succession of rhyolitic

aterials, ond that those rocks previously called 'greenstone!

]

are dacitic laves. “he majority of the ore bodies have lens-lik

or tabular forms wiaich are generally conformable with the enclosing

[

roclks. “extural evidence from the ore minerals allow the
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interpretation that the sulphide deposit at Parys Mountain is
volcanogenic. The evidence for this interpretation is discussed

in a later section of this chapter.

8.3 Depositional Environment and Method of Emplacement of
Stratiform Massive Sulphide Deposits.

Kinkel (1966) suggested that stratiform, massive sulphide,
deposits, related with volcanism, were formed in the uppermost
pyroclastic parts of submarine volcanic piles. They formed in the
closing stage of éubmarine volcanism from volcanic emanations both
by deposition in porbus, in part, unconsolidated material, and by
replacenents within flows and pyroclaétic beds. Stanton (1972)
made similar inter?retations and added that the deposition (or
replacement) occurred on (or just beneath) the seafloor, in many
cases, at volcanic,ééntres where submarine fumaroles or hot springs
debouched.

The submarine“environment was emohasised by both authors
though Davidson (1963-6k4) suggested that volcanic emanations may
Vnot be adequate in VOlume or in content to form large mineral
deposits. In a submafine depositional environment, the ore material
would:be accumulated and corcentrated in or near the volcanic
centres. Zvolution of gases and ligquids in solfataric areas is
commonly continuous over a long veriod hence a large mineral
deposit can be formed (Kinkel, 1966). This does not rule out the
possibility of a volcénic origin for the deposits occurring in
shallow-water or éubaérial volcanic rocks, such as those of Parys
Mountain. 'the original_ore metal content of the magma, which
formed the volcanic rbcku at Parys lountain, may have bgen

suff{iciently concentrated to form the deposits there; with sulphur
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. also being provided by the magma. Alternatively, gases and liquids
of hot springs or volcanic emanations are capable of leaching

large quantities of material, particularly Fe and Si, along their
channel ways (Burbank, 1950; Lovering, 1950; Morozumi, 19613
Naboko, 1959; Kinkel, 1966). Leaching of suitable basement rocks
such as the Precambrian liona Complex (the average ore metal content
of equivalent Precambrian rocks at lest Avoca, analysed by Yheatley
(1971a) is as follows: Cu 249ppm, Zn 24k2ppm, and Pb Lé2ppm), to
provide the base metals and leaching of the thick section of
Ordovician sediments to provide iron, would provide sufficient
metals for the mineral deposit at Parys Mountéin. The sulphur for
such a mineral deposit again would need to have been provided by
an extraneous source. In addition the kuroko deposits of Japan
have a very similarnmineral content and occur in volcanic rocks
similar to those af Parys ilountain. As pointed out by Sillitoe
(1973) the typical deposits of kurocko ore are related to dacitic

or rhyolitic domes and explosive vents emplaced in a shallow marine
environment. They conSist of zones of syngenetic massive pyritic

- ores enriched iﬁ Zn;PS-Cu-Ag, and chalcopyrite at the top. These
zoneé are underlain'ﬁy éilicified stockworks and disseninated
chalcopyrite mineralization which represent the feecer channels

for the ascendingffluids. The concentrationaof ore metals, in this
instance, was interpreted as being vroduced by processes operating
.during andesitic magma production by partial melting on subducfion
zone (Sillitoe, 1973). 4 similar process is possible for the
forﬁation of the liineralization at Parys liountain as the magmas

vhich produced the volcanic rocks probably were formed on a

s e g o a1
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'subduction zone as discussed in Chapter 7.

Fundamental environmental and structural conditions for
sulpnide deposition in felsic calc-alkaline volcanic and sedimentary
basins are summarized below, from the following works on
volcanogenic sulphide deéosits:— Kinkel, 1966; Anderson, 1969;
Schefmerhorn, 16703 Holmes, 1971; Ivanov, 1971; Jenks, 1971;
Ferguson and Lambert, 1972; Stanton, 19725 Hutchinson, 1973;
Sillitoe, 1973; Strauss and Madel, 1973; and Ferguson et al., 197k.

1. Presence of regional weaknesses (faults or rifts) that
have controlled and localized volcanism.

2. Development of active island arc/continental margin
' environments, or island arcs, along convergent plate margins where
volcanism is active above subduction zone. Volcanism is of the
éxplosive vent type resulting in the formation of massive piles of
fragmental volcanics of the andesite-dacite-rhyolite type. The
finai explosive stages are accompanied and/or followed by gaseous
venting (hot springs or volcanic emanations) around the central
parts of the pile. The depositional environmenf varies from
submarine to.subaeriél depernding uvon the size and stage of
evolution of the island arc.

%3, An active subsiding depositional basin in which the
volcanic-sedimentary materials accumulate is present. Argillic-
pyroclastic and/or black shales are deposited in depressions in
the basin, commonly close to the peripheral areas of tiie pile.
These subsidiary depressions are generally fault controlled, and
sulphides are commonly localized within them.

L. Active faulting in the pile area controls gaseous venting
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into the basin.

5. The calc-alkaline suite, of basalts, andesites, dacites,
and rhyolites, is typical of these convergent plate margins, and
pyroclastic units are particularly common. The depositional
environment of island arc volcanism is more commonly subagueous
than that of continental margins, where submerine activity is
normally restricted to the early stages of orogenic development.
Sulphide deposits formed in this environment are commonly confined
to the pyroclastic units which are situated at the top of the
volcanic pile.

6. Deformation features are common in these deposits. These
form by submarine sliding and brecciation, immediately following
the ore formation when the rocks are still in a relatively
unconsolidated state. ’

7. Redeposition of sulphide minerals as sediments result
in clastic devositional ore textures. These are produced by
submarine erosion and the products are deposited in depressions

created, in the seafloor, by repeated volcano-tectonic movements.

8.4 Genesis of Sulphide Deposits at Parys Hountain and Their
Relationship with volcanisn.

The characteristics of the sulphidé deposits at Parys
Mountain, and their associated volcanic-sedimentary rocks, are
similar to volcanogenic sulpiide deposits occurring in other parts
of the world (section 8.1 and Table 7). whe environmental and
structural conditions at Parys Hountain have great similarity to

those listed in the previous section (8.3) for volcanogenic
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'sulphide deposits,.The genesis of the mineralization, and sequence
of events associated with it, at Parys lMountain is interpreted as
follows::-

In the early Ordovician Parys iiountain was a part of an
active lLrish Sea Landmasé in the Southern Caledonian Belt (Willjiams,
1969; Yheatley, 1971b). Although most of the Irish Sea Landmass was
in a stage of uplift during this period (Brenchley, 1969), the area
around Parys Mountain and the central-western part of Anglesey was
submerged as indicated by the occurrence of marine Ordovician
sediments in these areas. Subaqueous volcanic activity, producing
dacites and lithic tuffs, began with the early stages of deposition
of the Ordovician sediments. The volcanism at this time was
intermittent, and of short duration. Only a limited quantity of
volcanic rocks were produced, and volcanic horiZons were not
produced during the main stage of sedimentation of the Ordovician.
Volcénism began again with the eruption of dacite (¢c), during the
final stages of Ordovician sedimentation. This was followed by the
formation of the siliceous sinter, indicating the presence of
fumarolic acfivity probably at the end of this particular volcanic
episode. The depositional environment was mainly subaqueous as some
Ordovician sediments also were deposited. liineralization began
during this period with the deposition of the Copper ore and
Pyritic ore in the dacite (¢), siliceous sinter, and the interbedded
sediments. This was immediately followed by the main stagé qf
volcanism during which a thick pile of rhyolitic rocks were formed.
The depositional environment graduallyAchanged from subaqueous to
Subaerial as indicated by interlayering between Ordovician sediments

in the lower parts of the rhyolitic sequence, the absence of the
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'sediments higher in the sequence, and the occurrence of subaerially
deposited rhyolitic ignimbritic rocks. The Copper ore and the
Bluestone bre were the major mineralizations formed during this
stage although their accumulation and concentration was developed
most strongly while the depositional environment was subagueous.
Deposition of the low grade L,ead-Zinc ore followed the Bluestone
ore, during the final stages of volcanism, and probably represents
the final episode of mineralization.

The stringer and stockwork-type ore, which consists mainly
of pyrite and chalcopyrite and is most commonly present in the
Ordovician slates, may represent the feeder channels of the ore
fluids for the main mineralization (Sillitoe, 1973). However the

other vein-type mineralization, consists mainly of pyrite, with

minor quantities of chalcopyrite, accompanying quartz veins. This
mineralization penetrates all rock types, belongs to the latest of
mineralization, and probably was formed by hydrothermal processes
during later tectonic deformation, i.e. the Caledonian and Variscan
orogenies. The extensive metamorphiém and deformation formed during
these orogenies commonly obliterated primary textures in both the
ore mineralization and the volcanic rocks, and has made.genetic
interpretations of these difficult. Deformation and.metamorphism
may cause remobilization of previously formed sulphides (Sorensen,
1963; Vokes, 1971). Sulphide minerals, particularly pyfite and
chalcopyrite, can be mobilized, and may migrate for varying
distances (Vokes, 1971). This can occur within the ore body itself
or in its immediate host rocks. The mobilized segregations later

may recrystallize and form coarse grained pegmatitic or vein-like
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bodies, and are commonly associated with vein quartz. lany

me tamorphic phenomena, such as pressure shadows (Plate 14C),

tension fractures (Plates 24C and D), and compression vortices

(Plates 29Z and 30E), are common in the sulphide deposits and are
interpréted as being produced by metamorphic remobilization

(Natale, 1969). It is,therefore, probable that tectonic deformation,
during Caledonian and Variscan orogenies, remobilized some of the>
sulphides. This has resulted in the production of vein-like structures
with crosscutting relationships; variations in the apparent
paragenetic sequence; apparent epigenetic textures.

Despite severe deformation of the ore bodies, and

remobilization of some sulphides, many ore textures are preserved
that indicate that the ore minerals were deposited in a sedimentary-
volcanic basin. 3uch textures include colloform and framboidal
textures in pyrite, colloform layering of pyrite, layering of
Ordovician slate inclusions in massive chalcopyrite masses,
interlayering of chalcopyrite, sphalerite, and pyrite, and slump
textures of detrital pyrite grains (Chapter 5)..Many textural
features of the ore minerals indicate that the main mineralization
was closely associated with the volcanism, prior to the tectonic
deformation of the area. These textures include:- the cataclastic
textures of pyrite (Plates 24B, C, D, E, and F), fragments of
Crdovician slates containing p&rite grains being cemented by barren
quartz (Fig. 11Z), and folding of a layer containing both pyrite
and chalcopyrite (Fig. 11F).

The mineralization of Parys Mountain is thus interpreted as

being of synsedimentary-exhalative origin of late Ordovician age
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which has been modified by mobilization of some sulphides producing

apparent epigenetic features.
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CHAPTER 9
SUIMMARY OF CONCLUSIONS

9,1 Introduction

Interpretation of the relationship between mineralization
and petrology at Parys HMountain requires the solution of three
main problems:-

(1) Origin of the 'felsite', the Carreg-y-doll, and the
White Rock Formations.

(2) Relationship between the rocks in problem (1) and the
enclosing sedimentary strata (Ordovician and Silurian slates).

(3) Origin of the mineral deposits.

The answers to these problems as reached in this study are

summarized below.

9,2 Crigin of the 'felsite!', the Carreg-y-doll, and the White Rock
Formations.

The evidence available from petrographic study, bulk chemical
analyses, field observations and drill core logging, allows the
origin of these rbcké to be interpreted as follows:-

The three rock types, together with the rocks previously
identified as 'grgenstone', represent a succession of volcanic
rocks, comprising'dacite, lithic tuff, siliceous sinter, rhyolitic
tuff, rhyolitic ignimbrite, rhyolitic tuff-lava, and rhyolitic lava.
The results of 61 bulk chemical aralyses indicate thét these volcanié
products belong to an orogenic calc-alkaline magma series which

formed in a continental margin/island arc environment. The magmas
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probably formed either from partial melting of the crustal part of
the oceanic lithosphere on a Benioff zone, or from partial melting
of the mantle,above a Benioff zone, under high load pressures and
high water pressures.

The plate tectonic model, on which this interpretation is
based, can be used to explain the magma variation in the British
Caledonides as a whole. The arc-trench system of this model, as
pro?osed by Fitton and hughes (1970), has the Hoffat Geosyncline
as the oceanic trench, the English Lake District and the Irish Sea
Landmass as the island arc system, and the English Midland Platform
as part of the continental margin. The oceanic lithosphere
descending along évBenioff zone produced tholeiitic magma in the
Lake District area; calc-alkaline magma in the Irish Sea Landmass
area, and alkaline magma in the Welsh Basin as a result of the
processes outlined'ébové, Parys Mountain, as part of the Irish Sea
Landmass, was situated on the continental sicde of the arc thus
magmas there would have a composition close to that of the continental
margin type rather thén a typical island arc magma, i.e. andesitic
magma. This is believéd to explain the abundance of rhyolitic rocks
particularly the apéérently alkali-rich rhyolites of the area. The
highly siliceous Carreg-y-doll and White Réck Tormations are
believed to have forned as a siliceous sinter associated with this

highly siliceous volcanismn.

9.3 Relationship Between the Volcanic Rocks and the Enclosing
Sedimentary Strata.

- Contact relations, as seen both in outcrop and in drill
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cores, between these rocks are interpreted to show that the volcanism
was closely associated with deposition of the Ordovician slates.
Two phases of volcanic activity occurred separated by a period in
.which some of the Ordovician sediments was deposited. The first
volcanic phase was represented by dacite and lithic tuff, and the
second by siliceous sinter, dacite and rhyolite. Rhyolitic rocks
are the most abundant of the volcanic products fhough are confined
to the second volcanic episode. The volcanic succession is thus
interpreted to be Ordovician in age. The Silurian sediments were
deposited after the end of the volcanism. The contact with the
volcanics is unconformable thus the Silurian succession may be
partly derived from the Ordovician volcanics.

Sketch diagrams to illustrate the proposed Ordovician
volcanic and sedimentary events at Parys Mountain are shown in

Fig.25.

9.4 Crigin of the liineral Devosits.

The ore textures and paragenesis, the general characters of
the ore bodies, and their relationship with the host rocks, i.e.
occurrence as lenses and tabular bodies conformable with the host
rocks, are the main lines of evidence for the origin of the deposits.
The mineralization at Parys liountain is ihterpreted as being of a
synsedimentary—exhalative origin of late Ordovician age. These
deposits were probably later modified by remobilization of some
sulphides to produce apparent epigenetic features.

The study of trace element chemistry (Cu, Zn, Pb, ¥i, Co, Cd,

Cr, Ba, and lHg) on 350 specimeuns, detected anomalous concentrations
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of these elements in and around the mineralized zones, though some
were found where no mineralization was apparent. Dispersion haloes
are not distinct and cannot readily be defined. This is probably
due to the collection of insufficient specimens from around the
mineralized zones.

Principal Component Analysis and Factor Analysis operated

on the analytical results produced two gereral conclusions:

(1) The elements related to mineralization reflect two
types of mineralization: the Pyrite and Copper ores,
and the Bluestone ore. The ore metal elements of both
types show a close association with the volcanic
succeséion, particularly the siliceous sinter. This is
believed to indicate a genetic relationship between the
mineralization and the siliceous sinter.

(2) Later téctonip deformations resulted in the remobiliﬁation
of the more highly mobile elements. Ig was particularly
susceptible to this thougl: it also has a primary

association with the main elements of the ore minerals.

The overall géological history of the main events in the areaza,
inclﬁding the mineralization and volcanism is interpreted as follows:-

(2) Deposition of the Crdovicizn sediments in a marine
environment with volcanism producing dacites and lithic
tuffs at the end of the main sedimentation.

(b) Continued Ordovician sedimertation after the first
period.of volcanisn was followed by the formation of
the silicequs sinter alons with devnosition of the

pyritic and some copper orcsSe.
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(¢) The main stage of volcanism followed, in which the
rhyolitic succession formed. At this time the
depositional environment changed from subaqueous to
subaerial. Formation of the main units of copper ore
and the Bluestone ore constituted the major
mineralization during this stage.

(d) The area stood as a landmass and an erosional
environment existed at the end of the Ordovician. In
the Silurian the area was submerged and Silurian
sediments accumulated, receiving parts of their
sediment supply from the erosion of the pre-existing
Ordovician volcanics and sediments.

(e) The sediments and volcanics were deformed and

metamorpﬁosed during Caledonian and Variscan orogenies.
Remobilization of some of the sulphides in the mineral
deposits occurred at this time.

These events at Parys Hountain are shown in a synoptic

diagram (Fig.26).
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APPIUDIX A
SPECIMLN COLLICTION

The use of a simple sampling plan for surface sampling was
not possible because of the very irregular outcrop pattern (Fig.27),
and problems of contamination from previous mining operations.
However representative specimens were collected over most of the
general area (¥igz.28). The average size of the specimens collected
was 8 x 8 x 6ecm (average weight approximetely 600g). Samples, of
approximately LO0Og weight, were collected at intervals of 1.5 and
2m from a number of drill cores (Fig.29). Four different core sizes
of 7, 6, 4.5, and 3.5cm diameter, were used by the various companies
exploring Farys Moﬁntain, consequently the core sanples collected
vary from 6 to 15cm in length. The specinens vere almost exclusively
taken from the voléénic‘sequence 2lthough sone Mona Complex,
doleritic rock and slate specimens viere collected. Core materials
containing sulphide mineralization were selectively sampled, for
reflected light studies. These materials were teken from both within
and outside the zones)described as being mineralized in the core logs.

A total of 4§1'rock specimens were collected for stuay.
General information concerring types of specimens, the number
collected, and the number of soeclrens studied by various methods,
ié given in Table 5. Some 29 specimens were collected from outcrops
of acidic igneous rocks in areas to the east and west of Parys
liountain. The location for each specimen is indicated by its sanmple
numﬁer which corresponds to its grid reference (Sheet HNos. 92, 93,

ok, 105, 106).
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Table 8 : List to show numbers of specimens of various types, and

numbers of specimens looked at using various techniques

Types of specimen

Diamond drill cores
Surface specimens in the area

Surface svecimens outside the area

Methods of studying

Chemical analysis
“Atomic Absorption Spectroscopy

X~ray Fluorescent
Thin section
X~ray Diffraction

Polished section

Number of specimens

L%2
.30

29

350
61

308
215

75
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Details of the types of study made on each specimen
. - 9

togetner with results of geochemical analyses (4i.4.5.), are given

in Table 9.

APPELDIX B

Sketch Geologic Sections for the Various Diamond Drill lioles and

Correlations between themnm.

Sections are for the 20 diamond drill holes, from which most
specimens were collected. Variatiorn of rock types anéd their apparent
thicknesses in each hole, are illustrated by Figs. 304; B, and C.

A tentative correlation between various borehole is illustrated
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