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THE ORIGIN AND EVOLUTION OF HERCYNIAN CRUSTAL FLUIDS,
SOUTH CORNWALL, ENGLAND

by Jamie John Wilkinson

Crustal fluids, mobilised in Devonian metasediments during and subsequent to the Hercynian
orogeny in south Cornwall, have been investigated by a detailed study of fluid inclusions present in
vein material. Four stages of vein formation are distinguished, related to the three main deformation
events which affected the area. Within each stage, up to four different vein types are recognised,
occurring in distinct structural and/or lithological settings.

Fluid inclusion data, in combination with pumpellyite-actinolite mineral assemblages and vitrinite
reflectance data indicate that low grade regional metamorphism in south Cornwall occurred at 330
+ 30°C and 3.4 + 0.5 kbar. Dense (0.95 = 0.3 g cm™), low salinity (1-4.5 wt% NaCl equivalent),
H,O-rich (Xj,,>0.986), peak metamorphic fluids were evolved via prograde devolatilisation
reactions, contemporaneous with the first compressional deformation event (D1). The major
element compositions of these fluids were buffered by quartz + albite + K-mica + chlorite +
paragonite assemblages in greywacke and slate host rocks. Thermodynamic calculations suggest that
the peak metamorphic fluids could have transported significant (ppm) quantities of base metals and
silver as chloro-complexes, and tin as hydroxy-complexes. _

High temperature metamorphic fluids migrated up imbricate thrusts to shallower crustal levels
during the second deformation event (D2). These fluids caused limited sericitic and chloritic
alteration of wallrocks, and became increasingly saline (up to 8 wt% NaCl equivalent) as a result of
hydration reactions. CO, and N, contents increased, possibly as a result of oxidation of organic
carbon and ammonium in the wallrocks due to cooling and decreasing oxygen fugacity. Lower ore
mineral solubilities in these fluids may have resulted in precipitation, producing low-grade metal
enrichment in the upper crust. Fluid inclusion data indicate that fluid temperatures and pressures
did not fall below 200°C and 500 bars respectively, during D2.

CO,(+N,+CH,)-bearing fluids, possibly generated by mixing of approximately equal proportions
of magmatic and contact metamorphic fluids, were mobilised up to 5 km laterally from the roof zone
of the Cornubian granite batholith during emplacement. These fluids unmixed at 400-200°C and
1000-500 bars to produce low density CO,-rich vapour and high density, moderately to highly saline,
aqueous fluids (8-42 wt% NaCl equivalent). Up to 28 ppm tin could have been transported in the
hypersaline fluids, primarily as chloro-complexes. High density, CO,-rich fluids (up to 85 mol% CO,)
were produced in distal parts of the contact aureole, probably as a result of condensation of low
density vapours.

Low salinity (1-5 wt% NaCl equivalent), H,O-rich fluids separated from the Megilliggar pegmatites
during crystallisation. These fluids unmixed at 2400°C to produce a low density, CO,(+ CH,=N,)-
bearing vapour and moderately saline (8-10 wt% NaCl equivalent) aqueous liquid. Magmatic fluids
of this type, possibly in combination with contact metamorphic fluids, were responsible for high
temperature mineralisation phenomena. The initiation of convective fluid circulation, and dilution of
magmatic+ metamorphic fluids with meteoric water at or below %300°C, resulted in the formation of
the bulk of the Sn-W-polymetallic sulphide deposits observed in the province.

Basinal brines migrated along wrench faults into the Cornubian peninsula and mixed with
convecting meteoric fluids at structural intersections on the southern flank of the granite batholith at
140-200°C and <500 bars. Mixing caused base metal deposition by increasing pH and decreasing
salinity.
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CHAPTER 1: INTRODUCTION

1.1 RATIONALE

There is abundant evidence that fluids are involved in many geological phenomena. From the time
that new crust is produced at a constructive plate margin to its uplift and exposure at the surface of
the earth, fluids play an important role in mass transport, modifying rock composition and catalysing

deformation processes.

During the last ten years, there has been a rapid increase in the number of researchers studying the
role of fluids in a variety of fundamental geological problems. Much of the work has centred on
specific processes such as metamorphism (e.g. Walther & Wood 1986), fluid flow and deformation
(Fyfe et al. 1978), faulting (Sibson et al. 1975), vein formation (Cox & Etheridge 1983, Beach 1977)
and mineralisation (Barnes 1979). Relatively few studies have been concerned with the controls and
effects of progressive fluid evolution in an evolving orogenic belt.

The aim of the present study has been primarily to determine the temperature, pressure and
chemical composition of fluids passing through a slab of continental crust during a collision orogeny.
These data have been used to gain an insight into the nature and importance of the fluid phase
involved in processes intimately related to the development of a metallogenic province. The main

arcas addressed are listed below:

Fluid sources

Fluid mobilisation

Fluid migration

Controls of fluid composition
P-T evolution

Fluid-fluid interactions
Fluid-rock interactions

Fluid volumes

Fluid/rock ratios

WX NS R e

10. Metal transport
11. Ore deposition



1.2 STUDY AREA

The area chosen for the study is situated on the west coast of the Lizard Peninsula in southwest
Cornwall (Fig. 1.1). The coast provides a superbly exposed section through upper Palaeozoic marine
sediments, metamorphosed and complexly deformed during the Hercynian orogeny. The rocks
display multiple phases of vein generation representing successive stages of fluid mobilisation, during
both Hercynian tectonism and intrusion of the late orogenic Cornubian granite batholith (see section

13.2) and subsequent hydrothermal mineralisation (see 1.3.5).
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Figure 11  Simplified geological map of south Cornwall showing major lithostratigraphic units (labelled) and granite
plutons (G). Regional younging directions are shown. The parautochthonous region is un-ornamented; the allochthonous
region is stippled. Dashed lines represent post-Hercynian wrench faults.

The Lizard Peninsula area was chosen for a number of reasons. Firstly, it provides a section through
part of the crust which was subject to more than 80 My of deformation, metamorphism, magmatism
and associated fluid activity during the Hercynian orogeny. Secondly, the area is situated within the
Cornubian orefield, a classic area of dominantly Sn-W-Cu mineralisation with a long history of
exploitation (Willis-Richards & Jackson, in press). The coastline provides a cross-section through

Hercynian structures, giving good structural control, as well as a transect into the contact aureole of



the Tregonning granite (Fig. 1.1), a late magmatic feature (see 1.3.2). Thus, the section allows easy
sampling of material unaffected by granite-related thermal, deformational and fluid overprinting, in
addition to sampling throughout the contact metamorphosed zone.

Access to most of the section is good, although strongly tide-dependent. Cliff sections provide
excellent 2D exposures with many small, and several large, wave-cut platforms supplying additional
3D control. Inland outcrops are scarce and of limited extent. Sampling was therefore concentrated

on the coastal exposures.

1.3 GEOLOGY

1.3.1 Lithostratigraphy

The rocks exposed in the area are a series of Middle to Upper Devonian marine sediments which
were deposited to the south of the Old Red Sandstone continent (House 1968). The
lithostratigraphic terminology adopted in this study is that defined by Holder & Leveridge (1986).
They divided south Cornwall into two parts: a parautochthon which forms the northern and central
portions of the peninsula, and an allochthon, the "Carrick Nappe" (Leveridge et al. 1984), which is
exposed on the south coast (Fig. 1.1).

The parautochthon comprises four lithostratigraphic units: Lower Devonian Dartmouth Beds
and Meadfoot Group, broadly Middle Devonian Gramscatho Group (Porthtowan Formation) and
Upper Devonian Mylor Slate Formation (Fig. 1.2). Only the Mylor Slate Formation is represented
in the study area (Fig. 1.1). The allochthon is subdivided into four formations: the Portscatho
Formation, considered by Holder & Leveridge (1986) to be of Lower Devonian-Eifelian age; the
Pendower and Carne Formations of Middle Devonian age; and the Roseland Breccia Formation of
Frasnian age (Fig. 1.2). Together, these Formations comprise the allochthonous Gramscatho Group.
Only the Portscatho and Carne Formations outcrop in the allochthonous part of the study section
(Fig. 1.1).

Came Formation

The Carne Formation consists of channel slumped and turbiditic sandstones and laminated siltstones,
interpreted as deep water slope and inner fan deposits (Holder & Leveridge 1986). The deposits
north of the Lizard in the field area were correlated with the Carne Formation by Holder &
Leveridge (1986), although slumped and lenticular bedded greywacke turbidite sandstones in a slaty
matrix are dominant.

The suggestion of a sedimentary origin for the sequence was first made by Simpson (1951) and
this is now universally accepted over previous tectonic breccia interpretations (e.g. Hill & MacAllister
1906). Barnes (1982) interpreted the Carne Formation in the area (his Poldhu (melange) Member
of the Meneage Formation) as mainly olistostrome because of the presence of locally derived, often

internally bedded, phacoids and intercalations of bedded sequences.






The age of the Carne Formation in the field area is controversial. Holder and Leveridge
(1986) place it in the Givetian because the top of the underlying Pendower Formation in Roseland
(Fig. 1.2) has been dated as uppermost Eifelian (Sadler 1973). However, the occurrence of Frasnian
palynomorphs from the top of the underlying Portscatho Formation in the study section (Le Gall et
al. 1985) suggests that the Carne Formation is probably Frasnian or Famennian in age (Fig. 1.2),

perhaps representing a southerly equivalent of the Mylor Slate Formation.

Portscatho Formation

The Portscatho Formation is typified by fine to medium grained sandstones with interbedded dark
grey mudstone (Fig. 1.3). Component sandstones vary in thickness from 0.1-2.0m and are largely
turbidites (Walker 1978) often displaying partial Bouma sequences. A deep water outer- to mid-fan
depositional environment is generally assumed (e.g. Holder & Leveridge 1986). Most of the
sandstones are lithic greywackes, although some plot in the feldspathic greywacke field (Holder &
Leveridge 1986). Quartz-feldspar-lithics plots of sandstone framework grains suggest a dissected
magmatic arc provenance (Floyd & Leveridge 1987).

The Portscatho Formation extends from Jangye-ryn Cove in the south of the area, where it is
structurally overlain by the Carne Formation, to north of Loe Bar where a complex downward
transition into the Mylor Slate Formation is observed (Fig. 1.4). Early workers interpreted the
sequence as a conformable southerly younging succession, with the Portscatho Formation
stratigraphically overlying the Mylor Slate Formation (Hill & MacAllister 1906; Hendriks 1937).
More recent interpretations of this zone have been presented (e.g. Stone 1966, Wilson & Taylor 1976;
Rattey & Sanderson 1984; Leveridge & Holder 1985), with a difference of opinion on the order of
succession.

Evidence suggesting a Late Devonian age for the Mylor Slate Formation (Turner et al. 1979)

and a Frasnian or older age for the Portscatho Formation, which structurally overlies it, (Le Gall et

al. 1985; Holder & Leveridge 1986) supports the concept of an allochthonous Portscatho Formation
(see Fig. 1.7). Leveridge et al. (1984) proposed that the southern boundary between the Mylor Slate
Formation and the Gramscatho Group in south Cornwall is a thrust, the "Carrick Thrust". Leveridge
& Holder (1985) interpreted the transition zone between the two lthofacies, exposed between Loe
Bar and Caca-stull Zawn (Fig. 1.4), as a major olistostrome at the top of the Mylor Slates, containing
coarse extrabasinal detritus derived from the Portscatho Formation as a result of emergent thrusting,
However, Wilkinson & Knight (1989) concur with previous explanations of the zone as a transition
between the two main lithofacies (e.g. Stone 1966). They emphasise the importance of D2 imbricate
thrusting in producing the complex lithological intercalations and place the major thrust (their Blue
Rock Thrust) to the south of Loe Bar (Figs 1.4, 1.7) on palynological, lithological and structural
grounds.

The evidence is ambiguous, despite the excellent cliff exposures. The concept of an
allochthonous "Carrick Nappe", comprising the Portscatho Formation and Carne Formation in the
study section, has been widely accepted. However, resolution of the remaining stratigraphic and

structural problems will only come with further palynological finds.



Figure 1.3



Figure 1.3: Captions

A. Typical Mylor slate from Porthleven Sands. Pale, silty layers, showing F1, F2 and F3 fold
interference structures, are rhythmically interbedded with dark grey mudstone. Viewing direction:
ENE; Scale bar = 5cm.

B. Typical greywacke turbidites of the Portscatho Formation from Baulk Head. Refraction of S1

cleavage through sandy units shows that beds are inverted. Viewing direction: NE; Scale bar = 30cm.

C. Slightly overturned, NNW-facing, F1 chevron folds in turbidites of the Portscatho Formation,

Jangye-ryn Cove. Viewing direction: E; Scale bar = 1m.

D. F1 fold with axial planar slaty cleavage (S1) in sandstone-dominated Portscatho Formation rocks,

Gunwalloe Fishing Cove Beach. Viewing direction: E; Scale bar = 40cm.

E. North facing F2 folds and axial planar pressure-solution cleavage (S2), south Loe Bar. Note
folding of S1 pressure solution cleavage around F2 hinge in thick, sandstone unit. Sub-axial planar

quartz veins are well-developed. Viewing direction: ENE; Scale bar = 20cm.

F. Small-scale illustration of large-scale D2 structure. Planar D2 thrust with imbrication and quartz

veining in hanging wall sandstone units, south Loe Bar. Viewing direction: ENE;Scale bar = 20cm.

G. S3 crenulation cleavage axial planar to F3 ptygmatic folds in pre-D3 quartz veins, Mylor Slate

Formation, just south of Porthleven Harbour. Viewing direction: E; Scale bar = 2cm.

H. Boudinaged quartz vein, wrapped by S3 crenulation cleavage, Mylor Slates, Porthleven Sands.
Note north vergent F2 fold, defined by pale, silty bedding horizons. Viewing direction: ENE; Scale

bar = 5cm.
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Figure 1.4: Geological Maps

The following three pages are reproductions of field maps produced during the period October 1986
to October 1988. The three maps cover the coastal section from Tremearne to Church Cove, and are

included sequentially from north to south. For the location of the area covered by the maps, see Fig.
1.1.






