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Synopsis

“In the southern part of the Scottish Midland Valley Lower Old Red Sandstone sedi-
mentary and volcanic strata of the Lanark Group unconformably overlie inliers of largely
marine Silurian rocks. The oldest of the four formations of the Lanark Group is the
Greywacke Conglomerate Formation which contains clasts predominantly of greywacke,
with subordinate volcanic rocks, cherts and limestones. The greywackes are known to have
been derived from a cryptic source which lay to the south and east of the Midland Valley.
Contrary to earlier, Silurian, age assessments of limestone clasts from the Greywacke Con-
glomerate Formation of the Pentland Hills, a conodont faunule described herein belongs in
the uppermost Llanvirn to lower Caradoc P. anserinus Biozone. There are no Ordovician
rocks exposed within the Pentland Hills inlier, and thus our new age data suggest that along
with the other clasts, the limestones in the Greywacke Conglomerate are exotic to the Pent-
lands Sub-basin. The source area had a cover succession that included mid-Ordovician
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shallow marine carbonate and flysch.

Introduction -

In the southern part of the Midland Valley of Scotland
a chain of inliers of variably deformed Llandovery-
Wenlock rocks is overlain unconformably by a thick Old
Red Sandstone succession known as the Lanark Group.
The latter was deposited in the Lanark Basin, which
extended ovér much of the southern Midland Valley. Old
Red Sandstone sedimentation may have begun as early as
the P¥idoli and continued through the early Devonian; the
source being to the E and SE (Phillips et al. 1998). Of the
four formations defined within the Lanark Group, the
lowest is the Greywacke Conglomerate Formation. This
contains mainly greywacke clasts with subordinate and
variable amounts of volcanic rocks, quartzite, red chert
and limestone clasts, and is compositionally very distinct
from the older, Silurian conglomerate horizons. Accord-
ing to Mykura (1960) the Greywacke Conglomerate For-
mation in the Pentland Hills thins to the NE. Above it lie
three formations of sedimentary and volcanic rocks
including lavas dated at 412.6 + 5.7 Ma (Thirlwall 1988).
These suggest that the Greywacke Conglomerate may be
earliest Devonian in age, the base of the Devonian system
now being dated at about 418 Ma (Tucker et al. 1998). The

glGreywacke Conglomerate Formation is seen to rest
“'unconformably upon vertical Llandovery-Wenlock

marine to terrestrial strata in three inliers in the Pentland
Hills (Fig. 1; Pentlands Sub-basin sensu Phillips et al.
1998).

The Greywacke Conglomerate Formation is also
present at the base of the Old Red Sandstone succession in
other inliers in the southern part of the Midland Valley
(McGiven 1967; Syba 1989). In the Hagshaw Hills, vertical
stacking and predominance of proximal alluvial fan facies
indicate that basin subsidence kept pace with or exceeded
hinterland uplift during deposition (Syba 1989).

The greywacke clasts in the Greywacke Conglomerate
in the Midland Valley were originally thought to resemble
Silurian lithologies from the Southern Uplands (Bluck
1978, 1983, 1984). However, Syba (1989) demonstrated, on
the basis of detailed petrographic studies, that the clasts
are compositionally distinct from any greywackes in the
Southern Uplands and suggested that they were derived
from a flysch cover succession that extended across the
Midland Valley Terrane. Phillips er al. (1998, p. 222)
argued that the greywackes may have been sourced from a
putative, possibly Llandovery, greywacke sandstone basin
to the east.

The Bavelaw Inlier is one of three Silurian Inliers in the
Pentland Hills and is the closest of the three to Edinburgh.
Here in Logan Burn [NT 183 619], at Habbie’s Howe, the
Greywacke Conglomerate, locally known as the Loganlee
conglomerate, directly overlies the Silurian and forms a
prominent cliff with a waterfall. Limestone blocks from
the exposed strata were discovered by Henderson (1874)
who noted that they are less rounded than the other
pebbles and thus probably of local origin. He further sug-
gested (Henderson 1880) that they were derived from
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FiG. 1. General geological map of the southeastern Midland Valley of Scotland showing the distribution of the Ordovician, Silurian and

Lower Old Red Sandstone sedimentary successions. Inset map shows the distribution of the three Silurian inliers in the Pentlands
Sub-basin and localities mentioned in the text. The geology of the Southern Uplands has been omitted for clarity. Lower Old Red
Sandstone lavas, the Lanark Basin and its principal sub-basins are marked (tedrawn after Phillips et al. 1998). CCF Carmacoup Fault,
DGF Dunbar-Gifford Fault, IGF Inchgotrick Fault, KLF Kerse Loch Fault, LF Lammermuir Fault, MF Murieston Fault, MHF

Middleton Fault, OTF Ochiltree Fault, PF Pentland Fault.

bands of limestone similar to those cropping out in the
Gutterford Burn 3 km to the SW [NT 160 595]. Peach and
Horne (1899, p. 606) recorded a diverse fauna from lime-

_stone clasts at Habbie’s Howe which included the corals
Tetradium, Favosites, Halysites, Plasmopora, Heliolites and
other fossils including trilobites, brachiopods and ortho-
cones (see also Peach et al. 1910; Mitchell and Mykura
1962; Mykura 1986). Based on this fauna, Peach and
Horne supported Henderson’s contention that the clasts
were from the Gutterford Burn Limestone.

Graptolites from the Gutterford Burn Limestone indi-
cate an Upper Llandovery, crenulata graptolite Biozone
age (Robertson 1989, Bull and Loydell 1995). Conodonts
recently extracted (Armstrong and Scrutton unpublished
data) indicate the limestone succession spans the
Pterospathodus celloni — P. amorphognathoides conodont
biozones, of latest Llandovery age.

If the limestone clasts at Habbie’s Howe were derived
from the Gutterford Burn Limestone, this would suggest
the clasts within the Greywacke Conglomerate were
derived both from local and extra-basinal sources.
However, our reinvestigation of the fauna of the limestone
clasts indicates a mid-Ordovician age, significantly older
than previously thought.

Clast lithologies and fauna

Fossiliferous clasts exhibit a range of lithologies; typi-
cally they are bioclastic calcareous mudstones, bioclastic
crystalline limestone or rare oolitic grainstones (British

Geological Survey, Edinburgh collections). Such a range
of lithologies is consistent with a source within a shallow
marine carbonate platform (M. E. Tucker, pers. comm.
1998).

The list of shelly fossils from limestone clasts in the
Loganlee conglomerate given by Peach and Horne (1899,
p- 606) gives a good picture of the spectrum of organisms
present. The collections of the British Geological Survey
in Edinburgh contain a rich and diverse assemblage of
algae, solitary and tabulate corals, cephalopods, gas-
tropods, echinoderms, brachiopods and trilobites from
these clasts. Their detailed study is beyond the scope of the
present work but it is clear that the specific and even
generic identifications given by Peach and Horne are in
need of modern interpretation. Two taxa have some his-
torical significance and are worth some brief comment
here.

Nicholson and Etheridge (1877) described one of the
colonial organisms as a new coral species, Tetradium
peachii and subsequently (1878, pp. 31-33) ascribed other
material to this species from the Craighead Limestone
(middle Caradoc) of the Girvan district. In a later paper
(1885), however, they placed the species in the synonymy
of the lower Caradoc calcareous alga Solenopora com-
pacta Billings. Their important conclusion that the Logan-
lee clasts are Ordovician in age has hitherto been ignored.

Lamont (1948) established the monotypic harpid trilo-
bite genus Metaharpes on the basis of a lower lamella of a
fringe from the Loganlee conglomerate. He named Meta-
harpes amibouei in honour of the geologist Ferdinand
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t:b_{m?‘ a refugee from the French Revolution. The sole that genus into the Silurian on the basis of the presumed
| Sescriptive cpmment was that the pits become larger Llandovery age of the Loganlee clasts. The reassignment of
WWards the inner and outer margins, a feature which he Lamont’s species to Hibbertia may indeed be cgrrect and
Wbsequently contrasted with the condition in another new the length to width ratio is ident&cal to that of the type
@l?us and species from the Pentlands, Scotoharpes domina, species of that genus Hibbertia flanaganni (Portlock) (—see
?hllch was recovered from undoubted Silurian rocks in the Owen and Clarkson 1992, p. 11). The single available speci-
llier (Clarkson and Howells 1981). Metaharpes was simply men from the Logan Burn, is not adequate to confirm this
mine wiobite treatise (Moore [959) but was pro- unequivocally. The revised Ordovician age for the Logan-

jonally considered a junior synonym of Hibbertia Jones lee limestone clasts is compatible with the occurrence of

[Woodward 1898, by Pribyl and Vanek (1986, pp. 23-24, Hibbertia elsewhere. It may be significant, in terms of the
1) who therefore tentatively extended the range of provenance of the limestone clasts, that the Loganlee

reywacke Conglomerate, Logan Burn, Pentland Hills. All specimens are
GLAHM 111227 to GLAHM 111237. Sample numbers are those of
Sciences, University of Durham. Full systematic descriptions

%2, Conodonts and an ostracode from limestone clasts, G
noused in the Hunterian Museum and are prefixed by numbers

the Micropalaeontological Collections of the Department of Geological
of these taxa can be found in Armstrong (1997). (a) Pygodus anserinus (Lamont and Lindstrém 1957), specimen GLAHM 111227,

sample D624, oral view of Pa element, %70. (b) Periodon aculeatus (Hadding 1913), specimen GLAHM 111228, sample D713, Pb
element, %50. (¢) Spinodus spinatus (Rhodes 1955), specimen GLAHM 111229, sample D709, X70. Fragment of an S element. (d)
Panderodus sp. indet., specimen GLAHM 111230, sample D624, x70. (e) Panderodus sp. indet., specimen GLAHM 111231, sample
D624, qg element, X70. (f) Belodina confluens (Sweet 1979), specimen GLAHM 111232, sample D624, rastrate element, x70. (g)
2 Strachanognathus parvus (Rhodes 1955), specimen GLAHM 111233, sample D624, fragment of a q element, X70. Fragment ofaq

element, the cusp is broken and only the lower edge denticle remains. (h) Dapsilodus mutatus (Branson and Mehl 1933), specimen
4 GLAHM 111234, sample D624, X70. (i) Walliserodus costatus (Dzik 1976), specimen GLAHM 111235, sample D624, X70. (j) ?Pro-
I- topanderodus sp. indet., specimen G LAHM 111236, sample D624, x70. (k) Internal mould of an ostracode, a possible Leperditella

d species, specimen GLAHM 111237, sample D624, X50.
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harpid is certainly not conspecific with the harpid speci-
men, Dubhglasina parvula (M'Coy 1851), known from
limestone clasts of similar early Caradoc age in the upper
Ordovician Wrae Limestone in the Northern Belt of the
Southern Uplands (see Owen ef al. 1996, p. 140, fig. 3C).
The Wrae Limestone form has a broader anterior part of
the fringe; that from Loganlee being narrower (sag.)
frontally but broadening anterolaterally. It also differs in
the width of the fringe from the harpid lower lamella illus-
trated by Tripp (1979) as ?Paraharpes from the uppermost
Stinchar Limestone at Brochloch in the Girvan district. The
Girvan form maintains its width except towards the ends of
the genal prolongations.

Professor D. A. T. Harper of Copenhagen University
informs us (pers. comm. 1999) that preliminary analysis of
the brachiopods from limestone clasts in the BGS collec-
tions indicates an upper Ordovician assemblage, domi-
nated by a species of Sowerbyella but also including
Paralenorthis, Nicolella, Oxoplecia, Christiania, Strophom-
ena, Leptaena and possibly Rafinesquina. He also notes
that the dominance of Sowerbyella suggests a deep shelf
community, deeper than that represented in the Wrae
Limestone fauna (Owen et al. 1996). A more detailed
analysis will form part of a future work on the systematic
palacontology of the shelly fauna.

Identifiable fragmentary conodonts have been
extracted from three samples (D624, D709, D713 sample
numbers of the Micropalacontology Collection, Depart-
ment of Geological Sciences, University of Durham) using
standard methods (Stone 1987). All the specimens of the
faunule are illustrated in Fig.2. Preservation is poor; speci-
mens have a CAT of 7 indicating heating to 480-610°C
(Rejebian et al. 1987) and exhibit surface recrystallisation.
One clast (sample D624) contains a single specimen of the
Pa element of eponymous biozonal species Pygodus anser-
inus Lindstrém 1957 (Fig. 2a), characterised by four rows
of nodes on the oral surface (see also Armstrong 1997).

Regional correlations

Bergstrém (1971) described conodonts from the Middle
and Upper Ordovician of the Girvan area, and subse-
quently (Bergstrém 1990) presented a detailed biostrati-
graphical analysis of these faunas. The base of the P.
anserinus Biozone lies within the upper part of the Stin-
char Limestone and its top falls at some level within the
Benan Conglomerate.

Armstrong (1997) re-described P. anserinus Biozone
conodont faunas from limestone clasts (the Wrae Lime-
stone) in the Ashgill Tweeddale Member of the Shinnel
Formation in the Northern Belt of the Southern Uplands.
Conodonts of P. anserinus Biozone age are also abundant
in upper Llanvirn (Llandeilian) to lowest Caradoc red
cherts and mudstones in the northern Southern Uplands
(Armstrong et al. 1998). These lie above volcanic rocks in
the most northerly thrust slice (e.g. localities 108-110,
Bergstrom and Orchard 1985) and within the Kirkcolm
Formation between the Carcow and Leadhills faults
(Armstrong et al. 1990, 1998; Armstrong unpublished
collections; Owen et al. 1999). These conodont faunas are

associated with gracilis Biozone graptolites indicative of
an Aurelucian, carly Caradoc age (sensu Fortey et al. 1995)

Regional Implications

There are no Ordovician rocks exposed within the
Pentland Hills inlier, and thus our new age data suggest
that along with the other clasts, the limestones in the
Greywacke Conglomerate in the Logan Burn are exotic to
the Pentlands Sub-basin. The source area had a cover suc-
cession that included mid-Ordovician shallow marine
carbonate and flysch.

Limestone clasts are also known from conglomerates in
the Crawton Group at Inverbervie, in ihe Strathmore
Basin (Haughton 1988). A single limestone clast from this
locality has yielded an Ordovician brachiopod provision-
ally assigned to the Lower Ordovician genus Archaeorthis
by Ingham er al. (1986, fig. 2b, c¢). This specimen is
extremely poorly preserved and its identification is prob-
ably best considered as no more than an indeterminate
orthidine (pers. comm. D. A. T. Harper). Haughton (1988;
see also Haughton and Halliday 1991) suggested that this
and other limestone clasts together with associated
greywacke, igneous and hornfels clasts were derived from
the south. A cryptic terrane lying to the south and east of
the Midland Valley may therefore have provided detritus
to the Lanark and Strathmore basins during the late Sil-
urian to early Devonian.

Conclusions

Limestone clasts from the southerly-derived
Greywacke Conglomerate Formation in the Pentland Hills
Sub-basin yield a conodont faunule that belongs in the
uppermost Llanvirn to lower Caradoc Pygodus anserinus
Biozone. This date constrains the age of the cover succes-
sion of a cryptic terrane that lay to the south and east of
the Midland Valley during the late Silurian to early
Devonian. Rare occurrences of Ordovician limestone
clasts in the Crawton Group of the Strathmore basin, may
indicate detritus from this cryptic terrane was distributed
over a much wider area.
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