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RECYCLED SEDIMEDNTARY HALOGENS PRESERVED IN THE TRISTAN 
A CUNHA HOTSPOTSDURCE 

By L1so D Abbon 

View of Tristan da Cunha tak f 
April 2007 (Imago used with :.,n \oml HMS Endurance's helicopter, 12 .. 

'"""" 11 on. WWWJrlstande.com) 

Figure 1 
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Location of lho Tristan da Cunh• group, east of the Mid-Atlanllc Ridge 
(base map generated using Planlglobe • www.planiglobe.com). 
lnlroductlon 
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The Tnstan da Cunha group comprises of three volcanic Islands, Nightingale, 
Inaccessible and Tnstan. The islands are situated in the southern Atlantic 
ocean 430 km east or the M1d-Atlanl1c Ridge (figure 1) (LeRoex et al., 1990). 
Tnstan' ,s still volcanically active, whereas Nightingale and Inaccessible are 
now ,n their erosional phases (Gass, 1967). 
Tnstan ,s the only populated island in the group, supporting a small population 
or around 300 ,slanders who all 1,ve in The Selliemenl, an area in the northern 
part of the ,stand (Baker et al., 1964 ). The most recent eruption in October 
1961 resulted ,n the evacuation or the enUre population or the Island. due to 
the close proximity of the volcanic centre to the village (Baker et al., 1?64). 
In late 1961 the Royal Society commissioned an exped1tIon to the island to 
study the ne'w volcano, and to assess its impact on the local flora and fauna 
(Baker et al., 1964) The expedillon landed on Tristan on the 29~ of January 
1962 (Baker el al., 1964). During the following seven weeks a geological 
survey or Tnstan was undertaken, and nearly 700 rock samples were 
collected from Tristan, Inaccessible and Nightingale (Baker et al., 1964). 
A select,on of nine basalls from Tristan (figure 2) and Inaccessible were 
analysed for their halogen content. specifically chlorine (Cl). bromine (Br) and 
iodine (I) Halogens are ,deal tracers lo search for recycling of subducted 
matenals because they are concentrated in marine pore fluids, particularly in 
the case of iodine This leads to their ratios (iodine/chlorine, I/Cl and 
bromine/chtonne, Br/Cl) being orders of magnitude different between the pore 
fluid and manUe. Thus, the aim of the study was to establish if there is a 
recycled halogen signature within the samples. providing evidence for lhe 
halogens being subducted deep into lhe mantle and eventually being returned 
10 the surface via volcanism 
Data on the halogen content of ocean island basalts (OIBs) is scarce, 
part,cularly w1lh respect to iodine; this Is due 10 its low abundance (parts per 
billion levels) making 11 difficult lo analyse. 
Geological Setting 

Tho Tnstan da Cunha group of Islands Is thought lo have fonmed due to 
volcanism associated wilh the Tristan mantle plume tail (Gibson et al., 2005). 
A mantle plume forms when anomalously hot mantle rises from the core­
mantle thermal boundary Due to density contrasts the plume ascends. 
forming a dlst,ncl head and tail, with the head eventually puncturing through 
lhe overlying crust The head of the Tristan mantle plume is believed lo have 
111pacted Gondwanaland pnor 10 138 Ma. ronming the Parana-Etendeka flood 
basal! province (Gibson el al. 2005). 

Figure 2 
Locations of tho Tristan samples (map modified from Le Roex el al. 
1990; McDougall and OIiier, 1982). 

All of the islands in the group are thought lo have fonmed during the last 18 
Ma, with Tristan being the youngest (Cliff et al., 1991). The main shield 
building phase of the Tnstan volcano was short-lived, occurring between 0.2-
0.1 Ma (McDougall and OIiier, 1982). In the past 15,000 years, volcanic 
eruptions have only occurred from parasitic vents (Baker el al., t 964 ). 
The island of Tristan consists of interbedded layers of basalts and associated 
pyroclast,cs, ejected mainly from lhe central cone; the pyroclastlcs having 
fonmed due to the magma interacting with either a shallow waler table, or a 
crater lake (Baker et al., 1964). The geology of Inaccessible Island is very 
similar, again consisting of inlerbedded basalts and pyroclasllc material 
(Baker et al., 1964). Lillie erosion has taken place on Tristan. with the main 
areas of erosion being around lhe sea cliffs and on the upper slopes of the 
island (Baker et al., 1964). 
Halogen Composition of the Earth and Meteorites 

Whilst there is increasing information or the halogen concentrations and ratios 
wilhin mid-ocean ridge basal! (MORB). data on ocean island basalts are 
scarce. No ocean Island basalts iodine data has been reported in the 
lilerature. Br/Cl ratios have been derived for OIB ranging from (1.1-1.2) x 10-> 
(mol/mol). with concentrations of 35-257 ppm and 0.09-0.69 ppm for Cl and Br 
respectively (Jambon el al., 1995; Schilling et al., 1978). . , 
Estimates for MORB halogen concentrations are better constrained, w,th Cl 
ranging from 29-55 parts per million. Br from 60-1,300 ppm and j be~veen 8-
10 ppb; giving ratios of (1.03-1.11) x 10-> Br/Cl and (15-25) x 10 I/Cl (figure 
3) (Burgess el al, 2002; Deruelle et al., 1992; Jambon el al., 1995). 
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Figura 3 
Halogen ratios for Iha Earth's reservoirs (dala from Burgoss et al., 2009; 
Burgess el al., 2002; Deruello et al., 1992; Jambon et al., 1995; Johnson 
el al., 2000; Mahn and Gleskes, 2001; Martin et al., 1993; Schilling et al., 
1978). 

Es11males or lhe halogen rallos or the sub-continental hthosphenc mantle 
(SCLM) and bulk Earth (BE) (Br/Cl 1.77 x 10->; I/Cl 72 x 10 1

) have been 
denved from diamond dala, and a model BE value calculated from 
condensauon lemperalures or elements m lhe Earth-forming reg,on or the 
solar nebula (figure 3) (All~re el al., 2001, Burgess et al., 2009, Johnson el 
al . 2000) Halogen ra110s have also been measured In prim,t,ve meteontes (Cl 
chondnles), these are meteoriles which have compos11ions considered 10 be 
represenlal,ve or lhe bulk Earth Although lhe VCI ratios between BE and Cl 
chondrnes are very d1Neren1 (figure 3) Which may resull from very limiled 
me1eo,IIe sample analyses, a s,m,lar Br/Cl rabo (1.64 x 10->) to the BE values 
have been der,ved from manlle nu,ds in diamond (Burgess et al., 2002). 
The concentra110ns of halogens wilh1n manne pore nulds have been 
measured using samples from lhe Ocean Onlfog Program (ODP) (Mahn and 
G,eskes, 2001, Man,n el al, 1993). Pore nulds show the greatest range or 
values, particularly w11h respect to iodine; I/Cl varies by three orders or 
magnilude (figure 3) These increased 1od1ne concentralions are lhought lo 
be duo lo lhe degrada1,on or organic maller from pelagic sedimenls, which are 
particularly 10d1ne rich (Mahn and Gieskes, 2001 ). 

Ullra.Sonsltive Halogen Delermlnalions 

The halogen conlenl or lhe samples was analysed using an extens10n of the 
Argon-Argon dallng lechn,que lni11ally lhe Whole rock samples were crushed 
and ohvine crysIals hand-picked The 

0

0IMne cryslals were lhen irradiated al ~= SAFARl-1 reaclor, NECSA Pehndaba, Soulh Afnca. Ounng irrad1allon, 
samples are sut>,ec:1ed 10 a neutron nux and a small proport,on (aboul one 

'":very 10,000 aloms) or lhe halogens ,s converted lnlo neulron-denved 
no 10 gases, via neutron Inlerac11on Since noble gases are so rare on Earth, 
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lhey c.in be delected al very low abundance and lhis ,s whal gives the 
lechn,que ,ts very high sensI1Mly. 
The abundance of the neulron-<lenved noble gas ISOlopes produced dunng 
1ttad1al10n ,s directly proportJonal lo lhe Init,al abundance of the halogens This 
allows the noble gas conlenl or the samples lo be measured and used as a 
proxy for halogen ebundonco. 
Posl-1~rad1abon, lhe samples were eilher crushed and, or slep healed (600-
1,600 C) in vacuum lo release their !rapped gases mlo a mass spectromeler. 
The MS 1 noble gas mass spectromeler al the Un,vers,ly or Mancheslor was 
used for sample analysis. 
Thin secbons or lhe samples were also examined 10 eslabhsh the mineralogy 
lexture and crys1allisa1,on hislory or the basalts. • 

Halogen Ratios 

The 1odine/chlonne values extend from 1.8 x 10" 10 1.9 x 10·2 for lho 
individual SIOP,, healing and., crushing sleps, wilh lhe lolal releases ranging 
from 2.3 x 10 lo 4.1 x 10 (figure 4) The highesl values reported aro for 
sample 446 from Inaccessible Island, ranging from 2.8 x 10" 10 1.9 x 10·' with 
an inle~raled value or 4 1 x 10·3 Mosl or the samples have VCI between 10" 
and 10 . 
There JS less vana110n observed ,n brom,ne/chlonne rauo (figure 4), ranging 
from (7.3-91) x 10 for lhe indMdual sleps, and (7.9-34) x 10" ror lhe 10181 
releases. The" larges! range ,s aga,n seen In sample 446, Which extends from 
(1.8-9.1)x10. 
Marine Pore Fluid Signature 

In figure 4, II can be seen that samples wilh lower bromme/chlonne and 
10d1ne/chlonne ralJOS extend almosl lo the mid-ocean ridge basalt field, and 
near lo the value denved lor bulk Earth from diamond analyses. The higher 
ratios extend well inlo, and beyond the rield ror manne pore nu,ds. The only 
known reserv0tr or material havmg high VCI and Br/Cl in the Earth are 
organic-rich sediments and manne pore fluids. 
This lrend from MORB and BE values lo manne pore nu,d values suggesls 
lhal a mixing lrend belween a MORB or BE end-member and manne pore 
nu,ds, or Iodine nch sed,menls, is being observed. 
The high halogen ralios observed ,n lhe Trislan and Inaccessible Island 
ohvlnes show a recycled halogen slgnalure, and may lhererore be explained 
by a marine pore nuid componenl wilhln lhe Tnslan da Cunha manlle source. 
This lndic.iles lhat subducled marine sedimenls and pore nu,ds are m,x,ng 
wilh Iha OIB source, w1lh possible enua,nment or MORB dunng magma 
ascent 
One sample from Inaccessible Island (446) reports a higher I/Cl rauo than Is 
known for marine pore nuids, however Sum,no el al. (2010) suggesl lhal an 
increase ,n I/Cl may be due 10 add1l10nal 10d1ne release dunng lhe dewalenng 
or clay minerals and organic matter from sedunent pores. 
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Tristan and Inaccessible samples (shown with orror bars - closed 
symbols Indicate Individual steps; open symbols Indicate total reloaso; 
addlllonal data from Burgess et al., 2009; Burgess et al., 2002; D6ruelle 
et al., 1992; Jambon et al., 1995; Johnson et al., 2000; Mahn and 
Gleskes, 2001; Martin et al., 1993; Schilling et al., 1978). 

11 we assume a sediment Iodine concentration of 15 ppm (Burgess el al., 
2009), approX1ma1ely 400 ppm or sediment would need 10 be present within 
!he OIB source lo give the highest VCI observed (sample 446, Inaccessible 
Island) 

Conclusions 

The Tnsran da Cunha basalts show a strong overlap ,n their halogen ratios 
with marine pore Ruids, suggesting lhal subdueled sediments are mixing With 
!he mantle source lor the Tnslan plume, deep within the mantle. Those 
samples Wllh lower halogen ratios he close lo the values ror the bulk Earth, 
and mid-ocean ndge basalts, suggesting a mixing trend between the bulk 
Earth or MORB range and 1od1ne-nch sediments. Only 400 ppm or sediment 
would need lo be presenl w11h1n the manUe source 10 provide the values 
observed There 1s also some evidence 10 suggest that the Tnstan hotspot 
source has changed chemically over rime, as the samples rrom Inaccessible 
show higher halogen rahos than !he samples collected from Tristan The 
rcsulls or lh1s study has lmphcal10ns for deep water recycling procosse~ and 
may require • reassessment or !he dormnant transport mechanism and 
source or ware, '" lhe Earth's mantle. In partrcular 11 rs unknown whelhor It is 
P0SS1ble ror a rree RulC! phase lo be subduaed to the depth or the OIB source. 
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LACEWINGS AND SNAKEFLIES (INSECTA) OF THE LOWER 
CRETACEOUS OF THE WEALDEN SUPERGROUP, SOUTHERN 

ENGLAND 
By James E. Jepson 

Introduction 

When most people think of the Cretaceous, lhey envisage a scene of giant 
roaming dinosaurs on the land and pterosaurs flying through the skies. They 
give little if any thought to lhe smaller animals, such as the Insects. In the 
Cretaceous insects formed an essential part of the ecosystem, and it was at 
this time that a major diversification of Insects occurred with many ot the 
extant fammes evolving, partly related lo the rise of the angiosperms (Gnmald1 
and Engel, 2005). Two groups of insect which had their 'Golden Age' in the 
Cretaceous are the lacewings and the snakeflies. Lacewings (Neuroptera) 
and snakemes (Raphidloptera), along with alderfhes and dobsonflies 
(Megaloptera) are holometabolous insects with distinct larval, pupal and adult 
stages that belong to the superorder Neuropterida. The first fossil record of 
lacewings is In the Permian and snakeflies In the Jurassic (Grimaldi and 
Engel, 2005). These insects are still alive today; In Britain there are 66 
species, in six families of lacewings and four species In one family of snakefly 
(Plant, 1997). The extant fauna is considered to be relict, with their greatest 
period of diversity being around the time of the Wealden Supergroup In the 
Cretaceous. 

Goologlcal Setting 

The Wealden Supergroup of southern England is Lower Cretaceous (140-125 
Ma) in age (Gradstein et al., 2005) and is divided Into two sub-basins, the 
Weald and Wessex (Allen and Wimbledon 1991). The Wessex Sut>-bas1n has 
few fossil insect remains with mainly beetle wing cases known (Twitchell, 
1994). In contrast the Weald Sub-basin has yielded many insect fossils (many 
hundreds of species have been recorded) and it is from here that the 
lacewings and snakeflies have been described. The Wealden Supergroup Is 
divided Into the Hastings Beds Group and Weald Clay Group (Figure 1); the 
rock types consist mainly of cycles of sandstone, clays and mudstones. The 
main outcrops of these rocks are found in various bnckworks across the 
south-east of England (Figure 1 ). Fossil insects are found mainly In the fine 
grained rocks of the Weald Clay Group, the most productive locality being 
Clockhouse Brickworks. Few fossil insects have been recorded from the 
Hastings Group. 

Lacewings and Snakemes 

The lacewing fauna of the Wealden consists of four families and 14 species: it 
Is dominated by insects with many veins in the1r wings known as psychopso1d 
lacewings, which include the families Kalligrammat1dae and Psychopsidae. 
The psychopsoid lacewings make up over 60% of the lacewing fauna 
(Jepson, 2010). 
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The oldest lacewing fossil from the Wealden Is a kalligrammatid from the 
Hastings Group (Figure 2). The fossil Is a fragment of wing, containing a 
t,eau11fully preserved eyespot. similar lo some bullerfl1es and moths 
(Jarzembowski, 2001 ). Kalligrammat1ds are large insects which are thought to 
have had brightly coloured wings. These features have earned them the name 
of Butterflies of the Mesozoic Another fragment of a kalligrammatid has been 
recorded In lhe Upper Weald Clay (Jepson et al., 2009), eX1endIng their range 
through most of the Wealden. 

Figure 1 
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Stratigraphic column of the Weald Sub-basin (not to scale), showing 
insect localities with names of Brickworks (modified from Rasnitsyn et 
al., 1998). 

The Psychops1dae or Silky Lacewings (Figure 3) are the most diverse and 
dominant gro~p of lacewings In the Wealden; they are represented by four 
genera and eight species (Jepson et al., 2009). Many of these specimens 
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have colour patterns preserved on the wings. These havo only been round tn 
lhe Weald Clay Group. Extant Psychopsidae are found in restricted habitats in 
Africa, parts of Asia and Australia (Oswald. 1993), however. in the Cretaceous 
lhey were much more widespread. 

Figure 2 
Photograph of the oldest Wea Iden Lacewing Ka/1/gramma roycrowsonl 

Jarzembowski, 2001, from the Hastings Group. Diameter of 'pupil' 8 mm 
(Photo: Ed Jarzembowski and Fred Clouter). 

Figure 3 
Photographs of two species of Psychopsidae from the Wealden. A. 
Valdipsychops logunovl Jepson et al., 2009. B. Va/dipsychops 
macu/osus Jepson et al. 2009 (scale bars both 1 mm) 

Figure 4 
Photograph of a Weal den osmylid, Prolosmylina bifasclata Jepson et al., 

2009 (scale bar 1 mm) 
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The next domonanl group of lacewings In lhe Wealden ,s lhe famoly Osmytodao 
{Figura 4) woth two genera and two speaes known; osmyfods are still present 
on Bntaon today 
All unexpected fond on the fa,na was lhe family llhonidae, o, molh lacewongs 
(Ffguro 5) These lacewongs are found today in Australia, soulh-westem NOl1h 
Amenca Honduras and on Onenlal regions {Makar1on and Menon, 2007). This 
fossil represents the first record of llhonodae In Europe Another surpnse 
about the fossl os lhal 11 os from the same genus as a fossol descnbed on the 
younger Crato F01malion of Braz~ {Makarl<on and Menon, 2007), which 
suggests that lho fam~y and genus was much more widespread dunng lhe 
Cretaceous 

Figure 5 
Photograph of Wealdan llhonldae, Principia/a rudgwlckensls Jopson et 
al., 2009 (scale bar 1 mm) 

There are two spee,es whose family affimtJes cx,uld not be deaphered, one Is 
poss,bly related 10 lhe family Hemerobtodae. o, brown lacew,ngs, and Iha 
other may be related 10 the extJnct famdy BrongmartJellidae. 
Snakefloes {Figure 6) are rare In the Wealden, o,oJy three speaes In one 
fa""Y are known The family on quesllon os the extu,ct Meso,aphidI1dae Two 
ol lhe species are members of the globally widespread genus Me50flJphdla, 
whereas lhe olller Is In lhe genus Proraphidia {Jepson and Jarzembowski, 
2008, Jepson el al , 201 t) The presence of Proraphid,a ,n the Wealden 
extends both the geographical and geological range of the genus: previously It 
was only known In lhe Jurassic of Kazakhstan. 
Along w11h the aforemenlloned specimens there are numerous very small 
wing f,agmenls In museum collections: lhal unfortunately do nol havo enough 
d1agnosI1c chnraclors lo describe lo lower taxonomic levels. However, those 
fragmonls IogoIhor wIIh lhe doscnbed material give us a glimpse or the 
lacewing and snakolly fauna from this period of lime, and from lh1s we can 
deduce how and whe,e they m1ghl have lived 
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Figure 6 
Photograph of Woaldon anakeffy, Proraphldla hopklnsl Jepson and 
Jarzembowski, 2008 (wing length 11.5 mm) 

Palaooenvlronmont and Taphonomy 
The palaeoenvlronmenl of tho Weoldon has been reconstructed as lacuslrine­
lagoonal w1lh woodland bordering watercourses. and a distant forested area. 
Th_e cllmalo has been lnlerprelod from sedlmentologlcal and palaeonlologicol 
evidence as Med1Iorraneon-l1ko, sub-tropical lo warm lemperale, wilh 
seasonal rainfall {Allen and W1mbleclon, 1991; Ballen, 1998). Wold fires we,e a 
hazard In the dner seasons, being roco,ded by fossils of buml plants and 
beeUe elytra {Ballen, 1998, Jarzembowski, 2003) 
The lacewings, snakeRles and mo)Oloty of msect fossils are preserved as 
disartJcUlaled w,ngs, many of which being fragmentary The dlSartJculaled 
stale and fragmentary nature of the lossols can lei a slo,y about two poss,ble 
scenarios of events pnor lo depos,llon The first scenano ex>nSlders lhat lhe 
"'sect died on land, where lhe body was e11her ea:en by predato,s, o, 
decomposed, leaving )ust lhe wongs Ally ,a., woud have washed lhe wongs 
"110 a watercourse transpon,ng ,1 down 10 lhe sole of depos,11on. The second 
scenano os that lhe Insect was washed Into lhe watercourse e,lher dead o, 
alove: here II broke lhe waler tension II alove the struggling of lhe insect cx,uld 
cause lhe waler lensoon lo break, or of dead the act10n of raindrops could 
break the lens10n, causong 11 to s,nk. 
When under water lhe body may have been eaten by aquatic predators, or 
become d1sar1Jculaled due lo ottn110n dunng transport in the waler. In this 
scenario, ii tho insect died on the water surface 11 may have began to 
decompose there. The fragmentary nature of lhc wings suggests damage 
most likely by wator transport and lho more damaged, the further they havo 
travelled. The facl 1h01 very illllo body material Is found could be due lo sorting 
by waler (Jarzembowski, 1995; Jepson 2010 for more informallon on Insect 
laphonomy see Martlnez-Dolclos & Martinell, 1993). 
From the above evidence II can bo suggosled lhal lhe insects must have hved 
some distance from lho sole of dopos1llon. Jarzembowski (1995) suggested 
lhat many of the insects hved on a d1s1an1 lorest on lhe south s,de of a large 
landmass, to the north of the Weald Sub-bas,n, known as lhe Londonoa Massif 
II is most hkely here where lhe majonty of lhe lacew,ng and snakeRy fauna 
would have roved based on modem analogues, extant lacewings and 
snakelhes love on o, around woodland areas (e g OueUo et al , 2002) The 
Osmytodae speaes could possibly have onhaboled lhe woodland bordenng lhe 
watercourses closer 10 lhe sole of deposition. due to lheor larvae being sem,. 
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aqualJC, and thererore needing a source or waler close by. This is runher 
supported by lheir wings being belier p,eserved and less fragmentary, 
,nd,cabng a shorter penod or travel. Figure 7 shows a schemabc 
reconslruciion or tho Weald Sub-basin palaeoenvironmenl, also summarizing 
the Iaphonomy 

Soulh 
WEALD BAS" 

Op,tn ""''" 

Amflf 
llri.l'("'iUaa 

10r~II 
l.ltvL1t,,huw 

""" Figure 7 
Schematic reconstruction of the palaeoenvlronment of the Weald Sub­
basin showing where the lacewings and snakeflles lived with regards to 
the area of deposition (modified from Jepson, 2010), 

Future 
The lacewings and snakefl,es represent only two orders of insec1s from a 
much greater ross,I ,nseci rauna or lhe Wealden Supergroup There ,s sl,11 a 
vast amounI or wo,k that needs to be completed on the inseciS rrom these 
rocks Pnor 10 my sludy on Wealden lacewings and snakefltes only one 
species had been rormally desc11bed, now there are 17 known. ThtS siluabon 
Is going 10 be similar ror many olher insect groups in the Wealden, only 
lacewings (Jepson and Penney, 2007; Jepson et al., 2009), snakefl1es 
(Jepson and Jarzembowski, 2008: Jepson el al , 2011 ), wasps (Rasnltsyn et 
al, 1998), dragonrltes (e g. Jarzembowski and Nel, 1996; Nel and 
Jarzembowski, 1998), grasshoppers and crickets (Gorochov et al., 2006) 
have been worked on ,n detail, others are yet lo be sludled. In museums there 
are numerous drawers or malenal watbng to be descnbed, some collected 
yesterday, some collected over 100 years ago' The Wessex Sub-basin rauna 
,s also ,n need or exIensIve sludy 10 build on the ltlUe work that has been done 
so rar (o g Tw1lche11, 1994) The Hasttngs group also requires some Intensive 
sludy or lhe clay bands lo see whal insecis can be round. Although work on 
the insects from lhese deposits first began well over 100 years ago, with lhe 
work of Reverend PB Brodie (1845), and also Ihe excellenl work or Dr Ed 
Jarzembowski in recent years, there ,s sbll much to be done to fully 
understand this fantasbc fossil insect fauna 
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BURROWING BIVALVES AND SHUFFLING SHRIMPS; WHAT CAN 
TRACE FOSSILS TELL US ABOUT THE RATE OF SEDIMENTATION? 

By Chris Arkwright 

A summary or the lecture given by Peler Hardy about an Jnvestigalion he 
undertook with the late Fred Broadhurst. which formed part of the MGA's Fred 
Broadhurst Memorial Lecture Day In November 2010. 

Introduction 

In the arenaceous sediments of the Upper Carboniferous there are very few 
body fossils, but relatively common occurrences of trace fossils which allow 
an InterpretatIon of the palaeoecology. Some or these trace fossils Indicate 
that the sandy sediments were often deposited very rapidly, as much as two 
metres or sand within the lifetime of one individual animal was observed, thus 
suggesting dramatic Oood1ng. The critical factor which enabled this to be 
established was the recogniuon that many of the burrows were actually 
escape structures, made by animals which were being rapidly buried. In one 
example a sequence or seven or eight alternating coarse and fine bands Is 
penetrated by a community or animals, showing that the entire sequence was 
laid down within one animal's life time. This suggested very strongly that the 
allematIng cyclic units or sand and mud are or a seasonal, very probably 
annual nalure. 

There are many similarly cyclic units of elastic sedimentary rocks, in the 
Jurassic often accompanied by limestone honzons. These were also studied 
In an attempt to establish whether they too might have a seasonal control. 

Upper Carboniferous trace fossils 

An abandoned quarry on B1llinge Hill, near Macclesfield, displays bivalve 
burrows. which were known as Pelecypodichnus,_subsequenlly called 
Locke,a These vary In depth from a centimetre or two, when they are 
dass1fied as 'resting traces·. to tens of centimetres, even up to a metre or 
more in some extreme cases. The depth of some or these burrows Is not 
characteristic with modem bivalve behaviour, where no living species would 
normally dig down more than about filly centimetres. This suggests that these 
structures are not really burrows In the usual meaning of the term, but are in 
effect upward moving 'escape shalts', made by animals under extreme stress 
during rapid burial 
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Figura 1 
Lockela escape shaft, typically over 50cm In length, showing collapse of 
laminae as bivalve made rapid progress upwards to escape burial by 
sudden Increase In sedimentation (pholograph by F. Broadhurst) 

Figure 2 
Lockela escape shafts with number of shafts diminishing 
upwards (photograph by F. Broadhurst) 
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Figure 3 
Bivalve In oscapo shaft - Ravenhead Quarry 
(photograph by P. Hardy) 

Counting lhem at successive honzons In the rock revealed that numbers 
d1m1n1sh upwards, which is difficult lo explain ror a colony or downward 
burrowers. The conctus10n reached was that the animals started off at the 
botlom or any particular bed or sand and were buned, so that upward 
movement was their only hope or survival. Those which lived made it to the 
next pause In sedimentation, marked by a bedding plane, those which died 
were entombed and their traces finished. 

Moreover, the shortest burrows, which are often well defined and closely 
resemble the shape or the animal shells, were obviously made by animals 
living in stable conditions. shallowly buried In the surface sediment, as are 
many modern bivalves. whereas the longest burrows, which tend to be poorly 
defined, were created as litlle more than a temporary disturbance or the sand 
as the animals passed through In their rapid upward escape from burial. 

Further evidence of bivalve escape trails was seen In Ravenhead Quarry, at 
Upholland, near Wigan, when it was an active working brick pit (Broadhurst et 
al , 1980; Eagar et al , 1985). This site includes two coal seams which are 
separated by a wedge or sediment around 15 metres thick. The lower 
litholog1es include muds and sills, with some bivalves and occasional plant 
fossils, then towards the middle or the sequence thin bands or sand begin to 
appear, fust a few millimetres thick at first, but becoming up to 20-30 cm thick 
higher up, w1lh thinner sill panmgs. culminating 1n several melres of 
sandstone below the next coal seam. These rhythmic units are repeated over 
8 hundred times but the main interest hes in a few bands which have very 
obv,ous bivalve escape shafts penetrating them. Tho shafts are quite 
~umerous In the lowest bands, but rather less frequent In higher ones, and In 

e seven or eight bands at the top none could be seen. The most 
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extraordinary feature or this sequence Is that actual shells can very 
occasoonally be found within the escape shafts themselves, and many more 
shells are seen on bedding planes In the sills In between the sand units 

II could be concluded that lhe shans in successive rhythmic beds were made 
by the same lnd,vlduals throughout the entire sequence These animals were 
not successive generations, but individuals from one single successful brood 
which had colonised this area at the time of depos,toon or the lowest unit and 
had survived through around seven or eight episodes of bunal, before they 
had been enllrely wiped ouL In other words, all of the sand/sill units which 
exh1b1ted the escape shafts had been laid down wrth1n the lifespan of one 
living generation of bivalves Whatever length that may have been, It clearly 
was not millennia, nor was II likely to have been centuries (although recent 
research in the cold North Atlantic waters has shown that perhaps the oldest 
living creatures on Earth may be bivalves, some with a lifespan of over 500 
years). In all probability they might be expected lo have grown to maturity In 
the warm equalonal waters of the Carboniferous in a rew years and lived ror 
maybe a decade or two. 

It was further concluded that the sedimentary units were In fact seasonal, 
possibly caused by annual Oooding, which is a well known phenomenon in 
modern equatorial regions. Thus seasonal sed1mentabon had been identified 
on the basis of trace fossil evidence. 

These observal10ns suggest that the entire 15 metre sequence between the 
two coal seams was possibly deposited within a century or two of the initial 
subsidence which buried the coal-rorrning forest on the down-throw side of the 
fault and created the deeper water basin. This Is based on the extrapolation 
that each sandy unit represents one year and since they numbered in tens, or 
possibly low hundreds, the entire sequence represents at most a few 
cenlunes. 

Upper Carboniferous environment 

The Upper Carboniferous bivalves are known as 'non-manne', since they are 
almost invariably associated with sedimentary cyclothems in which coal 
seams are commonplace and nver systems appear to have been the 
dom1nan1 environment The marginal marine environment occasionally 
ovet1ook some areas, leaving 'marine-bands' of fossils, which enliven lhe 
otherwise rather barren shales between the coat seams. The sea was 
apparently ever present at quite modes! distance, but only dominaled the 
region from bme to time It Is probable that these manne incursions resulted 
from periodic subsidence after earth movements which suddenly deepened 
the raulted basins, allowing the distant sea water to flood In. Followrng this 
subsidence the basins were gradually filled, firstly by fine-grained mud or silt 
transported from the now further distant land mass 

As the basin shallowed the shore line extended, the waters became more 
turbulent and the sediment coarser. The eart1er sediments in such a 
sequence contain the manne organisms which hved m the fully saline waters 
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such as gonlat,tes, orthocone ceph_alopods and scallop-like bivalves. The 
brach10pod l.mgula_usually occurs Just above a marine band and represents 
the marginal brackish lo saline conditions which followed. The non-manne 
bivalves could not suMve ,n the most saline of the environments within thtS 
system, but once the waters became brackish or fresh they flounshed In the 
muddier sediments where food, in the fonn of organic delntus, was abundant 
They could not however survive In rapidly deposited thick sand units and most 
died ,f deeply buned. This made it clear that the most conspicuous rocks of 
the Upper Carboniferous throughout the region, such as the famous gntstone 
and sandstone edges. were probably deposited within a few days, certainly 
those In which bivalve escape shafts could be traced through metres must 
have been deposited very rapidly, after all, how long could a bivalve of two or 
three centimetres long survive under a metre or two of sand? 

Lower Lias: North Somerset 

Rhythmic allernat,ons of sedimentary lilhologles are also found In lower 
Jurassic sequences, although these cycles consist mainly of mudstone and 
limestone. Commencing with the lowest Jurassic (White and Blue Lias) In 
North Somerset, traces of upward escaping organisms, probably shrimp, are 
especially noticeable In the lime rich bands. Nthough the finest laminated 
shales are mainly devoid of any benthic fauna or traces. the paler lime-rich 
beds are often penetrated by trace fossils, including Chondnfes a feeding 
tunnel system and protrusive vertJcal Diplocraterlon burrows. Occasionally, 
honzontal U-shaped burrows, Rhizocorallium,_are seen attached lo the side of 
the vertical burrows, thus showing beyond any reasonable doubt that aU of 
these u-shaped structures, protrusive or horizontal, were made by the same 
type of an,mals, or even the same individuals, depending upon conditions. 

Thus we could demonstrate, through the variable morphology of 1!1is . 
widespread and common trace fossil. whether the animal was actively moving 
around sideways ,n the sediment ,n search of food, in which case its burrow Is 
called Rhrzocorsllium,_or living in a fairly stable environment In its open-tubed 
ven,cal burrow, , e. Dlplocrsferlon. However, despite careful searching for 
sequential upward moving burrows, there appears lo be no trace fossil 
evidence ,n North Somerset for the rate of deposition of the cyclic units. 

Lower Lias: Dorset 

The search was then extended to the Blue Lias of Dorset where 
Dip/ocraferion_trace fossils are just as common as they are ,n Somerset, also 
associated with Rh,zocorallium. Many examples of protrusive forms wore 
found, with u-shaped lubes st,11 open and disturbance (spreile) between them 
Rarely the retrusivo forms were seen, which are recognised by their tubes 
being absent w,th only the curving spre,te seen in their place. II Is clear that al 
hmes the shnmps had to burrow downwards 10 establish their 'homes· but al 
others they were requ11ed to migrate upwards or to pertSh This evidence 
aga,n failed to derr,onstrate any clear lime scale for these banded units. 
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Middle and Upper Lias: Dorsal 

Moving up ,n the Jurassic succession, the BelemMe Marts (Middle Lias) are 
much less hme-dormnaled but son contain clear rhythmic units of dar1<, finely 
laminated shales. grading ,nto paler hme-nch beds VerhlCal trace fossil 
burrows were seen but with very 11IUe evidence of upward movement or rates 
of deposrt,on. 

However ,1 was noticed that the tops of the lime-nch bands had been eroded 
leavmg l~g deposits of shelly deb11s In Iopograph1cal hollows. This 1nd1cates a 
regime of shall0wtng seas and increased energy dunng the development of 
the hme-nch sediments. and. In tum, implies a gradual infill of manne basins. 

Therefore, the evidence seen In North Somerset and Dorset suggest that the 
whole Lias sequence represents a marine basin subject to repealed 
subsidence events (over millions of years) followed by gradual infilling with 
fine-grained elastic sediment, each sequence closing with hme depos,uon as 
the waters became more shallow. 

Upper Jurassic: Dorset 

The final stage In this Invest,gaI10n was conducted ,n the Upper JuraSStc 
Coralhan beds, which include sandstones. mudstones and vanous limestones 
The laminated sandstones, known locally as !he Benchff Gnt. are suffic,enUy 
hme-nch to include some nodular concretions known as '<loggers', many 
being more than a me1re ,n diameter The absence of many body fossils ,n 
thtS open textured sandstone Is the result of red,stnbulion of calcareous shell 
matenal. However, the abundant Rhizocoraflrum, seen as meandenng 
nanened u-shaped tunnels on the bedding planes. and the vertical 
O,p/ocraferion are evidence that there had been animals living in this sand. 

Some secllons are dominated by relrus,ve Diptocraferion thus demonstrating 
the upward movement of the animals. This evidence combined with 
observat,ons that the fore sets in the sand are up lo a metre deep made 1I 
clear that they were deposited very quickly. 

In contras!, the many oblique tunnels seen indicate more permanent 
settlement in burrows. Many of these are lined with organic debris and/or 
muddy sediment and named Ophlomorpha. Mos! start from the lop of the 
sand units bul can be found by downward penetrat,on from the water interface 
or from an overlying more lime-rich bed. Some exposed tunnels show strong 
setalch marks made by the legs of the arthropod which created them 
Clearly. the shnmps were hvtng permanently within these tunnels The shafts 
tend 10 be roughly tnangular ,n vertical section, with dist,ncl lateral projec110ns 
at intervals up their sloping side walls As the animals grew, incrementally 
shedding exoskeletons, the tunnels were enlarged by scratching a~y and 
widening the noor, leaving the lower corners of the earlier tunnels ,vtlh a 
remnant of the lining matenal sllll wedged into the tunnel walls. The largest 
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tunnel was the,r final home, and could be onfilled either w,th unsorted sand o, 
with laminated sand. probably dependent upon the speed of infill and on 
whether the backfill was made by the animal or by outside causes. 

The Bencl1ff Gnt Is overlain by clays and nodular limestones. then a very 
d1stonC1Jve roaose-gra1ned p1sol1te and finally by a clean whole oohllc 
hmestone, the Osmtngton Oolite, less than a metre thick The Osmongton 
Oohte ,s charactensed by the abundance of vertJcal trace fossils, aimmonly 
the vertJcal shafts are without bases and generally lack the 'spre,te' (a"'nng 
laminae) which charactense the retrusove form. These shahs are oflen hned 
with darl< muddy sediment for stab1hty, suggesting that the occupants hved In 
them for a while, rather than simply escaping upwards. In most cases they 
penetrate from a fow cenhmetres to around 30 cm, often through an enllre 
fore set w1th1n the bod of 001d grains, but others terminate within the unit at 
erosional breaks, so that the height of these shafts is very variable. 

The evidence gathered over several metres of the exposure from three 
sample sites shows that the shahs are often restncted to indrvldual lore sets, 
but usually commence within the muddier sediments at the base of the oohte. 
It was concluded that the ent11e ooht,c bed had been deposited as a single 
contJnuous event, which smothered the estabhshed bunrow,ng shnmp fauna 
by the advance or the npple front. This either lolled them by burial or they 
escaped to recolonise the upper layeos of sediment. The benthlc community 
clearly hved In very turbulent wateos and was apparently buned by rapid 
sediment accumuta11on on m0te than one occas,on 

The Osm1ngton Oohte was evidently deposited in a very short time (within the 
lifetime or one animal In any particular place) and clearty marl<ed the end of 
an ep,sode or p,olonged ,nfilhng of a marine basin and the beg1nn1ng of a 
shallow water stage, w,th active sediment movement but with hltle elastic 
,nput Therefore, although the major CoraNian depos,tJonal events (the Bencloff 
Gnl and the Osm,ngton Oolole) were rapid, probably only a few yeaos in 
durat,on, they were on no way cychc and, on common with other Jurassic 
sediments onvestJgated. a definite time-scale could not be established. 

Conclusion 

II Is possible to infer rates of sedimentation In lhe Upper Carboniferous by 
means of sequential upward-moving burrows or escape shafts of bivalves 
passing through cyclic sediments. However, this method Is not possible with 
regard to Jurassic sediments either because of the lack of rhythmic cyclical 
sediments or sequential escape shafts 
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THE EL TIME GROUP: A THICK SEQUENCE OF FLUVIAL 
CONGLOMERATES ON LA PALMA, CANARY ISLANDS 

By Duncan Woodcock 

In March 1854, Charles Lyell v1s1ted La Palma as part of his lour or Madeira 
and the Canary Islands. He was particularly keen to examine the Caldera de 
Tabunente (Figure 1). a large depression In the mountainous centre or La 
Palma that had previously been described by the German geologist Buch 
after his vIsI1 lo La Palma in 1815 (Wilson, 1998). As well as the Caldera de 
Tabunente (Figure 2). Lyell was impressed both by a spectacularly deep 
valley. the Barranco de las Angustias (Figure 3). that runs South West out of 
the caldera and by a remarkable sequence of oonglomerates lhat are 
exposed along the lower reaches of this barranoo. Lyell included a sketch 
map of the caldera and the Barranoo de las Angust1as in the sixth edition or 
his "Principles or Geology·, published in 1865 (reproduced as figure 5 In 
Wilson, 1998) 

Figura 1 
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Figure 2 
Tho Northern woll of tho Caldera do Taburlente with Pico Bojenado and 
the remnants of tho Bejonado volcano visible In the mlddlo distance. 

Figure 3 
Viow south west from tho summit of Pico Bejenado Into the Barranco de 
las Angustlas. 

29 



The thick sequence of conglomerates that impressed Lyell is known as the El 
Time group (Roa, 2003). The sequence Is up to 300 metres thick and 
contains mudstone and cross.bedded sandstone units in addition to the 
predominance of conglomerates. The El Time conglomerates are exposed in 
spectacular road cu1s along the LP 1; the main road along the western side of 
La Palma. The Barranco de las Angustias is a major obstacle that the 
builders of the LP1 had to overcome. Immediately west of Los Llanos the road 
begins its winding descent of 400 metres to the bottom of the barranco before 
chmb1ng back up the northern wall. There are very few road cuts where it is 
safe to stop. 11 is considerably safer and more pleasant to examine the 
exposures w1th1n the barranco bottom upstream of the LP1 bridge where there 
Is a convenient car park. Figures 4 and 5 show details of an exposure at La 
Vina, towards the upstream end of the El Time outcrop where the shallow 
water fac,es are exposed. 

Figure 4 
The sedimen.tary sequence shown In rocks of the El Time group. La 
Vma, approximately 3km upstream from the road bridge in the Barranco 
de las Anguslias. The lower conglomerate unit contains thin lenses of 
sandston~ that attest to periods of slacker water. The upper sandstone 
unit contains Ihm cross-bedded and rippled units that indicate 
deposition in shallow water (Figure 5). 
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Figure 5 
Details of the upper sandstone unit shown in Figuro 4. The diameter of 
coin on the photograph is 20mm, 

The deposition of a thick sequence of fluvial conglomerates and the erosion of 
an exceptionally deep barranco were unusual events during the development 
of a volcanic ocean island. They can bo understood in the context of the 
development of La Palma, where sub-aerial volcanism began in what is now 
the north of the island with the growth of the Garafia volcano. This volcano 
was partially destroyed in a giant landslide and the Tabunente volcano 
developed within the collapse embaymenL The Taburiente volcano in turn 
was partly demolished in the Cumbre Nueva collapse, leaving a collapse 
"caldera· that formed the nucleus of the present day Caldera de Taburiente 
(Carracedo et al. 1999). 

A new volcano then developed within the collapse embayment. This volcano, 
known as the Bejenado volcano, grew rapidly and confined the drainage 
pattern to the northwest wall of the embayment, resulting in intense local 
erosion of the northern flank of the Bejenado volcano. The products of 
erosion were transported seawards and deposited in a large fan delta, known 
as the El Time group, that prograded offshore. Ongoing nuvial erosion has 
deepened the Barranco de las Angustias, which has cut down through the El 
Time sediments. 
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LIVERPOOL GEOLOGICAL SOCIETY FIELD VISIT TO THE 
ARDNAMURCHAN PENINSULA 15-19 APRIL 2011 

By John lley 

Introduction 

Over the weekend of the 15-19 Apnl 2011, the Liverpool Goolog1cal Society 
held a field session on the Ardnamurchan Peninsula. It was led by Professor 
Jeff Harns, who has studied this area for many years along with students from 
the University of Glasgow. The intention of the rield visit wos to get an 
appreciation for the local geology and to explore the three volcanic central 
complexes (known as AC1-AC3) In some depth (Gillen, 2003) 

During the visit we stayed at the Sonachan Hotel (grid reference NM 454 664) 
which was well placed as a base for lhe field days, The group, nine in total 
have of a range of backgrounds from Eanh Science graduates to amateur 
geologists. Prior lo the trip, Jeff had issued an itinerary as follows: 

DATE ITINERARY 

Geological mapping exercase near loch Mudlo 10 get an appreoatt0n for 
16Aonl the countrv rocks of the Moine (Precambrian), Mesozoic and Tort1arv 

Explore the eastern sldo of Ben HlanI in AC 1 lo look al the igneous 
17 Aonl rocks and consider the relationship between these rocks 

Visit Eilean Carrach (AC2), Mingary Castle (AC2), Sanna Bay (ACJ) aod 
18Apnl Major Centre (AC3) to look at unconformities, faults, magma-mixed 

rocks. relationships between igneous and sedimentary rocks and a fossil 
locahtv 1n the Mesozoic se<:'Iments (near Minqarv Castle) 

Before reviewing the findings of the field visit 1t useful to consider why this 
area ,s so important geologically and to get an appreciation or previous 
studies. 

Background 

The Ardnamurchan Peninsula is part of what Is known as the North Atlantic 
Igneous province (NAIP). which developed on thinned conlinenlal crust 
ansing from rifting and sea-Ooor spreading and marked the opening on the 
North Atlantic Ocean. This process began 70 m1lhon years (Ma) ago and 
resulted in the separation of Newfoundland and Greenland from Europe. It 1s 

recognised that lh1s process is driven by a mantle plume (Thordarson and 
Hoskuldsson, 2009) which Is s~II active today and currently associated with 
Iceland. Iceland was born 25 Ma ago and I1s land mass Is sllll lncreas1ng as a 
resull of spreading of the mid-Atlantic ndge. 

Intrusive and extrusive igneous acl1vity which spanned the time interval 60 5 -
55 Ma Is often referred lo (Richey and Thomas. 1930) as the Bnt,sh 
Palaeogene Igneous Province (BPIP). Other parts of the province are west 
and east Greenland, the Faroe Islands, western Scotland and north eastern 
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Ireland In weslem Scolland, central complexes have been recognised on 
Skye, Rhum, Mull and Ardnamurchan. They represent the roots of large 
Palaeogene volcanoes and compnse of a wide range of Igneous intrusions 
and extrusive flood basalts. 

Since the early twentieth century and up to the present day these central 
complexes have been studied ,n some detail (Brown and o·oriscoll, 2008) 
and ,nterprelalions of the geology has been revised and refined. One the 
most Important researchers in this area was Richey who from the 1920s to the 
1960s worked on vanous palaeogen,c centres More specifically he Identified 
three successive intrusive centres on Ardnamurchan (Richey 1932). 

Centre 1, the oldest, is mamly basic cone sheets and associated 
outcrops of fragmental rocks. 
Centre 2. is mainly basic cone sheets and a number of large ring 
intrusions. 

, Centre 3, the youngest has a feature attributed to magma chamber 
collapse and ring-dyke intrusions. The largest intrusion associated with 
Centre 3, the Great Eucrite, forms an elevated ridge which dominates 
the Afdnamurchan landscape (Figure 1 ). 

Figure 1 
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Aerial view of the Ardnamurchan Central Igneous Complex 
(© Patricia & Angus Macdonald/Aerographica/SNH) 

Richey also made important contributions to the theories of ring-dyke and 
cone sheel emplacement, magma chamber subsidence and produced 
detailed maps 

More recently, the models for ring-dyke and cone sheet emplacement have 
been refined by (O'Driscoll, 2007), who suggested that the Centre 3 Intrusion 
is a lopolith wllh a funnel shaped geomelry. A lopolith ,s a concordant 
;~eous intrusion (Anon, 2008) that has a saucer shaped form, Collapse of a 

0 canrc crater due to emptying of a large magma chamber or cauldron can 
result m formatron of arcuate fractures These fractures can fill with magma 
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talong the form of cone sheels and ring-dykes. A cone sheet Is a dyke having 
a cross-section like a cone which dips Inwards lowards the igneous body 
reeding II with magma. Ring-dykes are cyfindncal sheet Intrusions which dip 
outwards towards the Igneous body. Further work (Brown and Bell, 2007) on 
the Centre 1 cone sheets has suggested that emplacement or the 
Ardnamurchan Central Complex (ACC) with magma caused uplift, doming 
and faulting. This resulted in catastrophic gravity-driven events In which slabs 
of basalt, dolerite and sandstone (some up to 30m across) were transported 
as megablocks. These episodes were lnlerposed with lower energy periods 
dunng which lacustrine-nuvia/ processes produced volcanoclastlc sillstones 
and sandstones in an upland landscape of mature pine forest and streams 
drainrng into lowland areas of swamp-filled valleys. 

The following sect,ons summarise the outcome of the field visils associaled 
with the three volcanic cenlres and the surrounding country rocks. In order to 
1dent1fy specific locations OS gnd references are given which refer lo OS 
Explorer Map 390. 

Rather than refer to detailed geological maps the group was encouraged lo 
Infer the slrat,graphy by observation and mapping. However, in preparing this 
article, reference has been made 10 the BGS geologIcal map (UK North, scale 
(1:625 000)) and handbook (Stone, 2008). Also, a useful BGS App (,Geology) 
which runs on an ,Phone or iTouch provided geolog,cal maps at a scale or 
(1:625 000) and (1:50 000). The App relies on a network connection (WiF, or 
3G) to obtain the maps and other information. The scale or ( 1 :50 000) 
provided sufficient geological information to help underpin slraligraphy, 
geologIcal structures as well as information on rock types 

Geological Mapping Exercise 

This locality was near Loch Mudie and Jeff helped us to 1dent1fy various rock 
exposures and lake strike and dip measurements of the various 
stratigraphical units. At the first location (NM 548 654] we indent1fied 
pepperite which consists of fragments or volcanic rock supported ,n a matnx. 
Alongside the peppente were Precambrian Moine basement rocks or 
psamm,te (metamorphosed sandstone) and pelhte (metamorphosed shale). 

After wallong around a spur we looked at outcrops visible in two almost 
parallel sleep sided valleys occupied by streams. The streams merged before 
draining into Lochan Gruaga,ch. Here we Identified outcrops of Jurassic 
limestone lying unconformably on top or the Moine rocks. Further upstream 
we encountered basaltic lava flows on lop of the Jurassic limestone. At 
higher topographic levels dolerite cone sheels emplacements were 1denhfied 
which stood out as ridges on the landscape. Dykes, cutt,ng across the valleys 
were also evident and a reverse fault where basalt of Palaeocene age lay 
unconformably on top of the Moine rocks. A possible explanation for this was 
upthrow of the Moine rocks followed by erosion of the limestone and 
subsequent arnval or basal! lava. Jeff pointed out fossils confirming the 
limestone was of Jurassic age. 
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Ben Hlant (AC 1) 

This field day centred on lhe south eastern side of Ben Hiant and took us lo a 
waterfall. Richey's Gully and other locaht1es of geological interest. 

Al the base of the waterfall (NM 542 6231 folded Moine psammito was 
observed and the psammIte was mtruded by a dolente plug which forms the 
steep crags of the waterfall. 

In R1chey·s Gulley (NM 540 6211 Mesozoic sedimentary rocks overly Mo1nian 
psammI1e. Amygdaloidal basalts lie on top of the Mesozoic rocks, for 
example, basalt contammg large quartz agates was noted at the base of a 
nearby waterfall Several dykes cutting the lavas were observed and some 
display well developed columnar jomtmg. At a higher level (approximately 
250m) In Richey's Gully close to Slallachan Oubha (NM 540 622] a pod of 
andesIte pitchstone was identified. On tho eastern side of the gulley the 
p11chs1one displays spectacular fan-shaped jomling. Columnar-jointed dolerite 
sheets cap Sta11achan Dubha. Dolerite sheets also form the summit area or 
Ben Hiant Unfortunately, as a result or the weather closing-in and poor 
v,s1b1hty 11 was unsafe lo walk lo the summit. 

Eilcan Carroch (AC2) 

The main point of interest at this locality [MN 425 6761 is the Sgurr nam 
Meann nng-dyke whrch outcrops in an arc over a distance of c.6km lo the 
south of Sanna Bay. The nng dyke is identified in the field guide as a hybrid 
1ntrus1on of dolentc mixed with microgranI1e and fels11es. 11 ,s suggested in the 
guide lhat mixing of hot basic magma (c.1200 °C) with cooler sllicic magma 
(c 900 °C) resulled 1n rapid cooling and solidification or the basic magma. As 
a result, angular and crenulated clasts of dark dolerite can be seen embedded 
in a matrix of pale s1/Ic1c matenal (Figure 2). 

Figure 2 
Magma mixing in Sgurr nam Meann ring-dyke at Elloan Carrach 
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Close to the ring-dyke a locahscd zone of pegmatIte with coarse pyroxene 
crystals up to 5cm across were observed (Flguro 3) 

Flguro 3 
Localised zone of pcgmatlte containing coarso pyroxeno crystals up to 
5cm across 

Our next stop gave us the chance 10 v1s1t the Ardnamurchan Lighthouse which 
1s located [NM 416 650) at the most westerly point on the Scottish mainland. 
The lighthouse was designed and built in 1649 by Alan Stevenson, uncle of 
the author Robert Louis Stevenson. It Is built of Ross of Mull granite and 
stands robustly on lop of dark coloured gabbro volcanic rock. ll is 36m high 
and built 55m above sea level. Egyptian Influences can be seen in the 
enlrance to !he tower and the arches {corbel) al lhe top or the lighthouse 
tower beneath the balcony (Figuro 4). 

An excellent exh1b1t1on of local geology assoc,ated with the Lochaber Geopark 
can be seen at the Lighthouse V1s1tor Centre The exhib1t1on traces the 
volcanic actrv1ty and ice ages that have shaped the Lochaber landscape 
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Figure 4 
Ardnamurchan Lighthouse 

Flguro 5 
Mlngary Castle and assoclatod 
Igneous and sodimentary 
rocks Mlngary Castlo (AC2) 

M1ngary Castle INM 503 631) sits on top or an Igneous intrusion (Figure 5). 
The underlying Mesozoic sedimentary rocks close 10 lhe shore are highly 
rosslhferous. Assemblages or Gryphaea sp. (Figure 6) confirmed lhal the 
rocks are of Jurassrc age. These fossil oysters are also known as 'Devil's 
toenails' (Palmer and Cockburn, 2008) due lo lheir curved shape and layered 
slruclure. In lh1s localion the Palaeocene igneous rocks he on lop or lhe 
Jurassic sed1men1ary rocks. 

Figure 6 
Assemblages of Gryphaea sp. 
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Sanna Point (C2) 

Al this locahly INM 440 701), igneous intrusions or hyperslhene-bcaring 
gabbro are evident (Flguro 7). Strucluros known as 'augen' (derived from the 
German word for ·eyes') were observed In lhe hyperslhene gabbro (Figure 8) 
The 1n1rus10n dips at an angle or c.15 degrees lowards a focal po1n1 lo lhe 
Soulh Easl 

Figure 7 
Looking across Sanna Bay towards Portualrk 

Figure 8 
Augen structure In hypersthene gabbro, Centro 2 
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Major Centre (AC3) 

This short excursion gave us an appreciation for the igneous intrusions and 
topography associated with this major volcanic centre. The walk took us from 
the outer nm across to the centre. The first location (NM 472 665] was at the 
parking area on the road side close to Achnaha where we identified gabbro 
(Figure 9) as the outer rock type. This cross-referenced with the geological 
map as an outer unlayered gabbro. We then walked towards the centre (NM 
470 666] and stopped to look at tonalIte rocks and in the centre quartz 
monzonile. 

Figure 9 
Gabbro associated with the periphery of Centre 3 

Figure 10 
Group photograph in the middle of Centre 3 
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The overall structure of centre 3 has been interpreted as a lopolith or funnel 
shaped body (O'Onscoll, 2007), whose mineral fabrics and magmatic layering 
are attributed to central directed saggi~g Having reached the centre a te?m 
photograph was taken (Figure 10) which also shows the outer elevated nm or 

Centre 3. 

Summary and Comments 

In summary, the field visit gave us an appreciation or the geological events 
which have shaped the distinctive landscape or the Ardnamurchan Peninsula. 
The landscape has nol only been aUered by volcanism and emplacement of 
igneous bodies but also significant erosion as a result of glaciations and 
weathering processes. Hence, all that is now remaining are the roots of 
ancient volcanoes and associated structures. Interpretation of these 
structures I.e. ring-dykes, cone sheets and as to how they came about Is 
subject 10 much debate. Currently, 1t would appear that Centre 3 Is 
interpreted (O'Oriscoll, 2007) to be a lopohth ansIng from a collapsed magma 
chamber. 

or great interest was the range of Intrusive igneous rocks associated with the 
various centres. In one example, slow coohng rates resulted 1n pegmallte with 
coa~e pyroxene crystals of several centimetres in size. 

Centre 3 had the best preserved igneous emplacement structures and 
contains mainly coarse grained .gneous rocks with mineralogy which changes 
from the outside to the inside of Centre 3. Mineralogy was renected by the 
different proportions of plagioclase. silica {quartz) and alkali feldspar and can 
be understood by cross-referencing the BGS publication (Gillespie and Styles, 
1999) Outer rocks were coarse gramed gabbro. a basic rock. Moving 
towards the centre we came across tonahte, a granitic rock: and In the centre, 
quartz monzonite, a syenI11c rock. 

In summary, the field visit helped Improvo our mapping skills and gave us an 
understanding of how different stn.ictures and petrology can arise from 
magma mixing, magma cooling rates, magma emplacement and contact or 
hot magma with surrounding rocks. Viewing faulls, unconform1Ues (time and 
structural) and fossil localities pointed out by Jeff also helped us make 
connections between the various units of strahgraphy. Finally, it is worth 
mentioning that we all appreciated Jeffs commitment to ensuring this was a 
valuable learning expenence as well as 1nject1ng good humour along the way 
to make 11 a memorable and enjoyable three-day trip. 
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THE FIRST MANCHESTER GEOLOGICAL ASSOCIATION FRED 
BROADHURST MEMORIAL FIELD TRIP 

By Jane Michael and Sue Plumb 

Dovedale, 4"' Soptambar 2010 
On a sunny day aboul 20 people galhered in lho car park al Dovedale for lho 
firs! Fred Broadhursl Memorial Field Trip Filtingly, 11 was based on one ot 
Fred's Rocky Rambles (No 7), adapled and led by Jano Michael II was 
lovely 10 have the company of Rosemary Broadhurst and other mombers of 
Fred's tam,ly on !his occasion. 
Jane gave us an lnlroducllon lo the geology or tho area, which 1s early 
Carboniferous reef and bedded hmoslono, altered by rclal!vety recent 
glaciation. The knoll limestones are M1lldale Limestone and therefore somo of 
the oldesl Carboniferous rocks 1n the Peak D1strid. Umostones of the Lower 
Carboniferous compnso marine shell debris although, as we found, lhore are 
areas where discrete fossils can be found. These arc usually In a good state 
of preservahon and lhus identifiable and include oorals, brachlopods and 
cnno1ds Wh1/s1 lhere is evidence of volcanic act1V1ty in the Peak D1s1rlct, none 
was seen during this trip. 

Crlnolds and Brachlpods In the Stepping Stones 

AMer watching the arnval of lhe refreshment kiosk, which looked hke a stone 
bu1ld1ng, pulled by a tractor Into the car park, we walked upstream along the 
River Dove, past the Gauging $talion which measures nver flow The palh 
skirts Thorpe Cloud which was ascended by pan or the parly later in lhe tnp 
until the Stepping Stones across the nver were reached at a leh hand bend 1n 
the nvor These stones. polished by numerous boots and shoes, show cnnold 
and brach1opod remains. A crush slile also has many fossil remains and the 
party spent several minutes 1nvest1gallng these two sites. 
The valley at this point 1s more of a gorge with steep sides. well wooded 
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This owes its ongIn. accordmg 10 Fred, to a time during the last Ice Age 
(Pleistocene) when all subsurface waler was frozen and melt waters at the 
sur1ace were able to deeply erode the actual limestone surface. This makes 
for a very ImpressIve valley w,th several 'lowers' - limestone pinnacles. One 
of lhese, Dovedale Casile, on !he opposIIe side from our palh was partly 
obscured by vegelallon 

The palh leading upslream was generally genlly rising unlil we reached sleps 
leadmg up to Lovers Leap. These sleps are a palaeontologlst's dream, as we 
investigated lhe many crino1ds and some brach1opods in the steps, which we 
hoped were constructed usmg local stone! A few blocks were of a much 
darker colour and we wondered about the environment of deposition for 
lhese, and menially compared !hem wilh !he Ashford Marble. Al !he lop of 
the steps, the limestone pinnacles known as the Twelve Aposlles could be 
viewed from Lover's Leap, but we were hard pressed to spol all twelve due to 
the vegelallon. At this point, 11 was noted that the trunks of some or the trees 
were curved. This demonstrated growth on unstable ground. 
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We contmued up Oovedale, past Tissingston Spires - reef knoll ~mestone 
where !he shape of !he 'lowers' Is conlrolled by 1oin1s. Some members of !he 
group spent time looking at the remains of a waler-powered pumphouse -
water was ra,sed up to the lop or the ciiff to Irrigate the fields above during 
periods of low rainfall, allhough !his did no! appear lo have happened for 
some considerable time. We passed several caves in the cliffs whllst looking, 
unsuccessfully, for Reynard's Cave. 11am Rock and P1ckenng Tor were the 
next landmarks, both in knoll reef llmeslone. 

Dove Holes Cave was our lunch destination. This Is a large formation 
comprismg two hnked caves: their bases slanding probably five metres above 
the nver. The largest cave Is 60 feel high and 30 feet wide. It was worth the 
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scramble to get inside and to the back. There did not appear to be a way out 
at the rear of the cave although at one stage there may have been. 
Our final locality Ravens Tor appeared on the oppos1le bank. This Is where 
the contact between knoll reef and bedded limestone could be seen - the 
bedded limestone was probably deposited In deeper water 

Ravens Tor showing boundary Reynards Cavo Arch 

Walking a Ii/tie way funher brought the group lo an exposure of the bedded 
limestone 11 ,s easily distinguished from the 'reef limestone although It was 
rather dusty. There were no obvious fossils. 
Wlulst Fred Broadhursrs ongmal walk returns using a high routo lo 91vo views 
up and down the valley, Jane deaded 11 was belier on this occasion lo return 
along lhe same route This did enable us lo find Reynard's Cave and lhe 
nalural arch in front of 1t - how did we m,ss 1t on the way up Oovedale? There 
was a lot of vegetation though. Several members of the party climbed up lhe 
steep path 10 1nves1Igate this amazing formation and the cave which lay 
beyond 
Jane look a small group up Thorpe Cloud 10 look for stromatoliles on lho top, 

Thorpe Cloud 
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After a steep climb and a couple of stops lo look fo, brach1opod fossils, they 
arnved on top After much searching, Tall Broadhurst finally found some 
telltale concentric arcles which the group agreed could be the mIss1ng 
stromalohtes 

Stomalolllos at tho lop of Thorpe Cloud 

S,nco Fred ongin.>lty wrolo tho book, thousands of feel plus the weather have 
eroded the limestone making these anaenl algae very difficult lo find The 
vtews from the top were excellenl were worth lhe ascent. In add11Jon to 
brach,opods (and the stromalohles), Fred had 1nd1ca1ed that lnlob11es, 
bivalves and gastropods could be found - a unique assemblage assoaaled 
with carbonate mounds or knoll reef hmestoncs Unfortunalety very rew 
fossils were found on the lop at all. 
The sun shone as we slrolled back to the car park and a most welcome ice 
aeam or cup of tea 

REFERENCE 
Broadhurst F, 2001 Rocky Rambles m the Peak District No 7 Dovedale Sigma 
Leisure (lo be repnnled) 

Sue Plumb and Jano t.4cnact ScPICfflC)Cf 2010 
~CClP)'T19t\tJanat~ 
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ROCK AROUND WILLIAM BROWN STREET, LIVERPOOL 

By J.D. Crossley and H.E. Clark 

Ten years afler the original publication or Rock Around Liverpool it seemed 10 
be a good idea lo produce a new, revised ed1t1on particularly as the Liverpool 
One complex had Just been completed. However, the building, cladding and 
paving stones or Liverpool Dne, lack variely. meaning lhat any additional 
malenal would be negligible! Instead, it was thought belier lo follow up the 
very popular Guide to Liverpool Airport leaflet (which was out of print in no 
lime) with a series of similar leaflels. These would not only encourage visitors 
to the city to appreciale the fascinating variety or geological phenomenon to 
be round, bul would also arouse their curiosity about the natural world 
surrounding them. 

To put the geological contenl into a Liverpool context, the Street formerly 
known as Shaw's Brow was renamed after Sir William Brown M.P. (1784-
1864) who was born the eldest son or a Belfast linen merchant In Ballymena, 
County Anlnm. After a ·good middle class education· he joined his father's 
business in Ballimore before returning home and lhen moving to the main port 
of entry for American exports, Liverpool. Moving out of the linen business into 
collon and ull1mately into merchant banking he helped to establish the Bank 
of Liverpool in 1831. For Liverpudlians his main claim lo fame was lhal he 
gave the money for Liverpool's first public library and museum (opened 18" 
October 1860 - jusl after lhe LGS was formed) which was named after him. 
In 1862 "in recognition of his eminent commercial position and generous 
conduct towards the public or Liverpool" he was made the first Baronet 
Astrop. He died al his home on Richmond Hill, Anfield and Is buried in a vaull 
on lhe East wall of St James· cemetery, adjacent to the Anglican Cathedral. 

There are at least three very good reasons for writing aboul William Brown 
Slreel. Firslly, lhe assemblage of superb neoclassical Victorian buildings is 
IesIament lo lhe former weallh and greatness or the Cily of Liverpool. 
Secondly, is lhe presence of beautifully displayed, diverse minerals, rocks and 
fossils In Wilham Brown Slreel. Thirdly, dominating the lower part or the 
Slreel is the World Museum where people can handle geological specimens 
In the Clore Natural History Cenlre. 

An additional cons1deraI1on was that people with a pnor interest and 
knowledge or geology would be likely 10 visit the World Museum where these 
leaflets will be displayed. II Is also hoped that the leaflet will be available in 
the Walker Art Gallery. the Central Library (on lls completion) and St George's 
Hall. 

11 seemed appropriate lo start the William Brown Street trail with the mosl 
spectacular feature - the 132fl (40m) Wellington's Column. Wellington's 
statue (allegedly composed or melled down cannon from the Batlle or 
Waterloo) is perched on top or a Doric column of Carboniferous Darley Dale 
(Derbyshire) "Millstone Grit" sandstone. The plinth Is ccmposed or Aberdeen 
Granste and exh1b1ts many intereslmg features (see below). 
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The leaflet concludes al the World Museum where not only are there 
wonderful floor slabs but also Quotzalcoallus northropl which was the last and 
the largest or the pterosaurs with a wing span or 12 metres which is 
somewhat greater than that or the iconic World War II fighter piano • the 
Spitfire 

REFERENCES 

SI James' Cemetery. Sir William Brown. 
hllp t/www sljamescemetery co uk/w1llbrown him Accessed March 2011 

Welhngton·s column 
hllp·//www liverpoolarchitecture com/Iours/bu1ldingslbu1lding php?ld=4 
Accessed March 2011 

Bowden, A. 2011, personal communication regarding Quetzalcoatlus 
northrop, 
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The Wallace Pitcher Prizes 

With the death of Wallace Pitcher. the eminent and much respected Jane Herdman 
Professor of Geology at the University of Liverpool who was also a long standing 
supporter. member and trustee of the Liverpool Geological Society (LGS), the LGS 
Council decided lo celebrate his contribution to both the science of geology and to the 
LGS. In view of his lifelong Interest in fieldwork, annual cash pnzes for 'fieldwork' have 

been established. 

The LGS Council hope that readers may be able to spread the word, particularly to 
Schools at Primary and Lower Secondary level but also lo those centres doing GCSE, 
AS and A Levels and University Departments. A brief summary of the criteria follows 

while full details may be found on the LGS website 
www liverpoolgeologicalscoiety.org uk or obtained from the Honorary Seaetary Joe 

Crossley tgshonsec@gmailcom 

Criteria for the Wallace Pitcher Prizes 

Essentially, the prizes are for fieldwork in NW England/N Wales OR fieldwork anywhere 
by educational establlshmentsflndividuals/groups resident or working In NW England/N 

Wales. 

Category 1: 
A submission ansing out of investigative fieldwork al Un1vers1ty undergraduate or 

postgraduate level. 

Category 2: 
S1m1lar to Category 1 but by persons not currently sludying at University 

Category 3: 
Pnmary, Secondary or Sixth-Form/College. This award Is intended to be much more 

open ended and may be 

• Done as part or normal curriculum, or (e.g.) Duke or Edinburgh 

• Individual or group work 
• A written report (depending on level or student(s)) with input 1n any medium or mix 

or media (v,deo. photo. painting, modelling) 
Wntten element: Primary max 500-600 words. Secondary max 1500 words. The 
length and quality or work would be appropriate for high achievement al the 
relevant age, allowing for the actual ability or the studenL 

Entry forms may be downloaded from the LGS website 
YtwW hvernookJeolog1cal5oc1ety org uk and entries must be submttted by March 1 '

1 
each 

year Pnze money will vary, according to quality and number or enlnes received al the 
d1sc.retion or the SOCfety 

Mike Collins, Prosldent Liverpool Geological Society 

Joo Crossley, Hon. Secretary Liverpool Geological Society. 
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5. On lf'le lount.aln side of the 5th bollard on the left of 
tho stops (2) Brachiopods con$1s1 of two Shcffs (vatvos) 7. Adjacent to 

SI Georges Hall 
Rhimcorofltum 1$ 

tho namo given 
tohonzontal lJ.. 
,hoped loedng 

be seen 1n tho cobbles and 
korbstonu outside tho Walku 
Alt Gallery 

one of ....tilch In this case Is strongly coovox and in 1uvoru1cs, 
sol on lho muddy sea i,00( Then as ltlo btochiopod grew, 
tho convo.x v~vo w.is grodl.l."llly buried by accumulating 
sediment, ltlo Olher vnlvo formed a conea\/0: 'lid' Ot'I top or 
the animal Ono end ol bOlh valves grow much moro 
quickly to ,cmain abOVo lho accumulatng sc<hmcnl. burrows formed w.lhln lho sediment, parallel W\lh lhO SC3 

IIOOf, by shnmp-llko crea1urcs As no body part of ltlct 
an1mol ls proscl'\/Cd, lhcso aro traco fou11s 

a. The traoo 105$11 Arcn1coJ/fos 1s a vcftical U-sh.Jped IMng 
burrow produced by tiller lced1ng, tagM)fT'IM,ke 3rum3ls 
The~ aro p,oscrvcct os prurs ol rounded h,.mp$ on tho 
surlaco ol paVH'l9 SIOtl<ls, as seen on lhO pavement 
oulsldo the Cen1ral library 




