
Art.  III.  —  Xofes  on  the  Lower  Tertiaries  of  the  Southern

Portion  of  tJte  Moorahool  Valley.

(With  Plates  III  and  IV.)

By  T.  S.  Hall,  M.A.,  and  G.  B.  Pritchard.

[Read  March  5,  1891.]

The  occasion  of  the  visit  of  the  University  Science  Ckil)
to  Geelong  for  their  long-vacation  trip  enabled  us  to  make
some  observations  on  the  geology  of  tliis  locality.

The  course  of  the  stream,  from  its  sources  to  the  eastward
of  Mount  WaiTenheJp  down  to  its  junction  with  the  Barwon
at  Fyansford,  neai-  Geelong,  is  across  the  eastern  portion  of
tlie  great  volcanic  plain  of  South  Western  Victoria.  Like
most  of  our  streams  flowing  through  basaltic  country,  it  h;is
cut  a  deep  and  narrow  valley  of  its  own,  and  has  in  many
places  exj)Osed  the  underlying  deposits.  In  the  upper
part  ot  its  course,  these  underlying  deposits  are  of  lower
Silurian  age,  while  in  its  lowei-  part  they  consist  of  tertiary
strata.

Our  observations  dealt  principally  with  the  older  tertiary
deposits,  and  extended  from  the  railway  viaduct,  near
Batesford,  down  to  the  junction  of  the  stream  with  the
Barwon  at  Fyansford.

Granite.

Tiie  oldest  rock  exposed  is  the  granite,  an  outcrop  of
which,  about  a  square  mile  in  extent,  occurs  at  the  Dog-rocks
near  Batesford.  Another  outci'op,  a  few  yards  in  extent,
occurs  where  the  Maude  Road  crosses  Sutlierland's  Creek  at
Darriwill,  ten  miles  from  Geelong  ;  and  probably  granite
occurs  at  no  great  depth  beneath  the  surface  everywhere
between  the  Dog-rocks  and  the  granite  hills  of  the  You
Yan^s.
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Lower  Tertiary.

Half  a  mile  below  the  viaduct,  on  the  left  bank  of  the
stream  occurs  a  section  which  is  noted  as  fossiliferous  in  the
geological  quarter-sheet.  This  section  is  marked  (9)  on  the
l)lan.  Lately  a  small  road  cutting  along  its  base  has  afforded
easy  means  ot"  better  examination  of  the  beds.  The  section
is  fairly  typical  of  all  that  occur  in  the  valley.  Tlie  lower
portion  consists  of  a  dark  grey  clay,  containing  a  great  deal
of  shelly  matter.  This  becomes  yellower  as  it  passes  upwards,
and  contains  a  slight  admixture  of  sand.  Concretionary
masses  of  calcareous  material  make  their  appearance,  and  in
places  form  compact  irregular  bands.  Fossils,  especially
gastropods,  are  more  plentiful  at  the  base  of  the  series,
while  in  the  upper  part  lamellibranchs,  and  also  brachiopods
occur,  the  gasti'opods  being  exceedingly  rare.  We  record
122  species  from  this  locality.

There  is  no  doubt  that  the  deposit  represents  but  one
series  of  beds.  The  passage  from  one  kind  of  sediment  to
another  is  a  giudual  and  not  a  sudden  one.  The  beds  merge
into  one  anotiier  in  such  a  way  as  to  leave  but  little  doubt
that  the  process  of  sedimentation  was  continuous,  and
though  certain  fossils  abound  more  in  certain  parts  than  in
others,  the  ditference  is  due  to  a  variation  in  the  sea  bottom,
due  to  different  material  being  deposited,  and  to  the  depth
at  which  tiie  deposit  took  place,  and  not  to  a  great  difference
in  age,  as  the  lamellibranchs  and  brachiopods  of  the  upper
beds  occur  also  in  the  lower  members  of  the  series.

Near  the  Dog-rocks,  the  polyzoal  limestone  makes  its
appearance,  and  in  one  or  two  places  forms  low  cliffs  on  the
river  bank.  The  beds  when  examined  at  a  distance  show  a
slight  dip,  which  is  approximately  to  the  south  east.  We
were,  however,  unable  to  measure  its  amount  and  diiection
accurately.  The  lowest  beds  exposed  ai'e  at  the  up[)er
([uarry  (see  plan  8).  The  rock  here  is  almost  entirely  made
up  of  foraminifera,  which  lie  at  all  inclinations  to  the  bedding
[)lane.  A  sample  of  the  I'ock  was  forwarded  to  Professor
Tate,  and  by  him  submitted  to  Mr.  W.  Howchin.  This
gentleman  states  that  the  great  mass  of  the  rock  is  made  up
of  individuals  of  Orbitoides  mantelli,  and  he  suggests  the
name  Orbitoides  lini&stone  for  the  formation.  The  other
conspicuous  genera,  which  however  are  relatively  few  in
number,  are  Ainphiste(jiaa,  Opercidina,  and  Gypsina.  The
i-ock  is  very  friable  and  is  quite  distinct  from  the  overlying
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poh'zoal  limestone  whicli,  however,  contains  similar  foramini-
fera  freely  scattered  through  it,  though  its  great  hulk  consists
of  polyzoa  and  spines  and  plates  of  echinoderms,  together
with  a  few  lamellibranch  shells  ;  l-i  species  are  recorded  from
this  locality.

The  base  of  the  section  is  hidden  by  the  drift  of  the
valley,  but  judging  fr'om  the  close  proximity  of  the  gi'anite.
it  is  of  no  great  deptl).

The  hill  section  is  as  follows  :  —

Basalt  ...  ...  ...  ...  75  ft.
Incoherent  sandy  material,  witli  cal-

careous  concretions  ...  ...  50  ,,
Yellow  clay,  with  calcareous  concretions  5  ,,
Polyzoal  limestone  ...  ...  25  ,,
Orbitoides  limestone  ...  ...  20  „

Total  ...  175  ft.

The  change  from  tlie  limestone  to  the  yellow  clay  at  this
point  is  a  sharp  and  not  a  gradual  one.  The  grey  clay
which,  as  before  mentioned,  is  so  abundant  in  gastropoda,  is
absent,  having  thinned  out  towards  the  granite  on  the  flanks
111'  which  the  deposit  rests.

The  polyzoal  limestone  at  the  places  marked  (7)  and  (8)
ill  {)]au  is  of  a  lighier  tint  than  that  of  the  well-known
vVaurn  Ponds  rock,  being  in  places  of  a  dazzling  whiteness  ;

liut  fossil  evidence  shows  the  two  deposits  are  of  the  same
age.  We  record  16  species  from  tlie  filter  quarries  (see  plan).
Near  Madden's  (see  plan  6)  a  cliff  section  shows  the  following
interesting  characters:  —  The  polyzoal  limestone  forms  the
base  of  the  clitf.  This  rock  in  its  upper  portion  is  in  most
places  of  a  crystalline  texture,  and  very  few  perfect  shells
;ire  to  be  found  in  it,  the  fossils  being  represented  principally
V>y  casts.  A  similar  state  of  things  occurs  on  Sutherland's
(,'reek  near  Maude,  though  in  the  latter  place  gastropods,
especially  cowries,  are  plentiful  ;  while  in  the  true  polyzoal
rock,  they  are  extremely  rare.  Above  the  limestone  comes
the  clay  bed.  This  for  the  fii'st  few  feet  is  full  of  polyzoa,
resembling  those  of  the  lower  rock.  The  beds  then  pass  up
in  the  usual  manner  into  sandy  calcareous  clays  with  nodules,
and  are  capped  by  basalt.

Though  the  line  of  demarcation  between  the  polyzoal  rock
and  the  grey  clay  is  sharp,  still,  as  has  been  just,  mentioned.
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the  foraminifera  persisted  during  the  time  required  for  the
deposition  of  the  first  few  feet  of  the  clay.  The  muddiness
of  the  water,  however,  was  apparently  inimical  to  the  growth
of  polyzoa  in  the  profusion  in  which  they  had  previously
existed,  and  they  soon  ceased  to  be  the  typical  forms  of  life
in  the  locality,  and  the  o-astropods  made  their  appearance  in
greater  numbers.  The  effect  of  the  variation  in  the  sediment
on  the  fauna  has  been  alluded  to  when  dealing  with  the
section  near  the  viaduct.

The  section  is  as  follows  :  —

Basalt  ...  ...  ...  ...  60  ft.
Incoherent  sandy  matei-ial,  with  con-

cretions  ...  ...  ...  20  ,,
Yellow  clay,  with  concretions  ...  50  ,,
Grey  clay  ...  ...  ...  20  „
Polvzoal  limestone  ...  ...  30  ,,

Total  ...  180  ft.

The  hill  side  is  covered  by.  a  fairly  deep  soil,  but  in  a  few
places,  especially  where  rabbits  have  buiTOwed,  the  under-
lying  rock  is  exposed.  Fossils  are  scarce,  but  by  dint  ot  a
few  hours'  careful  searching,  we  succeeded  in  securing
examples  of  thirty-live  species,  which  will  be  found  recorded
in  the  list  given.

Below  Madden's,  the  river  valley  widens  out  to  about  three-
quartei-s  of  a  mile.  The  bed  of  the  stream  is  formed  by  the
polyzoal  limestone  for  a  distance  of  about  half  a  mile  below
the  section  just  described,  and  the  rock  is  carved  into
miniature  caves  and  hollows  by  the  stream.  The  top  of
the  limestone  approaches  the  level  of  the  river  as  we  go
down  stream,  owing  to  the  dip  of  the  beds,  and  at  last  it
disappears  under  the  bed  of  the  stream,  its  place  being  taken
by  the  overlying  gre}^  clay.  Just  above  Griffin's  (see  })lan  5).
wliere  the  clay  liist  makes  its  appearance  in  tlie  river  bed,
fossils  are  plentiful.  'J'he  banks  of  the  stream  are  steep
and  slippery,  so  that  it  is  a  matter  of  some  difficulty  to  work
at  the  beds.  The  top  of  the  clay  bed  is  only  about  a  couple
of  feet  above  tlie  summer  level  of  the  river,  and  its  eroded
sui'face  is  covered  by  a  gravel  wash  some  ten  or  twelve  feet
in  thickness.

The  fossils  found  here  were  remarkable  for  their  size,  being-
far  larger  than  examples  of  the  same  species  occurring
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elsewhere  in  the  valley.  We  record  118  species  from  this
locality.

For  about  half  a  mile  below  this  the  river  bank  exposes
ail  almost  continuons  section  of  the  clay  bed,  but  this  at  last
disappears,  and  is  overlain  by  the  gravel  wash  which  covers
the  greater  part  of  the  valley.

To  the  northward  on  the  hill  side  bounding  the  valley  at
(3)  and  (4),  small  exposures  of  the  yellowish  clay  were  seen,
i)ut  only  a  couple  of  fossils  were  obtained.  The  hill  side  is
thickly  masked  by  soil,  principally  derived  as  a  pluvial  wash
from  the  basalt  above.  In  the  places  mentioned,  however,
small  gullies  have  exposed  the  tertiary  rock,  though  the
exposures  were  so  small  that  we  could  do  no  more  than
satisfy  ourselves  that  the  beds  were  continuous  in  that
direction.  Near  Coghill's  (see  plan  2),  the  stream  which  has
hitherto  held  a  general  south-easterly  course,  bends  away  to
the  southward.  At  this  point,  a  very  steep  cliff  is  foi-med,
exposing  a  section,  which  attracted  the  attention  of  the
officers  of  the  Geological  Survey.  At  the  base  of  the  cliff
occur  billowy  hillocks  formed  by  the  weathering  of  a  small
landslip.

The  geological  survey  sheet  gives  the  following  section  :  —

Black  loam,  with  estuary  shells  and
nodules  of  limestone  ...  ...  8  ft.

Lava  ...  ...  ...  ...  30  „
Loose  sand  ...  ...  ...  6  „
Sandy  clays,  with  miocene  tertiary

fossils  ...  ...  ..  56  „

Total  ...  100  ft.

This  section,  however,  seems  to  need  several  modifications.
The  upper  surface  of  the  basalt  is  wackenitic  in  character,
and  passes  up  into  the  surface  soil,  and  we  could  not  find
any  trace  of  the  estuary  deposit  referred  to.  After  a  pro-
longed  search,  about  a  dozen  specimens  of  shells  were
discovered  lying  close  to  one  another,  on  the  face  of  the
slope  towards  the  cliff.  Tliese  were  all  recent  species,  and
are  not  peculiarly  estuary  shells.  Their  colours  were
perfectly  preserved,  and  they  did  not  appear  to  have  been
long  in  the  ix)sition  in  which  they  were  found.  The  shells
were  of  species  of  large  size,  and  no  examples  of  small
shells  were  found.  The  height  of  the  place  above  the  sea
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is  about  200  ft.,  and  there  is  no  evidence  elsewhere,  of  such
a  great  elevation  of  the  coast  within  recent  times.  It  seems
probable  that  the  shells  wei'e  cariied  there  by  human  agency,
as  similar  collections  of  shells  forming  the  "'  kitchen  middens  "
of  the  blacks,  are  not  unknown  in  other  places.  A  careful
examination  (/  the  soil  did  not  show  any  quartzose  sand,
and  the  ant-heaps  near  the  spot  are  covered  with  small
pieces  of  scoriaceous  basalt.  Had  there  been  anj'  quartz
sand  in  the  deposits,  traces  of  it  would  certainly  have  been
found  on  the  ant-heaps.  Limestone  nodules  occur,  but  they
are  not  unknown  in  decomposed  basalt  nearer  Melbourne,
and  similar  masses  may  be  found  near  the  railway  cutting
in  Royal  Park,  the  lime  being  probably  derived  from  the
decomposition  of  a  lime  felspar.  A  few  angular  fragments
of  (juartz  and  quartzite  were  found  on  the  surface,  but  are
exceedingly  scarce.  There  is  certainly  no  evidence  of  a
marine  deposit  overlj'ing  the  basalt  anywhere  near  this
locality.

With  regard  to  the  6  ft.  of  loose  .sand  mentioned  on  the
quarter-sheet,  as  underlying  the  basalt,  this  seems  very  local
in  its  development.  In  most  places,  the  clay  beds  which,
as  before  mentioned,  become  more  sandy  in  their  upper
portion,  are  directh^  overlain  by  the  basalt,  but  in  a  few
spots,  loose  sand  does  occur.  There  is  no  difference  in  colour
between  the  loose  sandy  beds,  and  those  containing  a  small
admixture  of  clay,  both  being  fawn-coloured.  The  bed  oC
sand  is  marked  Older  Pliocene  on  the  map,  and  is  represented
as  having  a  continuous  outcrop  for  miles  up  the  valley.  The
evidence  for  its  separation  from  the  underlying  beds  is
exceedingly  slight.

We  record  106  species  from  this  locality.

From  Coghill's  to  the  Orphanage  Hill,  the  ridge  on  thf
left  bank  maintains  a  fairly  uniform  height  of  about  200  ft.
above  the  river,  and  falls  away  gradually  on  the  eastward
towards  Corio  Bay.  The  country  on  the  right  bank  had
evidently  suffered  extensive  denudation  before  the  basalt
outflow  took  place.  The  survey  quarter-sheet  shows  the
ba.salt  coming  right  down  to  the  river's  edge,  from  CoghilFs
to  Fyansford  (its  upj^er  surface  being  only  about  50  ft.  or  00
ft.  above),  while  on  the  other  bank,  the  base  of  the  basalt  is
about  170  ft.  above  the  river.  It  is  possible,  howevei',  that
the  face  of  the  hill  is  merely  covered  by  the  debris,  and  that
the  flow  is  not  as  deep  as  shown.  For  instance,  the  road-
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cutting  leading  westward  from  the  Fyansford  Bridge  gives
an  exposure  of  the  tertiary  strata  a  few  feet  in  extent,  at  a
height  of  about  40  ft.  above  the  sti'eam.  The  exposed  rock
is  the  yellow  clay,  with  calcai-eous  nodules,  so  constantly
occurring  near  the  top  of  the  series  in  the  neighbourhood.
The  onl}^  fossil  we  found  was  an  oyster;  but  a  more  careful
search  would  probably  yield  more  forms.  The  tendency  of
the  basaltic  dehrin  to  completely  mask  a  hill  side,  thus  giving
an  erroneous  view  of  the  depth  of  the  flow,  is  well  shown  in
various  places  in  the  valley  ;  and  here,  when  walking  along
the  river  bank  a  few  days  before  noticing  the  outcrop  above,
we  had  no  idea  that  the  geological  boundary  needed  a
correction.  The  difference  in  the  level  of  the  basalt  on  the
two  sides  of  the  valley  is  a  marked  one.  Standing  on
Orphanage  Hill,  far  below  the  level  of  the  base  of  the  flow,
one  can  see  for  miles  over  the  basalt  plain  to  the  westward  ;
and  extensive  denudation  must  consequently  have  taken
place  both  before  and  after  the  outflow  of  igneous  rock.

The  geological  quarter-sheet  gives  10  ft.  of  loose  sand
underlying  the  basalt.  This  in  the  map  is  coloured  yellow,
indicative  of  Older  Pliocene,  and  the  outcrop  is  shown
extending  far  up  the  valley.  There  is,  however,  but  little
doubt  as  before  mentioned,  that  the  deposit  is  of  the  same
age  throughout,  and  no  sufficient  grounds  exist  for  dividing-
it  into  two  parts.  The  change  from  clay  to  sand  is  a  gradual
one,  which  can  be  traced  as  we  go  up  the  hill  on  any  of  the
sections  exposed  in  the  valley.  The  change  in  the  character
of  the  sediment  naturally  affected  the  inhabitants  of  the  se;i,
but  the  fossils  which  occur  in  the  sandy  strata  occur  in  the
argillaceous  beds  as  well,  and  no  new  forms  appear.

The  Orphanage  Hill  section  is  a  very  typical  <me.  The
grey  clays  at  the  base  become  yellow  as  the}^  pass  upwards,
and  calcareous  nodules  and  bands  make  their  appearance  in
the  more  arenaceous  rock  near  the  summit.  The  beds  have
been  energetically  searched  for  fossils  by  some  of  the  Geelong
collectors,  and  consequently  good  specimens  are  now  some-
what  difficult  to  procure.  However,  as  a  result  of  visits  on
various  occasions,  we  have  procured  specimens  of  192  species
from  the  locality.

In  speaking  of  the  polyzoal  lock  of  Western  Victoria,
Mr.  Dennant  *  mentions  that  at  Muddy  Creek  the  limestone

Proc.  A.A.A.S.,"  18!)0,  p.  442.
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occurs  at  a  lower  level  than  do  the  gastropod  beds,  though
the  actual  contact  cannot  be  seen.  In  South  Australia,  also,
Professor  Tate*  states  that  the  polyzoal  I'ock  is  the  older  of
these  two  members  of  the  series.  The  evidence  we  have
adduced  shows  that  in  this  locality  as  well,  the  sequence  of
the  beds,  as  might  have  been  expected,  is  similar.  The
deposit  at  Orphanage  Hill,  and  consequently  its  extension
up  the  valley  of  the  i-iver  is  usually  spoken  of  as  Oligocene,
though  coloured  Miocene  in  the  quarter-sheet  ;  while  the
Waurn  Ponds  rock,  which,  like  the  Batesford  limestone,  is
true  polyzoal  rock,  is  called  miocene.  This  is,  however,  a
reversal  of  the  true  sequence,  for  the  limestone  is  undoubt-
edly  the  underlying  member  of  the  series.  In  his  exhaustive
examination  of  the  Muddy  Creek  beds,  Mr.  Dennantf  states
that  the  whole  series  must  be  referred  to  eocene  age,  and  the
list  of  fossils  we  give,  shows  that  no  very  marked  difference
if  any  at  all  exists  between  the  ages  of  the  gastropodous
clays  in  the  two  localities.

Other  Tertiary  Deposits.

We  paid  but  little  attention  to  the  other  tertiary
deposits.  The  basalt  capping  the  hills  is  a  portion  of
the  extensive  flow  of  our  western  plains.  The  source
of  the  rock  is  not  apparent  at  any  rate  in  the  immediate
neighbourhood.

The  river  valley  is  covered  in  most  places  by  drift,  varj'ing
from  fine  sand  to  coarse  gravel,  consisting  principall}'  of
quartz.  Near  Madden's,  some  greenstone  pebbles  were
obtained,  resembling  those  of  the  Barwon  drift,  both  above
and  below  the  junction  with  the  Moorabool.  In  the  case  of
the  former  stream,  they  are  probably  derived  from  the  gabbro
outcrop,  marked  on  the  survey  map  as  occurring  about  six
miles  above  the  junction  ;  but  the  origin  of  the  pebbles  in
the  Moorabool  is  not  clear.  The  drift  is  marked  on  the
geological  map  as  being  of  pliocene  age.

Our  thanks  are  due  to  Mr.  J.  Dennant,  F.G.S.,  F.C.S.,  &c.,
for  his  kind  assistance  in  the  identification  of  many  of  the
fossils.

*  "  Trans.  Roy.  Soc.  S.  Aust,.,"  1884.
t"  Trans.  Roy.  Soc.  S.  Aust.,"  1888,  and  "  Proc.  A.  A.  A.  S.,"'  loc.  cit.

See  also  "  Trans.  Roy.  Soc.  Vict.,"  1891,  p.  iVd.



Lower  Tertiaries  of  the  Moorahool  Valley/. 17

The  following  shows  the  number  of  specimens  recorded
from  each  of  the  localities  dealt  with  in  the  paper  :  —

Table  I.

Filter  Quarries
Upper  Quarry

16
14

Table  II.

Orphanage  Hill
Coghill's  ...
Griffin's  .  .  .
Near  Madden's
Near  Viaduct

192
106
113

35
122

The  whole  number  of  species  is  295,  and  of  these  the
mollusca  and  brachiopoda  amount  to  264.

In  comparing  the  latter  with  eocene  fossils  of  Muddy-
Creek,  as  recorded  by  Mr.  Dennant,  we  find  145  common  to
both  deposits,  and  as  102  of  the  remainder  have  been  only
determined  generically,  being  as  yet  undescribed,  it  will  be
seen  that  the  agreement  between  the  beds  is  exceedingly
close.
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Table  I.

*  Note.  —  These  quarries  are  both  in  the  Polyzoal  Eock,  and  are  marked
Filter  Quarries  (7),  and  Upper  Quarry  (8),  on  the  plan.



Lower  Tertiaries  of  the  Moo)xtbool  Valley,  19

Table  II.

C  2
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Name  of  Specimen,

Gasteropoda  —  continued.
Marginella  (juv.)

,,  niicula  (var.),  Tate
sp.

Oliva,  sp.
Ancillaria  pseudaustralis,  Tate

sp.  ...
„  sublaevis  (?),  T.  Woods

Harpa  sp.
Cancellaria  varicifera,  T.  Woods  ...

sp.
,,  laticostata,  T.  Woods  ...

Terebra  platyspira,  Tate
Pleui'otoma  haastii,  Hutton

,,  murndaliana,  T.  Woods
„  clarae,  T.  Woods

sp.

Drillia  trevori,  T.  Woods
Integra,  T.  Woods

Locality  where  Obtained.

Mancjelia

Bela
Co:

bideiis,  T.  Woods
sp.

us  liamiltonensis,  Tate
(aff.  pullulescens),  T.  Woods
sp.
ligatus,  Tate

Cypraea  eximia,  McCoy  ...
„  gigas,  McCoy  ...

X
X
X

X
X

X
X
X
X
X
X

2 sp

6 sp

4 sp
6 sp.

sp.

6 s[)

3sp

frag,

X
juv.

X?

4 sp
X
X

X ]

sp.
X

frai
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4-A^  rt08  >>so«>8  v:
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