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ABSTRACT 

Macquarie I s l and  i s  an emergent p a r t  of t h e  Macquarie Ridge, which 

runs south from New Zealand t o  j o i n  the Indian-Pac i f ic  r i d g e  system, and 

marks t h e  boundary between t h e  Indian-Austral ian and t h e  P a c i f i c  p l a t e s .  

Most of  Macquarie I s land  i s  composed of  fault-bounded blocks o f  

vo lcan ic  rocks  t h a t  a r e  commonly b a s a l t i c  p i l low lavas  with r a r e r  massive 

flows and minor sediments.  The sediments range from GZobCgeriw oozes and 

red  s i l t s t o n e s  through coa r se r  l i t h i c  wackes t o  agglomerates.  Do le r i t e  

dyke swarms, gabbroic masses ' inc luding  a layered complex, and se rpen t in i zed  

p e r i d o t i t e s  a l s o  occur  i n  t h e  nor thern  p a r t  o f  t h e  i s l a n d ,  where an 

oceanic  l i t h o s p h e r e  s e c t i o n  has been recognized.  

The b a s a l r s  and d o l e r i t e s  a r e  usual ly p o r p h y r i t i c ,  c a r ry ing  

p l ag ioc l a se  (ha 7-Ane o )  as  t h e  dominant phenocryst phase w i t h  l e s s  

abundant o l i v i n e  (FOB 9 -Fos 5) , chrome s p i n e l  and r a r e l y  c l  inopyroxene 

{Cat, S M ~ S  Fes -Ca3 a ~ g s  0 ~ e l z )  . ~ o r m a t i v e l y  t h e  rocks range from n k -  t o  Q- 

bear ing ,  with most f a l l i n g  n e a r  t h e  c r i t i c a l  plane of  normative s i l i c a  

unde r sa tu ra t ion .  Dykes tend t o  be  more i r o n - r i c h  t h a n  lnvns, and -inclttdc 

t h e  more tli-poor rocks.  Tile rocks a l s o  ra igc  i n  composition from t y p i c a l  

ocean-f loor  basa l  t s  through v a r i e t i e s  r e l a t i v e l y  enr iched  i n  some 

incompatible t r a c e  elements ,  p a r t i c u l a r l y  Nb (20-73 ppm) and the  l i g h t  

r a r e  e a r t h  elements ,  t h a t  otherwise r e t a i n  ocean-f loor  b a s a l t  phenocryst 

assemblages, major element compositions and T i ,  N i ,  C r  and Z r  con ten t s .  

These l a t t e r  v a r i e t i e s  c l o s e l y  resemble t h e  ocean-f loor  b a s n l t s  from t h c  

"abnormal" r i dge  segments n e a r  45% and 36ON (FAMOUS) on t h e  M i t l -  

A t l a n t i c  Ridge. 



Mixing ca l c l l l a t i ons  us ing  phenocryst and rock compositions suggest  

t h a t  much of  t h e  compositional v a r i a t i o n  i n  t h e  volcanics  could have 

a r i s e n  by low-pressure c r y s t a l  f r a c t i o n a t i o n .  However, low-pressure 

f r a c t i o n a t i o n  processes  cannot a lone  account f o r  a l l  of  t h e  v a r i a t i o n s  i n  

concent ra t ion  i n  t h e  incompatible elements:  some may aZso a r i s e  from 

d i f f e r e n t  degrees of p a r t i a l  melt ing of a  poss ib ly  inhomogeneous source .  

Four grades of  a l t e r a t i o n  'and metamorphism have been d i s t i ngu i shed  

i n  t he  lavas and dykes. The lowest grade of  a l t e r a t i o n  produced smect i te -  

carbonate  dominated assemblages, p r i n c i p a l l y  a f f e c t i n g  o l i v i n e  and glass .  

Lavas t h a t  have s u f f e r e d  t h i s  ocean-f loor  weathering a l t e r a t i o n  have been 

shown t o  r e t a i n  t h e  magnetic p r o p e r t i e s  o f  t y p i c a l  oceanic  c r u s t ,  and 

were probably a t  t h e  top  of t h e  p i l e ,  i n  t h e  uppermost 200 m. Underlying 

t h e s e  i s  a  complex zone of  z e o l i t e  a l t e r a t i o n  def ined  by t h e  development 

of  Ca and Na z e o l i t e s ,  p r i n c i p a l l y  n a t r o l i t e ,  thomsonite,  a n a l c i t e ,  

wa i r ak i t e  and a t  t h e  bottom of  t h e  zone, laumonti tc .  The degree o f  

a l t e r a t i o n  i s  v a r i a b l e :  f r e s h  g l a s s  has  been found wi th in  a fcw.nietres 

of i n t e n s e l y  z e o l i t i z  ed lavas. Beneath t h e s e  z e o l i t e  f n c i e s  asscmblagcs 

a r e  a lb i te-chlor i te -epidote-sphene assemblages o f  t h e  lower g recnsch i s t  

f a c i e s ,  p re sen t  a t  t h e  base o f  t h e  l a v a  p i l e  where up t o  h a l f  of t1lc outcrop 

i s  composed of  b a s a l t i c  dykes. In c o n t r a s t ,  t h e  dykes of  t h e  dyke swarms 

have . suf fe red  a  d i s t i n c t i v e  a c t i n o l i t e  aml~hibole a . l t e ~ * a t i o n  and 

replacement o f  t h e  primary mafic minerals  t h a t  has  l e f t  t h e  p l ag ioc l a se  

l i t t l e  a l t e r e d .  This " u r a l i t i z a t i o n ' '  r e f l e c t s  t h e  a t ta inment  of  

cond i t i ons  o f  t h e  upper g reensch i s t  f a c i c s  grade of metamorphism, i ~ n d  

s p o r a d i c a l l y  a t  the  base of t h e  dyke swarm u n i t ,  whcrc v e i n s  o f  IlornbIondc 

a r e  p re sen t ,  t h e  lower amphibol i te  f a c i c s  grade of  metrrn~orphisnl. 

I t  i s  argued t h a t  t h e  observed progression of  sccondary :1sscn~l1 I :~ j ics  

arose  from hydrothermal a l t e r a t i o n  under varying tcmperaturc :111t l  I)rcs:;llt*e 

conditions,  which a f f e c t e d  the  oceanic  c r u s t  s cc t ion  t o  t h c  I);lsc 01: t.lic 

dyke swarm u n i t .  F i e ld  r e l a t i o n s h i p s  suggest  t h a t  on Mncquaric l sland 
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t h i s  corresponds t o  a  depth o f  approximately t h r e e  k i lomet res .  Prelim- 

ina ry  oxygen and carbon i so tope  s t u d i e s  show t h a t  s e a  water  was the  

i n i t i a l  f l u i d  and t h a t  t h e  f l u i d  became s u b s t a n t i a l l y  modified with depth 

through r o c k ' i n t e r a c t i o n .  F lu id  movement was concent ra ted  along f r a c t u r e  

systems i n  t h e  l avas .  

The major e f f e c t s  o f  geochemical a l t e r a t i o n  of  t h e  massive rocks ,  

+ 
away from the  f r a c t u r e  zon'es, are inc reases  i n  t h e  W 2 0  content  and 

~ e " / ~ e ~ +  r a t i o .  The magnitude of  t h e  changes i s  dependent on s t r a t i -  

g raphic  p o s i t i o n :  both decrease with depth.  Gypsum d e p o s i t s ,  conta in ing  

minor amounts o f  su lph ides ,  a r e  p re sen t  i n  t h e  top  o f  t h e  dyke swarm 

u n i t .  Pyrite-dominated sulphide-quartz-carbonate assemblages a r e  p re sen t  

i n  ve ins  i n  t h e  base o f  t h e  l ava  p i l e  and upper p a r t  o f  t h e  dyke swarm 

u n i t .  A l a rgk  stockwork depos i t ,  with t h e  same mineralogy, i s  a l s o  

p re sen t  i n  t h e  base of  t h e  lava  s e c t i o n .  I t  i s  suggested t h a t  t h e  gypsum- 

r i c h  d e p o s i t s  r e f l e c t  temperature-induced su lphato  sa tu ra t ion  of t h e  

descending f l u i d  whereas t h e  su lphide-bear ing  vein assemblages have been 

p r e c i p i t a t e d  from cool ing  upwelling f l u i d s .  
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Many o f  t h e  g ras s l and  s l o p e s  c o n t a i n  smal l  t e r r a c e s  o r  t e r r a c e t t e s  ( p l a t e  l b ) .  
These a r e  commonly misnamed "sheep t r acks"  throughout r u r a l  mainland A u s t r a l i a  and on 
Macquarie I s l and  some workers have s i m i l a r l y  m i s i n t e r p r e t e d  t h e s e  f e a t u r e s  a s  due t o  
r a b b i t  t r a c k s  o r  s q u a t s .  Ac tua l ly  t h e s e  f e a t u r e s  a r e  u s u a l l y  a  r e s u l t  o f  c reep  pro-  
c e s s e s ,  s o l i f l u c t i o n  and o r  o c c a s i o n a l l y  small  s c a l e  slumping. 

Wind is  another  e r o s i v e  agent  on blacquarie I s l and ;  du r ing  t h e  t h r e e  month 1975/6 
summer t h e  average wind speed was 26 km p e r  hour.  However because o f  t h e  moist  s u r -  
f ace  environment wind d e f l a t i o n  e f f e c t s  a r e  d r a s t i c a l l y  reduccd r e l a t i v e  t o  t h o s e  i n  
d r i e r  environments.  Moist  c l a y  has  s t r o n g  i n t e r p a r t i c l e  adhesion s o  t h a t  only  du r ing  
t h e  r a r e  d ry  p e r i o d s  i f  eve r ,  a r e  t h e  c l a y s  d e f l a t e d .  Coarser  m a t e r i a l  is more sus- 
c e p t i b l e  and f o s s i l  a e o l i a n  dunes depos i t ed  a long  t h e  n a t u r a l  wind ' funne l '  between 
Sandy Bay on t h e  e a s t  c o a s t  and Bauer Bay on t h e  west c o a s t  a r e  being eroded through 
wind d e f l a t i o n .  Observat ions  sugges t  t h a t  t h i s  was i n i t i a t e d  by r a b b i t s  burrowing on 
t h e  windward s i d e  of t h e  dunes .  Eros ion o f  r a i s e d  marine r i d g e s  on t h e  c o a s t a l  t e r -  
r a c e s  i s  probably a l s o  a  r e s u l t  o f  s i m i l a r  r a b b i t  a c t i v i t y .  These a i c a s  a r e  very  
smal.1 r e l a t i v e  t o  t h e  whole i s l a n d  and i n s i g n i f i c a n t  i n  terms o f  t h e  o v e r a l l  e ros ion  
p rocesses .  

. I t  has  a l s o  been suggested t h a t  r a b b i t s  have inc reased  t h e  inc idence  o f  l a n d s l i p s  
by  weakening an a r e a  through burrowing. No evidence has  been p resen ted  on t h i s  and a  
v i s u a l  comparison o f  t h e  i s l a n d  today wi th  photographs taken a t  about t h e  time of i n t r o -  
duc t ion  o f  r a b b i t s  would sugges t  t h a t  t h e  r a t e  of occurrence  has  n o t  s i g n i f i c a n t l y  
a l t e r e d .  Furthermore a r e a s  o f  burrowing p e t r e l  co lon ies ,  which have a h i g h e r  burrow 
d e n s i t y  than r a b b i t s ,  a r e  no t  obviously  more eroded than  a d j a c e n t  a r e a s .  

In  summary, t h e  major p rocesses  a c t i v e  on Macquarie I s l and  a r e  va r ious  forms o f  
mass movement. Although r a b b i t s  may have seve re  b o t a n i c a l  e f f e c t s  on t h e  ecology, 
they have had l i t t l e  e f f e c t  on t h e  e r o s i o n  o f  Macquarie I s l and .  I t  i s  i n v a l i d  t o  
compare Macquarie I s l and  with mainland A u s t r a l i a  because  o f  t h e  major c l i m a t i c  d i f f e r -  
ences  and such comparisons a r e  mis leading.  

' Many people  have provided f r u i t f u l  d i s c u s s i o n  and adv ice  on t h i s  t o p i c ,  i n  par-  
t i c u l a r  Mr. 6 .  Copson;Dr. E.  Colhoun and Dr. J . ' J e n k i n s .  Mr. G .  Copson i s  thanked 
f o r  supplying t h e  photographs.  The Nat ional  Parks and W i l d l i f e  Se rv ice  o f  Tasmania, 
t h e  A u s t r a l i a n  A n t a r c t i c  Divis ion and t h e  Un ive r s i ty  o f  Tasmania have provided l o g i s t i c  

, suppor t  and funding f o r  two v i s i t s  t o  t h e  i s l a n d  and t h i s  is  g r a t e f u l l y  acknowledged. 
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