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ABSTRACT 

This  r e p o r t  i s  Volume I 1 1  o f  DESCRIPTIONS OF WHOI ROCK DREDGE SAMPLES. 

Th is  se r ies  represents a major e f f o r t  t o  ca ta log  the  rock dredge samples 

i n  the  WHOI Sea F l o o r  Samples c o l l e c t i o n ,  and t o  disseminate t h i s  

i nformat ion throughout t h e  s c i e n t i f i c  c o n u n i  ty. Volume I 1 1  conta ins  

sample desc r ip t ions  and s t a t i o n  data  fo r  the dredge s t a t i o n s  f rom 

f i v e  c ru ises  d u r i n g  the p e r i o d  September 1978 through December 1980. 

The m a t e r i a l  i n  t h i s  and subsequent volumes o f  rock  d e s c r i p t i o n s  

was 1 a rge ly  prepared onboard sh ip  by t h e  p a r t i c i p a t i n g  s c i e n t i s t s  . 
Volumes I and I 1  are now be ing  prepared by t h e  WHOI C u r a t o r i a l  s t a f f ,  

and descr ibe m a t e r i a l  i n  t h e  rock c o l l e c t i o n  obta ined p r i o r  t o  1978. 

Volume I 1 1  i s  being p r i n t e d  p r i o r  t o  volumes I and I 1  because 

o f  the  e x c e l l e n t  documentation o f  t h e  samples represented i n  t h i s  volume, 

and because more e f f o r t  remains i n  documenting t h e  samples obta ined 

on some o f  t h e  o l d e r  c ru ises .  We expect  t h a t  volumes I and I 1  w i l l  be 

p r i n t e d  and d i s t r i b u t e d  w i t h i n  t h e  nex t  year.  



INTRODUCTION 

"Descr ip t ion o f  W.H.O.I. Rock Samples" i s  an an-going ser ies  of 

repor ts  t h a t  present s t a t i o n  data and de ta i l ed  desc r i p t i ons  o f  the 

dredge samples i n  the  W.H.O.I. Sea F loo r  Samples Reposi tory.  

We are c u r r e n t l y  near ing  completion o f  a  major e f f o r t  t o  

descr ibe the e n t i r e  back- log o f  samples i n  the W.H.O.I. dredge c o l l e c t i o n .  

Volume I 1 1  has been prepared f i r s t  as i t  represents a  l a r g e  group o f  

we1 1-descr i  bed and we1 1-documented dredge hauls t h a t  a re  c u r r e n t l y  

r ece i v i ng  considerable s c i e n t i f i c  a t t en t i on .  Most o f  the d e s c r i p t i v e  

mate r ia l  for  t h i s  volume was prepared on-board sh ip  by p a r t i c i p a t i n g  

s c i e n t i s t s .  I n  t h i s  sense, i t  has served as a  model f o r  f u t u r e  dredging 

c ru ises  and d e s c r i p t i v e  repor ts .  I n  cont rast ,  Volumes I and 11 conta in  

a  la rge  v a r i e t y  o f  dredged mate r ia l  co l l ec ted  over many years and 

consequently requ i re  more a t t e n t i o n  i n  t h e i r  documentation and desc r i p t i on  

The W.H.O.I. c u r a t o r i a l  s t a f f  has pa ins tak i ng l y  v e r i f i e d  s t a t i o n  l oca t i ons  

and slabbed and descr ibed represen ta t i ve  su i t es  from each o f  these 

dredge hauls.  We a n t i c i p a t e  t h a t  these two volumes w i l l  be d i s t r i b u t e d  

over  the nex t  year.  

The standard format f o r  a r ch i v i ng  W.H.O.I. rock dredge samples i s  

as fo l lows:  each rock i s  l a b e l l e d  w i t h  t h e  sh ip  symbol, c r u i s e  number, 

and s t a t i o n  nwnberof t h e  dredge haul fo l lowed by a unique number fo r  

every rock w i t h i n  the dredge. For example, A11 107-33-2 re fers  t o  

rock #2 from s t a t i o n  33 o f  c ru i se  ATLANTIS 11-107. A l l  rock samples 

f rom t h i s  c o l l e c t i o n  should be referenced i n  the l i t e r a t u r e  by t h e i r  

Woods Hole i den ti f i  ca t i o n  number. 



I n  descr ib ing a  dredge haul ,  a l l  specimens o f  reasonable s i ze  a re  

so r ted  by rock type, numbered sequen t ia l l y ,  and slabbed t o  ob ta i n  

a  f resh surface f o r  desc r ip t ion .  I f  the  dredge haul i s  very l a rge  and 

homogeneous, a  representat ive s u i t e  o f  rocks ( ~ 5 0 %  o f  hau l )  are  numbered 

and slabbed. Any remaining samples a re  s to red  i n  bu lk  i n  a  l a b e l l e d  

bag. 
8 .  

Notes on the desc r i p t i ve  format and abbrev ia t ions a re  provided 

i n  Table 1  (Notes on De ta i l ed  Rock Descr ip t ions ) .  
6 

As dredge s t a t i o n s  genera l l y  occupy several  hours i t  i s  common t o  

g e t  a t  l e a s t  one, i f  no t  more, s a t e l l i t e  f i x e s  dur ing  the  course of  

a  dredge. Unless otherwise noted, the pos i t i ons  quoted here are s a t e l l i t e  

f i xes  approximating the beginning o f  t he  s t a t i o n  o r  the bes t  est imate 

between several  f i x e s  o f  t he  dredge's l o c a t i o n  dur ing  t he  s t a t i o n .  The 

end of s t a t i o n  i s  genera l l y  considered t o  be when t he  dredge leaves 

t h e  bottom, no t  when i t  a c t u a l l y  a r r i v e s  back on t he  deck o f  the  sh ip .  

A1 1  water depths are given i n  cor rected meters. 

More d e t a i l e d  nav iga t ion  in fo rmat ion  such as add i t i ona l  f i x e s  o r  

leng th  o f  w i re-out  dur ing  s ta t i ons  i s  a v a i l a b l e  f rom the  cu ra to r ' s  o f f ice .  

L i  kewise, d e t a i l e d  sampling records record ing names o f  i n ves t i ga to r s ,  

proposed analyses, and copies o f  pub l ished papers a re  kept a t  the  same 

o f f i c e .  

The i n t r oduc to r y  remarks preceding t h e  de ta i  1  ed rock descr ip t ions  of 

each c ru i se  i n  t h i s  r epo r t  have been prov ided by t h e  respec t i ve  P r i nc i pa l  

Inves t iga to rs ,  and thus may vary i n  t h e i r  scope and d e t a i l .  
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TABLE 1: 

NOTES ON DETAILED ROCK DESCRIPTIONS 

L i t h o l o g y :  Rock name; i . e .  a m p h i b o l i t e ,  b a s a l t ,  gabbro ,  
g r eens  t one  

W t . :  - Weight i n  grams o r  k i lograms  

G.S. : - Grain s i z e :  G = g l a s s y  
A = a p h a n i t i c ;  i n d i v i d u a l  g r a i n s  

n o t  v i s i b l e  t o  t h e  naked eye 
F = f i n e ;  <1 mm 
M = medium; 1 t o  5 mm 
C = c o a r s e ;  > 5  mm 

Mineralogy:  Phases p r e s e n t  i n  groundmass i f  a p p a r e n t  i n  
hand specimen.  

Phenoc rys t s :  Type and e s t i m a t e d  amount i n  % ;  u s e  a b b r e v i a t i o n s :  

pg - p l a g i o c l a s e ,  px - pyroxene ,  amph - amphibole ,  
m t  - m a g n e t i t e ,  py - p y r i t e ,  01 - o l i v i n e ,  
il - i l m e n i t e ,  e p  - e p i d o t e ,  p r  - p r e h n i t e ,  
m i  - mica ,  e t c .  

V e  : - 

Am: - 

We: - 

A l t e r a t i o n :  

Remarks : 

V e s i c l e s :  g i v e  an e s t i m a t e  o f  t h e  p e r c e n t  i n  t h e  rock  

Amygdules - f i l l e d  vugs o r  v e s i c l e s :  
T - t r a c e ,  S - s c a t t e r e d  
C - common, A - abundant  

Manganese c o a t i n g  - g i v e  t h i c k n e s s  ( i n  mm o r  cm) 

Weather ing F - F r e s h ,  no d i s c o l o r a t i o n  
L - L i g h t ,  d i s c o l o r e d  a t  edges  
M - Moderate ,  d i s c o l o r e d  
H - Heavy, c l a y e y  

VH - Very Heavy, d i s a g g r e g a t i n g  

Metamorphism - f a c i e s  and d e g r e e s  
i . e .  Gr - G r e e n s c h i s t  

Amph - Amphibol i t e  
Ze - Z e o l i t e  

Note i f  g l a s s  i s  p r e s e n t ,  and i n d i c a t e  v i s i b l e  
s t r u c t u r e s :  f o r  example,  " p i l l o w  r i n d  f ragments" .  
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\MPLE DISTRIBUTIO IN POLICY 

The W.H.O.I. Sea F loo r  Samples Laboratory i s  prepared t o  fu rn ish  

samples and data t o  i n t e r e s t e d  researchers and students w i t h i n  the 

s c i e n t i f i c  community who express a l e g i t i m a t e  i n t e r e s t  and need. 

Requests f o r  samples may be sent  t o  the  Geological Sample Curator 's  

o f f i c e ,  McLean Laboratory, W .H.O.I. These should i nc l ude  a summary 

o f  t h e  intended research and the l abo ra to r y  f a c i l i t i e s  ava i lab le .  Requests 

w i l l  be reviewed by the  P r i nc i pa l  I n v e s t i g a t o r  respons ib le  fo r  c o l l e c t i n g  

the samples, and may be approved i f  t he  proposed s tud ies are n o t  i n  con- 

f l  i c t  w i t h  concurrent labora to ry  s tud ies.  The P r i nc i pa l  I nves t i ga to r  w i l l  

r e t a i n  a u t h o r i t y  t o  approve sample requests u n t i l  expi  r a t i o n  o f  the re1 evant 

research grant  o r  u n t i l  two years from the date o f  te rm ina t ion  of t he  cru ise,  

whichever i s  1 a te r .  Fo l lowing the pe r i od  o f  p rop r i e t a r y  access, sample 

requests w i l l  be approved by the Cura to r ' s  o f f i c e  i n  consu l ta t ion  w i t h  the 

appropr ia te  s t a f f  s c i e n t i s t s .  

Persons rece i v i ng  samples w i l l  a l so  rece ive a statement exp la i n i ng  

the "Responsi b i  1 i t i e s  o f  Persons Receiv ing Samples". Fur ther  documenta- 

t i o n  regard ing t h i s  d i s t r i b u t i o n  p o l i c y  may be found i n  W.H.O.I. 

I n s t i t u t i o n  Memorandum #3-75 ( " D i s t r i b u t i o n  Pol i c y  f o r  Geological Samples"). 
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M4PS 1 THROUGH 5 

Maps 1  and 2 show the genera l ized c r u i s e  t racks  and loca t ions  

o f  the dredge s ta t i ons  f o r  each o f  t he  f i v e  cru ises descr ibed i n  

t h i s  repor t .  Maps 3 through 5 present more d e t a i l e d  bathymetr ic 

and/or t ec ton i c  in fo rmat ion  as w e l l  as dredge s t a t i o n  l oca t i ons  f o r  

some o f  t he  c ru ises  where such d e t a i l  i s  p resen t l y  ava i lab le .  These 

d e t a i l e d  maps a re  no t  provided, however, f o r  those c ru ises  where t he  

t o t a l  survey area i s  q u i t e  l a rge  o r  where t he  bathymetry remains poor l y  

known (e.g. AI I -107-7).  





M4P 2. Genera l ized c r u i s e  t r a c k s  and survey areas 
o f  ATLANTIS I 1  107 Legs 6 and 7, and 
VULCAN E x p e d i t i o n  Leg 5 o f  R.V. MELVILLE. 



MAP 3 .  Generalized bathymetry of Kane Fracture 
Zone with dredge locations from GILLISS 104 
and KNORR 79-2. 
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DREDGE DESCR l PT l ONS 



GILLISS 104 
(Maps 1 & 3) 

Cruise 104 of  t h e  R.V. GILLISS was p a r t  o f  a long term mu1 t i- 

c ru i se  study of  the  Kane Fracture Zone near 24"N on the Mid -A t lan t i c  

Ridge by s c i e n t i s t s  a t  t he  Woods Hole Oceanographic I n s t i t u t i o n .  The 

R . V .  GILLISS was operated by the Un i ve r s i t y  o f  Miami. The c h i e f  

s c i e n t i s t  was D r .  W i l f r ed  B. Bryan o f  the Woods Hole Oceanographic 

I n s t i t u t i o n .  Other p a r t i c i p a t i n g  s c i e n t i s t s  inc luded Dr. Henry Dick 

and D r .  Michael Mo t t l  o f  t he  Woods Hole Oceanographic I n s t i t u t i o n ,  

D r .  John Ludden of the  Un i ve r s i t y  o f  Montreal and Dr. John Delaney 

o f  the  U n i v e r s i t y  o f  Washington. The R.V. GILLISS l e f t  the Azores on 

September 1, 1978 and a r r i v e d  a t  Woods Hole, Massachusetts on September 

29, 1978. 

P r i  n c i  pal  shipboard programs inc luded acoust ica l  l y  navigated bottom 

photography, rock dredging and echo-sounding and sate1 1 i te-navigated rock 

dredging, echo-soundi ng and bottom photography under the d i r e c t i o n  o f  

Dr.  Bryan and D r .  D ick ,a l l  i n  the v i c i n i t y  of t he  Kane Fracture Zone. 

I n  add i t i on ,  an ocean bottom seismometer program was d i r ec ted  by 

M r .  Jeremy Duschenes, a graduate student i n  the MIT/WHOI j o i n t  program 

i n  geology and geophysics. Rock sample cu ra t i on  and sampling was done 

by Drs. Ludden, Del aney, M o t t l  and Dick and Margaret Sul anowska. 

Other c ru ises  i n  t h i s  se r ies  i nc l ude  c ru i se  96 o f  R.V. ATLANTIS 11, 

c ru i se  79 o f  R.V. KNORR and Dives 1008 t o  1014 o f  t h e  DSRV ALVIN, a l l  o f  

t h e  Woods Hole Oceanographic I n s t i t u t i o n .  



Fourteen o f  the  nineteen dredge s ta t i ons  attempted y i e l d e d  rock.  

S i x  o f  t he  stat ionsproduced more than 50 kg o f  rock and one y i e l ded  

about 250 kg. Tota l  rock recovery was as fo l lows :  

s a l  t was 

2 1 

16 

3 

2 

1 

7 

recov 

50% Basa l t  and b a s a l t i c  g lass 

Metabasal t, most ly greenstone 

Brecc ia ted b a s a l t  and metabasal t 

Talc p e r i d o t i  t e  (bas ic  gabbro?) 

Gabbro . 
Calcareous ooze, Mn-deposi t, minera l  i zed 

q t z  brecc ia  

Do le r i  t e  

ered from areas unsampl ed by AII-96, p a r t i c u l a r l y  

a t  the western i n t e r s e c t i o n  o f  the  a x i a l  v a l l e y  and the  Kane t ransform 

(area A). Fresh basal t s  were predominantly p l  ag ioc l  ase and p l  ag-01 i v ine  

phyr i c .  Eleven dredges y i e l d e d  f r e s h  basal t i c  g lass (basal  t i c  p i l l  ow 

r i n d s  and h y a l o c l a s t i t e )  . Basa l t  recovery was l ess  successful  a t  t he  

eastern i n t e r s e c t i o n  (area B) . 
Gabbro recovery was r e l a t i v e l y  poor w i t h  the  except ion o f  one 

dredge on the east-west r i d g e  w i t h i n  t he  t ransform n o r t h  o f  area B, 

i n  which gabbro, se rpen t i  n i  zed gabbro, and serpen$ini  zed p e r i d o t i  tes  

and t a l c  were recovered. 

Greenstone recovery was p a r t i c u l a r l y  successful  f rom the east-  

f ac i ng  scarp 10 km south o f  t he  eastern i n t e r s e c t i o n  o f  t h e  Kane 

Fracture zone w i t h  the  M id -A t l an t i c  Ridge (area B). 



Comnents on s p e c i f i c  phys iographic  features:  

1. F l o o r  o f  f r a c t u r e  zone a t  i n t e r s e c t i o n s  w i t h  M i d - A t l a n t i c  Ridge 

a x i a l  v a l l e y  (areas A and B): 

Deep topographic lows e x i s t  a t  bo th  i n t e r s e c t i o n s .  A t  the  western 

i n t e r s e c t i o n ,  both the N-S r i d g e  c e n t r a l  t o  t h i s  depression and slopes 

s l i g h t l y  f u r t h e r  east  i n  the  depression y i e l d e d  p i l l o w  basal t s  w i t h  

f r e s h  g lass (S ta t ions  5, 35, 40). A t  analogous l o c a t i o n s  a t  t h e  

eastern  i n t e r s e c t i o n ,  ANGUS photography revealed the  presence o f  

p i l l o w  basa l ts ,  bu t  t h e  dredge meant t o  sample these came up empty 

( S t a t i o n  26).  S l i g h t l y  f u r t h e r  south i n  t h e  a x i a l  v a l l e y ,  the  S t a t i o n  

15 dredge was a lso  empty, b u t  S t a t i o n  25 sampled f r e s h  b a s a l t .  

2. West w a l l  o f  a x i a l  v a l l e y  10-15 km south o f  t h e  f r a c t u r e  zone (area B) : 

Greenstones, some o f  them brecc ia ted,  made up 60-80% o f  t h e  250 kg 

o f  rocks sampled a t  t h i s  l o c a l i t y  ( S t a t i o n  19). Some o f  these conta ined 

massive quar tz  veins w i t h  p y r i t e  and c h a l c o p y r i t e  m i n e r a l i z a t i o n .  

3 .  North w a l l  o f  t h e  Kane Frac tu re  Zone and probably  ex tens ion t o  E-W 

t rend ing  r i d g e  n o r t h  o f  area B (S ta t ions  13 and 29) : 

S t a t i o n  13, on t h e  probable E-W ex tens ion o f  t h e  n o r t h  w a l l ,  dredged 

t h e  S- fac i  ng escarpment c lose  t o  the  a x i a l  va l  ley- t ransform i n t e r s e c t i o n .  

I t  y i e l d e d  rocks c o n s i s t e n t  w i t h  samples obta ined on c r u i s e  AI I -96 f u r t h e r  

t o  the  east: metagabbro, greenstone, and b a s a l t .  

S t a t i o n  29 y i e l d e d  f r e s h  (g lassy )  b a s a l t  and conso l ida ted  sediment 

f rom supposedly o l d  basal  t i c  t e r r a i n .  



4 .  Escarpment i n  SW quadrant o f  eastern i n t e r s e c t i o n  o f  K.F.Z. and M.A.R. 

(area B ) :  

Dredging i n  t h i s  area attempted t o  con f i rm  AII-96 observat ions and 

e s t a b l i s h  the l i m i t  o f  poss ib le  outcrop. 

S ta t i ons  17 and 20 e f f e c t i v e l y  reproduced the s t r a t i g raphy  def ined 

by AII-96. I n  a d d i t i o n  t o  gabbro, greenstone, and basa l t ,  t a l c - r i c h  

p e r i d o t i t e  (bas ic  gabbro?) was sampled. 

On t h e  same escarpment t o  t h e  southeast, S t a t i o n  27 y i e l d e d  

metagabbro, greenstone, and basal t. 

S t a t i o n  28 and 23, below and above S ta t i on  27 respec t i ve ly ,  

were empty despi t e  considerable "dredge a c t i v i t y " .  

S t a t i o n  19 con ta in ing  t he  greenstones discussed i n  2. above 

i s  loca ted  on t he  southern extens ion o f  t h e  same scarp which i s  

t r a n s i t i o n a l  t o  the  west w a l l  o f  t h e  a x i a l  va l l ey .  

A t  S t a t i o n  17, t h e  second most abundant rock type sampled was 

diabase and metadiabase. Th is  represents add i t i ona l  s t r a t i g r a p h i c  data 

f o r  t h i s  escarpment. 

5. Ax i a l  v a l l e y  no r t h  o f  t h e  western i n t e r s e c t i o n  w i t h  the  Kane 

f r a c t u r e  zone (area A )  : 

Sta t ions  1  and 2  y i e l d e d  f r e s h  (g lassy )  p lag ioc lase-phyr i c  basa l t .  



GILLISS 104 
(September, 1978) 

STA NO. 

1  
R i f t  V a l l e y  
Nor th  o f  F.Z. 

2  
E. Slope o f  
R i f t  V a l l e y  

7  
I n t e r s e c t i o n  
R i f t  V a l l e y -  
Kane F.Z. 

13 
I n t e r s e c t i o n  
R i f t  Va l l ey -  
Kane F.Z. 

17 
Scarp W.  o f  
I n t e r s e c t i o n  

19 
Median Val 1  ey 
near F.Z. 

DEPTH RANGE 
LOCATION ( c o r r .  M . )  

20 
S. Wall 23'37.7'N 4380- 
Kane F.Z. 45'02.8'W 3820 

GENERAL DESCRIPTION 

P lag -phy r i c  b a s a l t  (9.7 kg) ,  f resh 
t o  l i g h t  weathered, f resh  g lass  
margins 

Sparse p l  ag-phyr i  c  basal  t (51 kg),  
f r e s h  t o  l i g h t  weathered, some g lassy  
r i n d s ,  ve ry  1  arge p l  ag phenocrys t s  

Fresh h i g h l y  p r o p h y r i  t i c  p i 1  low 
basal  t (mos t l y  p l  ag - ve ry  m i  n o r  
o l i v i n e  and cpx) , f resh g lass  r i n d  
(12 kg) 

Aphyr ic ,  p l a g - p h y r i c  and p l  ag-01 i v 
p h y r i c  b a s a l t  (112 kg) l i g h t -  
moderate weathered, b a s a l t  and green- 
s tone b r e c c i a  (30 kg); gabbro & 
metagabbro ( 1  kg) re1 a t i v e l y  f r e s h  

Aphyr ic ,  p l a g - p h y r i c  and metabasal t, 
d i  abase and metadi abase, maf i c 
gabbro and ta lc -meta  p e r i d o t i  t e  (120kg) 

Metabasal t, metadiabase, aphy r i  c  
b a s a l t ,  greens tone & basal  t b r e c c i  a, 
metal  1  i f e r o u s  q t z - r i c h  greenstone 
b r e c c i a  (>245 kg);  q t z - r i c h  b recc ias  
c o n t a i n  minor  s u l f i d e s  ( p y r i  te ,  
ma lach i te )  

Aphyr ic ,  s p a r s e l y  p l a g  p h y r i c  and 
metabasal t, greenstone b recc ia ,  
d iabase and metadiabase (75 kg) ;  
basal  t s  f r e s h  t o  mod. weathered, 
severa l  w i t h  g lass ,  greens tones w i t h  
c h l  -ep id -q tz  ve ins  . 



GILLISS 104 
(September 1978) ( con t inued)  

STA NO. 

25 
R i f t  V a l l e y  
South o f  F.Z. 

27 
Scarp S.W. of  
I n t e r s e c t i o n  

29 
C e n t r a l  Ridge 
i n  F.Z. 

3 5 
N. Wal l  
Kane F.Z. 

3 7 
I n t e r s e c t i o n  
R i f t  V a l l e y -  
F.Z. 

40 
S. Wal l  
Kane F.Z. 

4 7 
Center  of 
R i f t  V a l l e y  

LOCATION 

23O32.O1N 
44057.4'W 

23O34.7'N 
44059.9'W 

23O38.8' N 
U 0 4 8 .  1 ' W  

23O51 .2'N 
46'13.4'W 

23O50.5'N 
46OO8.3'W 

23'48.3'N 
46O16.9'W 

23'56.7'N 
46"18.01W 

DEPTH RANGE 
( c o r r .  M) 

4560- 
4300 

3840- 
2870 

3880- 
3620 

4590- 
401 0 

4550- 
4320 

5220- 
4820 

4580- 
4470 

GENERAL DESCRIPTION 

Aphy r i c  basa l  t s ,  01 i v i n e  diabase, 
metabasal t (15 kg); p i l l o w  b a s a l t  
l igh t -mod.  weathered most w i t h  
g lass  r i n d s  , r a r e  p l  ag . phenocrysts 

Metabasal t - h i g h l y  c h l o r i  ti zed 
(1  3.5 kg) ,  metagabbro - r e l a t i v e l y  
f r e s h  (0.5 kg) 

One ve ry  f r e s h  p i  1 low b a s a l t  w i t h  
g lass  (2.5 kg) ,  c o n s o l i d a t e d  c a l c  
ooze (11 kg) 

Metabasal t and b r e c c i a t e d  metabasal t 
(16 kg),  pa lagon i  t i  zed h y a l o c l a s t i  t e  
b r e c c i a  w i t h  z e o l i t e s  and some 
f r e s h  g lass  remain ing (4 .5  kg) ,  
Fe-Mn c r u s t  (.2 kg)  

01 -Plag-Cpx basal  t and a p h y r i  c 
basal t - 1 i g h t l y  weathered 
(4.2 kg)  

L i g h t  weathered p l  ag-phyr i  c b a s a l t  
w i t h  g l a s s  r i n d  and f l o w  banded 
s o r t i n g  of  p l a g  (4.3 kg) 

Fresh p l a g  p h y r i c  p i l l o w  b a s a l t  
w i t h  g lass  r i n d  and p r e f e r e n t i a l  
f l o w  s o r t i n g  o f  p l a g  t o  o u t e r  zones 
(11 kg) 
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KNORR 79-2 

DREDGE DESCR l PT l ONS 



KNORR 79 Leg 2 
(Maps 1  & 3)  

Cru ise 79 o f  t h e  R.V. KNORR was p a r t  o f  a  long  term study o f  t he  

Kane Fracture Zone by s c i e n t i s t s  a t  t he  Woods Hole Oceanographic I n s t i  tu -  

t i o n .  The c r u i s e  l e f t  Woods Hole on 17 May 1980, stopped i n  Bermuda 

20-23 May 1980, and a r r i v e d  i n  the Azores 19 June 1980. Dr. W i l f r e d  

Bryan was ch ie f  s c i e n t i s t ,  and D r .  Geoffrey Thompson, Dr. Henry Dick, 

D r .  Michael M o t t l  and Dr. J e f f r e y  Karson, a l l  o f  t h e  Woods Hole 

Oceanographic I N s t i t u t i o n ,  and Dr. John Delaney o f  the  U n i v e r s i t y  o f  

Washington were p a r t i c i p a t i n g  s c i e n t i s t s .  P r i n c i p a l  research 

programs i n c l  uded a c o u s t i c a l l y  navigated bottom photography (ANGUS) 

and echo sounding and sate1 1  i te-navi  gated rock  dredging a t  t he  eastern 

i n t e r s e c t i o n  o f  the  Kane F.Z. and t h e  M id -A t l an t i c  Ridge. The'R.V. KNORR 

a lso  acted as support vessel f o r  the  submarine tender R.V. LULU dur ing 

the  d i v i n g  program by t he  DSRV ALVIN. 

Rock dredging dur ing  KNORR 79 concentrated on the  south w a l l  

o f  t h e  Kane Fracture Zone and t h e  eas te rn  r i f t  mountains near t h e i r  

i n t e r s e c t i o n  w i t h  the Kane. F.Z. Two dredges were made along t he  a x i s  

o f  the  median va l ley .  The program was c a r r i e d  o u t  under t h e  d i r e c t i o n  

o f  D r .  Dick and D r .  Bryan. Sample cu ra t i on  and sampling was done l a r g e l y  

by Dr. Dick w i t h  some assistance f r o m  D r .  Delaney, Dr. M o t t l  and M r .  

Thomas B u l l  en. 

Dredging on the south wa l l  o f  t h e  f r a c t u r e  zone recovered l a r g e l y  

p i l l o w  basa l t ,  greenstones and some diabase and gabbro. Dredging i n  the  

median v a l l e y  recovered f r esh  t o  1 i g h t l y  weathered g lassy basa l t .  Dredging 

i n  the eastern r ift mountains recovered g lassy p i l l o w  basa l t s  a l l  o f  which 

were character ized by a  wel l -developed r i m  o f  brown pa lagon i te  on the  

g lassy c h i l l  margins. 



KNORR 79 

(June, 1980) 

STA NO. 

10 
S. Wall 
Kane F.Z. 

15 
S. Wall 
Kane F.Z. 

17 
East  Side 
Median Val l e y  

21 
Median Val 1 ey 

25 
E. F lank 
Median Val 1 ey 

2 6 
E.  Side 
Median Val 1 ey 

27 
E.  Side 
Median Val 1 ey 

E. SI 3 e 
Median Val 1 ey 

34 
Median Val 1 ey 

LOCATION 

23O37.4'N 
44044.3' W 

23O36.7'N 
45OO5.9'W 

23O34.3'N 
44O48. 5'W 

23'33.4'N 
44O55.5'W 

23'36.4'N 
44O46.7IW 

23'36.7'N 
44O47.3'W 

23'36.5'N 
44O46.4'W 

23O37.0'N 
44O49.2'W 

* 

DEPTH RANGE 
( c o r r .  M.) GENERAL DESCRIPTION 

L i g h t  t o  h e a v i l y  weathered p i l l o w  
basal  t s  (197 K) w i t h  s c a t t e r e d  p l  ag 
& r a r e  01. phenocrys t s  ; p a l  agoni t e  
b r e c c i a  (20 K) ; horn c o r a l  ( .1 K) 

L i g h t  weathered basal t s  (3K) ; 
greens tone b r e c c i  as ( .8K) ; d i  abase 
& gabbro ( .4K) 

L i g h t l y  weathered, a p h y r i c  basa l  t 
(11 K) 

120K l i g h t  weathered, p l a g  p h y r i c  
( t r a c e  01. ) g l a s s y  basal  t 

L i g h t l y  weathered, s l i g h t l y  
v e s i c u l a r  p l a g  p h y r i c  b a s a l t  tubes 
(18 K) 

L i g h t l y  weathered, p l  ag p h y r i c  
b a s a l t  (10K) 

35K ve ry  l i g h t l y  weathered aphy r i c  
g lassy  basal  t 

73K l i g h t  t o  moderately weathered 
plag-01 p h y r i c  b a s a l t  w i t h  
s c a t t e r e d  v e s i c l e s  

*Rocks recovered on ANGUS camera 
frame between 230311N, 44O54.5'W 
and 23"37'N, 44O54.5'W. 
Fresh g lassy  b a s a l t  w i t h  s c a t t e r e d  
p l  ag phenols (40K) 
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ATLANT 1 5 1 1 - 107-6 

DREDGE DESCR l PT l ONS 



ATLANTIS 11-107 LEG 6 
(Maps 2 e( 4)  

Cruise  107 Leg 6 o f  t h e  R.V. ATLANTIS I1 l e f t  Punta Arenas 

Chi le  on March 4 ,  1980 and a r r i v e d  a t  Cape Town South A f r i c a  

on A p r i l  7, 1980. D r .  Henry Dick o f  t h e  Woods Hole Oceanographic 

I n s t i t u t i o n  was Chief S c i e n t i s t .  P r i n c i p a l  sh ipboard  programs 

inc luded rock dredging under t h e  d i r e c t i o n  of D r .  Dick, sediment 

co r ing  under t h e  d i r e c t i o n  o f  D r .  Bruce C o r l i s s  ( W . H . O . I . ) ,  

heat-flow measurements i n  t h e  S c o t i a  Sea under t h e  d i r e c t i o n  of 

M r .  Vic tor  Z l o t n i c k i  and M r .  Walter Loy ( W . H . O . I . / M . I . T .  J o i n t  

Education Program) and underway geophysical  d a t a  c o l l e c t i o n  

( 1 2  and 3.5 kHz echo-sounding, air-gun p r o f i l i n g ,  magnetics 

and g r a v i t y )  under t h e  d i r e c t i o n  of D r .  Dick. The p re l iminary  

r e s u l t s  o f  t h e  rock dredging program a r e  r e p o r t e d  h e r e ,  i n  

o r d e r  t o  a s s i s t  t h o s e  i n v e s t i g a t o r s  c u r r e n t l y  working on t h e  

rock c o l l e c t i o n  (Chap. V I I I )  and t o  provide  a  b a s i s  f o r  sample 

r e q u e s t s  from o u t s i d e  i n v e s t i g a t o r s .  

The dredging program on Cruise  AII-107 l e g  6 was p a r t  of a 

long-term study o f  t h e  pe t ro logy and geochemistry of  t h e  c r u s t  

and upper mantle of t h e  southern  circumpolar-ocean. This  

program i s  a  coopera t ive  e f f o r t  invo lv ing  t h e  Woods Hole 

Oceanographic I n s t i t u t i o n ,  t h e  Department o f  E a r t h  and P l a n e t a r y  

Sciences  of  t h e  Massachuset ts  I n s t i t u t e  of  Technology, and t h e  

Departments o f  Geology and Geochemistry o f  t h e  Univers i ty  

of  Cape Town (Southern Oceans Li thosphere  P r o j e c t ) .  



The S W  Indian  Ridge and t h e  Bouvet T r i p l e  J u n c t i o n  

a r e  p a r t  o f  a  unique circumpolar  r i d g e  system and do n o t  

s h a r e  t h e  predominant north-south o r i e n t a t i o n  of t h e  o t h e r  

major ocean r i d g e  systems. The SW Ind ian  Ridge i n  t h e  a r e a  

o f  t h e  dredge program c o n s i s t s  o f  s h o r t  r i d g e  segments o f f s e t  

by a  remarkable s e r i e s  o f  f r a c t u r e  zones wi th  r e l i e f s  and 

o f f s e t s  comparable t o  t h e  g r e a t  e q u a t o r i a l  f r a c t u r e  zones o f  

t h e  Mid-Atlantic Ridge. The ve ry  slow-spreading r a t e  (1/2 r a t e  

~1 cm/yr) and c l o s e  spacing of  t h e  major f r a c t u r e  zones a long  

t h i s  r i d g e  system d i s t i n g u i s h e s  it from e i t h e r  of  what a r e  

commonly r e f e r r e d  t o  a s  t y p i c a l  f a s t - sp read ing  o r  slow-spreading 

mid-ocean r i d g e s .  

Cruise  1 0 7  sampled each o f  t h e  r i d g e  segments between 
I 

t h e  Bouvet T r i p l e  Junc t ion  and t h e  Shaka F.Z. a t  %lOOE. I n  

a d d i t i o n ,  t h e  Bouvet and Shaka F.Z. were e x t e n s i v e l y  sampled. 

Despi te  numerous a t t empts  w e  were l a r g e l y  unsuccess fu l  i n  

sampling t h e  Moshesh F.Z. t o  t h e  e a s t  of Bouvet I s l a n d .  

We documented major mant le  i n t r u s i o n s  a t  both  t h e  Shaka 

and Bouvet F r a c t u r e  Zones s i m i l a r  t o  t h e  one e a r l i e r  d e s c r i b e d  

a t  t h e  I s l a s  Orcadas F.Z. by S c l a t e r  e t  a l .  (1978) .* Based 

on t h e  d i s t r i b u t i o n  of  rock dredges and t h e  l o c a l  bathymetry 

it i s  e v i d e n t  t h a t  p e r i d o t i t e  i s  a  major l i t h o l o g y  a long  t h e  

SW Indian  Ridge and may c o n s t i t u t e  more than 15% of t h e  

exposed basement rocks  on t h e  s e a f l o o r  i n  t h i s  r eg ion .  

* S c l a t e r ,  J . G . ,  Dick, H., Norton, I . O . !  and Woodroffe, D . ,  1978. 
Tectonic s t r u c t u r e  o f  t h e  A n t a r c t i c  P l a t e  Boundary near  t h e  
Bouvet T r i p l e  Junc t ion .  Ear th  P l a n e t .  S c i .  L e t t . ,  3 7 ,  
p. 393-400. 



Basa l t  was the  major l i t h o l o g y  recovered along t h e  r i dge  segments. 

Two geochemical features d i s t i n g u i s h  these samples. F i  r s  t, despi t e  

the  very slow-spreading ra tes,  Fe-Ti basa l t s  were a major rock type. 

Second, bo th  t y p i c a l  mid-ocean r i  dge basal t s  and p l  ume-related (L IL-enr iched 

basal t s )  occur together  along the  SW I nd ian  Ocean Ridge and there  i s  no 

simp1 e geochemical grad ients  f rom p l  ume-re1 ated t o  t yp i ca?  L IL -  

depleted MORB's a long the r i dge  ax i s  from t h e  t r i p l e  junc t ion .  

I n  addi ti on t o  basal t s  and p e r i d o t i  tes, gabbros, greenstones and 

diabase were recovered i n  minor  amounts f rom bo th  r i d g e  segments and 

f r a c t u r e  zanes. Two successful dredge hauls were a l so  made on a 

seamount i n  the  Sco t ia  Sea behind t he  South Sandwich Is lands.  Due t o  

the  very 1 arge number o f  e r r a t i c s  recovered, i t  i s  d i f f i c u l t  t o  determine 

if any of  t h e  mate r ia l  recovered i s  autochthonous. 
, , 

Geochemical data i s  a v a i l a b l e  f o r  many o f  these samples t o  

a s s i s t  present and f u t u r e  i nves t i ga to r s  i n  se l ec t i ng  a d d i t i o n a l  samples 

f o r  study. Th is  data may be obta ined from the  Ch ie f  S c i e n t i s t  and 

D r .  Anton l e  Roex. 

The f o l l ow ing  i s  a summary o f  the  i n i t i a l  research be ing conducted on 

these sampl es: 

D r .  Henry Dick (WHOI)  - Petrographic and microprobe ana lys is  on 

basal t s ,  gabbros and p e r i d o t i  tes .  

D r .  Robert F isher  (SCRIPPS) - Petrographic ana lys is  on gabbros 

and p e r i  d o t i  tes. 

D r .  Mar t in  Fis): (SUNY - Stony Brook) - Me l t i ng  experiments on basa l t s .  



Dr. Fred Frey (MIT) - Neutron activation analysis for rare 

earth elements on basal ts .  

Mark Kurz (WHOI/MIT) - Isotope (helium) studies on basalt glass. 

Dr. Anton l e  Roex (WHOI/Univ. of Cape Town, S.  Africa) - Major 

and trace element analyses by XRF and microprobe analyses 

of  basal t s .  

Dr. Wi 1 liam Melson (Smi thsonian Institution) - Electron microprobe 

analyses o f  basalt gl asses. 

The scientists who contributed to rock descriptions in this section 

of the report are abbreviated as follows: 

T.B.  - Tom Bullen Woods Hole Ocean. Inst. 
2 . I  

H . D .  - Henry Dick Woods Hole Ocean. Inst. 

R . F .  - Robert Fisher Scripps Inst. of Oceano. 

M.F. - Martin Fisk State Univ. of NY, Stony Brook 

A . L .  - Anton l e  Roex Woods Hole Ocean. Inst./ 
Univ. of Cape Town, S. Africa 



NOTES ON STATlON DATA FOR A11 107-6 

S t a r t  and end f i x e s  f o r  dredge s t a t i o n s  were taken 

from t h e  f i n a l  nav iga t ion  f i l e  f o r  l e g  6 of  A 1 1  107. This  

f i l e  i s  genera ted  from s a t e l l i t e  f i x e s  updated by f ive-minute 

averages  of s h i p ' s  v e l o c i t y  obta ined from t h e  shipboard g r a v i t y  

a c q u i s i t i o n  system. 

S t a r t  t ime o f  a  s t a t i o n  was cons idered  t o  be when 

lowering was resumed a f t e r  secur ing  t h e  p inger  t o  t h e  w i r e  

( e i t h e r  150 o r  500 m wi re -ou t ) .  The end of  s t a t i o n  f i x  

was taken when t h e  dredge l e f t  t h e  bottom on f i n a l  recovery.  

Water depth  given i n  t h e  t a b l e s  i s  depth  t o  bottom from t h e  

sh ip .  Wire o u t  i n  excess  o f  t h i s  dep th  i s  a  measure of  t h e  

a c t u a l  depth  and d i s t a n c e  behind t h e  s h i p  o f  t h e  rock dredge.  
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ATLANTIS 11-107-7 

DREDGE DESCR l PT l ONS 



ATLANTIS I 1  107 LEG 7  
(MAP 2 )  

Leg 7  of c ru i se  107 on the  R.V. ATLANTIS I 1  was a  j o i n t  exped i t i on  

between the Woods Hole Oceanographic I n s t i t u t i o n  and the  U n i v e r s i t y  o f  

Rhode I s l a n d  t o  dredge along t h e  M id -A t l an t i c  Ridge a x i s  n o r t h  and south 

of t h e  T r i s t a n  da Cunha i s l a n d  group. Th is  area i s  o f  i n t e r e s t  i n  t h a t  

i t  inc ludes a  con f l  uence o f  geochemical l y  d i f f e r e n t  s t r u c t u r a l  fea tu res  

a t  about 36"s. The i s l a n d  o f  T r i s t a n  da Cunha which, f rom i t s  chemistry,  

appears t o  be der ived from a  r a t h e r  unique oceanic mantle source, l i e s  about 

500 km east  o f  t h e  ax is  o f  t h e  Mid-At1 a n t i c  Ridge. Th is  i s l a n d  appears t o  

be re la ted ,  v i a  a  prov ince o f  numerous seamounts, t o  t he  Walvis Ridge - a 

sinuous, o f f s e t ,  aseismic r i d g e  t h a t  extends t o  the west coas t  o f  A f r i c a  a t  

18"s. However, t h e  d e t a i l e d  geo log ica l  and geochemical r e l a t i o n s h i p s  between 

these three features - the M id -A t l an t i c  Ridge, T r i s t a n  da Cunha, and the 

Wal v i  s  Ridge - are unknown. 

Dur ing previous cru ises,  samples have been obtained from the  Walvis 

Ridge and T r i s t a n  da Cunha. The s p e c i f i c  o b j e c t i v e  o f  c r u i s e  A11 107-7 was 

t o  dredge along t he  M id -A t l an t i c  Ridge n o r t h  and south o f  T r i s t a n  da Cunha, 

i n  o rder  t o  study any e x i s t e n t  geochemical v a r i a t i o n s  and t o  e s t a b l i s h  the 

1  a t e r a l  ex ten t  o f  mant le source heterogenei t ies  associated w i t h  the  i s l a n d .  

I n  add i t i on ,  a  geolog ica l  exped i t i on  on t he  i s l a n d  o f  T r i s t a n  da Cunha was 

planned t o  supplement t he  a1 ready ex i s  t e n t  c o l l e c t i o n  o f  rocks;  however, 

t h i s  had t o  be cancel l e d  due t o  bad weather. 

The c ru ise  l e f t  Cape Town, South A f r i c a ,  on 12 A p r i l ,  1980 and a r r i v e d  

i n  Rio de Janeiro, B r a z i l  on 16 May 1980. Co-chief  s c i e n t i s t s  were D r .  

Susan Humphris (WHOI) and M r .  Richard K ings ley (URI)  . P r i n c i p a l  shipboard 

programs inc luded dredging along t he  ax i s  o f  t h e  M id -A t l an t i c  Ridge, w i t h  



sho r t  (30-50 km) reconnaissance magnetic, 3.5 and 12 kHz bathymetr ic  

surveys i n  an at tempt t o  de l inea te  t h e  median v a l l e y .  Twenty-f ive 

dredging s t a t i o n s  were completed under the  d i r e c t i o n  o f  t he  co -ch ie f  

s c i e n t i s t s .  I n  add i t i on ,  ten hydrosta t ions were c a r r i e d  o u t  t o  c o l l e c t  

bottom waters f o r  hel ium isotope s tud ies,  which a re  being completed by 

M r .  Mark Kurz o f  WHOI. 

The dredging program sampled several d i f f e r e n t  r i d g e  segments between 

46" and 31 " S .  The median v a l l e y  o f  t he  Ridge i n  t h i s  area proved t o  be 

i l l - d e f i n e d  and the r i f t  poor l y  developed, making p o s i t i o n i n g  o f  t he  

dredging s ta t i ons  i n  t h e  r i f t  v a l l e y  very d i f f i c u l t .  However, l i g h t l y  

t o  moderately weathered basal t s  were c o l l e c t e d  and glass was recovered i n  

t h i r t e e n  o f  t h e  dredge hauls.  TexeuralTy, the basal t s  ranged from 

aphani t i c  t o  f i  ne-grained and p o r p h y r i t i c ,  w i t h  p lag ioc lase  be ing t he  

dominant phenocrys t phase. Major, t r ace  element, and i s o t o p i c  analyses 

a re  c u r r e n t l y  being completed a t  WHOI and URI. 



AII-107 LEG 7 

(Apri 1 -May, 1980) 

STA NO.  

2 
Median Val 1 ey 

4 
Median Val 1 ey 

6 
Median Val 1 ey 

7 
W .  Wall 
Median Val l e y  

9 
W .  Wall 
Median Val 1 ey 
( o r  F . Z . ? )  

10 
Median Val 1 ey 

11 
Median Val l e y  

LOCATION 

46012.7's  
14004.4'W 

42O54.9'S 
16O22.2'W 

41014.9's  
16O36.2'W 

40°26.3'S 
16O45.O'W 

3g041 .8 'S  
16OO3.2'W 

38'52.9's 
16O14.4'W 

38O10.9'S 
16'33.7'W 

DEPTH RANGE 
( c o r r .  M.) GENERAL DESCRIPTION 

150 K l i g h t  t o  moderately weathered,  
v e s i c u l a r  p i l low basal  t s ,  l a r g e l y  
aphyr ic ,  many have 1 i g h t l y  weathered 
g lassy  rims; one p iece  d o l e r i t e  10K; 
e r r a t i c s  %1OK 

Light  t o  moderately weathered 
basal ts  (>175K), general  l y  aphyr i  c 
and s p a r s e l y  v e s i c u l a r ,  weathered 
rims common, one p iece  metabasal t; 
3 b a s a l t  b recc ias  (3K); 3 s e r p e n t i n i t e s  
(4K) 

L igh t ly  weathered pi 1 low basal  ts ,  lava 
tubes ,  and g l a s s ,  many showing flow 
s t r u c t u r e s ,  s p a r s e l y  ves icul  a r  bu t  
many with  plag.  pheno (82 K); 1 meta- 
conglomerate (1 .7  K); e r r a t i c s  
(0.3K) ; a s s o r t e d  ca lca reous  she1 1 s 
(>30K) 

S l i g h t l y  weathered, very g l a s s y  , 
v e s i c u l a r  pi1 low basal  ts wi th  r a r e  
pl ag . phenocrys ts (>390K) 

Serpen t i  ni t e  (29K) ; metabasal ts  (62K) ; 
moderately weathered basal t s  (6K) ; 
weathered basal t brecci  a s  (4K) 

One l a r g e  aphyr ic ,  very g l a s s y  
p i l low b a s a l t ,  very l i g h t l y  
weathered ( > 2 0 ~ )  

Light  and moderately weathered 
aphyr ic  basal t s ,  s p a r s e l y  v e s i c u l a r ,  
with t h i c k  Mn c r u s t  (0.3K) ; 
Mn c r u s t s  (1.3K) 



AI I -107  Leg 7  
( A p r i  1-May 1980) ( con t inued)  

STA NO. 

13 
Median Val l e y  

14 
Medi an Val l e y  

15 
Median Val 1  ey 

16 
Median Val 1  ey 

17 
Median Val 1  ey 

18 
Median V a l l e y  

20 
Median Val l e y  

2  3 
Median Val 1  ey  

2  5  
Median Val 1  ey 

LOCATION 

37°50.01S 
17008.5'W 

37011.2's 
17030.9'W 

36033.5's 
17035.2'W 

36004.4's 
180 05.01W 

DEPTH RANGE 
( c o r r .  M.) GENERAL DESCRIPTION 

L i g h t l y  weathered, v e s i c u l a r  g l a s s y  
p i l l o w  b a s a l t s ,  w i t h  coarse p l a g .  
phenocrysts ( > I 1  K) ; weathered 
p o r p h y r i t i c  basal  t b r e c c i a  (1.5K) 

L i g h t l y  weathered, s p a r s e l y  ves i cu ]  a r ,  
p o r p h y r i t i c  (p lag .  & r a r e  01. ) 
basal  t s  , moderate Mn c o a t i n g  , some 
g lass  e x h i b i t i n g  unusual f low 
s t r u c t u r e s  (>350 K) 

L i g h t l y  weathered, s p a r s e l y  v e s i c u l a r ,  
p o r p h y r i t i c  (p lag .  & 01 .) basal  t, some 
w i t h  g lass ,  v a r i a b l e  Mn c o a t i n g  
(235 K) ; b a s a l t  b r e c c i a  (2.5K) 

Moderate ly  weathered, p o r p h y r i t i c  
( p l a g .  & 01.) basa l  t s  w i t h  t h i c k  
Mn c r u s t s  (>25 K) 

Genera l l y  1  i g h t l y  weathered, p o r p h y r i t i c  
  lag & r a r e  01 . ) basa l  t s  wi  t h  moderate 
Mn coa t ing ,  some f r e s h  g lass  (>300K) 

Genera l l y  1 i g h t l y  weathered b a s a l t  
w i t h  p lag .  and r a r e  01. phenocrysts,  
g lassy  margins p a r t l y  pa lagon i  t i  zed, 
l i g h t  Mn c o a t i n g  (>400 K) 

Moderate t o  h e a v i l y  weathered 
p o r p h y r i t i c  ( p l a g .  & 01. ) basal  t s ,  
pa lagon i  t e  on sur face,  and moderate 
Mn c o a t i n g  (31 K) 

Moderate ly  weathered p o r p h y r i t i c  
basal  t s  w i t h  weathered p l  ag. & 01. 
phenocrysts,  t h i c k  Mn c r u s t s  (7K) 

L i g h t  t o  moderate ly  weathered p o r p h y r i  t i c  
( p l  ag'. & r a r e  o l  .) basa l  t s  some w i t h  
g lass ,  moderate Mn on  su r face  (44K) 



-
-
 

V
 

0
'7

'1
 

~
~

e
s

e
a

 
9

-z 

=
(eT

d
 

V
 

SL
'O

 
~

~
e

s
e

a
 

5-Z 

I 
I 

I 
I 

I 

I 
J1

=
=

g
 

Z-Z 

08 JdV
 

E
Z

 3
1

v
a

 
mx 

~a 
a

3
a

1
u

3
~

3
a

 
z 

3
9

0
3

~
 

Z 
N
O
I
I
W
I
S
 

L-LO
T 

IIV
 

3S
ln

U
3 

N
O

1 ld
IU

3
S

3
Q

 
3

1
d

H
V

S
 

M
3

0
U

 
IO

H
M

 



W
HO

1 
R

O
C

K
 

S
A

M
P

L
E

 
D

E
S

C
R

IP
T

IO
N

 

C
R

U
IS

E
 

A
11

 
1

0
7

-7
 

S
T

A
T

IO
N

 
2

 
D

R
E

D
G

E
 

2
 

D
E

S
C

R
IB

E
D

 
B

Y 
D

A
TE

 
&

&
&

L
 

S
am

pl
e 

#
 

Li
th

ol
og

y 

B
a
sa

lt
 

I -
I
 

W
e 

A
lt

er
at

io
n

 
R

em
o

rk
s 

v
 

m
 

I 

W
t.

 
-
 

0.
8 -
 

2
.5

 
-
 

1
.0

 
-
 

2
.0

 
-
 

0
.2

5
 

G.
 S

. I 
M

in
er

al
og

y 
P

he
no

cr
ys

ts
 

M
 

P
o

ss
ib

ly
 e

r
r

a
ti

c
 

-
 

p
la

g
 +

1
 l

g
. 

0
1
 

2-
20

 
B

a
sa

lt
 

2-
21

 
B

a
sa

lt
 

2-
22

 
B

a
sa

lt
 

2-
23

 
B

a
sa

lt
 

L-
M

I 
IW

ea
th

er
ed

 
in

 p
a

tc
h

e
s 

,a
rg

e
 p

la
g

 

-
 

-
 

-
-
 

B
as

 a
1

 t 

B
a

sa
lt

 

B
as

 a
1

 t 

B
a

sa
lt

 

-
 

lc
c

a
si

o
n

a
l 

p
la

g
 

M
 

L
ar

g
e 

v
e

s
ic

le
s

 >
1

 m
m
 

m
a

ll
 p

la
g

 
V

e
si

c
le

s 
m

m
 

O
li

v
in

e
 ? 

M
I 

M
 

P
o

ss
ib

le
 e

rr
a

ti
c

 
So

m
e 

g
la

s
s

 p
re

se
n

t.
 

G
la

ss
 

M
 

a
lt

e
ri

n
g

 a
t

 e
x

te
ri

o
r 

-
 B
a

sa
lt

 

F-
G

 

L
a

rg
e

 p
la

g
 

B
a

sa
lt

 
L

 
S

p
h

e
ru

li
t e

s 
M

o
d

er
at

el
y

 
g

la
ss

y
 f

ra
g

s
, 

M
 

p
a

rt
ia

ll
y

 a
lt

e
re

d
 

u
n

cu
t 

B
a

sa
lt

 

2-
31

-3
7 

B
a

sa
lt

 

-
-

*
 

B
a

sa
lt

 

F-
G

 
I Un

cu
t 

li
g

h
tl

y
 

re
at

h
er

ed
 p

il
lo

 

g
la

s
s

 
O

c
c

a
si

o
n

a
l 

p
la

 

L
ig

h
t 

c
o

lo
re

d
 m

et
am

o
rp

h
ic

 
r
r
 

2-
40

 
I 

E
rr

a
ti

c
 

-
 

-
 

-
 

L
ay

er
ed

 
2

-4
1

 
m

et
as

ed
im

en
t 



W
HO

1 
R

O
C

K
 

S
A

M
P

L
E

 
D

E
S

C
R

IP
T

IO
N

 

C
R

U
IS

E
 

A1
1 

10
7-

7 
S

T
A

T
IO

N
 

2
 

D
R

E
D

G
E

 
2

 
D

E
S

C
R

IB
E

D
 

B
Y 

HU
MP

HR
IS

 &
 
KU

RZ
 

D
A

T
E

 k
L

U
k

L
 

I 

-
 

W
t.

 
-
 

2
.0

 
-
 

1
.7

 
-
 

1
.6

 
-
 

2
.7

 
-
 

1
.8

 

S
am

pl
e 

#
 

Li
th

ol
og

y 
I 

A
lt

er
at

io
n

 
R

em
o

rk
r 

S.
 S

. 
M

in
er

al
og

y 

I
 

P
he

no
cr

ys
ts

 

E
x

te
ri

o
r 

a
lt

e
re

d
 

B
a

sa
lt

 

B
a

sa
lt

 

B
a
sa

lt
 

B
a
sa

lt
 

R
ar

e 
o

li
v

in
e

 
( 

1
 c
m
)
 

la
rg

e
 o

li
v

in
e

 

P
la

g
 

P
la

g
 

W
ea

th
er

ed
 

r
im

 

W
ea

th
er

ed
 

ri
m

 

W
ea

th
er

ed
 

ri
m

 

W
ea

th
er

ed
 

ri
m

 

-
 

B
a

sa
lt

 

B
a

sa
lt

 

D
o

le
ri

te
 

B
a

s
a

lt
 

-
 

p
la

g
 p

h
en

. 

O
c

c
a

si
o

n
a

l 
p

la
e

 

B
a

sa
lt

 
I 

U
n

cu
t 

B
o

ri
n

g
 

B
a

sa
lt

 

P
la

g
 

F
 

A
 

P
la

g
 

U
n

cu
t 

G
la

ss
y

 b
a

s
a

lt
 

I G
la

ss
y

 r
im

 

L
a

rg
e

 a
n

g
u

la
r 

b
o

u
ld

e
r 

- 
w

ea
th

er
ed

- 
B

a
s

a
lt

 

P
o

rp
h

y
ri

ti
c

 
B

a
sa

lt
 

P
la

g
 

P
la

g
. 

5 
m

m
 

0
1
 

3
m

m
 

1 
G

la
ss

y
 r

i
m
 

I 
B

a
sa

lt
 

B
a

sa
lt

 

B
a
sa

lt
 

B
a

sa
lt

 
P

la
g

 1
 m

m
 

I 
1

-3
 
m
m
 M

n 
#

6
1

i7
0

 a
m

e
a
r 

v
e

s
ic

u
la

r 
B

a
sa

lt
 

th
e

re
d

. 
a

n
a

u
k

 



W
HO

1 
R

O
C

K
 

S
A

M
P

L
E

 
D

E
S

C
R

IP
T

IO
N

 

C
R

U
IS

E
 

A
II

-1
0

7
-7

 
S

T
A

T
IO

N
 

2 
D

R
E

D
G

E
 

2 
D

E
S

C
R

IB
E

D
 

B
Y 

K
U

R
Z 

D
A

T
E

 
4/
23
/8
0,
 

I 
A
 

R
em

o
rk

s 
a,
 

o
 

B
ag

 
f

u
ll

, 
I 

<
1

0
 c

m
 

s
iz

e
 

-
 

W
t.

 
-
 

, 
.7

 

S
am

pl
e 

#
 

Li
th

ol
og

y 
M

in
er

al
og

y 
P

he
no

cr
ys

ts
 

W
e 

A
lt

er
at

io
n

 

tt
- 

A
ss

o
rt

e
d

 
e

rr
a

ti
, 

B
a

sa
lt

 
1

8
 b

a
g

s 
o

f 
a 

s
o

rt
e

d
 b

a
s

a
lt

 
f 

B
a

sa
lt

 -
 

E
rr

a
ti

c
d

 

P
la

g
 

P
la

g
 &

 
0
1
 

B
a

si
c

 
e

rr
a

ti
c

 
4 

p
ie

c
e

s 
I M

et
am

o
rp

h
o

se
d

 

B
a

sa
lt

 

d
e

a
tn

e
re

a
 

b
a

s
a

lt
 

B
a

sa
lt

 

W
ea

th
er

ed
 

b
a

s
a

lt
 

P
la

g
 

m
a

g
, 

W
ea

th
er

ed
 
0
1
 

O
c

c
a

si
o

n
a

l 
p

la
g

 
W

ea
th

er
ed

 
r

im
 

P
la

g
, 

w
e

a
th

e
re

d
 0

1
 



a 
aJ 
I-i 
rl 
.d 
w 

2 
.rl 
aJ 
3 - 

- 
t4 - 
Fi 
v - 
m - 
rl 
7 

- 
R - 
0 

rl - 
I 

CO 
rl 

e 



W
HO

1 
R

O
C

K
 

S
A

M
P

L
E

 
D

E
S

C
R

IP
T

IO
N

 

C
R

U
IS

E
 

A
1

1
 1

0
7

-7
 

S
T

A
T

IO
N

 
4

 
D

R
E

D
G

E
 

4
 

D
E

S
C

R
IB

E
D

 
B

Y 
H

U
M

PH
R

IS
IK

IN
G

SL
EY

 
D 

A
T

 E 
4/

28
/8

0.
 

S
am

p
le

 
#

 
Li

th
ol

og
y 

4-
22

 
B

a
sa

lt
 

4-
23

 
B

a
sa

lt
 

4-
24

 
S

e
rp

e
n

ti
n

it
e

 

M
e

ta
b

a
sa

lt
 

B
a

sa
lt

 

B
a

sa
lt

 

4-
33

 
I 

B
a
sa

lt
 

W
t.

 
G

.S
. 

2
.0

 
F

 

.5
 

F
 

2
.5

 
F-

C
 

1
.0

 
F

 

.7
5

 
F

 

.2
5

 

4.
5 

M
in

er
al

og
y 

P
he

no
cr

ys
ts

 

fe
ld

sp
a

r 
v

e
in

s
 

P
la

g
 

W
ea

th
er

ed
 

0
1

 

T
h

in
 

(3
 c

m
) 

M
I. 

c
ru

s
t 

o
n

 o
n

e 
(u

n
c

u
t)

 
si

d
e

, 
a

:.
te

re
d

 
g

la
s

s
 o

n
 

je
rp

e
n

ti
n

it
e

 +
 

S
e

rp
 . 

P
a

tc
h

y
 t

e
x

tu
rd

 I 

L
a

rg
e

 p
ie

c
e

 w
it

h
 1

 c
m

 t
h

ic
k

 
ri

m
 o

f 
b

re
d

c
ia

 

P
la

g
io

c
la

s
e

 

P
 Am

 M
n

 
nu

n 
1

2
 

5
 

<
1

 

1
 

2 

W
e 

A
lt

er
o

ti
o

n
 

R
em

o
rk

s 
a3
 

N
 

I 
L

a
rg

e
 v

e
s

ic
le

s
 

L
 

1-
2 

m
 

L
 

1 W
ea

th
er

ed
 

ri
m

 I 
L

 
S

e
rp

e
n

ti
n

it
iz

e
d

 
L

ow
 

g
ra

d
e

 
L

 
I 

m
et

am
o

rp
h

. 
I 

I 
M

 

"s
h

e
e

t 
fl

o
w

" 
o

ra
n

g
e

 

yi
cc

ss
 

I u
n

c
u

t 

I 
I 

L 
\W

e
a

th
e

re
d

 r
im

 I 
I 

L 
w

e
a

th
e

re
d

 
ri

m
 

i 
%l
 
cm
 

;
 
I P

a
tc

h
y

 w
e

a
th

e
d

in
g

 
I 

I 

W
e

a
th

e
ri

n
g

 r
im

 



W
HO

1 
R

O
C

K
 

S
A

M
P

L
E

 
D

E
S

C
R

IP
T

IO
N

 

C
R

U
IS

E
 -
&

J 
1

0
7

 - 7
 

S
T

A
T

IO
N

 
4 

D
R
E
D
G
E
 

4 
D

ES
C

R
IB

EO
 

B
Y 

H
U

M
PH

R
IS

/K
IN

G
SL

EY
 

D
A

T
E

 4
/2

8
/8

0
 

I 
d
 

cn
 

W
e 

A
lt

er
at

io
n

 
R

em
ar

ks
 

w
 

Li
th

ol
og

y 
W

t.
 

B
a

sa
lt

 
0

.7
5

 

B
a

sa
lt

 
1

.7
5

 

B
a

sa
lt

 
0

.7
5

 

S
am

pl
e 

#
 

G
. S

. I 
M

in
er

al
og

y 

F
re

sh
 b

a
s

a
lt

 
it

h
 a

b
o

u
t 

1
 c

m
 

A
 

o
f 

b
re

c
c

ia
 
t 

W
ea

th
er

ed
 

in
te

 i
o

r;
 

w
ea

th
er

ed
 

b
re

c
c

ia
 

VL
 
I W

ea
th

er
ed

 
ri

m
.1

0
.5

 
cm

 
tu

~
E

te
a

 g
la

s
s

 
A

 
ri

m
; 

p
la

g
. 

B
a

sa
lt

 
1

.7
5

 

B
a

sa
lt

 

B
a

sa
lt

 

1 1 W
ea

th
er

ed
 
m

at
 

w
ea

th
er

ed
 

ri
m

 
L-E1

 
1 A

lt
e

re
d

 
g

la
s

s
 

B
a

sa
lt

 
1
0
.1

 
A

 
I W

ea
th

er
ed

 
g

la
 s

 o
n

 
o

n
e 

r
im

 
t 

B
ag

 
o

f 

B
a

sa
lt

 

S
m

al
l 

b
a

s
a

lt
 

:'
ra

g
m

en
ts

 
an

d
 a

lt
e

re
d

 a
la

s
s

 i
n

 b
re

c
c

ia
 

F
 

P
la

g
 

I B
re

c
c

ia
 m

a
tr

ic
 s

 a
lt

e
re

d
 

r 
P

a
tc

h
y

 w
ea

th
er

 
I 

I 
B

a
sa

lt
 

B
a
sa

lt
 

F
 

P
la

g
 

A
 

~
p

h
e

r
u

li
ti

c
 te

x
tu

re
 

-
 

-
 

B
a

sa
lt

 
L

ig
h

t 
fl

o
w

 s
tr

u
c

tu
re

 

B
a

sa
lt

 
1

2
.0

 
W

ea
th

er
ed

 
p

a
tc

h
y

 m
a

tr
ix

 

B
a

sa
lt

 
3

.5
 

B
a

sa
lt

 
<

2
0

 

B
a

sa
lt

 
<

2
0

 

B
re

c
c

ia
 

0
.5

 

M 
L

ar
g

e 
Q

2 
cm

 
M

 
w

ea
th

er
ed

 
r

im
 

L
ar

g
e 
'
w
 c

m
 

M
 

w
ea

th
er

ed
 

ri
m

 

F
 

I P
la

g
 

lo
cc

as
 io

n
a

l 
P

la
g

 

I 

F
ra

g
. 

a
p

h
y

ri
c

 b
a

s
a

lt
 

C 
in

 f
lu

g
g

a
c

e
o

u
s 

m
a

tr
ix

 
L

 
n

o
n

e 



W
HO

1 
R

O
C

K
 

S
A

M
P

L
E

 
D

E
S

C
R

IP
T

IO
N

 

C
R

U
IS

E
 

*I
1 

10
7-

7 
S

T
A

T
IO

N
 

6 
D

R
E

D
G

E
 

6 
D

E
S

C
R

IB
E

D
 

B
Y 

HU
MP
HR
IS
 

D
A

TE
 4

/2
7

/8
0

 

S
am

p
le

 
#

 

6-
1 

6-
2 

I --
I
 

0
3
 

P
 

W
e 

A
lt

er
at

io
n

 
R

em
ar

ks
 

I
 

-V
 

ve
r;

c\
es

 
n
e
u
r 

L
 

Q
lc

m
 w

e
a

th
e

ri
r 

g
 r

im
 

r;
 m

 

W
t.

 
G

.S
. 

6
.0

 
F

 

1
.7

5
 F

-C
 

4
.5

 
A

 

M
in

er
al

og
y 

P
he

no
cr

ys
ts

 
Li

th
ol

og
y 

Am
 

1
 

in
 

1
 

1 $ :1
 1
 

1 1 

B
a

sa
lt

 

M
et

am
o

rp
h

o
se

d
 

c
o

n
g

lo
m

e
ra

te
 

M
n

 

n
re

 

< 1
 

ta
m

o
rp

h
o

se
d

 
m

a
tr

ix
 

I 
B

a
sa

lt
 

L 
8
 m
m
 

w
e

a
th

e
ri

rg
 r

im
 

B
a

sa
lt

 

B
a
sa

lt
 

B
a

sa
lt

 

B
a

sa
lt

 
L-

M
 

1
 c

m
 

ri
m

 
I 

I 
B

a
sa

lt
 

A
lt

e
re

d
 

g
la

s
s

 
P

la
g

 
iT

L 
I 

I 
G

la
ss

 

L 
V

e
si

c
u

la
r 

B
a

sa
lt

 
P

la
g

 

B
a
sa

lt
 

B
a

sa
lt

 

'e
a

th
e

re
d

 g
la

s
 

r
i
m
 

K
L 

0
.5

-1
 

cm
 

P
a

rt
 o

f 
tu

b
u

la
r 

L 
w

e
a

th
e

ri
n

g
 r

im
 

fl
o

w
 

VL
 

W
ho

le
 

sa
m

p
le

s 
ta

k
e

n
 

L
 

W
ho

le
 

sa
m

p
le

 t
a

k
e

n
 

L
 

W
ho

le
 

sa
m

p
le

 t
a

k
e

n
 

L
 

C
o

n
v

o
lu

te
d

 

O
c

c
a

si
o

n
a

l 
P

la
g

 

B
a

sa
lt

 
P

la
g

, 
g

la
ss

y
 r

im
 

U
n

cu
t,

 
b

u
t 

g
la

ss
y

 s
u

rf
a

c
e

s 

C
o

n
ca

v
e 

sh
ap

ed
 

sa
m

p
le

 o
f 

g
la

s,
 

C
o

n
ca

v
e 

sh
ap

ed
 

sa
m

p
le

 o
f 

g
la

s:
 

B
a
sa

lt
 

G
la

ss
y

 b
a

s
a

lt
 

G
la

ss
y

 b
a

s
a

lt
 

B
a
sa

lt
 

P
il

lo
w

 b
a

s
a

lt
 

-
 
-
-
 

G
la

ss
y

 r
im

s 
- 

b
p

h
y

ri
c

 b
a

s
a

lt
 

B
a

sa
lt

 
P

la
g

, 
g

la
s

s
 

I 
P

la
g

 



W
H

O
1 

R
O

C
K

 
S

A
M

P
L

E
 

D
E

S
C

R
IP

T
IO

N
 

C
R

U
IS

E
 

A
II

-1
0

7
-7

 
S

T
A

T
IO

N
 

6 
D

R
E

D
G

E
 

6 
D

E
S

C
R

IB
E

D
 

B
Y 

H
I-

JM
P

H
R

1s
 

D
A

T
E

 
4

/2
7

/8
0

 
-
.
I
 

I 
0
3
 

m
 

R
em

ar
ks

 
I 

Li
th

ol
og

y 

B
a

sa
lt

 

-
 

s. 
s

. 
-
 

P
o

r 

S
am

pl
e 

#
 

M
in

er
al

og
y 

P
he

no
cr

ys
ts

 
Ve

 

y
r

it
ic

 
P

la
g

 
2 

G
la

ss
y

 r
im

; 
P

la
g

 
B

a
sa

lt
 

1
.9

 

B
ag

 
o

f 
g

la
s

s
 

2
.3

 

B
re

c
c

ia
 

0
.6

 

B
a

sa
lt

 
0

.2
 

no
 

o
th

e
r 

cr
y

st
$

ls
 

v
is

ib
le

 
1

2
 

M
is

c
e
ll

a
n

e
o

u
s 

p
ie

c
e

s
 o

f 
g

la
ss

e
b

 a
n
d
 

L
 

.I
ts

 (
<

 
5 

cm
 

in
 l

e
n

g
th

) 
in

 v
a

ri
o

u
s 

s
t

4
e

s
 o

f 
w

e
a

th
e

ri
n

k
 

b 
p

ie
c

e
s 

o
f 

t$
fa

c
e
o

u
s-

ty
p

e
 

m
a

re
ri

a
 

i
 

I 
I 

s 
o

f 
b

a
s

a
lt

ic
 

v
a

ri
o

u
s 

st
a

g
e

sl
 o

f 
w

e
a

th
e

ri
n

g
 -1 

m
os

t 
I 

I 
T

u
b

e-
li

k
e 

I 
P

la
g

 
I 

IV
L 

I 
I L

ay
er

ed
 

fl
o

w
 

B
a

sa
lt

 

B
a

sa
lt

 

B
a

sa
lt

 
0

.1
 

O
c

c
a

si
o

n
a

l 
p

la
g

 

P
u

m
ic

e-
li

k
e 

L
 

C
o

n
to

rt
e

d
 

fl
o

w
 

I 
I
 

L-
M

 
H

ig
h

ly
 

v
e

s
ic

u
la

r 

B
as

 a
1

 t 
0.

7 

P
il

lo
w

b
a

s
a

lt
 

0
.7

 

B
a

sa
lt

 
0

.5
 

B
a

sa
lt

 
0

.4
 

B
as

 a
1

 t 
3

.5
 

B
a

sa
lt

 
1

.8
 

B
a

sa
lt

 
0

.7
 

L 
C

o
n

to
rt

e
d

 
tu

b
u

la
r 

fl
o

w
 

G
la

ss
y

 r
im

s;
 

<
1

0
 c

m
 

le
n

g
th

 
P

l
a

~
 

I 
P

la
g

 
11

 
I 

~
L

I
 

I C
o

n
v

o
lu

te
d

 
fl

o
w

 

L 
T

h
in

 
%

2 
cm

 
fl

o
w

 

1
 

L
ar

g
e 

w
e
a
th

e
re

d
 r

im
 

V
e

si
c

u
la

r 

L
 

b 

P
la

g
 

O
c

c
a

si
o

n
a

l 
p

la
g

 

U
n
cu

t 
I 

I 
I 

C
o

n
to

rt
e
d

 
fl

o
w

 
I 

U
n

cu
t 

B
a

sa
lt

 
L

 
G

la
ss

 
sa

m
p

le
, 

la
rg

e
 p

il
lc

 

V
L 

la
sa

l t
 

a
s

a
lt

. 

G
la

ss
 r

im
 

I 
P

la
g

 

b
c

c
a

si
o

n
a

l 
p

la
g

 
I M

 
] W

ea
th

er
ed

 



W
HO

1 
R

O
C

K
 

S
A

M
P

L
E

 
D

E
S

C
R

IP
T

IO
N

 

C
R

U
IS

E
 

A
11

 1
0

7
-7

 
S

T
A

T
IO

N
 

6 
D

R
E

D
G

E
 

6 
D

E
S

C
R

IB
E

D
 

B
Y 

H
U

M
PH

R
I S

 
D

A
TE

 
4
/
2
7
/
8
0
 

S
am

p
le

 
#

 
Li

th
ol

og
y 

W
t.

 
G

. S
. 

P
il

lo
w

 b
a

s
a

lt
 

1
0

.5
 

1 
F

 

B
a

sa
lt

 

B
a

sa
lt

 

B
a

sa
lt

 

B
a

sa
lt

 

B
a

sa
lt

 
0

.3
 

5 
p

ie
c

e
s 

o
f 

B
a

sa
lt

 
1

3
.2

5
 1 

B
a

sa
lt

 
3

.2
5

 

E
rr

a
ti

c
s

 
4
 

M
in

er
al

og
y 

P
he

no
cr

ys
ts

 
I 

G
la

ss
 r

im
 p

la
 I 

S
m
a
l
l
 p

ie
c

e
s 

f 
g

la
s

s
 a

n
d

 
b

a
s

a
lt

 i
n

 w
 

a
th

e
re

d
 m

a
tr

ix
 

B
ag

 
o

f 
a

s
s

o
rt

 
fr

a
g

m
e

n
ts

 
<

5 
cm

 
lo

n
g

 
+

 
ul
n 

s
ta

in
e

d
 -
 g

&
w

th
 

ri
n

g
s

 v
is

i 
I 

3
 s

a
c

k
s 

o
f 

a 
o

rt
e

d
 c

a
lc

a
re

o
 

+
 

1 
d

 

Ve
 

A
m

 M
n
 

W
e 

A
lt

er
at

io
n

 
R

em
ar

ks
 

co
 

cn
 

I 

1
1

 
L

 

1
 

L 
C

o
n

ca
v

e 
f
l
o
w
 

T
h

in
 

fl
o

w
 

.c
l 

V
L 

<
1

 
L

 
G

la
ss

 

2 
1
 

V
L 





W
HO

1 
R

O
C

K
 

S
A

M
P

L
E

 
D

E
S

C
R

IP
T

IO
N

 

C
R

U
IS

E
 

A
1
1
 

1
0

7
-7

 
S

T
A

T
IO

N
 

7
 

D
R

E
D

G
E

 
7

 
D

E
S

C
R

lB
E

O
 

B
Y 

H
U

M
PH

R
IS

 
4

/2
8

/8
0

 
O

A
T 
E 

S
am

pl
e 

#
 

W
t.

 
G

. S
. 

1
.7

 
A

 

0
.2

 
F

 

2
.5

 
F
 

2
.0

 

3
.2

 
F

 

0
.5

 
A

 

0
.5

 
A

 

4
.5

 
F 

I 
4
 

W
e 

A
lt

er
at

io
n

 
R

em
o

rk
s 

0
3
 9" 

Li
th

ol
og

y 
:n

er
ai

og
y 

1 Pheno
cr

ys
ts

 
1 ; 1 

G
la

ss
y

 u
p

p
e

r 
s
 

rf
a

c
e

 
u

it
e

 f
re

s
h

 
S

m
al

l 
b

a
s

a
lt

ic
 f

ra
g

m
e

n
t 
- 

u
n

cu
 

- 
c 

v
e

r 
d

 

P
il

lo
w

 b
a

s
a

lt
 

G
la

ss
y

 b
a

s
a

lt
 

G
la

ss
y

 b
a

s
a

lt
 

B
a

s
a

lt
 

o
n

 
3 

s
id

e
s

 w
it

$
 

g
la

s
s

 
li

g
h

tl
y

 lc
o

v
ed

ed
 

I 
T

h
ic

k
 

(1
 c

m
) 

lb
y

e
r 

o
f 

g
la

s
s

, 
m

Q
st

ly
 l

q
u

if
e

 1
 

I 
U

n
cu

t 
I 

I 
I 

u
n

c
u

t 

G
la

ss
y

 b
a

s
a

lt
 

L
 

W
ea

th
er

ed
 r

im
 I 

B
a

s
a

lt
 

B
a

s
a

lt
ic

 
fl

o
w

 

p
il

lo
w

 b
a

s
a

lt
 

P
il

lo
w

 b
a

s
a

lt
 

G
la

ss
 o

n
 

o
n

e
 s

ir
fa

c
e

 
I 

I 
I 

I 
B

a
sa

lt
 

I 
B

a
sa

lt
 

P
il

lo
w

 b
a

s
a

lt
 

I 

P
il

lo
w

 b
a

s
a

lt
 

c
c

a
si

o
n

a
 

I
 

I
 

1 z
o

n
a

ti
o

n
 f

ro
m

 b
u

te
r 

g
la

s
s

 
P

il
lo

w
 b

a
s

a
lt

 
L

 
I 

th
ro

u
g

h
 v

a
r

io
ii

ti
c

 z
w

 to
 i

n
t

e
a

r
 

B
a

sa
lt

 

B
a

s
a

lt
 

I 

P
la

g
 

11
 

I'
 

3
 

B
ag

 
o

f 
a

s
s

o
rt

 !
d 

fr
a

g
m

e
n

t 
o

f 
g

la
s

s
 t

a
k

e
r 

fr
e

s
h

 b
o

tt
o

m
 o

f 
th

e
 d

re
d

g
e

 
I 

G
la

ss
 

B
a

s
a

lt
 

G
la

ss
y

 r
im

 
O

c
c

a
si

o
n

a
l 

p
la

g
 





W
H

O
1 

R
O

C
K

 
S

A
M

P
L

E
 

D
E

S
C

R
IP

T
IO

N
 

C
R

U
IS

E
 

A
1
1
 

1
0

7
-7

 
S

T
A

T
IO

N
 

7
 

D
R

E
D

G
E

 
D

E
S

C
R

IB
E

D
 

B
Y

 
H
U
M
P
H
R
I
S
 

D
A

TE
 4

/2
8

/8
0

 

P
il

lo
w

 b
a

s
a

lt
 

W
t.

 
.
 

V
)
 

N
e 

A
lt

er
at

io
n

 
R

em
ar

ks
 

o
 

m
e

 s
id

e
. 

P
ro

b
a

b
ly

 I 
o

f1
 t

u
b

e
s,

 

P
 
su

m
- 

-
 4 

fr
a

g
m

e
n

ts
 o

f 
b

a
s

a
lt

 -
 5

 
cm

 
t 

P
ro

b
a

b
ly

 p
a

rt
 c

f 
la

v
a

 t
u

b
e

. 
G

1
 

"
i 

I 
I 

3y
 

b
u

te
r 

s
u

rf
a

c
e

 
I 

ck
 I

 

S
 

C
( 
-
 

im
s 

7-
58

 
B

a
s

a
lt

 
a

v
k

ra
g

e
 

to
 g

oo
d 

M
 
I 

I 
7-

59
 

I B
a
sa

lt
 

I 
13

 p
ie

c
e

s
 o

f 
b

a
d

a
lt

 w
it

h
 g

la
s

s
y

 
I 

1 
id

e
 

7-
60

 
1 

B
a

sa
lt

 
-
 

ou
i 

id
e

 
-
 

d
r

o
~

 
-
 

) 
0

: 

G
la

: 
-
 

f l
c

 

-
 

i
 gh

l 
-
 

s
a

ll
 

-
-
-
 

B
a
sa

lt
 

fl
o

w
 

ly
 w

e
a

th
e

re
d

, 
i 

ew
 w

it
h

 g
la

s
s

 
I 

N
um

er
ou

s 
p

ie
c

 s
 

u
n

c
u

t 
b

a
s

a
lt

, 
I
 

I 

1 3
 b

a
g

s 
o

f 
a

s
s

h
te

d
 f

ra
g

m
e

n
ts

 
U

n
cu

t 
I 

I 
7

-7
6

,7
7

 
1 B

a
sa

lt
ic

 
fl

o
w

 
-
 

ig
h

l 
-
 

5
 
-
 

5
 
-
 

4 

;o
m

# 
w

it
h

 g
la

s
s

 
I 

U
n

cu
t 

7-
 7

8 
I B

a
sa

lt
 

B
a
sa

lt
 

B
a

sa
lt

 

B
a

s
a

lt
 

B
a

s
a

lt
 

P
la

g
 -

 g
la

s
s

y
 s

u
rf

 a
c

e
-f

re
sh

 



W
HO

1 
R

O
C

K
 

S
A

M
P

L
E

 
D

E
S

C
R

IP
T

IO
N

 

C
R

U
IS

E
 

A
1
1
 

1
0

7
-7

 
S

 T
A

T1
 O

N
 

7
 

D
E

S
C

R
IB

E
D

 
B

Y
 

D
R

E
D

G
E

 
D

A
TE

 
4

/2
8

/8
0

 
I 

A
m

 M
n 

1
 

1
 

1
 

1
 

:
 1
 

1
 
m
m
 

<
1

 
io

n
 

2
0

 

:h
 

6 l
a

: 

:1
 

<
1
 

to
 2

0
 

1
 

'L
2 

cm
 

ne
ns

 i
o

r 

S
am

p
le

 
#

 

7-
83

 

7-
84

 

7-
85

 

L
it

h
o

lo
g

y 
W

t.
 

M
in

er
al

o
g

y 

;
 1 ~
lt

e
ra

ti
o

n
 

1 R
em

ar
ks

 

, 
B

a
sa

lt
 

G
la

ss
y

 u
p

p
e

r 
s

u
rf

a
c

e
 

B
a

sa
lt

 

B
a

sa
lt

 
P

la
g

 

P
la

g
 

G
la

ss
y

 s
u

rf
 a

c
e

 
1
4
 

L
 

C
a

lc
a

re
o

u
s 

o
o

z
e

 

L 
B

a
sa

lt
 

G
la

ss
y

 s
u

rf
a

c
e

 1 3
 

B
a

sa
lt

 

B
a

sa
lt

 

P
la

g
 

O
c

c
a

si
o

n
a

l 
p

la
 8 

"-=
I 

I 
G

la
ss

 o
n

 
1
 s

u
rf

a
c

e
 

T
T

W
e

a
th

e
ri

n
g

 r
ia

l 
B

a
sa

lt
 

I 

O
c

c
a

si
o

n
a

l 
I 

B
a

sa
lt

 
P

la
g

 

P
h

g
. 

G
la

ss
y

 r
im

 
1

4
 t

ra
g

m
e

n
ts

 
a

l
l

 w
it

h
 

g
la

 

P
la

g
 p

h
en

o
 

1
2

 
I 

B
a

sa
lt

 

s 
o

n
 

o
n

e 
s

u
rf

a
c

 

L m
 -

 
U

n
cu

t 

U
n

cu
t 

L
 

m
) 

lr
it

h
 g

la
s

s
 

U
n

cu
t 

B
a

sa
lt

 
-
 2
 p

ie
c

e
s 

fl
o

w
 

(o
n

e 
c

o
n

c
a

v
e

) 
b

&
h

 
r 

B
a

s
a

lt
ic

 f
lo

w
 

B
a

sa
lt

 

B
a

sa
lt

 

G
la

ss
y

 
r

im
 p

la
 

2 
fr

a
g

m
e

n
ts

 o
f 

o
n

 o
n

e
 s

u
rf

 a
c

 

B
a

sa
lt

 
G

la
ss

 o
n

 
o

u
te

r 
s

u
rf

a
c

e
, p

la
g

 
O

c
c

a
si

o
n

a
l 

pl
a:

 
3

 

B
a

sa
lt

 
fl

o
w

 
2 

p
ie

c
e

s
 o

f 
b 

s
a

lt
ic

 f
lo

w
 -

 c
y

c
a

t 
e

s
ii

u
la

r 
I 

u
n

cu
t 

1 
1 

2
 p

ie
c

e
s

 b
a

sa
 

B
a

sa
lt

 
t 

- 
n

o
 

g
la

ss
, 
3+

 
2

0
 
Cm
 

U
n

cu
t 

I 
G

la
ss

v
 

s
u

r f
a

c
 

p
la

g
 

B
a

sa
lt

 

B
a

sa
lt

 
- 

n
o

 
fr

e
s

h
 g

la
 s

 
- 
3
 L x

i0
1
 2

5
 

cm
 

U
n

cu
t 

3
 p

ie
c

e
s 

h
as

a:
 



W
HO

1 
R

O
C

K
 

S
A

M
P

L
E

 
D

E
S

C
R

IP
T

IO
N

 

C
R

U
IS

E
 

A
11

 1
0

7
-7

 
S

T
A

T
IO

N
 

7
 

D
R

E
D

G
E

 
7

 
D

E
S

C
R

IB
E

D
 

B
Y 

H
U
M
P
H
R
I
S
 

D
A

T
E

 4
/2

8
/8

0
 

-
 

W
t.

 
S

am
pl

e 
#

 

7-
10

3 

7-
10

4 

7-
10

5 

7-
10

6 

7-
10

7 

7-
10

8 

7-
10

9 

M
in

er
al

og
y 

I 
P

he
no

cr
ys

ts
 

I Ve
 
I Am

lM
n

 
Li

th
ol

og
y 

B
a

sa
lt

 

B
a
sa

lt
 

B
a
sa

lt
 

B
a

sa
lt

 

B
a

sa
lt

 

B
a

sa
lt

 

B
a
sa

lt
 

A
 

fe
 

A
lt

er
at

io
n

 
R

em
ar

ks
 

w
 

h
) 

I 

P
la

g
; 

g
la

s
s

 r
im

 
3

 
1
 

P
la

g
; 

g
la

s
s

 j
i
m
 

I
3

 
I 

I 
1
 

I 
I 

1 

g
la

s
s

 r
im

(2
m

m
) 

I 
k

c
a

s
io

n
a

l 
p

la
 

.a
rg

e
 

p
il

lo
w

, 
Ir

o
k

e
n

, 
g

la
s

s
 r

i
 

P
la

g
 

g
la

s
s

 r
im

 (
2

-3
m

) 
3

 

g
la

s
s

 r
im

 (
2

 m
m

) 
4

 

P
la

g
 

g
la

s
s

 r
im

(3
-5

n
~

j 
3

 
2 

L
 

I 
I L

a
rg

e
 p

il
lo

w
 

I 
B

a
sa

lt
 

L
 

W
e

a
th

e
ri

n
g

 r
im

 
L

a
rg

e
 p

il
lo

w
 

L
 

O
ra

n
g

e 
c

ru
s

t 
L

 
o

n
 

g
la

s
s

 

I 
B

a
sa

lt
 

7-
11

2 
I 

B
a

sa
lt

 

7-
11

3-
11

5 
1 

B
a

sa
lt

 
U

n
cu

t 

7-
11

6 

7-
11

7 

B
a

sa
lt

 

B
a

sa
lt

 

I 



W
HO

1 
R

O
C

K
 

S
A

M
P

L
E

 
D

E
SC

R
IP

T
IO

N
 

C
R

U
IS

E
 

A
1

1
 1

0
7

-7
 

S
T

A
T

IO
N

 
9 

D
R

E
D

G
E

 
9
 

D
E

S
C

R
IB

E
D

 
B

Y 
O

A
T 

E
 
4
/
2
9
/
8
0
 

S
am

pl
e 

#
 

-
 

W
t.

 
L

it
h

o
lo

g
y 

wc
 I 

~
lt

e
ro

ti
o

n
 

I 
R

em
or

ks
 

M
in

er
al

o
g

y 
P

h
en

o
cr

ys
ts

 
I 

I 
a 
L

ig
h

t 
g

re
e

n
 

in
 a

p
p

e
a

ra
n

c
e

 
G

.S
. 

to
o

 s
m

a
ll

 t
o

 o
b

se
rv

e
 X

ta
b

s 
qe

 t
a

b
a

s
a

lt
 

F
e

ld
sp

a
r 

I 
I 

S
e

rp
e

n
ti

n
it

e
 

F
e

ld
sp

a
r 

S
e

rp
e

n
ti

n
e

 
S

e
rp

e
n

t i
n

iz
e

d
 

I U
n

cu
t 

q
e

ta
b

a
sa

lt
 

S
e

rp
e

n
ti

n
it

e
 

I G
re

en
 

I S
e

rp
e

n
ti

n
ir

e
d

 I 
il

ea
th

er
ed

 
b

a
s

a
lt

 

S
e

rp
e

n
ti

n
it

e
 

A
lt

e
re

d
 b

a
s

a
lt

 

B
a

sa
lt

 

L
a

rg
e

 a
m

o
u

n
t 

O
~

E
 fe

ld
s

p
a

r 
I 

I 
S

e
rp

e
n

ti
n

ir
e

d
 

B
ri

g
h

t 
re

d
 c

la
y

 m
in

e
ra

l 
re

p
la

c
in

g
 

M
 

I 
g

ro
u

n
d

m
as

sl
 

I 
I 

P
la

g
, 

0
1
 

P
la

g
 

1
 

L
 

W
ea

th
er

ed
 

ri
m

 I
W

h
o

le
 s

am
p

le
 

ta
k

e
n

 

I 
F

e
ld

sp
a

r 
S

e
rp

e
n

ti
n

e
 

I S
e

rp
e

n
ti

n
iz

e
d

 I 
O

n
ly

 
#

1
2

. 
1

6
. 

22
 

u
n

c
u

t 
I 

1 
S

e
rp

e
n

ti
n

it
e

 

B
ri

g
h

t 
re

d
 c

la
y

 m
in

e
ra

l 
re

p
la

c
in

g
 

A
lt

e
re

d
 b

a
s

a
lt

 
M 

I 
m

a
tr

ix
 a

s
 i

n
1

 9
-9

 
I 

I 
A

lt
e

re
d

 b
a

s
a

lt
 

L-
M

 

A
lt

e
re

d
 b

a
s

a
lt

 
S

am
e 

a
s 

9-
1 

I 
I 

A
lt

e
re

d
 b

a
s

a
lt

 
U

n
cu

t 
I 

- 
I 

P
la

g
 

1
 

A
lt

e
re

d
 b

a
s

a
lt

 
F

 -
 

F-
C

 
-
 

F-
C

 
-
 

A
lt

e
re

d
 b

re
c

c
ia

 
F

ra
g

m
en

ts
 

o
f 

a
 t

e
re

d
 b

a
s

a
lt

 i
n

 d
ar

k
 

t 
I 

S
m

al
l 

fr
a

g
m

e
n

tb
 o

f 
w

e
a

th
e

re
d

 
a

d
h

y
rj

 
A

lt
e

re
d

 
b

re
c

c
ia

 
-

.
 

i
n

 d
a

rk
b

ro
d

-b
la

c
k

 
m

a
tr

ix
 

I 





W
HO

1 
R

O
C

K
 

S
A

M
P

L
E

 
D

E
S

C
R

IP
T

IO
N

 

C
R

U
IS

E
 

A
1 I
 

10
7-

7 
S

T
A

T
IO

N
 

1
0
 

D
R

E
D

G
E

 
lo

 
D

E
S

C
R

IB
E

D
 

B
Y 

H
U

M
PH

R
IS

 
D

A
TE

 
4

/3
0

/8
0

 



W
HO

1 
R

O
C

K
 

S
A

M
P

L
E

 
D

E
S

C
R

IP
T

IO
N

 

C
R

U
IS

E
 

A
1

1
 1
0
7
-
7
 

S
T

A
T

IO
N

 
1
1
 

D
R

E
D

G
E

 
11

 
D

E
S

C
R

IB
E

D
 

B
Y 

S
U
L
A
N
O
W
S
K
A
/
E
S
K
E
N
A
S
Y
 

D
A

T
E

 
1
 M
ay
 
1
9
8
0
 

Me
 1 Al

te
ra

ti
o

n
 

I 

R
em

ar
ks

 
d
 

rO
 

ul
 I 

W
h
o
l
e
 
s
a
m
p
l
e
 
t
a
k
e
n
 

s
i
z
e
s
 o
f
 M

n 
cr
us
t 

.a
t i
o
n
 o
f
 (
c
o
n
g
l
o
m
e
r
a
t
e
)
 ? 



W
H

O
l 

R
O

C
K

 
S

A
M

P
L

E
 

D
E

S
C

R
IP

T
IO

N
 

C
R

U
IS

E
 

A
11

 1
0

7
-7

 
S

T
A

T
IO

N
 

l
3

 
D

R
E

D
G

E
 

13
 

D
E

S
C

R
IB

E
D

 
B

Y 
H
U
M
P
H
R
I
S
 

D
A

T
E

 5
/2

/8
0

 
I 

S
am

pl
e 

#
 

Li
th

ol
og

y 

P
il

lo
w

 b
a

s
a

lt
 

B
a

sa
lt

 

B
re

c
c
ia

 



U  U U  u 
rl r l r l  rl * 2 :  8 c d  I 
a a m  F9 

Lo 0 3  Q\ 
Ti r l r l  d 
I I I I 
e e 4  e 
Ti r l r l  rl 



W
HO

1 
R

O
C

K
 

S
A

M
P

L
E

 
D

E
S

C
R

IP
T

IO
N

 

C
R

U
IS

E
 

A
1

1
 1

0
7

-7
 

S
T

A
T

IO
N

 
l
4

 
D

R
E

D
G

E
 

1
4

 
D

E
S

C
R

IB
E

D
 

BY
 

H
U

M
PH

R
IS

 
D

A
TE

 
5

/2
/8

0
 

I 

S
am

pl
e 

#
 

I-
.I
 

C
J
 

A
lt

er
at

io
n

 
R

em
or

ks
 

I 

V
ug

s 
f

il
le

d
 w

/ 
:l

ay
 

m
in

e
ra

ls
. 

W
e

a
th

e
ri

n
g

 r
im

 

0
.5

 
cm

 
w

e
a

th
e

r 
.n

g 
ri

m
 

V
e

in
s 

W
t.

 

2
.3

 

--
 
-
 

Li
th

ol
og

y 
G

. S
. [

 
M

in
er

al
og

y 
I 

P
he

no
cr

ys
ts

 
I V

e 
I ~

m
l

~
n

 
I 

P
o

rp
 - 

nu
n 

F
 

P
la

g
 

P
la

g
 u

p 
t

o
 .

3
 c

 I 
B

a
sa

lt
 

B
a

sa
lt

 

B
a

sa
lt

 
" 

P
la

g
 

I I 
P
lc

L
g
. 

0
.5

 c
m

 
5 

1
 

4
 

'v 
P

la
g

 
2 

1
 

<
1

 
B

as
 a

1
 t 

B
a

sa
lt

 
F

 
1
 

F
-p

o:
:p

h.
 

P
la

g
 u

p 
to

 .
2 

cn
 

<
1

 

L
 

I 
I 

u
n

c
u

t 
-
 

B
a

sa
lt

 

B
a

sa
lt

 
~

-
~

o
t

p
h

.
 

P
la

g
 +

 f
ew

 0
1
 

L-
M 

V
e

in
s 

V
ug

s 
k
i
l
l
e
d
 

L
a

rg
e

 w
e

a
th

e
ri

n
g

 
M

-H 
w

/c
la

y
 

m
in

e
ra

l:
; 

ri
m

 

L 

B
a

sa
lt

 
P

o
rp

'l
y

ri
ti

c
 

P
la

g
 

3 
2

 
1
 

B
a
sa

lt
 

~
o

r
p

t
~

r
i

t
i

c
 

I P
la

g
 u

p 
to

 .
2

 
3 

( 
(1

-3
 

B
a

sa
lt

 

B
a

sa
lt

 

B
a

sa
lt

 

B
a

sa
lt

 

B
a

sa
lt

 
L 

W
e

a
th

e
ri

n
g

 r
ir

 
-
-
 

B
a

sa
lt

 

B
a

sa
lt

 
W

e
a

th
e

ri
n

g
 r

i
 

I 
I 

B
a

sa
lt

 
L 

1
 c

m
w

e
a

th
e

ri
 1 

B
as

 a
1

 t 
P

o
rp

li
y

ri
ti

c
 P

la
g

 
3 

-
 

P
la

g
 

L 
) 

R
im

 %
l cm

 
wi
de
 



W
HO

1 
R

O
C

K
 

S
A

M
P

L
E

 
D

E
S

C
R

IP
T

IO
N

 

C
R

U
IS

E
 
A
1
1
 

10
7-

7 
S

T
A

T
IO

N
 

1
4

 
D

R
E

D
G

E
 

1
4

 
D

E
S

C
R

IB
E

D
 

BY
 

H
U

M
E'

H
R

IS
 

D
A

T
E

 5
/2

/8
0

 

I rU
 
0
 

A
lt

er
at

io
n

 
R

em
ar

ks
 

o
 

a
s

s
 

w
e 

at
 h

e 
re

d^
 

U
nc

ut
 

W
ea

th
er

ed
 r

im
 

V
ug

s 
fi

ll
e

d
 w

/ 
c

la
y

s 

-
 

W
t.

 
-
 

.o
 

P
he

no
cr

ys
ts

 

U
n

u
su

al
 

fl
o

w
 s

t 
"c

h
it

o
n

"-
li

k
e

! 

S
am

pl
e 

#
 

Li
th

ol
og

y 
I 

P
la

g
 u

p 
o

t 
0

.3
 

t1
;4

5:
41

-4
- 

1
4

-4
1

 
B

a
sa

lt
 

I a 
B

a
sa

lt
 

1
4

-4
2

 
I 

B
a

sa
lt

 
R

ar
e 

p
la

g
 

P
la

g
 u

p 
to

 0
.4

 
1
 c

m
 

w
ea

th
er

ed
 

r
im

 
1

4
-4

6
 

B
a

sa
lt

 

14
-4

 7
 

1 
B

a
sa

lt
 

B
a

sa
lt

 

B
a

sa
lt

 

B
a

sa
lt

 

*
 

P
o

rp
 y

r
it

ic
 

R
ar

e 
0

1
 +

 P
la

g
 

A
lt

e
re

d
 p

h
en

o
s 

B
a
sa

lt
 

U
n

cu
t 
- 

g
la

s:
 

t
-
 o

u
te

r 
su

rf
a

c
e

 
R

la
g

e 
a 

ru
n

n
e

l 
s

tr
u

c
tu

re
 

on
 u

p
p

er
 

s
u

rf
a

fe
 

I 
B

a
sa

lt
 

B
a

sa
lt

 
U

n
cu

t 

B
a

sa
lt

 

B
a

sa
lt

 
G

la
ss

y
 r

im
 

~
0

r.
I.

 
P

la
g

 <
1
 cm

 
W

ea
th

er
ed

 
ri
m1
 I 

14
-5

9 
1 

B
a
sa

lt
 

I 
P

la
g

 +
 r

a
re

 0
1

 
W

ea
th

er
in

g
 

ri
m

 1 I 
B

a
sa

lt
 

P
la

g
 <

.5
 

cm
 

P
lq

, 

d
 f

ra
g

m
e

n
ts

 o
f 

V
ei

n
s 

1 
-
-
 

-
 

B
a
sa

lt
 

S
m

al
l 

am
o

u
n

t 
f 

g
la

s
s

 
U

n
cu

t 
I
 

B
ag

 
o

f 
a

ss
o

rt
 

't.-
---

- 
-
-
 

B
a

sa
lt

 
I 

U
n

cu
t 





W
HO

1 
R

O
C

K
 

S
A

M
P

L
E

 
D

E
S

C
R

IP
T

 IO
N

 

C
R

U
IS

F
 

A
1

 I 
10

7-
7 

S
T

A
T

IO
N

 
' 

D
R

E
D

G
E

 
I '4 

D
E

S
C

R
IB

E
D

 
B

Y
 

ii
 K

~
i

i
k

~
 

2 
5

/2
/8

0
 

O
A

T 
E

 
-
 

W
t.

 
-
 

2
.2

 

S
am

p
le

 
#
 

L
it

h
o

lo
g

y 
ru

 
A

lt
e

ra
t~

o
n

 
R

em
ar

ks
 

o
 

I
U
 

I 

M
in

er
al

o
g

y 
P

h
en

o
cr

ys
ts

 

I 
y

r
t

i
c

 
P

ln
g

 
1
 

1 
mr

n 
g

lm
s

, 
p 

I ;
I 
;; 

P
la

a
 

1
 

1
 

P
la

g
 

2 

B
a

sa
lt

 

P
la

g
 

B
a

sa
lt

 
U

n
cu

t 

B
a

sa
lt

 
P

la
g

 
.e

a
th

e
ri

n
g

 r
im

 

P
la

g
 

P
la

g
 

&
 

ra
re

 0
1

 
4
 

D.
5 

cr
n 

w
e

a
th

e
ri

n
g

 
r

in
 

D.
5 

cm
 

w
e

a
th

e
ri

n
g

 
r
i
m
 

B
a

sa
lt

 
-
 
-
-
 

B
a

sa
lt

 
P

la
g

 
n

e
a

t h
er

ed
 

g
la

! 
o

n
 
1
 s

u
rf

a
c

e
 

P
la

g
 +

 r
a

re
 0

1
 

I 
1 

B
a

sa
lt

 
P

la
g

 
I
1

 
I 

P
la

g
 

B
a

sa
lt

 
P

la
g

 
1
 

I 
I 

B
a

sa
lt

 
P

la
g

 

P
la

g
 +

 0
1

 
=-I-%

 
P

a
tc

h
y

 w
ea

th
er

 

P
la

g
 

B
a

sa
lt

 

B
a

sa
lt

 
P

la
g

 +
 r

a
re

 0
1
 

2 
1
 

P
la

g
 +

 r
a

re
 0

1
 

3
 

P
la

g
 

G
la

ss
 o

n
 

o
n

e 
ed

g
e 

0
.5

 
cm

 
w

e
a

th
e

ri
n

g
 r
i
m
 

B
a

sa
lt

 





W
HO

1 
R

O
C

K
 

S
A

M
P

L
E

 
D

E
S

C
R

IP
T

IO
N

 

A
T

1 
1

0
7

-7
 

1
5
 

C
R

U
IS

E
 

S
T

A
~

IO
N

 
D

R
E

D
G

E
 

D
E

S
C

R
IB

E
D

 
B

Y
 

H
U

X
PH

R
I 
S
~
K
I
K
G
S
L
E
Y
 

O
A

T 
E

 
S

/ 
3

/8
0

 

S
am

pl
e 

#
 

Li
th

ol
og

y 

B
a

sa
lt

 

B
a

sa
lt

 

s
iz

e
 u

p
 

to
 1

0
 

W
t.

 
I
 

P
J
 

W
e 

A
lt

er
at

io
n

 
Re

ma
rk

s 
C>

 
-s

 
M

n 
c

o
a

ti
n

g
 

I
 

S
am

e 
a

s
 1

5-
19

 

F
ra

g
m

en
ts

 
o

f 
g

la
s

s
 f

o
u

n
d

 
lo

o
se

 i
n

 d
fe

d
g

?
 

I 

G
la

ss
 

B
a

sa
lt

 
.g

 - 
s

iz
e

 -
 1

0
 c

m
 

B
ag

 o
f 

s
ix

 b
a

s
a

lt
 

fr
a

g
m

e
n

ts
 -

 &
it

h
 k

 c
~

a
t

 

C
-

 
G

la
ss

 
o

n
 
1
 

W
ea

th
er

ed
 

m
 

'o
rp

h 
su

rf
a

c
e

, 
p

la
a

 
p

la
t!

 +
 0

1
 

3 
1

1
 

F 
- 

B
a
sa

lt
 

L 
V

ei
n

s 
I 

1
 c

m
 

w
e

a
th

e
ri

 
L 

ri
m

 
Po

rp
h 

P
la

g
 

3 
1
 

B
a

sa
lt

 

B
a

sa
lt

 
M

 
I 

P
la

g
 

P
la

g
 +

 r
a

re
 0

1
 

1 
3

 
1 

I 
1
 

B
a

sa
lt

 

B
a

sa
lt

 
M

an
y 

01
. 

w
ea

th
er

ed
 

I w
ea

th
er

in
g

 r
im

 I 
U

n
cu

t 
B

a
sa

lt
 

P
la

g
 +

 0
1
 

I 

B
lu

e 
c

la
y

s
 i
 

1
 c

m
 

w
e

a
th

e
r 

I 

B
a

sa
lt

 

B
a
sa

lt
 

L-
 

U
n

cu
t 

I 
1 

B
re

c
c

ia
 

S
m

al
l 

fr
ag

m
en

t 3
 

o
f 

b
a

s
a

lt
 a

n
d

 )
la

ss
 

in
 h

g
: 

F-
 

P
la

g
 

P
la

g
 +

 0
1

 
1
 

<
1

 
Po

rp
h 

11
 

P
la

g
 +

 0
1

 
1
 

<
1

 

a
th

e
re

d
 m

a
tr

i 

1
 

B
a

sa
lt

 
L

 
I 1

 c
m

 w
e

a
th

e
ri

n
k

 r
im

 

B
a

sa
lt

 
1 

I I
 

P
la

g
 

P
la

g
 

(u
p

 
to

 6
cm

 
+ 

0
1
 

2 
1
 

<
1

 
I' 

P
la

g
 

P
la

g
 +

 0
1
 

4 
<

1
 

<
1

 
I 

P
la

g
 

P
la

g
 +

 0
1

 
5 

1
1

 
1
 

B
a

sa
lt

 
L 

I 1
 c

m
 w

ea
th

er
ed

l 
ri

m
 

I 
1 

V
er

y
 

fr
e

s
h

 s
a

m
)l

e
 

1
 c

m
 

w
e

a
th

e
ri

n
 5 

B
a

sa
lt

 

B
a

sa
lt

 





W
H

O
l 

R
O

C
K

 
S

A
M

P
L

E
 

D
E

S
C

R
IP

T
IO

N
 

C
R

U
IS

E
 

A
1
1
 

1
0

7
-7

 
S

T
A

T
IO

N
 

1
5

 
D

R
E

D
G

E
 

1
5

 
D

E
S

C
R

IB
E

D
 

B
Y 

H
U

M
PH

R
I 

S/
K

IN
G

SL
E

Y
 

D
A

T
E

 5
/3

/8
0

 

Li
th

ol
og

y 
lw

,
 

A
lt

er
at

io
n

 
S

am
pl

e 
#

 
;;,S

. 
1 Mineralo

gy
 

or
ph

. 
P

la
g

 

P
la

g
 +

 0
1

 

P
la

g
 +

 0
1

 
3 

P
la

g
 +

 0
1

 
3 

B
a

sa
lt

 
11

.0
 

r
im

 

B
a

sa
lt

 
.7

5
 

P
la

g
 +

 0
1

 

P
la

g
 +

 0
1
 

B
a

sa
lt

 
11

.7
5 

B
a

sa
lt

 
1

.0
 

B
a

sa
lt

 
1

.2
5

 

B
a
sa

lt
 

1
.5

 

B
a

sa
lt

 
1

.0
 

B
a

sa
lt

 
4

.2
5

 

P
la

g
 +

 0
1

 

4
 

-
-
 
-
 

C
lo

d
 o

f 
p

a
la

g
o

n
it

iz
e

d
 

g
la

s
s

 

P
la

g
 -

 0
1

 
1

2
 

1
 c
rn

 
a

lt
e

re
d

 
g

la
s

s
 r

in
d

 

1 Ba
g 

o
f 

5
 b

a
sa

l 
i

c
 

d
e

rs
 -

 m
a!. 

d
i 

M
n 

c
o

a
te

d
 

U
n

cu
t 

U
nc

ut
 

B
a

sa
lt

 

B
a
sa

lt
 

B
a

sa
lt

 
1 16

 f
ra

g
m

e
n

ts
 c

 

B
a

sa
lt

 
1

0
 

B
a

sa
lt

 
4.

0 

B
a

sa
lt

 
1.

21
 

F
iv

e
 p

ie
c

e
s 

I/
 

p
o

rp
h

. 
b

a
s

a
lt

, 
to

t 
c 

g
la

s
s

 
1
 c

m
 

th
ic

k
 p

a
la

g
o

n
it

iz
e

d
 





L
 

W
HO

1 
R

O
C

K
 

S
A

M
P

L
E

 
D

E
S

C
R

IP
T

IO
N

 

C
R

U
IS

E
 

A
11

 
10

7:7
 

S
T

A
T

IO
N

 
1

7
 

D
R

E
D

G
E

 
1

7
 

D
E

S
C

R
IB

E
D

 
BY

 
W

JM
EW

U
s 

D
A

TE
 

51
 
51
8C
 

I N
 

1 
0
 

Q
 

A
m

 M
n

 
W

e 
A

lt
er

at
io

n
 

R
em

or
kr

 
I
 

C
a

lc
a

re
o

u
s 

o
o

z
e

 m
ix

ed
 

<
1
 
1
 

L
 

w
it

h
 g

la
s

s
 

M
in

er
al

og
y 

S
am

pl
e 

#
 

i
 

Li
th

ol
og

y 

B
a

sa
lt

 

-
 

-
 

-
 -
 -
 

-
 
-
 -
 
-
 -
 

-
 

F
-
 

L1
5 

fc
rp

h
 

G
la

ss
 p

la
g

 
1
 

P
o

rp
k

 Y
 

B
a

sa
lt

 
W

ea
th

er
ed

 
g

la
s 
s
 

11
 

11
 

- 
It

 
9 

P
la

g
 

R
ar

e 
p

la
g

 
2 

B
a

sa
lt

 
V

ei
n

s 
fi

ll
e

d
 w

it
h

 
c

la
y

 

B
a

sa
lt

 
'~

1
5

 
F

 
P

la
g

 
R

ar
e 

p
la

g
 +

 0
1
 
<

I 

B
ag

 
o

f 
a

ss
o

rt
e

d
 f

ra
g

m
e

n
ts

 o
f 

b
a

;a
lt

 
2.

2 
1

0
 c

m
, 

a
l

l
 w

$h
 

Q
l
 
mm

 
Fe

-H
n 

c
)

a
t

i
~

 

B
ag

 
o

f 
a

s
s

o
rt

e
d

 f
ra

g
m

e
n

ts
 o

f 
b

a
s

a
lt

 
1

.5
 

5
 c

m
, 

a
ll

 w
i:h

 
Q

l m
m
 

Fe
-M

n 
c1

at
i.

1
 

B
ag

 o
f 

s
m

a
ll

 f
ra

g
m

e
n

ts
 o

f 
g

la
s

s
 i

n
 ( 

I i
o

n
 

U
n

cu
t 

I i
o

n
 

B
a

sa
lt

 

B
a

sa
lt

 
U

n
cu

t 
m

 m
a

tr
ix

. 
W

ea
th

er
ed

 
g

la
ss

 2
.0

 
So

m
e 

li
g

h
tl

y
 w

ea
th

er
ed

 
g

la
s

s
 -

 m
c 

B
ag

 
o

f 
se

v
e

n
 

fr
a

g
m

e
n

ts
 o

f 
b

a
sa

l:
 
- 

1 

2
.2

 
1

0
 c

m
 
- 

a
l

l
 p

it
h

 a
t 

le
a

s
t 

1
 m

 F
c 

f 
b

a
sa

lt
- 

m
ax

 
d
 .m

en
! 

2
.2

 
it

h
 a

t
 l

e
a

s
t 

1
 ~

nm
 Fc 

tl
y
l p

a
d

a
g

o
d

it
 iz

e
d

 
I u

n
cu

t 
x

 d
ii

m
ed

si
or

l 
I 

U
n

cu
t 

o
n

 I
 

I 
1 

I 
B

a
sa

lt
 

B
as

 a
1

 t 
M

n 
z

o
a

ti
n

g
 

U
n

cu
t 

w
it

h
 

U
n

cu
t 

-
 

-
 -
 
-
 -
 
-
 -
 

B
ag

 
o

f 
s

m
a

ll
 

5 
cm

) 
fr

a
g

m
e

n
t;

, 
a:

 
1

.0
 

Fe
-M

n 
c

o
a

ti
 

B
a

sa
lt

 

B
a

sa
lt

 
s

o
 b

d
 

e 
e

d
i d e

n
t 

a
tt

a
c

h
e

d
 

I U
n

cu
t 

I
 

I
 

I
 

I 

U
n

cu
t 

B
a

sa
lt

 
-
 -
-
 

B
a

sa
lt

 
U

n
cu

t 
c

1
0

 c
m

 
- 

U
n

cu
t 

2 
cm

 
w

e
a

th
e

ri
 

1
 

4 
;-
M 

ri
m

 

B
a

sa
lt

 

B
a

sa
lt

 

B
a

sa
lt

 
U

n
cu

t 
n

 
2

)
 c

rr:
 
- 

r
r

t 
B

a
sa

lt
 

2
.7

 
w

it
h

 <
I 

- M
n
 

w
i

n
o

 

P
O

rp
h

- 
O

c
c

a
si

o
n

a
l 

p
la

g
 

1
.2

 
F

 
up

 
to

 4
 
m
m
 

2 
B

a
sa

lt
 



W
HO

1 
R

O
C

K
 

S
A

M
P

L
E

 
D

E
S

C
R

IP
T

IO
N

 

C
R

U
IS

E
 

A
1
1
 

10
7-

7 
S

T
A

T
IO

N
 

1
7

 
D

R
E

D
G

E
 

D
E

S
C

R
IB

E
D

 
B

Y 
H
U
M
P
H
R
I
S
 

D
A

TE
 

5
/5

/8
0

 

S
am

pl
e 

#
 

Li
th

ol
og

y 

1
7

-1
9

 
B

as
 a

1
 t 

1
7

-2
0

 
B

a
sa

lt
 

1
7

-2
1

 
B

a
sa

lt
 

1
7

-2
2

 
B

a
sa

lt
 

1
7

-2
3

 
B

a
sa

lt
 

17
-2

4 
B

a
sa

lt
 

17
-2

5 
B

a
sa

lt
 

17
-2

6 
B

a
sa

lt
 

17
-2

 7
 

B
a

sa
lt

 

1
7

-2
8

 
B

a
sa

lt
 

-
 

1
7

-2
9

 
B

a
sa

lt
 

1
.3

 

1
7

-3
0

 
B

a
sa

lt
 

1
.8

 

1
7

-3
1

 
B

a
sa

lt
 

1
.8

 

1
7

-3
2

 
B

a
sa

lt
 

b
.2

 
I
 

1
7

-3
3

 
B

a
sa

lt
 

1
7

- 
35

 
B

a
sa

lt
 

2.
2 

17
-3

6 
B

a
sa

lt
 

3.
5 

I T
U

 
r 

0
 

LD
 

M
in

er
al

og
y 

P
he

no
cr

ys
ts

 
Ve

 
A

m
 M

n 
W

e 
A

lt
er

at
io

n
 

R
em

ar
ks

 
I 

b
a

g
 o

r 
a 

rr
a

g
m

?
n

ts
 o

r 
D

a
sa

lt
 
- 

m
ax

 
1

4
lm

en
si

cn
 

1
5

 c
m

 
a

ll
 w

it
h

 F
e-

M
n 

c
o

a
ti

n
g

 u
p 

to
 1
 m

 
U

n
cu

t 
I 

6
 p

ie
c

e
s 

o
f 

b
a

s
a

lt
 -

 m
ax

 
d

im
 

U
n

cu
t 

w
it

h
 u

p 
to

 1
 m

m
 

Fe
-M

n 
c

o
a

ti
n

 
U

n
cu

t 

P
la

g
 u

p 
to

 5
 m

m
 

W
ea

th
er

in
g

 
an

d
 r

a
re

 0
1

 
< 

1
 

<
1

 
L

 
r

im
<

 0
.5

 
c
m
 

O
c

c
a

si
o

n
a

l 
p

la
g

 
W

ea
th

er
in

g
 

P
la

g
 

&
 
ra

re
 0

1
 

I 
1
 

<
1

 
1
 

L
 

r
im

<
 0

.5
 

cm
 

G
la

ss
 

o
n

 o
n

e
 

O
c

c
a

si
o

n
a

l 
p

la
 

su
rf

a
c

e
, 

p
la

g
 

u
p

 
to

 3
 m

m
 

2
 

<
1

 
<

1
 
VL
 

I 
P

la
g

 
1 P

la
g

 u
p 

to
 2

 m
m

l 
1
 I 

la
 I

L 
I 

I 
I 

1 
I 

I 
I 

I 
P

la
g

 
O

c
c

a
si

o
n

a
l 

p
la

t 
1
 

<
1

 
<

1
 

L
 

V
ug

s 
f
i
l
l
e
d
 

w
l:

h 
P

la
g

 
O

c
c

a
si

o
n

a
l 

p
la

 
1
 

1
 

1
 

L
 

x
an

g
e-

b
ro

w
n

 
c

l3
y

s 
rl

a
g

 +
 r

a
re

 
I 

o
li

v
in

e
 

1
<

1
 
1
 

L
 

S
m

al
l 

am
o

u
n

t 
o

f 
g

la
s

s
 

P
la

g
 

1
 

1
 

L
 
I
 

P
la

g
 

P
la

g
 

'L 
1
 

L
 

h
ig

h
ly

 w
ea

th
er

k
d

 m
a

tr
ix

; 
~1

 m
m

 
b

e-
&

n
 

c
b

a
ti

h
~

: 
I 

I 
I 

I 
I 

I 
11

 c
m

 
w

e
a

th
e

ri
n

k
 

P
la

g
 

lp
la

g
 u

p 
to

 4
 m

m
 

P
av

em
en

t-
li

k
e 

)a
m

p
le

 
(%

5c
m

 t
h

iq
k

) 2
 01

 

P
la

g
 

P
la

g
 

1
 

O
c

c
a

si
o

n
a

l 
p

la
g

 

II
 

L
 

1 
2

 

1
 

3 

sm
al

l 
k

la
s;

 
sh

a
rd

s 
in

 

2
 

1
 

L
 

2
M

-H
 

ri
m

 





W
HO

1 
R

O
C

K
 

S
A

M
P

L
E

 
D

E
S

C
R

IP
T

IO
N

 

C
R

U
IS

E
 

A
1
1
 

1
0

7
-7

 
S

T
A

T
IO

N
 

1
7

 
D

R
E

D
G

E
 

D
E

S
C

R
IB

E
D

 
B

Y 
H

U
M

P
H

R
I S

 
D

A
T

E
 5
/
5
/
8
0
 

I N
 

+
 

c
.
 

I 

R
em

ar
ks

 

-
 

W
t.

 
S

am
pl

e 
#
 

1
7

-5
5

 

Li
th

ol
og

y 
M

in
er

al
og

y 

P
la

g
 

P
he

no
cr

ys
ts

 
A

lt
er

at
io

n
 

B
a

sa
lt

 

B
a

sa
lt

 

B
a

sa
lt

 

P
la

g
 

P
la

g
 

P
la

g
 +

 0
1

 

O
c

c
a

si
o

n
a

l 
p

la
i 

& 
ra

re
 0

1
 

P
la

g
 

G
la

ss
 

B
a

sa
lt

 
P

la
g

 

B
a

sa
lt

 
P

 la
g

 

1
%

 
L

la
ss

y 
m

ar
g

in
 

B
a

sa
lt

 
P

la
g

 

B
a

sa
lt

 
P

la
g

 -
 

I 
cm

 
fr

o
m

 e
d

g
e 

no
 

p
h

en
o

 
in

 i
n

te
ri

o
r 

B
a

sa
lt

 

B
a

sa
lt

 

B
a
sa

lt
 

P
la

g
 

P
la

g
 &

 0
1

 

U
nc

ut
; 

g
la

s
s

 

-
 B
a
sa

lt
 

L 
cm

 
w

ea
th

er
ed

 
r
i
m
 

ld
 P

la
g

 
& 

o
c

c
a

si
o

n
a

l 
0

1
 

B
a

sa
lt

 
Il

as
sy

 r
 im

;p
la

l 
om

e 
g

la
s

s
 o

n
 

s
u

rf
a

c
e

 
B

a
sa

lt
 

P
la

g
 

P
la

g
 

G
la

ss
y

 r
in

d
 0

1 

o
n

e 
su

rf
a

c
e

 

G
la

ss
 

B
a
sa

lt
 

P
la

g
 +

 r
a

re
 0

1
 

B
a

sa
lt

 
P

la
g

 u
p 

to
 8

 m
 

G
la

ss
 

P
la

g
 

B
a

sa
lt

 



W
HO

1 
R

O
C

K
 

S
A

M
P

L
E

 
D

E
S

C
R

IP
T

IO
N

 

C
R

U
IS

E
 

A
11

 1
07

-7
 

S
T

A
T

IO
N

 
1

8
 

D
R

E
D

G
E

 
l8

 
D

E
S

C
R

IB
E

D
 

B
Y 

D
A

TE
 

5
/5

/8
0

 

S
am

pl
e 

#
 

Li
th

ol
og

y 

B
a

sa
lt

 

M
in

er
al

og
y 

y
rl

tl
c

 
P

he
no

cr
ys

ts
 

I Ve
 

T
ub

e 
li

k
e]

u
n

cu
t,

 
g

la
s

s
 

B
a

sa
lt

 
1

.2
5

 

P
il

lo
w

 b
a

sa
lt

 
7.

0 

B
a

sa
lt

 
8

.5
 

B
a

sa
lt

 
3

.5
 

P
la

g
 

P
la

g
 

(u
p

 
to

 1
 1

:m
) 

ra
re

 0
1

 
3

 

R
ar

e 
p

la
g

 
3

 

P
la

g
, 

m
in

o
r 

0
1

 
2 

P
la

g
 

1
 cm

 
ri

m
 

V
ei

n
s 

w
it

h
 f

il
li

n
g

 

la
rg

e
 r

im
 

P
la

g
 

B
a

sa
lt

 
1

0
 

B
a

sa
lt

 
>

1
0

 

B
a

sa
lt

 
5

.0
 

G
la

ss
 

2
.7

 

B
a

sa
lt

 
3

.0
 

G
la

ss
 o

n 
1
 s

u
i 

B
ag

 
o

f 
a

ss
o

rt
i 

w
ea

th
er

ed
 b

as
; 

B
ag

 o
t 

fr
ag

m
el

 
<

I 
m
m
 F

e-
M

n 
cc 

a
c

e
 

O
ce

. 
p

h
ag

 

.ra
gm

e.L
; 

t 
(<

5
 c
a
)
 

w
it

h
 

e-
R

 
m

,3
1

S
y

-6
a

~
 

t 
F 

ti
n

g
 

I 
U

nc
ut

 
-
 am-->- 

- 

a
s

a
lt

ic
 £

ra
gm

en
 I s 

- 
S

m
al

l 
((

5
 

m
m

) 

B
a

sa
lt

 
6.

5 

B
a

sa
lt

 
4.

25
 

B
a

sa
lt

 
4.

7 

B
a

sa
lt

 
3

.8
 

P
la

g
 

w
ea

th
er

in
g

 r
in

 

P
la

g
 u

p 
to

 1
 cm

 

1
1
 

G
la

ss
y

 m
ar

g
in

 
o

n
 1

 s
id

e
 

O
cc

as
io

n
al

  
la

g
( 
1
 

P
la

g
 u

p 
to

 1
 c

 

+
 

G
la

ss
y

 m
ar

g
in

 

B
a

sa
lt

 
1

6
 

B
a

sa
lt

 
3.

5 

 a
s&

 
4

.0
 

B
a

sa
lt

 
2.

0 

t 
to

 m
o

d
er

at
e 

b
e

a
th

e
ri

n
g

 
0

 c
m

, 
a

l
l

 w
it

4 
U

nc
ut

 
b

a
s

a
lt

 :
 

7 
p

ie
c

e
s 

o
f 

bi 
<
1
 m

m 
M

n 
c

o
a

t:
 

/ 
fr

ag
m

en
ts

 o
: 

a
l

l
 w

it
h

 <
 1

 

e
n

ts
 

m
os

t 
w

 
th

o1
 

I 
U

nc
ut

 

I 
fz

m
~

+
G

 
nn
 

~
n 

c
o

a
ti

n
g

 
U

nc
ut

 

~
l

t
 

-g
m

ax
. 

d
im

en
li

o
n

 
,a

t i
n

 
3 

p
ie

c
e

s 
n
f
 
ba

 
<

1
 mr

n 
Fe

-M
n 







W
HO

1 
R

O
C

K
 

S
A

M
P

L
E

 
D

E
S

C
R

IP
T

IO
N

 

C
R

U
IS

E
 

A
11

 1
0

7
-7

 
S

T
A

T
IO

N
 

l8
 

D
R

E
D

G
E

 
l
8
 

D
E

S
C

R
IB

E
D

 
B

Y 
H

U
M

PH
R

IS
/K

U
R

Z/
K

IN
G

SL
EY

 
D

A
TE

 
5

/5
/8

0
 

I 

S
am

pl
e 

#
 

L
it

h
o

lo
g

y 

18
-5

8 
B

a
sa

lt
 

18
-5

9 
1 

B
a

sa
lt

 
1 4.

5
 

1
8

-6
0

 
B

a
sa

lt
 

3 

1
8

-6
1

 
I 

B
a

sa
lt

 
I 1

0
 

1 
18

-6
2 

B
a

sa
lt

 
1

0
 

1
8

-6
3

 
B

a
sa

lt
 

1
.8

 

18
-6

4 
B

a
sa

lt
 

1
0

 

1
8

-6
5

 
B

a
sa

lt
 

2
.4

 

18
-6

6 
I 

B
a

sa
lt

 
k

.5
 

18
-6

 7
 

B
a

sa
lt

 
2

.7
5

 

1
8

-6
8

 
B

a
sa

lt
 

1
0

 

18
-6

9 
B

a
sa

lt
 

18
-7

0 
B

a
sa

lt
 

18
-7

1 
7
 Ba

sa
lt

 

18
-7

2 
B

a
sa

lt
 

1
8

-7
3

 
B

a
sa

lt
 

1
8

- 
74

 
B

a
sa

lt
 

G
. S

. 
M

in
er

al
o

g
y 

P
h

en
o

cr
ys

ts
 

3 
c

o
b

b
le

s 
u

p
 
t
,
 1

5
 c

m
 w

it
h

 s
ec

 
I 

'y
p

t yri
ti

C
 

G
la

ss
y

 r
im

 p
la

g
 

P
la

g
 

G
la

ss
 

ri
m

 

I
 I
 

P
la

g
 

P
la

g
 

'o
rp

 
P

la
g

 
,
 

P
la

g
 

o
c

c
a

si
o

n
a

l 
0

1
 

q
 

P
la

 
+ 

0
1

 

F
 

G
la

s
s

y
ri

m
 

P
la

g
 

P
la

g
 

P
la

g
 

I
 

I 

F
 

G
la

ss
y

 r
im

 
P

la
g

 

F-
A

 
I 

G
la

ss
y

 r
im

 
I P

la
g

 
I 

I 
F

 
P

la
g

 

F
 

G
la

ss
 

P
la

g
 

-
 

V
e -
 

ne
n 
t 
-
 

3 -
 

4 

R
em

ar
ks

 
I
 

I
 

I 

m
 

L
 

P
a

la
g

o
n

it
e

 
2

 
cm

 r
im

 
I 

-2
1 
L
 

1 P
a

la
g

o
n

it
e

 
I 

U
nc

ut
 

I 
I 

-2
 

L
 

U
n

cu
t 

1
-3

 
cm

 w
e

a
th

e
ri

n
g

 

-3
 

L
 

1-
2 

cm
 

r
i

m
 

:1
 

L
 

1
 c

m
 

:1
 

L
 

w
e

a
th

e
ri

n
g

 r
im

 

:1
 

L
 

I I
 

:1
 

L
 

1-
2 

L
 

U
n

cu
t 

1
 

L 
U

n
cu

t 



W
HO

1 
R

O
C

K
 

S
A

M
P

L
E

 
D

E
S

C
R

IP
T

IO
N

 

C
R

U
IS

E
 

A
 

T
I

 
10

7-
7 

S
T

A
T

IO
N

 
20

 
D

R
E

D
G

E
 

2
0
 

D
E

S
C

R
IB

E
D

 
B

Y 
H

U
M

PH
R1

s 
D

A
T

E
 5

/6
/8

0
 

S
am

pl
e 

#
 

2
0

-1
 

20
-2

 

20
-3

 

Li
th

ol
og

y 
I W

t.
 1

0
,s

. 
M

in
er

al
og

y 
.*

--
 - 

- 
So

m
e 

g
la

s
s

 o
n 

r
im

 

P
la

g
, g

la
s

s
 

-
-
 

-
 

P
he

no
cr

ys
t s

 
P

la
g

 . 
+ 

a
lt

e
re

d
 0

1
 

-
 

P
la

g
 

P
la

g
 ,o

li
v

in
e

 

P
la

g
 

A
lt

er
at

io
n

 
R

em
ar

ks
 

2
 

m
 

B
ro

w
n 

m
a

tr
ix

 
I 

B
a

sa
lt

 
M-

H -
 ar

o
u

n
d

 v
e

in
s 

--.
 
-
,
 

B
a

sa
lt

 
11

2.
5 
I "

 
#

 

B
a

sa
lt

 
4

.5
 

P
la

g
, 

g
la

s
s

 

P
la

g
, 

g
la

s
s

 

M
 

1 
2 

cm
 

a
lo

n
g

 v
e

h
s

 
I 

I 
B

a
sa

lt
 

2
 

F
 

<
I 

I 
I1

 IL
-MI 

2
 c

m
ri

m
 

I N
ic

e 
fl

o
w

 s
tr

u
c

tu
re

, 
L-
 2

 
u

n
cu

t 
B

a
sa

lt
 

11
.5

 
1 P

ar
pk

 - 
B

a
sa

lt
 

0
.6

 
F

 
P

la
g

, 
g

la
s

s
 

P
la

g
, 

o
li

v
in

e
 

< 1
 

1-
3 

M
 

P
a

la
g

o
n

it
e

 

P
ie

c
e

s,
 

th
in

 

C
o

b
b

le
s 

up
 

to
 

6 
b

a
s

a
lt

 

4
 b

a
s

a
lt

 
I
(
 

6
 s

m
a
ll
 

d 
c

ru
s

tl
ik

e
, 

C
I 

te
d

 
~

a
l

a
~

o
n

i
t

e
 

b
it

h
i 

M
n 
C-

f 
I 1 

5
 c

m
 

w
id

e 

B
a

sa
lt

 p
ie

c
e

s 
p 

to
 5

 c
m

 
w

id
e 

M
ud

 
b

a
ll

s
 

0
.1

 

In
te

ri
o

r 
is

 

0
 



W
H

O
! 

R
O

C
K

 
S

A
M

P
L

E
 

D
E

S
C

R
IP

T
IO

N
 

C
R

U
IS

E
 

A
1
1
 

10
7-

7 
S

T
A

T
IO

N
 

2 
3 

D
R

E
D

G
E

 
z
3
 

D
E

S
C

R
IB

E
D

 
B

Y 
H

U
M

PH
R

I S
 

D
A

T
E

 
M

ay
 
8,
80
 

I 

S
am

pl
e 

#
 

I 
Li

th
ol

og
y 

I W
t.

 

23
-2

 
1 

B
as

 a
l

 t 
0

.7
5

 
I 

23
-1

 
B

a
sa

lt
 

23
-3

 

F
 

I 
I 

& 
0
1
. 

I 
I 

P
a

la
g

o
n

it
e

 o
n1

 

G
. S

. 

5
.7

5
 

B
a

sa
lt

 

1 Alterat
io

n
 

1 R
q

m
o

rk
s 

W
ea

th
er

in
g

 
a

lo
n

g
 c

h
a

n
n

e
ls

 
c

o
n

n
e

c
ti

n
 

h
e

n
o

c
r 

s
ts

 

M
in

er
al

og
y 

'o
rp

h
y

ri
ti

c
 

fl
 

0.
5 

M
 

S
im

il
a

r 
w

e
a

th
e

ri
n

g
 p

a
tt

e
rn

 

N 
11

 

P
he

no
cr

ys
ts

 

W
ea

th
er

ed
 

p
la

g
 

s
u

rf
a

c
e

 
I I
 

I I
 



W
HO

1 
R

O
C

K
 

S
A

M
P

L
E

 
D

E
S

C
R

IP
T

IO
N

 

C
R

U
IS

E
 

A
11

 1
0

7
-7

 
S

T
A

T
IO

N
 

2
5

 
D

R
E

D
G

E
 

z
s
 

D
E

S
C

R
IB

E
D

 
B

Y 
H
U
M
P
H
R
I
S
 

5
/
9
/
8
0
 

-
 

D
A

TE
 

- 
I rU

 

A
lt

er
at

io
n

 
4
 

R
em

o 
rk

 s 
1 

cm
 

w
e

a
th

e
ri

n
g

 
ri

m
 a

ro
u

n
d

 c
ra

c
k

s 
?
 

th
ro

u
g

h
o

u
t 

tP
e

 s
am

p
le

 

V
ei

n
s 

fi
ll

e
d

 w
it

h
 o

ra
n

g
e/

b
ro

w
n

 
c

la
y

s 

S
am

pl
e 

#
 

2
5

-1
 

Li
th

ol
og

y 
M

in
er

al
o

g
y 

P
he

no
cr

ys
ts

 
V

e 
A

n 

W
ea

th
er

ed
 

g
la

s
 3 y

 
ri

m
jp

la
g

 
P

la
g

 u
p 

to
 4

 
m

)l 
1
 

<
1

 
I 

H
n 

' 

m
m
 1
 

1
 

3
 

,
Q

q
C

 

h
 

B
a
sa

lt
 

8
.0

 

W
e L
 L
 

L H
 1 

w
n

c
 

B
a
sa

lt
 

11
 

P
la

g
, 

ra
re

 0
1
 

1
 

<
1

 

X
a

s
s

 o
n

 r
im

, 
-p

la
g

 u
p 

to
. 

- -
 

p
la

g
 

1
 c

m
;o

li
v

in
e 

2 
1
 

im
a

ll
 s

h
a

rd
s 

o
f 

w
ea

th
er

ed
 

g
la

s
s

 
in

 a
 m

a
tr

ix
 

- t
e

n
 p

ie
c

e
s 

3 
p

ie
c

e
s 

o
f 

g
la

s
s

 r
im

s
 -
 u

p 
to

 
i
 c

m
 

m
o

d
e

ra
te

ly
 b

e
a

th
e

re
d

 

t 
fr

fi
qm

un
rs

 o
f 

~
a

s
a

l
t
 

up
 

to
 1

0
 :m

 
,l

a
g

,'
p

h
e

y
ry

s:
s,

 
1

m
m

M
n

- 
-.

 
- 

-
-
 

- 
.*

- 
A

 
1
 

-
2
=
-
 -
 _

-
r
.
 

. 

1
 

1
 

<
1

 

2
1

 

2
 

1
 

<
1

 

<
1

 

G
la

ss
 

0.
25

 

;-M
 M

 

A-
M

 

L
 

L
 

;-M
 L

 

G
la

s
s

 
10

.3
0 

1 
W

ho
le

 
sa

m
p

le
 t

a
k

e
n

 

B
a
sa

lt
 

-
 

I u
n

cu
t 

_-
 

. 
-- 

I 
- 

B
a

sa
lt

 
10

.4
 

1 
I 

I 
3 

fr
a

g
m

e
n

ts
 o

f 

! 
p

ie
c

e
s 

o
f 

1
 

B
a

sa
lt

 r
im

 
0

.6
 

w
ea

th
er

ed
 

p
la

 
! 

p
ie

c
e

s 
o

f 
b

a 
p

h
en

o
cr

y
s t

s
 

I 
~

l
t

 
w

it
h

 p
la

g
io

c
la

se
 

B
a

sa
lt

 
10

.3
 

I P
er

+,
. 

B
a

sa
lt

 
5.

5 
- F

 
P

la
g

 
L

l'm
er

 
g

ra
m

e
d

 
1

7
3

 c
m

 
w

ea
th

ed
in

g
 

ri
m

 
- 

P
a

tc
h

y
 w

e
a

th
e

ri
n

g
 -

 
ri

m
s 

ar
o

u
n

d
 c

ra
c

k
s 

B
a

sa
lt

 
1

.5
 

F
 

F-
 

B
a

sa
lt

 
0

.7
5

 
fi

r+
. 

:h
an

 
p

re
v

io
u

s 
3

 m
m 

+ 
o

li
v

in
e

 1 
2

 
I 

P
la

g
. 

R
ar

e 
o

li
v

in
e

 *
 

B
a

sa
lt

 *
 

Je
a

th
e

ri
n

g
 a

r
o

u
~

d
 c
ra

c
k

s 

U
n

cu
t 

. 

U
n

cu
t 

B
a

sa
lt

 
1

.2
 

F
 

G
la

ss
y

 
s

u
rf

a
c

 
P

la
g

 
I 

P
la

g
 

I 
B

a
sa

lt
 

F-
 

l
m

7
 

P
or

ph
 

P
la

g
 

P
la

g
 

B
a

sa
lt

 

4
 

1
 c

m
 

w
e

a
th

e
ri

ip
 r

im
 

I 



MELV I LLE 

VULCAN 5 

DREDGE DESCR l PT l ONS 



MELVILLE - VULCAN 
(Maps 2 & 5 )  

VULCAN Expedi t ion,  Leg 5 .was a c ru i se  

5 

on the R.V. MELVILLE o f  

the Scr ipps I n s t i t u t i o n  s f  Oceanograpfry funded by the D i v i s i o n  o f  

Po la r  Programs of  t h e  Nat iona l  Science Foundation. D r .  Henry Dick  

o f  the  Woods Hole Oceanographic I n s t i t u t i o n  was c h i e f  s c i e n t i s t .  The 

sh ip  l e f t  Valparaiso C h i l e  on December 1, 1980 and re turned t o  Puntas 

Arenas, Ch i l e  on January 11, 1981 . P r i nc i pa l  shipboard programs 

inc luded surveying and dredging o f  t h e  America-Antarct ic Ridge 

and underway geophysical surveying, i nc l ud ing  magnetics and echo- 

sounding, across the  South C h i l e  Margin, Scota Sea and South Sandwich 

Trench under the d i r e c t i o n  o f  D r .  Dick.  A hea t - f l ow survey o f  t h e  

cen t ra l  Sco t ia  Sea us ing a POGO probe was d i r e c t e d  by D r .  Lawrence 

Lawver o f  t he  Massachusetts Ins t ' !  tute o f  Technology. Shipboard sampling 

and cu ra t i on  o f  rock samples was supervised by D r .  E la ine  Padovani o f  

t h e  Massachusetts I n s t i t u t e  o f  Technology. 

The dredging program dur ing  VULCAN Expedi t ion,  Leg 5, was p a r t  o f  

a long-term study o f  the pet ro logy,  geochemistry, and geophysics o f  the 

c r u s t  and upper mant le o f  the  southern c i rcumpolar ocean. Th is  program 

i s  a cooperat ive e f f o r t  i n v o l v i n g  t h e  Woods Hole Oceanographic I n s t i t u t i o n ,  

t h e  Department of Ear th  and Planetary  Sciences o f  t he  Massachusetts 

I n s t i t u t e  o f  Technology and the  Departments o f  Geology and Geochemistry 

o f  t he  Uni v e r s i t y  o f  Cape Town (Southern Oceans L i thosphere P ro j ec t ) .  

The America-Antarctic Ridge i s  p a r t  o f  t he  c i rcumpolar  r i d g e  system 

and trends more east-west than the  north-south o r i e n t a t i o n  o f  most o f  

the major r i dge  systems o f  t he  wo r l d ' s  oceans. I t  i s  charac te r i zed  by 



very  slow spreading ra tes  f rom about 0.95 cmlyr ( h a l f  r a t e )  near t he  

Bouvet T r i p l e  Junct ion t o  about 0.85 cm/yr a t  about 60"s near the 

western end of  t h e  r idge .  L i k e  the  SW Ind ian  Ridge t o  the  east,  i t  

i s  charac te r i  zed by numerous c l o s e l y  spaced major f r a c t u r e  zones. The 

l a r g e s t  of these, the B u l l a r d  Fracture Zone, b i sec t s  t h e  America An ta r c t i ca  

r idge,  o f f s e t t i n g  i t  by a remarkable 560 k i lometers .  The maximum 

depth o f  t h i s  t ransform i s  6400 meters. 

The dredging program sampled each of t h e  major r i d g e  segments 

between the Conrad Frac tu re  Zone and 60"s. I n  a d d i t i o n  extens ive 

dredging was done on t he  w a l l s  o f  t h e  Conrad and B u l l  a r d  f r a c t u r e  zones. 

A s i n g l e  dredge haul was a l s o  made on t h e  w a l l  o f  t h e  newly named Vulcan 

F rac tu re  7one. Twenty-six attempted dredges were made a l l  o f  which 

recovered autochthonous rocks as w e l l  as g l a c i a l  e r r a t i c s .  

The dredges on the r i d g e  axes recovered p r i n c i p a l l y  p i l l o w  basa l t s .  

Many o f  these along t he  eas te rn  p o r t i o n  o f  t h e  r i d g e  were unusual ly  

p lag ioc lase  phyr i c ,  and cou ld  be descr ibed as p l ag ioc l ase  p o r p h y r i t i c .  

The p r i n c i p a l  phenocrysts i n  the g lassy po r t i ons  o f  t h e  basal  t s  are 

p lag ioc lase  and o l i v i n e ,  and l ess  f r equen t l y  c l inopyroxene. Analyses of 

the  basa l t  glasses prov ided by W.G. Melson reveal  a l a r g e  range i n  

chemistry w i t h  FeO*/MgO ranging from 0.913 t o  2.22 and T i02  ranging 

from 0.90 t o  2.69 w t . % .  Samples recovered from s t a t i o n  number 27 alone, 

however, have FeO*/MgO ranging from 0.913 t o  1.877 and T i02  ranging from 

0.90 to  2.50 wt.% Ti02, a v a r i a t i o n  nea r l y  as l a r g e  as f o r  t h e  e n t i r e  

r i d g e  system. The m a j o r i t y  o f  t he  basal t s  recovered had alumina contents  

t y p i c a l  f o r  mid-ocean r i d g e  basal t s  (14.0 t o  17.0 wt.% A1203), a1 though 

a number o f  h i gh  A1203 basa l t s  M 8 . 0  wt.%) were recovered a t  s t a t i o n  no. 

27 loca ted  between t h e  B u l l  a rd  and Conrad f r a c t u r e  zones. 



Dredges from t h e  f r a c t u r e  zones recovered basal t s  , a1 te red  

p e r i d o t i  tes, greenstones, a1 te red  duni tes, and massive hydrogeneous 

o r  hydrothermal i r o n  oxides. The massive i r o n  oxides were descr ibed 

onboard sh ip  as massive manganese, b u t  proved t o  be p r i n c i p a l l y  

i r o n  oxides dur ing  p re l im ina ry  examination i n  the l abo ra to r y  by Dr. 

V i r g i n i a  Burns o f  M.1 .T. They were recovered p r i n c i p a l l y  a t  s t a t i o n  33. 

P e r i d o t i t e s  were n o t  recovered from the  Conrad Fracture Zone desp i te  

the 1  arge number o f  s t a t i ons  loca ted  there.  E l  sewhere per ido ti tes  were 

recovered i n  abundance from along t he  Bui l a r d  Fracture Zone and the  

Vulcan Fracture Zone. These c l o s e l y  resemble mant le- tecton i  tes  commonly 

dredged from o the r  f r a c t u r e  zones i n  the  At1 an t i c .  Duni t e  w i t h  cumulus 

chromi t e  was a lso  recovered i n  a1 1 the p e r i d o t i  te-bear i  ng dredge hauls.  

Such samples are very r a re  i n  t h e  r e s t  o f  t h e  Woods Hole dredge 

c o l l e c t i o n s .  

Along w i t h  t he  greenstones dredged from the Conrad and B u l l a r d  

Fracture Zones were several su i t es  o f  hydrothermal quar tz  veins and 

breccia.  

Geochemical data i s  a v a i l a b l e  f o r  many o f  these samples t o  a s s i s t  

present and f u tu re  i nves t i ga to r s  i n  se l ec t i ng  add i t i ona l  samples f o r  

study. Th is  data may be obtained f rom the  c h i e f  s c i e n t i s t  o r  D r .  l e  Roex. 

The VULCAN 5 samples are 1  abeled i n  the  convent ional  manner, i n d i c a t i n g  

c ru i se  name, l e g  number, s t a t i o n  number, and sample number. We have fol lowed 

the  Scripps system i n  r e f e r r i n g  t o  t he  designated exped i t i on  name 

(e.g. VULCAN); thus t h e  4 - l e t t e r  p r e f i x  i n  t he  sample des ignat ion 

corresponds w i t h  the exped i t i on  name (e.g. VULC) r a t h e r  than r e f e r r i n g  t o  

the sh ip  name and c ru i se  number, as i s  the  convent ion a t  W.H.O.I .  



The f o l l ow ing  i s  a sumnary o f  t h e  i n i t i a l  research being 

conducted on t he  samples from VULCAN 5: 

Dr. Henry Dick (WHOI) - Microprobe and pet rographic  s tud ies  

o f  basal ts,  gabbros and p e r i d o t i  tes. 

Dr. W i  1 l i a m  Me1 son (Smi thsoni  an 1 n s t i  t u t i o n )  - M i  croprobe 

analyses o f  b a s a l t  glasses. 

Dr. Ela ine  Padovani (MIT) - Phenocryst s tud ies on basal t s .  

D r .  Anton l e  Roex (wHOI/Univ. of Cape Town, S ,  A f r i c a )  - Major 

and t race  element analyses by XRF, r a re  e a r t h  element 

and s t ron t ium iso tope  analyses on basal t s .  

Dr. Fred Frey (MIT) - Rare ea r t h  elements ana lys is  w i t h  l e  Roex. 

Dr. V i r g i n i a  Burna (MIT) - Mineralogy o f  i r o n  ox ide  c rus t s .  



MELVILLE - VULCAN 5 

(December, 1980) 

STA NO. 

18 
Conrad F.Z. 
S. Wall 
Transform 

19 
Conrad F.Z. 
S. Wall 
Transform 

, 20 
Conrad F.Z. 
E. I n t e r s e c t i o n  
S. Wall 

2 1 
Conrad F.Z. 
E.  I n t e r sec t i on  
S.Wall 

2 2 
Conrad F.Z. 
E. I n t e r sec t i on  
N. Wall 

2 3 
Conrad F.Z. 
S.  Wall 
Transform 

2 4 
Medi an Val 1 ey 
South o f  
Conrad F.Z. 

2 5 
Median Val l e y  
South o f  
Conrad F.Z. 

LOCATION 

55'51.94's 
4"17.401W 

!X051 .O7'S 
4'19.32'W 

55'50.04's 
4O25.34'W 

55 "50.701S 
4'25.26'W 

55 '46.89's 
4 "39.16'W 

DEPTH RANGE 
(cor r .  M.) 

2488- 
2032 

2835- 

4782- 
3221 

4456- 
3490 

4560- 
4361 

5378- 
3321 

3295- 
3227 

3294- 
3095 

GENERAL DESCRIPTION 

L i g h t l y  weathered sparse ly  p h y r i c  
( p l ag  + 01) g lassy basa l ts  (135K); 
one small basal t w i t h  30% phenos. 

General ly 1 i g h t l y  weathered basal t s ,  
some w i t h  g lass r i n d ,  p l ag  & 01 
phenols common (83K) ; 1 i g h t l y  
weathered gabbro & diabase (15K); 
basal t brecc ia  (1.4K) ; sco r i a  w i  t h  
30% p lag  (0.1K) g r a n i t e  e r r a t i c .  

L i g h t l y  weathered genera l l y  glassy 
basal ts,  aphyr ic  ( l5K) ,  p l ag  & 01 
phy r i c  (82K); metabasal t & meta- 
diabase (12K); gabbro & diabase 
(12K) ; e r r a t i c s  (2K). 

L i g h t l y  weathered basal t s  w i  t h  
glass r i n d s  common, aphyr ic  ( l6K) ,  
p lag  & 01 phy r i c  (237K) ; greenstone 
& metabasal t (8K) ; diabase and 
gabbro (21 K) ; hydrothermal q u a r t z i t e  
(3K) ; e r r a t i c s  ( 1  K) . 

Fresh p lag  phy r i c  g lassy basal t s  
(25K). 

L i g h t l y  weathered aphyr ic  b a s a l t  
(23K) ; 1 i ght-moderate weathered p l  ag 
& 01 p h y r i c  b a s a l t  (48K); l i g h t  
weathered d i  abase (1 27K); b recc i  as 
53K) ; e r r a t i c s  (5K). 

Fresh sparse ly  p h y r i c  basal t (46K). 

Fresh g lassy p l ag  p h y r i c  b a s a l t  (2K). 



MELVILLE-VULCAN 5 
(December 1980) 

DEPTH RANGE 
STA NO. LOCAT I O N  (Corr .  M. j 

26 
S. Wall F.Z. 56'36.75's 39 84 - 
East  o f  4'26.85'W 3523 
E. I n t e r s e c t i o n  

2 7 
A x i a l  High 
R i f t  V a l l e y  
6'W 

28 
Median Val 1 ey 
6"W Magnetic 
High 

2 9 
Median Val 1 ey 
6W Magnetic 
High 

30 
R i f t  Val l e y  
7" W 

31 
S. R i f t  
V a l l e y  7"W 
A x i a l  High 

3 2 
Nor thern  Wall 
o f  58"s F.Z. 

3 3 
Base o f  
Nor thern  Wall 
(58"s F.Z.) 

GENERAL DESCRIPTION 

Sparsely p h y r i c  1 i g h t l y  weathered 
basal  t s  (3.5K) ; metabasal t s ,  diabase, 
gabbro (11K); v a r i e t y  o f  m a f i c  
and f e l s i c  e r r a t i c s  (6K). 

Fresh-1 i g h t l y  weathered a p h y r i c  
g lassy basal  t s  ( 3 3 ~ )  ; 1 i gh t weathered 
p h y r i c  b lassy  basal  t s  - pheno's 
sparse t o  abundant ( 1  4K). 

Fresh h i g h l y  p h y r i c  p i 1  low b a s a l t  
w i t h  p l a g  c o n c e n t r i c a l l y  zoned (1  7K). 

L i g h t l y  weathered g lassy  basal  t 
w i t h  sparse p l  ag pheno's (1  7K). 

L i g h t l y  weathered g e n e r a l l y  g lassy  
basal t s  , aphyr i  c ( 1  15K), s p a r s e l y  
p l a g  p h y r i c  (5K); e r r a t i c s  (2K). 

L i g h t l y  weathered h i g h l y  p h y r i c  
( p l a g  & 01 ) b a s a l t ,  many w i t h  g l  ass 
marg in  (93K) ; m i  n o r  a p h y r i c  basal  t s  
and b recc ias  (3K) ; moderate ly  
weathered diabase (1 .5K) . 

L i g h t l y  weathered p l a g  & 01 p h y r i c  
b a s a l t  w i t h  minor  g lass  (6K) ; 
e r r a t i c s  (25K). 

L i g h t  moderately weathered basal  t, 
s p a r s e l y  p h y r i c  (46K), a p h y r i c  (20K); 
hydrothermal ( ? )  ferromanganese (6K) ; 
gabbro & diabase (4K);  e r r a t i c s  (12K). 



MELVILLE-VULCAN 5 
(December, 1980) 

STA NO. LOCATION 

34 
Base o f  N. Wall  57'46.91 'S 
A x i a l  Ridge 7'40.29'W 
58"s F.Z. 

35 
N. Wal l  57'56.97's 
Transverse 7'48.73'W 
Ridge 

36 
Top of  58'08.83's 
Transverse g045.82'W 
Ridge 

3 7 
N. Wall 58'25.82 'S 
F.Z. 15O39.7O'W 

38 
Low-Mi d 58O27.16'S 
South Wall  o f  15O29.16'W 
F.Z. 

39 
Center  of  58O39.08I.S 
A x i a l  High 16912.67'W 
i n  Median 
Val 1 ey 

40 
High near  58'59.35's 
W. Wall  o f  . 16°19.04'W 
Median Val l e y  

4 1 
Nor th  Wall 59'05.21 'S 
59"s F.Z. 16'48.46'W 

DEPTH RANGE 
( c o r r .  M.) GENERAL DESCRIPTION 

Very h e a v i l y  weathered p e r i d o t i t e  
(27K); f r e s h  b a s a l t s  (3K); 
asso r ted  e r r a t i c s  ( 1  7K). 

Very h e a v i l y  weathered p e r i d o t i  t e  
(313K) and m ino r  a1 t e r e d  m a f i c  rocks; 
e r r a t i c s  (4K). 

L i  ght-moderately weathered s p a r s e l y  
p h y r i c  b a s a l t ,  few w i t h  g l a s s  (38K); 
two 1 arge diabase/gabbro (46K) ; 
35% o f  dredge hau l  was e r r a  t i c s .  

H e a v i l y  weathered b a s a l t  b r e c c i a s  
(46K), p l  ag p h y r i  c basa l  t s  ( 1  9K) 
and a p h y r i c  basal  t s  (12K); h e a v i l y  
weathered diabase (13K) and m i n o r  
u l  t ramaf i cs ;  e r r a t i c s  (18K). 

L igh t -moderate ly  weathered p h y r i c  
b a s a l t  (46K); d iabase (17K); 
hydrothermal  q u a r t z ?  ( .1 K) ; 
e r r a t i  cs (1  1 K) . 

L i g h t l y  weathered p h y r i c  g l a s s y  
basal  t s  (1  70K), a p h y r i c  (25K). 

Fresh-1 i g h t l y  weathered g l a s s y  
aphy r i  c basal  t s  (75K). 

Med-heavi l y  weathered p e r i d o t i  t e s  
(64K). 



MELVILLE-VULCAN 5 
(December, 1980) 

DEPTH RANGE 
STA NO. LOCATION ( c o r r .  M.) 

4 2 
A x i a l  High i n  59O21.84'S 3984- 
Median V a l l e y  18'03.59'W 3832 

4 3 
Ridge Ax is  59044.901S 2594- 

17"58.43'W 2502 

GENERAL DESCRIPTION 

L i g h t l y  weathered s p a r s e l y  p l  ag 
p h y r i c  g lassy  basa l  t s  (40K), 
a p h y r i c  (4K). 

L i g h t l y  weathered p h y r i c  basa l  t s  
w i t h  minor  g lass  (15K) ; few 
e r r a t i  cs . 
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