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ABSTRACT 

Petrographic examination o f  74 outcrop samples o f  Paleocene through 

Pl iocene age f rom the  onshore Gu l f  o f  Alaska T e r t i a r y  Province i nd i ca tes  

t h a t  sandstones o f  the  province c h a r a c t e r i s t i c a l l y  are t e x t u r a l l y  

immature and minera log ica l  l y  unstable. Diagenet ic  a1 t e r a t i o n  o f  frame- 

work gra ins  throughout the  s t r a t i g r a p h i c  sequence has produced widespread 

z e o l i t e  cement o r  p h y l l o s i l i c a t e  g r a i n  coat ings and pseudomatrix. Mu1 t i p l e  

deformation and deep b u r i a l  o f  the  o l d e r  T e r t i a r y  sequence--the Orca Group, 

the  sha le  of Haydon Peak, and the  K u l t h i e t h  and Tokun Formations--caused 

extensive a1 t e r a t i o n  and g r a i n  I nterpenet ra t lon ,  r e s u l t i n g  I n  1  ow p o r o s i t y  

values. Less in tense deformation and in te rmedia te  depth o f  b u r i a l  of  the  

younger T e r t i a r y  sequence--the K a t a l l  a ,  Poul Creek, Redwood, and Yakataga 

Formations--has r e s u l t e d  i n  a g rea te r  range i n  t e x t u r a l  p rope r t i es .  Most 

sands tone samples i n  the younger T e r t i a r y  sequence are  p o o r l y  sorted, 

t i g h t l y  packed, and have s t r o n g l y  appressed framework gra ins ,  bu t  some are 

l e s s  t i g h t l y  packed and conta in  l e s s  mat r ix .  S o f t  and m i n e r a l o g i c a l l y  

unstable framework gra ins  have undergone cons! derabl e a1 t e r a t i o n ,  reducing 

pore space even i n  the  youngest rocks. 

Measurements of po ros i t y ,  permeabll i t y ,  g r a i n  dens i ty ,  and sonic 

v e l o c i t y  o f  outcrop samples o f  t he  younger T e r t i a r y  sequence i n d i c a t e  

a modest up-sect ion improvement i n  sandstone r e s e r v o i r  c h a r a c t e r i s t i c s .  

Nonetheless p o r o s i t y  and permeabi 1 i t y  va l  ues t y p i c a l  1 y  are be1 ow 16 

percent  and 15 mi 11 i d a r c i e s  r e s p e c t i v e l y  and g r a i n  dens i t i es  are consis-  

t e n t l y  high, about 2.7 gm/cc. Low pe rmeab i l i t y  and p o r o s i t y  values, and 
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high grain densities and sonic velocities appear t o  be typical o f  most 

outcrop areas throughout the onshore Gulf of Alaska Tertiary Province. 

INTRODUCTION 

Evaluation (or re-evaluation) o f  potential petroleum resources of t h e  

Gulf of Alaska Tertiary Province (GATP) I s  intensifying in anticipation 

of lease sales on the outer continental shel f .  A recent report by 

Plafker, Bruns, and Page (1975) summarizes the status of publicly 

available geological data and emphasizes the cr i t ica l  importance of 

sandstones with suitable reservoir qua! i t i e s  for  the petroleum potential 

of the GATP outer continental shelf. Although geological maps a t  a scale 

of 1: 125,000 or larger are available for much of the onshore area 

(Miller, 1957, 1971, 1975; Plafker and Miller, 1957; Winkler, 1973; 

Plafker, 1974), l i t t l e  detailed information has been pub1 ished on 

characteristics of the Tertiary sedimentary sequences in general, and 

of the sandstones in particular. This report presents qua1 i tat ive and 

quantitative textural and mineralogical da ta  for  74 sandstone samples 

from various local i t ies  in the onshore p a r t  of the GATP ( f i g .  1) and 

should faci l  i t a t e  forecasting physlcal properties of the offshore 

sedimentary rocks. 

Samples analyzed in th is  study were collected from 1963 to 1972 in 

conjunction with regional geological mapping and measurement of s t r a t i -  

graphic sections a t  key locations by Plafker and Winkler. All samples 

are from surface outcrops. The majority are from measured sections, 



STRATIGRAPHIC SECTIONS 

G U L F  OF A L A S K A  ROCKS or 

FIGURE 1. LOCATION MAP AND STRATIGRAPHIC RELATInNS OF ANALYZED SANDSTONES 
FROM THE ONSHORE GULF OF ALASKA TERTIARY PROVINCE 

D i s t r i c t s :  A ,  Pr ince  Wl l l lam Sound; 8, K a t a l l r ;  C. Yakataga; D. Malasplna; E. Yakutat; P ,  L l t u y a  



and thus t h e l r  r e l a t i v e  s t r a t i g r a p h i c  p o s i t i o n s  are w e l l  known ( f i g .  1). 

Many samples , however, were co? l e c t e d  a t  i so1 a t e d  outcrops ; t h e i  r fo rma t i on  

assignment i s  re1  i a b l e  b u t  t h e i r  r e l a t i v e  s t r a t l g r a p h i c  p o s i t i o n s  a re  

uncer ta in .  The samples a r e  from the  L i t uya ,  Malaspina, Yakataga, Kata l  l a ,  

and P r i nce  W i l l i a m  Sound d i s t r i c t s ,  and f rom Midd le ton  I s l a n d  ( f i g .  1). 

Although samples were c o l l e c t e d  f rom t h e  e n t i r e  T e r t i a r y  sec t ion ,  most 

analyses of phys i ca l  p r o p e r t i e s  were made on sandstones f rom the  upper 

p a r t  o f  t h e  sec t ion- - the  Ka ta l l a ,  Poul Creek, and Yakataga Formations-- 

s ince  p o s s i b l e  hor i zons  o f  pet ro leum accumulat ion o f f s h o r e  a re  i n  these 

u n i t s .  

Tex tu ra l  C h a r a c t e r i s t i c s  of t h e  samples were s tud ied  i n  t h ree  ways: 

( I )  by examinat ion of s l a b  samples w l t h  t h e  b i n o c u l a r  microscope; (2)  

by e s t i m a t i o n  and then measurement o f  s o r t i n g ,  pack ing dens i ty ,  and 

percen t  m a t r i x  i n  t h i n  sec t i ons  w i t h  t h e  pe t rog raph i c  microscope; and 

(3)  by 1 abora to ry  measurement o f  permeabi 1 i ty, p o r o s i t y ,  g r a i n  dens i t y ,  

and son ic  v e l o c i t y  i n  plugs. M ine ra log i ca l  c h a r a c t e r i s t i c s  were s tud ied  

by modal analyses o f  t h i n  sec t i ons  t h a t  had been s ta i ned  f o r  potash 

f e l d s p a r  and impregnated w i t h  dyed p l a s t i c  t o  enhance open pores, and 

by x - ray  d i f f r a c t i o n  o f  whole rock  samples and minera l  separat ions.  

STRATIGRAPHIC AND STRUCTURAL SETTING 

The Gulf  o f  Alaska T e r t i a r y  Prov ince (P la f ke r ,  1967, 1971) i nc l udes  an 

onshore area o f  approx imate ly  29,000 km2 (11,000 mi2 ) ,  extending f rom 

near  Cross Sound on t h e  eas t  t o  B l y i n g  Sound on t he  west. The p rov ince  
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i s  underlain by a thick sequence of marine and nonmarlne sedimentary 

and volcanic rocks tha t  range i n  age from Paleocene through Pllocene 

(and local l y  Pleistocene) . Tertiary and Quaternary s t r a t a  a1 so extend 

offshore under much of the contiguous continental she l f ,  perhaps an 

addi t ional  52,000 km2 (20,000 m i  '). 

Systematic surface mapping of the province has been carrled out 

in termit tent ly  since 1944 as par t  of the  U .  S. Geological Survey 

petroleum investigations i n  southern Alaska. Additional information on 

the province has come from geophysical studies and from 26 deep explora- 

tory wells and many core holes d r i l l ed  along the coastal lowlands t h a t  

border the Gulf of Alaska. The geology and petroleum potential of t he  

GATP has been described i n  a se r ies  of Geological Survey reports and maps 

and has been summarized recently by Plafker (1971) and Plafker, Bruns, and 

Page (1975) i n  papers t ha t  contain extensive l i s t s  o f  source data. The 

following out1 ine of the geologic se t t ing  of sequences tha t  were sampled 

fo r  the present study was modified from these two publications. The 

in teres ted reader i s  referred t o  them f o r  additional informatlon on the 

geology of the GATP. 

Tert iary s t r a t a  of the province are broadly d iv i s ib le ,  on the basis o f  

s t ructural  s t y l e ,  in to  two terranes:  (1) an older sequence o f  well 

indurated, complexly deformed rocks of ear ly  Tert iary age (Paleocene 

and Eocene); and ( 2 )  a younger sequence, mainly of  middle and l a t e  

Tert iary age, t h a t  i s  considerably l e s s  indurated and deformed. 

The older Ter t iary  sequence, which consis ts  of the Orca Group, 

the shale of Haydon Peak, and the Kul th ie th  and Tokun  Formations, 
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i s  mainly flyschlike bathyal marine sedimentary rocks interbedded with 

mafic volcanic rocks in the Prince William Sound and western Katalla 

d i s t r i c t s  (Winkler, 1976; Plafker, 1974) and shallower marine and 

continental sedimentary rocks with abundant coal in the eastern Katal 1 a ,  

sedimentary rocks with abundant coal in the eastern Katalla, 

Yakataga, and western Ma1 aspina d i s t r i c t s  (Pl afker, 1971).  blest 

of the Katalla d i s t r i c t ,  the upper part of the older sequence i s  

not present; to the east ,  the lower part thins and was deposited 

a t  progressively shallower depths. East o f  Yakutat Bay, the lower 

part o f  the older sequence i s  not present, The maximum thickness 

of the older Tertiary sequence i s  estimated to  be a t  leas t  7000 m 

(23,000 f t ) ,  b u t  prevailing structural complexity and lack of l i thologi- 

cal l y  dis t inct ive beds precl ude ref iabl e measurements. 

The younger Tertiary sequence, which consists o f  the Katalla, Poul 

Creek, Redwood, and Yakataga Formations, i s  mainly bathyal to  1 i t toral  

marine mudstone, s i l t s tone ,  and subordinate sandstone. I t s  lower part 

i s  characterized by organic-rich s t r a t a ,  glauconitic sandstone, and lesser  

tu f f ,  agglomerate, and pillow lava; and i t s  upper part by abundant 

glaciomarine detr i tus  (Plafker, 1971; Miller, 1951, 1975).  Faunal types 

in the younger Tertiary rocks indicate a progressive cooling from sub- 

tropical and  paratropical cl imatic conditions that  prevailed durlng 

deposition of the lower part of the younger sequence to  cold water 

conditions that have prevailed from mid-Miocene t o  the present time. 

Thicknesses of the younger Tertiary units vary greatly from place 

to  place, b u t  an average composite thickness i s  on the order of 
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Deformation o f  vary ing  i n t e n s i t y  has af fected the  GATP throughout 

much o f  Cenozoic t ime, b u t  the most in tense orogenic episodes 

culminated i n  e a r l y  and l a t e  T e r t i a r y  t ime (Plafker ,  1969). Older 

T e r t i a r y  rocks t h a t  have been invo lved i n  both maj0.r orogenies are 

markedly more deformed than, and l o c a l l y  d i f f e r  i n  s t r u c t u r a l  

t rends from, the younger T e r t i a r y  sequence. The e a r l y  T e r t i a r y  

orogeny probably had two phases t h a t  culminated i n  Eocene t ime: 

(1) an e a r l i e r  phase o f  complex t i g h t  f o ld ing  and pervasive 

f a u l  t i  ng , general l y  t rend ing  para-11 el t o  the  present continen t d l  

margin, w h i l e  the  lower T e r t i a r y  rocks were o n l y  s e m i l i t h i f i e d  

and s t i l l  contained considerable amounts o f  pore water; and (2)  

a l a t e r  phase o f  extensive emplacement o f  50 m. y. 01 d g r a n i t i c  

p l  utons (Plafker  and Lanphere, 1974) t h a t  i n  some places have 

broad d i  scordant thermal aureol es . These two phases, which were 

separated ,by perhaps 5-10 m. y. , r e s u l t e d  I n  reg iona l  metamorphism 

o f  the  lower T e r t i a r y  rocks t o  the  z e o l i t e ,  and l o c a l l y  the  

prehni  te-pumpel l y i  t e ,  f ac ies  (Winkler and P la fker ,  1974). 

The younger orogeny, which began by e a r l y  Miocene t ime east  

of the  Copper River, r e s u l t e d  i n  pronounced d i f f e r e n t i a l  up1 i f t  

of the  Chugach, Sa in t  E l i as ,  and Fairweather Mountains, and 

asymmetric f o l d i n g  and t h r u s t i n g  o f  o l d e r  sequences over younger 

a1 ong a ser ies  of major east- t o  nor theas t - t rend ing  imbr ica ted  

faul t s  (Plafker ,  1969). There i s  a general decrease i n  the  i n t e n s i t y  

of f o ld ing  and the  magnitude of f a u l t  displacements from no r th  t o  
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south across the onshore GATP; fold  asymmetry and fold  and f a u l t  

or ienta t ions  indicate NW-SE compressf ve s t r e s s .  Miner unconformi t i e s  

and thick beds of conglomerate i n  the lower par t  o f  the younger 

Tert iary sequence onshore indicate local u p l i f t  and erosion i n  

ear ly  Miocene time. Multiple angular unconformities i n  the upper 

par t  of the younger Tert iary sequence indicate t ha t  s t ructures  

were growing during 1 a t e  Pl iocene time. Abundant glaciomarine 

de t r i tus  throughout the younger Tert iary sequence a t t e s t s  t o  a 

s t ruc tura l ly  posi t ive  northern margin t o  the basin suf f ic ien t ly  

mountainous t o  nourish tidewater gl ac ie r s  (Plafker,  Bruns , and 

Page, 1975). Prel iminary in terpreta t ions  of seismic ref1 ection 

prof i l es  of par t  of the offshore GATP (Bruns and Plafker, 1975) 

suggest t ha t  the onshore s t ructural  s t y l e  i n  general extends 

onto the outer continental she1 f, a1 though s t ructures  offshore may be 

more open. Shallow earthquake foci on the shelf  i n  addition t o  t i l t i n g ,  

faul t ing,  and up1 i f t  of marine rocks as  young as middle Pleistocene on 

the Middleton Island platform indicate  t ha t  some of the offshore s t ructures  

a lso  are  growing act ively .  

TEXTURE 

The sandstone samples were collected from a var ie ty  o f  bed types, 

including t h i n  and l en t i cu l a r  s t r a t a ,  massive and continuous s t r a t a ,  

poorly sorted and a l t e red  beds, and clean and fresh beds. Inasmuch as 

the samples were col lected w i t h  overall formational charac te r i s t i cs  In 
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mind r a t h e r  than f o r  optimum r e s e r v o i r  p o t e n t i a l ,  we judge i t  p re fe rab le  

t o  evaluate t e x t u r a l  p rope r t i es  by s t r a t i g r a p h i c  u n l t .  Descr ipt ions 

and f i e l d  r e l a t i o n s  o f  i n d i v i d u a l  samples are l i s t e d  i n  Appendix 1. 

Figure 2 shows c o r r e l a t i o n  o f  s t r a t i g r a p h i c  u n i t s  w i t h  s f x  sandstone 

t e x t u r a l  p roper t ies :  (1 )  so r t i ng ,  ( 2 )  packing dens i ty  (est imated and 
measured), (3) type o f  g r a i n  contacts, ( 4 )  cementing agent, (5 )  percent  

o f  mat r ix ,  and (6 )  p ropo r t i on  of a l t e r e d  samples. The data from which 

t h i s  f i gu re  has been constructed are  inc luded i n  Appendices 2 and 3. 

Wi th in  each t e x t u r a l  category, we a r b i t r a r i l y  have ranked p rope r t i es  

so tha t ,  i n  most cases, more favorable c h a r a c t e r i s t i c s  for reset*voir. 

p o t e n t i a l  are t o  the  r i g h t  s ide  o f  the  abscissa and l e s s  favorable are 

t o  the l e f t .  The o rd ina te  i n  a1 1  cases i s  the  percent  of t o t a l  samples 

t h a t  e x h i b i t  the p a r t i c u l a r  p roper t ies .  

(1) Sor t i ng  was est imated v i s u a l l y  by r e f e r r i n g  t o  s o r t i n g  images 

i l l u s t r a t e d  i n  Pe t t i j ohn ,  Pot ter ,  and Siever (1972, p. 585). 

( 2 A )  Estimated packing dens i ty  was determined v i sua l  l y  where 

High = framework gra ins  t i g h t l y  packed w i t h  abundant i n t e r p e n e t r a t i o n  

i n v o l v i n g  squeezing o f  re1 a t i v e l y  s o f t  1  i t h i c  fragments between and 

around more r e s i s t a n t  g ra ins  such as quar tz  and fe ldspar ;  

Moderate = c l o s e l y  packed framework w i t h  minor g r a i n  i n t e r p e n e t r a t i o n  

and l i t t l e  o r  no deformation of I i t h i c  fragments; and 

Low = framework separated by o r  " f l o a t i n g "  i n  m a t r i x  o r  au th igen ic  cement 

w i t h  no observable g r a i n  i n te rpene t ra t i on .  

(20)  Calculated packing dens i ty  was measured by the  formula, 

Packing dens i ty  = pd = gi X 100, where g represents the  g ra in -  
i= l  1 





i n t e r c e p t  s i z e  o f  t h e  i t h  g ra in ,  r i ,  o f  a  t r ave rse  o f  n g ra ins  o f  

abso lu te  l eng th ,  t, where m = a magni f icat i ,on c o r r e c t i o n  (Kahn, 1956). 

A h igh  va lue o f  pd i n d i c a t e s  a very  t i g h t l y  packed framework w i t h  l i t t l e  

pore space o r  ma t r i x .  I n  these samples, pd was n o t  measured where 

au th i gen i c  carbonate was est imated v i s u a l l y  t o  be more abundant than 

25 percen t  o f  t h e  t h i n  sec t ion .  

(3)Type - o f  g r a i n  con tac ts  (Tay lor ,  1950) i nc l ude  a) su tu red  g ra ins ,  

mutual s t y l o l i t i c  i n t e r p e n e t r a t i o n  o f  two o r  more g ra ins  (which must be 

d i s t i n g u i s h e d  c a r e f u l l y  f rom p i n s  o f  p o l y c r y s t a l l  i n e  q u a r t z ) ,  u s u a l l y  

a t t r i b u t e d  t o  much pressure 501 ~itti)i.; L j  L J I I ~ & V S - C b ( ~ ~ C X  9, a ; i t  L L , ~ L Q L C ~ ,  

u s u a l l y  a t t r i b u t e d  t o  moderate pressure s o l u t l o n ;  c )  l o n g  o r  s t r a i g h t  

con tac ts ,  i n d i c a t i v e  o f  o n l y  minor  compaction and pressure s o l u t l o n ;  

d)  p o i n t  o r  t a n g e n t i a l  con tac ts ,  minor  o r  no pressure s o l u t i o n ;  and e )  

f l o a t i n g  g ra ins  which a re  n o t  i n  con tac t  w i t h  o t h e r  framework cons t i t uen t s .  

Inasmuch as most samples e x h i b i t  more than one type o f  common g r a i n  

contact ,  these histograms t o t a l  more than 100 percent .  

( 4 )  Cementing agent i s  separated i n t o  t h r e e  ca tego r i es :  g ra i ns  mos t l y  

bound t oge the r  by au th i gen i c  cement (carbonate, zeol i te,  o r  c l  ay 

minera l  s )  , g ra ins  mos t l y  i n t e r p e n e t r a t i v e ,  o r  subequal p ropo r t i ons  o f  

cement and appressed g r a i n  boundaries. 

( 5 )  Percent - of m a t r i x  i s  a  r a t h e r  s u b j e c t i v e  index  t h a t  may i n c l u d e  

i n t e r g r a n u l a r  m a t e r i a l  o f  d i ve rse  o r i g i n .  I n  sandstones such as these 

w i t h  moderate t o  advanced framework a1 t e r a t i o n  and u b i q u i  tous phy l  l o -  

s i l i c a t e  coa t ings  and pore f i l l i n g ,  i t  may be n e a r l y  imposs ib le  t o  

d i s t i n g u i s h  o r i g i n a l  m a t r i x  f rom a l t e r e d  rock  fragments or pseudomatrix. 



Thi s problem i s  discussed by Dickinson (1970). Certainly several types 

of clayey matrix (lutem) occur in these sandstones; since the i r  influence 

on ultimate rock texture i s  the same, they have been combined for  th i s  

diagram. 

(6)Number - of a1 tered samples depicts the percentage o f  total  samples 

for each stratigraphic unit that  exhi b i t  wf despread a1 teration o f  frame- 

work grains (chiefly alteration of l i t h i c  and feldspar grains).  

There i s  an obvious interrelationship of textural properties which we 

interpret as having an important affect  on sandstone reservoir qua1 i ty. 

For example, there should be a good inverse correlation between packing 

density and percentage of cement o r  matrix in each sample. I t  i s  possible, 

however, t o  get anomalously high matrix counts in t ight ly compacted rocks 

that contain badly squeezed aphanitic 1 l t h i c  fragments because the fragments 

may be mistaken for  lutem. This i s  particularly 14 kely when framework 

grains have been a1 tered. Packing density also normally will be related 

indirectly t o  the type of grain contacts, as  will porosfty and, possibly, 

cement. Tightly appressed grains with sutured, concavo-convex, and long 

contacts usually occur in sandstones with a high packing density and low 

porosity, unless fracture porosity i s  present. In t e r s t i t i a l  cement, i f  

present a t  a l l ,  usually consists of s i l i c a  overgrowths with only minor 

carbonate or clay. 

Interrelations o f  the textural components, framework, matrix, and 

cement (f ig .  3 ) ,  lead us t o  be1 ieve that  most of these sandstones were 

relatively clean (primary matrix less  than 15 percent) when deposited 

and could have permitted early migration o f  hydrocarbons prior to  



Figure  3. Tex tu ra l  components o f  36 sandstones, G u l f  o f  Alaska T e r t i a r y  
Prov ince (n=number o f  samples). 
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porosity reduction by compaction, a1 teration of framework grains, and 

formation of authigenic cement and matrix, We should emphasize that  

these diagenetic changes may have begun early in the post-depositional 

history of the sandstones. Rapid sedimentary burial and coeval tectonlsm 

have occurred during much of Cenozoic time in the eastern Gulf o f  Alaska-- 

conditions which may have led t o  rapid reduction of original porosity 

and permeabi 1 i ty. 

Important differences in textural properties between the lower 

Tertiary and the middle and upper Tertiary rocks re f lec t  the intense 

deformation of the older rocks. The Orca, Haydon Peak, and Kulthieth 

samples usually have strongly interpenetrated grains; where grains are 

not as strongly appressed, they are surrounded by pseudomatrix. The 

dominant matri x mineral s are quartz, serl  cl t e ,  and 1 aumonti te .  Quartz 

coatings on grains are present frequently; clay coatings are infrequent. 

Prehnite occasionally I s  present in veins or patches. In general, 

prehnite i s  more typical of the Orca Group and laumontite and authigenic 

quartz of the Kulthieth Formation. 

The middle and upper Tertiary rocks have more diverse textural proper- 

t i e s  than those in the  lower Tertiary section. Generally the T o k u n ,  

Katalla, Poul Creek, Redwood, and Yakataga Formations tend t o  be better 

sorted and less  t ight ly compacted, with less  pressure solution and 

pseudomatrix. Where matrix i s  abundant, i t  tends to  be a primary admixture, 

although commonly chlori te  and se r i c i t e ,  and occasionally laumontite, are 

present as matrix minerals. Carbonate cement i s  very common, and 

glauconite, both as i n t e r s t i t i a l  material and as discrete grains, occurs 



f requent ly .  S u r p r i s i n g l y  each o f  the middle and upper T e r t i a r y  formations 

a1 so has dense, thoroughly a1 te red  samples w i t h  s t rong i n te rpene t ra t i on  of 

framework gra ins.  Thus, middle and upper T e r t i a r y  formations have repre- 

senta t ives  i n  almost every t e x t u r a l  category ( f f g .  2) .  

As i nd i ca ted  i n  f i g u r e  3, the mean propor t ion  o f  m a t r i x  f o r  each 

s t r a t i g r a p h i c  u n i t  decreases w i t h  decreasing age (and decreasing p o t e n t i a l  

depth of  b u r i a l ) ,  except t h a t  the  Yakataga Formatjon has a s l i g h t  increase 

i n  pr imary mat r ix .  This  f u r the r  supports our concept t h a t  most o f  the 

m a t r i x  i n  sandstones from the Gu l f  o f  Alaska T e r t i a r y  Province i s  der ived 

secondar i ly  . 

PERMEABILITY, POROSITY, GRAIN DENSITY, AND SONIC VELOCITY 

Measurements of a i  r pemeabi 1 i t y  , porosl  t y  , and g r a i  n densi t y  were 

made by - Core Laborator ies, x., of Da l l  as, Texas, on 50 sandstone 

samples from the  GATP. I n  add i t ion ,  sonic v e l o c i t i e s  a t  s i x  d i f f e r e n t  

e f f e c t i v e  overburden pressures were measured on 25 o f  these samples 

from small cy1 i n d r i c a l  plugs t h a t  were saturated w i t h  a b r i n e  conta in ing  

30,000 p a r t s  per  m i l l i o n  sodium ch lor ide .  Complete data are l i s t e d  i n  

Appendices 4 and 5. Permeabi 1 i ty  i s  compared w i  t h  re1 a t i  ve s t r a t i g r a p h i c  

pos i t i ons  o f  the analyzed samples on f i g u r e  4. Poros i ty ,  g r a l n  densi ty ,  

and sonic v e l o c i t y  w i t h  respect t o  s t r a t i g r a p h i c  p o s i t i o n  are  depicted 

on f i g u r e  5. 

Measured pe rmeab i l i t i es  i n  the e n t i r e  sample s u i t e  a re  low, w i t h  a 

mean of 3.8 m i l l  i d a r c i e s  (Md) bu t  a median value o f  o n l y  0.08 Md. 
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Sandstones w i t h  pe rmeab i l i t y  g rea ter  than 10 Md were found on l y  i n  the  

upper p a r t  of the  Poul Creek Formation and i n  the  Yakataga Formation. 

I n  the  two samples w i t h  values above 20 Md ( f i g .  4, #8=69 Md; #40=26 Md) , 

in terconnect ing  f rac tu res  were noted i n  t h i n  sect ions. Wi th in  the Poul 

Creek and Yakataga Formations there appears t o  be no cons is ten t  r e l a t i o n  

o f  permeabi 1 i ty t o  s t r a t i g r a p h i c  p o s i t i o n  o r  t o  geographic l oca t i on .  

Measured p o r o s i t i e s  ( f i g .  5 )  a l so  are low, and range from 1.6 t o  21.0 

percent, w i t h  a mean o f  8.8 percent.  There i s  a general increase i n  

p o r o s i t y  upward s t r a t i g r a p h i c a l l y ,  suggesting t h a t  depth o f  b u r i a l  i s  

an important  f a c t o r  i n  con t ro l  1 i n g  po ros i t y .  Sonic v e l o c i t i e s  ( w l  t h  a 

mean o f  14,460 f t l s e c  @ 1500 P S I )  genera l l y  decrease upward I n  the  

sequence. However, there i s  considerable s c a t t e r  i n  the  data, pa r t f cu -  

l a r l y  i n  samples from the  Yakataga Formation. Grain dens i t i es  range 

from 2.61 t o  2.79 gm/cc, averaging about 2.7, b u t  show no cons is ten t  

change w i t h  s t r a t i g r a p h i c  pos i t i on .  

Measurements o f  p e m a b i l  i t i e s  and p o r o s i t i e s  o f  149 outcrop samples 

co l  1 ected by L y l e  and Palmer (1976) dur ing  de ta i  1  ed sampl i ng o f  sandstone 

beds i n  the Yakataga Formation o f  the  Yakataga d i s t r i c t  are q u i t e  va r iab le  

but genera l l y  a re  greater  than our  values, The i r  pe rmeab i l i t y  values t h a t  

are greater  than 100 Md, however, are r e s t r i c t e d  t o  sandstone beds i n  the  

middle and upper p a r t  o f  the  Yakataga formation, which may be more than 

2000 metres above the prospect ive horizons near the contact  between the  

Poul Creek and Yakataga Formations. 



SANDSTONE / SHALE RATIOS 

Sandstone/shale rat ios  of measured sections from which sandstones were 

obtained for  th i s  study (Table 1) vary widely. Ratios in the Yakataga 

Formation in areas as close together as Kayak Island (section #5, 1/0.9) 

and Suckling Hills (#7,  1/11.6) di f fer  by a factor o f  more than ten. 

Generally differences are less ,  b u t  even thick sandstone units tend to  be 

lent icular  within distances of a few kilometres or less.  Most sandstone 

beds in these units appear to be channel f i l l s ;  elongated shoreface 

sandstones are rare. 

Quantitative information i s  limited on the sandstone/shale rat ios  o f  

the lower Tertiary units a t  loca l i t ies  sampled for  th i s  study. The 

prevailing structural complex1 ty o f  these rocks precludes measurement of 

thick sections. In the Prince Will iam Sound area, flyschl i ke sedimentary 

rocks of the Orca Group may be as much as 50 percent sandstone, b u t  

individual beds are highly lent icular  and generally are bounded by dense, 

hard a rg i l l i t e .  In contrast, the equivalent shale o f  Haydon Peak In the 

Malaspina d i s t r i c t  probably has less  than 10 percent sandstone in thick, 

la te ra l ly  persistent beds. The Kulthieth Formation o f  the Yakataga and 

Malaspina d i s t r i c t s  has a high sandstone/shale ra t io ,  as much as 1/0.7 

a t  the Kulthieth River section west of Kul thieth Mountain (section #8) 

in the Yakataga d i s t r i c t ,  and 1/0.6 in the Samovar Hi1 1s o f  the Malaspina 

d i s t r i c t  (section #13). 



Table 1 . Sandstone/shale r a t i o s  by measured section and s t r a t i g r a p h i c  u n i t  

* 
Measured s e c t i o n  Format ion Thickness # Sands tone/s ha1 e 

1 MIDDLETON ISLAND Yakataga 1203 m (3950 f t )  1 / 10.1 

3 MILLER HILLS Redwood 

4 WINGHAM ISLAND Yakataga 

Ka t a l l  a 

Tokun 

5 KAYAK ISLAND ( W  & N) Y aka taga 

K a t a l l a  

7 SUCKLING HILLS Y a ka taga 

Ka t a l l  a 

KULTHIETH RIVER Poul Creek 

Kul thi e t h  

8 KULTHIETH MOUNTAIN Yaka taga 

1250 (4100) 
(es t imated)  

2467 (8040) 

9 YAKATAGA REEF Yaka taga 262 (860) 1 / 2.0 

Poul Creek 204 (670) 1 / 2.6 

13 SAMOVAR HILLS Yakataga 1560 (5120) 1 / 2.6 

Kul t h i e t h  828 (2700) 1 / 0.6 

16 LA PEROUSE GLACIER Yakataga 2042 (6700) 1 / 8.6 

* 
Numbers correspond t o  those on f i g u r e  1 

# Does n o t  i n c l u d e  covered i n t e r v a l s  



MINERALOGY 

Sandstones of the GATP are  subquartzose ( i .  e . ,  to ta l  o f  quartzose 

grains i s  greater  than 50 percent);  although d e t r i t a l  modes vary widely, 

the average composition i s  1 i thofeldspathic ( f ig .  6 ) .  In general,  

w i t h  decreasing age of the samples, the percentage of quart tose grains 

( Q )  decreases, the percentage of t o t a l  feldspar grains ( F )  increases,  

and the percentage o f  rock fragments (L) remains about the same. 

Average modes fo r  the ent i  re sul te  of samples are  as follows: poly- 

crystal  1 ine quar t t  ( C )  const i tu tes  about 10 percent o f  to ta l  quartz,  

subequal proportions of fresh and strongly a l tered a l tered plagioclase 

( P )  const i tu te  about 90 percent of to ta l  feldspar,  and a l t e red  mafic t o  

intermediate volcanic 1 i th ic  grains ( V )  consitute about 70 percent of 

to ta l  l i t h i c  grains. There are  no systematic changes i n  C ,  P ,  o r  V i n  

samples of d i f fe ren t  ages. There i s  a systematic change, however, i n  

proportions of the various 1 i t h i c  consti tuents.  In the younger samples, 

the abundance of vol canic 1 i t h i c  grains decreases w i t h  decreasing age 

and weakly fol ia ted metamorphic 1 i t h i c  grains (M) increase markedly. 

Sedimentary 1 i t h i c  grains (S) vary i r regu la r ly  and appear t o  be largely  

of intraformational origin.  

Q-F-L re la t ions  of the GATP sandstones are  s t r ik ing ly  s imilar  t o  

those of Ter t iary  sandstones from the Queen Charlotte Basin (Galloway, 

1974) and the  western Olympic Peninsula and Vancouver Is1 and (Stewart, 

1974); they are  very d i f fe ren t  from Q-F-L re la t ions  of Tert iary sand- 

stones deposited i n  arc-related troughs, such as the Bristol Basin o f  
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A1 aska and the  Grays Harbor-Chehal 1 s Bas1 ns o f  Washington (Gal 1 oway , 

1974), which have many more l i t h i c  g ra ins  and p l o t  much c lose r  t o  the  

rock fragments apex of the Q-F-L diagram ( f i g .  6 ) .  

Percentage o f  heavy mineral assemblages and d e t r l t a l  b i o t i t e  f r o m  

GATP sandstones are l i s t e d  i n  Table 2. Abundances of both t o t a l  heavy 

minera ls  and b i o t i t e  increase upward through the  s t r a t i g r a p h i c  sequence. 

However, the  same su i tes  of  heavy minerals,  w i t h  s l i g h t  s h i f t s  i n  pro- 

po r t i ons  of cons t i tuents  , occur throughout the sequence. Epl dote, 

sphene, garnet, hornblende, and muscovite a re  present i n  nea r l y  every 

sample. Other heavy mineral species, 1 i sted  as "accessory" o r  " t race"  

i n  Table 2, occur l ess  cons i s ten t l y ,  b u t  a l so  show no apparent s t r a t i -  

graphic con t ro l .  Glauconite f s the  o n l y  exception. A1 though i t  i s  n o t  

present  i n  the  o l d e r  T e r t i a r y  samples, glauconi t e  ab rup t l y  appears I n  

the middle T e r t i a r y  Ka ta l l a  and Poul Creek Formations. I t  i s  particularly 

abundant i n  sandstones t h a t  are s p a t i a l l y  associated w i t h  f lows and 

plugs of a1 ka l  i 01 i v i n e  basa l t ,  which suggests t h a t  t h i s  g laucon i te  

formed i n  l a r g e  p a r t  through a1 t e r a t i o n  o f  basal t i c  d e t r i t u s  (Plafker ,  

1974). Glauconite o f  probable d e t r i t a l  o r i g i n  a l so  i s  present,  b u t  i n  

much smal ler  amounts, i n  h a l f  o f  the  samples from the younger T e r t i a r y  

sequence. 
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PROVENANCE 

Throughout the  s t r a t i g r a p h i c  sequence, GATP sandstones appear t o  

have been der ived from s i m i l a r ,  mixed sources. The moderate percentage 

o f  quar tz  and the  presence, i n  a l l  formations, o f  p o l y c r y s t a l l i n e  

quartzose gra ins,  f o l i a t e d  l i t h i c  gra ins,  epidote, garnet, and abundant 

mica are c h a r a c t e r i s t i c s  of a " t e c t o n i c "  provenance (Dickinson, 1970). 

The up-sect ion increase of f o l i a t e d  l i t h i c  g ra ins  and b i o t i t e  r e f l e c t s  

e i t h e r  progressive " tec ton i za t i on "  o f  the source te r rane o r  progressive 

eros ion exposing deeper l e v e l s  o f  an a l ready tec ton ized terrane.  I n  

add i t ion ,  h igh  feldspar and low 1  i t h i c  percentages suggest a p l u t o n i c  

provenance; because l i t t l e  potash fe ldspar  i s  present, t he  p l u t o n i c  rocks 

were probably of in termediate composit ion. Recycl ing o f  d e t r i t u s  from a 

composite sedimentary and vo lcan ic  te r rane i s  suggested by the  abundant 

a1 te red  fe ldspar  gra ins,  the  f requent  occurrence o f  s t r o n g l y  a1 te red  

ma f i c  vo lcan ic  d e t r i t u s ,  and the  sporadic occurrence o f  quar tz  g ra ins  

w i t h  overgrowths t h a t  have been s l i g h t l y  rounded. 

These minera log ica l  c h a r a c t e r i s t i c s  i n d i c a t e  t h a t  t he  d e t r i t u s  apparent ly  

was der ived from a tec ton ized and i n t ruded  sedimentary and vo1 canic terrane.  

For the o l d e r  T e r t i a r y  sequences, the  l o c a t i o n  o f  t he  te r rane i s  problemat ica l ,  

bu t  most l i k e l y  was the adjacent Chugach terrane,  which cons is ts  o f  low 

grade s la te ,  graywacke, and greenstone west o f  the  Copper R iver  t h a t  i s  

t r a n s i t i o n a l  i n t o  a  h igh  grade c r y s t a l  1  i n e  schis t -gneiss-p l  u ton i c  

complex east  o f  the  Copper River.  C e r t a i n l y  by Miocene t ime l o c a l  sources 

are ind ica ted ,  Conglomerate i n  the  Redwood Formation and d i a m i c t l  tes  



in the Yakataga Formation (Plafker and Addicott, 1976) have c las t s  

consisting of b io t i te  granodiori t e ,  metabasal t ,  s l a t e ,  graywacke, and 

layered gabbro. These c las t s  clearly are derived from the core of the 

nearby Chugach-Saint El ias-Fai rweather Mountains. Mu1 t i p l e  intra- 

formational unconformi t i e s  in the younger Tertiary sequences and the 

recurrence of detr i  ta l  gl auconi t e  i n  the younger rocks indicates that  

there was considerable reworking with possible second- (or third-) cycle 

sedimentation of local ly-deri ved detr i tus .  

DIAGENESIS 

In general, sandstones of the GATP are texturally immature and 

mineralogi cal l y  unstable. Porosl ty  and permeabll i t y  have been affected 

adversely by diagenetic a1 teration (Gal loway, 1972). In our samples, 

a l terat ion includes widespread framework modification, formation of phyllo- 

s i l i c a t e  coatings, and f i l l i n g  of inters t ices  with authigenic cement or 

pseudomatrix. Gal loway (1974) observed a sequential development of 

diagentic features with increasing depth o f  burial in sandstones from 

Tertiary basins in Washington, British Cl umbia, and southwestern Alaska. 

Although i t  seems l ikely that  a similar process may apply to  GATP sand- 

stones, contemporaneous sedimentation and tectonism has complicated the i r  

interpretation. I t  i s  d i f f i cu l t ,  for  example, to  gauge the importance o f  

compressive deformation or of tectonic thickening of sedimentary sequences 

in developing particular diagenetic features. 

I t  i s  apparent, however, that  the older Tertiary sedimentary sequences-- 



the Orca Group, the shale o r  Elaydon Peak, and the Kul t h i e t h  Formatdon-- 

p n e r a l  l y  have charac te r i s t i c  deep-burial diagenet ic  features silni 1 ar t o  

those of Stage 3 of Gal loway (1974). Framework grains ,  pa r t i cu la r ly  volcanic 

1 i t h i c  grains and plagioclase feldspar,  a re  moderately t o  strongly a1 tered 

to  ch lo r i t e ,  laumonti t e ,  and se r ic i  t e .  In a few cases,  quart-prehni te- 

carbonate veins o r  even pumpellyite in volcanic l t t h i c  grains are  present, 

pa r t i cu la r ly  in the Orca Group. In te r s t i ces  a re  f i  1 led with authigenic 

ch lo r i t e  or  with laumonti t e .  Typically the ch lor i t e  forms i r regular  

masses, b u t  in a few cases i t  grows outward in to  former pore spaces 

(sJrni1;r t o  "apimatrix" o f  iliLnft~sor't, Y ~ J G ; .  u d n r c ~ ~ a y  ( i 9 i 4 ,  Ply.  / C I  nds 

found t ha t  these changes begin as shallow as 1500 m (5000 ft) i n  the Queen 

Charlotte Basin. In the GATP,  deeper burial probably i s  indicated by 

par t i  a1 recrystal  1 i zation of some matrix mineral s , advanced a1 t e r a t i  on of 

volcanic rock fragments, and a "welded" fabr ic  produced by complex 

interpenetrat ion o f  many grain boundaries. 

The younger Tert iary sedimentary sequences typical l y  have diagenetic 

features tha t  are  charac te r i s t i c  of shallower bur ia l ,  such as carbonate 

cement and authigenic phyl los i  1 i c a t e  coatings around framework grains 

(Stages 1 and 2 of Gal loway). Carbonate cement apparently forms very 

early.  I t  i s  especia l ly  typical of the Katalla-Poul Creek par t  of the 

younger Tert iary sequence, where i t  const i tu tes  as much as 50 percent of 

some sandstones, but carbonate cement i s  present throughout the en t i r e  

s t ra t ig raph ic  section.  I n  sandstones w l  t h  abundant carbonate cement, 

l i t t l e  other cement and only minor grain a l t e ra t ion  and pseudomatrix are  

present--an indication t ha t  ear ly  formation of carbonate cement inh ib i t s  



d e t e r i o r a t i o n  o f  the tex tu re  and mineralogy o f  framework gra ins.  

Chemical a1 t e r a t i o n  of 1 a b i l e  cons t i t uen ts  i n  the younger T e r t i  dry 

u n i t s  has resu l  t ed  i n  the  cons t ruc t ion  o f  phyl  l o s i  1 i c a t e  coat ings upon 

suscept ib le gra ins,  The most common coat ing  i s  c h l o r i t e ,  bu t  glauconi t e  

a l so  i s  common. Remarkably, some samples from T e r t i a r y  u n i t s  as young 

as P l  iocene have laumonti t e  o r  phyl  l o s i l  i c a t e  pore-Ti1 l i n g s  and are 

t i g h t l y  appressed. The s i g n i f i c a n c e  o f  such l o c a l  anomal i e s  i n  diagenesis 

i s  n o t  known, b u t  framework a1 t e r a t i o n  and pore-space reduct ion  i n  the 

younger T e r t i a r y  rocks may have been heightened by prox im i t y  t o  l o c i  

o f  deformation. 

Thus, d i r e c t  comparison o f  age w i t h  depth o f  b u r i a l  f o r  GATP sandstones 

must be done caut ious ly .  I n  general, however, a four-stage progression of 

d iagenet ic  changes can be documented f o r  GATP sandstones, and inc ludes 

development of (1 ) carbonate cement ( l oca l  l y )  , (2)  c h l o r i t e  o r  g l  auconi t e  

coat ings o f  framework grains, (3 )  i n t e r s t i t i a l  c h l o r f  t e  o r  laumonti  t e  

pseudomatrix o r  cement, and (4)  prehni te,  quartz,  and carbonate i n  veins 

and patches. 

SUMMARY OF TEXTURAL AND MINERALOGICAL CHARACTERISTICS BY STRATIGRAPHIC UNIT 

The o l d e r  T e r t i a r y  sequence exposed onshore I s  everywhere s t r o n g l y  

indura ted  and m u l t i p l y  deformed. Deep b u r i a l  o f  the Paleocene Orca Group 

and the probably coeval shale of Haydon Peak has reduced p o r o s i t y  t o  very 

1 ow va l  ues. Framework gra ins  have been moderately t o  s t r o n g l y  a1 te red  

and subjected t o  s u f f i c i e n t  pressure s o l u t i o n  t h a t  g r a l n  boundaries 

genera l l y  a re  i n te rpene t ra t i ve .  Such i n t e r s t i c e s  as remain are  t i g h t l y  



p7 ugged with pseudoma tr ix  o r  1 aumontj t e  cement, The upper Paleocene 

and Eocene Kulthieth Formation and the Eocene Tokun Formation are 

also strongly deformed and the sandstones are mineralogically unstable. 

Calculated packing densities for Kul thieth samples, in fact,  are among 

the highest values of any sandstones that were studied; additionally, a 

laumontite or authigenic quartz cement which f i l l s  remaining pores Is 

particularly characteristic o f  Kul thleth samples. 

The exposed middle and upper Tertiary sequence onshore i s  less 

indurated and less strongly deformed than the lower Tertiary sequence. 

Sandstones in the 01 igocene t o  lower Miocene Katal la and Poul Creek 

Formations have improved textural characteristics-better sorting, 

lower packing densities, and decreased matrix. Nonetheless, measured 

porosities and permeabilities are quite low, and grain densities and 

sonic velocities are high, perhaps because carbonate cement i s  prevalent. 

The continued presence of mineralogical ly unstable framework grains 

(particularly intraformational volcanic detritus) has resulted in consi - 
derable a1 teration of grains and pore space reduction by growth of 

phyllosilicate coatings and matrix. Sandstones from the Miocene and 

younger Redwood and Yakataga Formations are texturally more diverse t h a n  

the older rocks. A1 t h o u g h  some sandstones are well sorted, poorly sorted 

tightly packed sandstones with interpenetrating grains are common. Unstable 

mineral grains are numerous and frequently have phyl losi 1 icate coatings. 

In addition, primary matrix i s  more abundant and sandstone/shale ratios 

are much lower than in the Katalla and Poul Creek Formations. Thus, 

although there i s  a modest up-section Improvement in sandstone reservoir 



cha rac te r i s t i c s  throughout the Gulf o f  Alaska T e r t i a r y  Province, the  

occurrence of t e x t u r a l  l y  mature sandstones w i t h  re1 a t1  ve ly  1 i ttl e 

framework d e t e r i o r a t i o n  i s  very spot ty ,  F a i l u r e  o f  numerous onshore 

we1 1s t o  h i t  economically product ive reservo i rs  i n  favorable s t r u c t u r a l  

se t t i ngs  may be expectable because of the t e x t u r a l  and minera log ica l  

d e t e r i o r a t i o n  o f  the sandstones. Can improvement i n  sandstone rese rvo i r  

p roper t ies  be expected of fshore? U n t i l  we know the r e l a t i v e  importance of 

deformation and b u r i a l  i n  GATP sandstone diagenesis, and u n t i l  we are more 

c e r t a i n  o f  format ion thicknesses and complexi ty o f  s t r u c t u r a l  features 

o f fshore,  ex t rapo la t ions  w i l l  be questionable. 

REFERENCES CITED 

Bruns, T. R., and Plafker,  George, 1975, Pre l  iminary  s t r u c t u r a l  map o f  
p a r t  o f  the  o f f shore  Gu l f  of Alaska T e r t i a r y  Province: U. S. Geol. 
Survey open - f i l e  map 75-508. 

Dickinson, W. R., 1970, I n t e r p r e t i n g  d e t r i t a l  modes o f  graywacke and arkose: 
Jour. Sed. Petrology, v. 40, p. 695-707. 

Gal loway, W. E. , 1972, S ign i f i cance  o f  r e s e r v o i r  d iagenet ic  a1 t e r a t l o n  f o r  
petroleum exp lo ra t ion ,  Gulf of Alaska T e r t i a r y  basin Labs]: Am. Assoc. 
Petroleum Geologists But 1 ., v. 56, p. 1898. 

Gal loway, W. E. , 1974, Deposi t i o n  and d iagenet ic  a1 t e r a t i o n  o f  sandstone 
i n  nor theast  Pac i f i c  a rc - re la ted  basins: imp1 i c a t i o n s  f o r  graywacke 
genesis: Geol. Soc, Amer. Bu l l . ,  v. 85, p. 379-390. 

Kahn, J. S., 1956, The analys is  and d i s t r i b u t i o n  o f  the  p roper t ies  o f  
packing i n  sand-size sediments; 1. On the measurement o f  packing i n  
sandstones: Jour. Geology, v. 64, p. 385-395. 

Lyle,  W. M., and Palmer, I. F., Jr . ,  1976, A s t r a t i g r a p h i c  study of the 
Gu l f  o f  Alaska T e r t i a r y  Province, nor thern Gu l f  o f  Alaska area: Alaska 
Di v. Geol . Geophys. Surveys, open-f i  1 e rep t .  93, 24 p. 

M i l l e r ,  D. J . ,  1951, Pre l iminary  r e p o r t  on t he  geology and o i l  p o s s i b i l i t i e s  
o f  the Ka ta l l a  d i s t r i c t ,  Alaska: U,  S. Geol. Survey open - f l l e  rep t ,  50, 
66 p, 



M i l l e r ,  D. J., 1957, Geology o f  the  southeastern p a r t  o f  the  Robinson 
Mountains, Yakataga d i s t r i c t ,  Alaska: U. S. Geol. Survey O i l  and Gas 
Inv .  Map OM-187. 

M i l l e r ,  D, J., 1971, Geologic map o f  the Yakataga d i s t r i c t ,  G u l f  o f  
Alaska T e r t i a r y  Province, Alaska: U. S,  Geol . Survey Misc. Geol , 
Inv.  Map 1-610. 

M i l l e r ,  D. J., 1975, Geologic map and sect ions o f  the cen t ra l  p a r t  o f  
the Ka ta l l a  d i s t r i c t ,  Alaska: U,  S ,  Geol. Survey Mlsc. F I e l d  Studies 
Map MF-722. 

Pe t t i j ohn ,  F. J., Pot ter ,  P. E., and Siever, R., 1972, Sand and sandstone: 
New York, Springer-Verlag, 618 p. 

Plafker, George, 1967, Geologic map o f  the  Gu l f  o f  Alaska T e r t i a r y  
Province, Alaska: U. S. Geol . Survey Misc. Geologic Inv. Map 1-484. 

Plafker, George, 1969, Tectonics of the March 27, 1964, Alaska Earthquake: 
U. S. Geol . Survey Prof .  Paper 543- I, 74 p. 

Plafker, George, 1971, Possible fu ture petroleum resources o f  P a c i f l c  
margin T e r t i a r y  bas1 n, Alaska, I n  Future petroleum provinces o f  
North America: Am. Assoc. PetroEum Geologists Mem. 15, p. 120-135. 

P la fker ,  George, 1974, Pre l iminary  geologic map o f  Kayak and Wlngham 
Is lands, Alaska: U. S. Geol. Survey open - f i l e  map 74-82, 

P la fker ,  George, and Addicot t ,  1976, Marine g l a c i a l  deposi ts o f  Miocene 
through Holocene age along the Gu l f  o f  Alaska margin: U. S. Geol. 
Survey open-f i  l e  r ep t .  76-84. 

Plafker, George, and Lanphere, M. A , ,  1974, Radiometr ica l ly  dated p l  utons 
c u t t i n g  the  Orca Group, i n  Uni ted States Geological Survey Alaska 
Program, 1974: U. S. ~ e o r  Survey Cl rc .  700, p. 53. 

Plafker,  George, and M i  1 l e r ,  D. J., 1957, Reconnaissance geology o f  the  
Malaspina d i s t r i c t ,  Alaska: U. S. Geol . Survey O i l  and Gas Inv.  Map 
OM- 189. 

Plafker, George, Bruns, T. R., and Page, R. A., 1975, I n t e r i m  r e p o r t  
on petroleum resource p o t e n t i a l  and geologic hazards i n  the ou te r  
con t inen ta l  she l f  o f  the  Gu l f  o f  Alaska T e r t i a r y  Province: U, S. 
Geol . Survey open-fi l e  rep t .  75-592. 

Stewart, R. J., 1974, Z e o l i t e  f ac i es  metamorphism o f  sandstone i n  the 
western Olympic Peninsula, Washington: Geo1. Soc. Amer. Bul l . ,  v. 85, 
p. 1139-1142. 



Taylor,  J. M . ,  1950, Pore=space reduction i n  sandstones: Am. Ass~c. 
Petroleum Geologists  Bul l . ,  v. 34, p. 701-716, 

Winkler, G. R . ,  1973, Geologic map o f  the Cordova A-7 & A-8, B-6, B-7,  
and 8-8 quadragnles (Hlnchlnbrook I s l a n d ) ,  Alaska: U .  S. Geol . Survey 
Misc. Fie ld  Studies  Map MF-531. 

Winkler, G .  R, , 1976, Deep-sea fan deposi t ion of the  lower T e r t i a r y  
Orca Group, e a s t e r n  Prince W i  11 I am Sound, A1 aska : U. S. Geol . Survey 
open-fi l e  r e p t .  76-83. 

Winkler, G. R . ,  and P la fker ,  George, 1974, Sedimentary and volcanic  
f e a t u r e s  of the Orca Group, in United States Geological Survey Alaska 
Program, 1974: U, 5. Geol. Survey Clrc.  700, p. 52-53. 



Appendix 1. F i e l d  desc r ip t ions  of 74 analyzed samples by s t ra t ig rapha 'c  u n i t  

Sampl e 
Number 

Descr ip t ion  

REDWOOD FORMATION 

1 . Evenly bedded, slabby, hard, medium gra ined sandstone 8-10' t h i c k  
i n  dark c laystone 

2 Conglomerate and sands tone i nterbedded i n  300' t h i c k  sequence 

Y AKATAGA FORMAT I ON 

3 Sof t ,  f r i a b l e ,  muddy and pebbly sandstone 

4 Very f i n e  grained calcareous sandstone 8 '  t h i c k  w i t h i n  conglomeratic 
sandy muds tone 

5 S l  abby , medi urn g r a i  ned sands tone w i  t h i  n conglomeratic muddy sands tone 

9 Speckled, moderately sorted,  angular, medi um g r a i  ned 1 i t h i  c sands tone 
14'  t h i c k  w i t h  channel ing a t  base 

10 Interbedded calcareous s i l t y  sandstone, pebbly sandstone, and hard 
sandy congl omerate 

11 Hard, p o o r l y  sorted,  t i g h t ,  medium gra ined sandstone 10'  t h i c k  w i t h  
s i l t y  and pebbly laminae 

12 Massive hard sandstone 10 '  t h i c k ,  pebbly a t  base 

13 Massive, medium gra ined sandstone 1 ' t h i c k  w i t h  pebbles a t  base and 
coal  and p l a n t  fragments along bedding planes 

14 Massive f i n e  grained sandstone 

15 Massive sandstone 30' t h i c k  w i t h  discont inuous pebbly l a y e r  2" t h i c k  
a t  base, grading i n t o  s i l  t s tone  above 

16 We1 1 sorted,  composi t i o n a l  l y  immature sands tone i n  t h i n  beds w i t h i n  
r h y t h m i c a l l y  i nterbedded fl aggy s i  1 tstone, s i  1 t y  sandstone, and 
coa ly  pa r t i ngs  

17 Slabby t o  f l aggy ,  w e l l  sorted,  medium grained sandstone 15 '  t h i c k  
w i t h  s i  1 ty p a r t i n g s  and c layey m a t r i x  

18 Flaggy t o  massive, medium grained sandstone 8 '  t h i c k  w i t h i n  
rhy thmica l  l y  a1 t e r n a t i  ng sands tone/s i  1 t s tone  coup1 e t s  1 " t h i c k  



Appendix 1 --continued 

Sample 
number 

Descr ip t ion 

YAKATAGA FORMATION--conti nued 

19 Pebble conglomerate w i t h  sandy ma t r i x  and abundant clams 3.5' t h i c k  

2 0 Clean, f i n e l y  laminated, f i ne  grained sandstone i n  p la tey  t o  f laggy 
beds, graded w i t h  s i l  ts tone i n  inch-scale couplets 

21 F r i ab le  medium grained sandstone 80' t h i c k  w i t h  coarser pathces, 
pebbles, and a few t h i n  s i l t s t o n e  laminae 

2 5 Hard, mott led, medi um grained arkos i  c sands tone w i t h  we1 1 rounded 
f l o a t i n g  pebbles , interbedded w i t h  po lyrn ic t ic  pebble-cobble 
conglomerate 

35 Massive t o  slabby, poor ly  sorted, angular t o  subangul ar,  b i o t i t e -  
r i c h  sandstone i n  graded beds t o  4 '  th i ck ,  interbedded w i t h  
pebbly s i  1 ts tone 

36 Cross-1 aminated, hard, calcareous sandstone i nterbedded w i t h  
conglomeratic sandy muds tone 

37 Clean, planar 1 ami nated, f i n e  grained sandstone 1-2 ' t h i c k  i n  
f r i a b l e  sandy s i  1 ts tone 

43 Clean, medium grained arkos ic  sandstone a t  l e a s t  30' t h i c k  

44 Slabby, cross-laminated, medium to f i n e  grained sandstone w i t h  
channel i n g  and b io tu rba t ion ,  interbedded w i t h  s i  1 ts tone 

4 5 Medium grained calcareous sandstone i nterbedded w i t h  conglomeratic 
muds tone 

49 Massive o r  crudely s t r a t i f i e d  pebble-cobble conglomerate w i t h  10% 
discontinuous sandstone and pebbly sandstone i n  beds t o  2 '  t h i c k  

50 Hard, very f i n e  grained, calcareous sandstone 4 '  t h i c k  i n  
conglomeratic sandy muds tone 

55 Pebble-cobble conglomerate w i t h  minor sandstone and mudstone i n  
bed 31 ' t h i c k  

56 Massive t o  slabby, poor ly  sorted, angular t o  subangular, b i o t i t e -  
r i c h  sandstone i n  beds t o  4 '  t h i c k  

59 Angular, poor ly  sorted, f i n e  t o  medium grained calcareous sandstone 
4" t h i c k  w i t h  abundant dark l i t h i c  gra ins 



Appendix 1--continued 

Sampl e 
number 

Descr ip t ion 

YAKATAGA FORMATION--continued 

60 Hard, poorly s o r t e d ,  cross-1 ami nated,  medi um gra ined cal  careous 
sands tone 

71 Hard, very poorly s o r t e d ,  f i n e  gra ined sandstone 

72 Hard, f i n e  t o  medium grained calcareous  sandstone 45 '  t h i c k  with 
15-20' of  conglomerate a t  base,  loca l  mud zones, and pebbles 
throughout 

74 F r i a b l e ,  medium qrained '"salt-and-pepper" sandstone w i t h  s c a t t ~ r c d  
pebbles and coal 

KATALLA FORMATION 

23 Slabby,  c l ean  quar tzose  sandstone 6-8' t h i c k  

24 Massive, angular  t o  subangul a r ,  medium grained quar tzose  
sandstone 15 '  t h i c k  

26 Slabby, c l e a n ,  f i n e  gra ined sandstone 

27 Very f i n e  grained calcareous  sandstone interhedded with massive 
and b io tu rba ted  si 1 t s t o n e  

28 Bioturbated,  f i n e l y  1 aminated, very f i n e  grained calcareous  
sandstone 1 '  t h i c k ,  rhythmical ly  interbedded with sandy 
s i l  t s t o n e  and si 1 t s t o n e  

29 Thin- bedded, cross-1 ami nated,  very f i n e  grained sandstone and 
s i l t y  sandstone i n  u n i t  64' t h i c k  

30 Finely laminated t o  p l a t y ,  c l e a n ,  ca lcareous  sandstone 45'  thick 

34 Lent icu la r  sandstone i n  rhythmical l y  a1 t e r n a t i n g  s l  abby and 
massive beds as much a s  18 '  t h i c k ,  i n  p a r t  cross- laminated,  
ca lca reous ,  with p l a n t  remains on p a r t i n g s  

38 Cross-laminated f i n e  grained sandstone 10 '  t h i c k  interbedded with 
carbonaceous s i l t s t o n e  

39 Very l e n t i c u l a r ,  ex tens ive ly  b io tu rba ted ,  s labby t o  f l aggy ,  f i s s i l e ,  
very f i n e  grained calcareous  sandstone 1 . 5  ' th ick  

40 Massive, cross-laminated p l a t e y  sandstone with abundant carbonaceous 
mate r i a l  and minor s i l  t s t o n e  p a r t i n g s  



Appendix 1 - -cont inued 

Sample 
Number 

D e s c r i p t i o n  

41 KATALLA FORMATION -- cont inued 

Mot t led ,  f r i a b l e ,  very  f i n e  g ra ined  calcareous sandstone 1 ' t h i c k  

Massive, c lean,  medi um g ra ined  a r k o s i  c sandstone i nterbedded w i t h  
forami n i  f e r a - r i  ch s i  1 t s  tone and sha le  

Very b i o t u r b a t e d  s i  1 ty sandstone and s i  1 t s  tone 

Massive, medium g ra ined  a r k o s i c  sandstone 8 '  t h i c k  in terbedded w i t h  
graded s i 1 t s  tone and s i 1 ty  sands tone 

Very l e n t i c u l a r ,  c r u d e l y  s t r a t i f i e d ,  coarse g ra ined  sandstone 1 ' 
t h i c k  i nterbedded w i t h  granu le  conglomerate and pebbl e-cobbl e 
conglomerate w i t h  s i l t y  sandy m a t r i x  

Evenly 1 aminated, very f i n e  g ra ined  s i  1 ty sandstone w i t h  1 e n t i  c u l a r  
c a l  careous beds 

Flaggy t o  massive, un i fo rmly  bedded, medium t o  coarse g ra ined  
sands tone wi  t h  s i  1 t s  tone, i n  p a r t  c a l  careous , cross-1 ami nated, 
and pebbly 

Flaggy t o  s labby,  f i n e  t o  medium g ra ined  sandstone 6 '  t h i c k  w i t h  
f l u t e  cas ts  and o rgan ic  sha le  i n te rbeds  

POUL CREEK FORMATION -- 
6 Massive, hard, f i n e  t o  medium grained,  moderately w e l l  s o r t e d  

g l  auconi t i c  sands tone 

7 Interbedded g l  auconi t i c  sandstone and s i  1 t s t o n e  

8 Hard g l a u c o n i t i c  sandstone w i t h  a few r e s i s t a n t  calcareous beds 

61 Massive t o  f laggy,  medium g ra ined  calcareous sandstone 26'  t h i c k  
w i t h  s c a t t e r e d  pebbles and coa l  

73 Massive, ve ry  hard, pebbly g l  auconi ti c sandstone i nterbedded wi  t h  
zeol  i ti zed calcareous sands tone, a1 1 h i  gh l  y sheared 

TOKUN FORMATION - 
31 Un i fo rm ly  layered,  b i o t u r b a t e d ,  very  f i n e  g ra ined  sandstone 0.25-3' 

t h i c k  w i t h  p l a n t  ch ips  and s i l  t s t o n e  

32 Massive, cross-1 ami nated sandstone 4 '  t h i c k  i nterbedded w i t h  s i  1 t s t o n e  

33 Planar -  and cross- laminated sandstone 2.5 '  t h i c k  w i t h  s i l  t s t o n e  above 

34 L e n t i c u l a r ,  r h y t h m i c a l l y  a1 t e r n a t i n g  s labby t o  massive sandstone, i n  
p a r t  cross-1 aminated, ga l  uconi  t i c ,  calcareous , w i t h  p l a n t  remains 

53 S l  abby , cross-1 aminated sandstone i nterbedded w i t h  s i  1 t s  tone 



Appendi x 1 - -cont inued 

Sample 
Number 

KULTHIETH FORMATION 

D e s c r i p t i o n  

62 Slabby, hard, very c lean,  f i n e  g ra ined  " s a l  t-and-pepper" sandstone 

63 Sandstone i nterbedded w i t h  dark,  crumbly s i  1 t s tone  and s i  1 t y  sands tone 

64 Massive, c lean,  b i o t i  t e - r i c h ,  medium g ra ined  a r k o s i c  sandstone, most ly  
cross-1 aminated, i nterbedded w i t h  carbonaceous sha le  

65 Th ick  bedded, pebbly, p l a n t -  and log -bear i  ng a r k o s i c  sandstone 

68 Cross-1 ami nated, medi um t o  coarse g ra ined  sands tone, pebbly i n  p a r t ,  
5-20' t h i c k ,  w i t h  abundant wood and p l a n t  d e b r i s  , in terbedded w i t h  
coal  and carbonaceous s i  1 t s  tone 

69 Coarse g r a i  ned arkose and a r k o s i c  pebble conglomerate in terbedded 
w i t h  s i l  t s t o n e  w i t h  abundant wood 

70 H i g h l y  sheared, very  hard, pebbly g laucon i  t i c  sandstone i nterbedded 
w i  t h  zeol  i t i c  calcareous sandstone 

ORCA GROUP -- 

51 Massive, quartz-veined,  f i n e  g ra ined  sandstone, t i g h t l y  f o l d e d  w i t h  
steep a x i a l  p lanes 

52 Slabby t o  massive, very  hard, baked wacke sandstone 8 '  t h i c k  w i t h  
v e i n i n g  throughout,  in terbedded w i t h  dark  p h y l l  i t e  and maf ic  
v o l  can i  c rocks  

SHALE OF HAYDON PEAK ---- 
66 Thick,  calcareous , f i n e  g ra ined  sandstone w i t h  sha le  ch ips  , i nterbedded 

w i  t h  dark s i  1 t s  tone 

67 Very hard, pebble-cobble conglomerate w i t h  sandy m a t r i x  and s l i g h t l y  
e l  ongated c l  as t s  , i nterbedded w i  t h  sands tone and s i  1 t s t o n e  
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Appendix 2- -cont  i nued 

Sampl e 
Number 

Framework 
S o r t i n g  

KATALLA FORMATION--continued 

Framework 
A1 t e r a t i o n  

Mod. we1 l 
Mod. w e l l  

27 - - 
28 1 Moderate 

Packi  ng Densi t y  
(es t ima ted )  

L t o  clay 

F t o  Cog,  
c l  ay 

- - 
F ,  L t o  COj 

Q, F, t o  
CO , c h l o r i t e  
& s e r i c i  t e  

Q, F, I- t o  
Chl o r i  t e  , 
s e r i  c i  te ,  & 

F, L t o  C03 

F, L t o  C03 

L t o C 0 3  

29 

30 

38 

39 

40 

We1 1 

We1 1 

Moderate 

Mod. we1 1 

Mod.wel1 

Packi ng Densi ty  
( c a l  c u l  a t e d )  

Mod. h igh 

Mod. high 

- - 
Moderate 

Low 

Low 

Moderate t o  
Low 

41 
42 

47 

48 

54 

I 

P r i n c i p a l  
Cernenti ng ~ ~ e n t ~  

9 1 

93 

-- 

Moderate 

Poor 

Mod. we1 I 

Mod. w e l l  

We1 1 

F, m ino r  P, L B>> P, 
A,' B 
A>> B 

I-; >> B 

B '>A 

Very low 

High 

Very h i g h  

H igh 

Low 

Mx t o  C03 

F ,  L t o  Cog 

L t o  z e o l i t e  
& c h l o r i t e ,  
F t o  s e r i  c i t e  

F t o s e r i c i t e  
& z e o l i t e ,  
c l a y  t o  
ch 1 o r i  t e  

Q ,  F, L t o  
c h l o r i t e  & C03 

TYPE of  3 
Gra i  n Contacts 

A>, B 

A,> B 

0 

- - 43 

91 

90 

88 

- - 

Percent  
M a t r i x  

F, L ,  c 
F, L, C 

B>> A 
A>> B 

Low 

Moderate 

- - 
- - 

c, L 

L ,  C 

F 

81 

77 

78 

63 

61 

93 

C, L, i n c i p i e n t  S 

L, C ,  mic ro  S 

C, m i c r o  S 

F ,  l o c a l  P , L , C  

5 
- - 

- - 
L, F, minor  C 

F 
( C , L i n p a t c h e s )  

F 
(C ,  L i n  patches)  

C , L , F , m i n o r S  

B>> A 

B>> A 

FI>> A 

B >  A 

14 

15 

12 

2 

- - 

5 

6 

-- 







Appendix 3. B inocu la r  examinat ion o f  32 s l a b  samples 

* 

Number 

Grain 
Interpenetration 

Observed? 

Y AKATAGA FORMATION 

9 

11 

15 

16 

19 

4 2 

55 

56 

59 

60 

7 1 

7 2 

Rate o f  Water 
Absorp t ion  

No 

Poss ib l y  

N o 

N o 

No 

Poss ib ly  

? ? 

Yes 

No 

Yes 

No 

No 

React ion t o  
D i  1 u t e  HCl 

POUL CREEK FORMATION -- 

Slow 

Slow 

Rapid 

Moderate 

Moderate 

Moderate 
t o  slow 

Very slow 

None 

None 

Very slow 

None 

Moderate 

6 

6 1 

73 

P o s s i b i l i t y  o f  
F rac tu re  P o r o s i t y  

I ndu ra t i on -  
F r i a b i  1 i ty 

S l i g h t  

No 

No 

No 

No 

S l i g h t  

S l i g h t  

S l i g h t  

S t rong  

Strong 

No 

Strong 

No 

No 

Yes 

KATALLA FORMATION 

N i  1 

N i  1 

N i  1 

N i  1 

N i  1 

N i  1 

Yes 

Ni  1 

Poss ib ly ,  b u t  
C03 f i l l e d  

N i  1 

N i  1 

Yes 

Moderate 
t o  slow 

None 

None 

29 

30 

47 

- - 
Not  f r i a b l e  

Not  f r i a b l e  

Not  f r i a b l e  

Not  f r i a b l e  

Weakly 
f r i a b l e  

- - 
Weakly 
f r i a b l e  
t o  beds 

Not  f r i a b l e  

Not  f r i a b l e  

H igh l y  
i ndu ra ted  

Weakly 
f r i a b l e  

No 

No 

No 

Poss ib l y  

?? 

Yes 

N i  1 

Yes 

N i  1 

Slow 

Very slow 

Very slow 

S l i g h t l y  
f r i a b l e  

Not  f r i a b l e  

Not  f r i a b l e  

St rong 

Strong 

No 

N i  1 

N i  1 

N i  1 

Not  f r i a b l e  

Not  f r i a b l e  

S l i g h t l y  
f r i a b l e  



Appendix 3--conti  nued 

::;;:: Grain 
Interpenetration 

Observed 

KATALLA FORMATION--continued 

Rate o f  Water 
Absorption 

48 

54 

57 
58 

Reaction t o  
Di 1 u te  HC1 

Yes 

N o 

No 

? ? 

TOKUN FORMATION 

Possi b i l  i t y  o f  
Fracture Poros i ty  

None 

Rapid 

None 

None 

5 3 

Indurat ion-  
F r i a b i l i t y  

No 

Strong 

Yes 
No 

No 

KULTH I ETH FORMATI ON 

Ni 1 

Yes 

Ni 1 

Yes 

Slow Moderate 

6 2 

63 

64 

6 5 

68 

69 

Not f r i a b l e  

S l i g h t l y  f r i a b l e  

Not f r i a b l e  

Not f r i a b l e  

Ni 1 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Not f r i a b l e  

SHALE OF HAYDON PEAK ---- 

Moderate 
t o  r a p i d  

None 

Very slow 

None 

Very r a p i d  

Very slow 

66 

6 7 

Ma 

No 

No 

No 

No 

No 

? ? 

Yes 

ORCA GROUP -- 

Yes 

Possibly, b u t  
C03 f i l l e d  

N i  1 

Ni 1 

S l i g h t  

Ni 1 

$1 ow 

None 

5 2 

- - 

Not f r i a b l e  

S l i g h t l y  
f r i a b l e  

We1 1 
indurated 

Moderately 
f r i a b l e  

Not f r i a b l e  

Moderate 

S l i g h t  

Yes 

Yes 

N i l  

None 

Not f r i a b l e  

Not f r i a b l e  

S l i g h t  Ni 1 Highly 
indurated 



Appendix 4. Permeab i l i t y ,  po ros i t y ,  and g r a i n  dens i t y  d a t a  f o r  50 
sands tones, Gul f o f  A1 aska T e r t i a r y  Province. 
(Analyses by - Core Laborator ies,  - Inc., Da l l as  , Texas) 

Sample 
Number 

YAKATAGA REEF - 
6 0.07 11.7 2.73 
7 12 10.9 2.67 
8 69 5.0 2.79 
9 1.3 14.4 2.70 

KULTHIETH MOUNTAIN 

11 0.02 4.9 2.72 
12 0.05 7.5 2.70 
20 0.07 ,11.1 2.72 
13 1.6 10.0 2.64 
14 0.06 7.6 2.66 
15 0.35 9.9 2.69 
16 2.4 14.7 2.69 
17 9.2 12.5 2.68 
18 2.4 15.0 2.71 
19 14 14.8 2.68 
2 1 0.73 13.1 2.69 

5 0.02 6.1 2.73 

MILLER HILLS 

1 0.04 8.1 2.69 
2 0.03 9.9 2.68 

LA PEROUSE GLACIER - 

3 0.10 6.4 2.77 
50 0.23 21 .O 2.76 
4 15 14.6 2.79 

MIDDLETON ISLAND 

10 0.07 6.7 2.69 

KAYAK ISLAND 

24 0.47 11.2 2.67 
2 3 0.24 13.9 2.67 
25 3.7 13.0 2.64 
26 0.15 7.4 2.68 
27 0.01 3.6 2.74 
2 8 0.01 3.2 2.74 
29 0.04 5.8 2.72 
30 0.02 5.6 2.71 

P o r o s i t y  , 
Percent 

A i  r 
Permeabi 1 i ty , Md. 

3 

Gra in 
Density,  gmlcc 
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Appendix 4--conti  nued 

Grain 
Density,  gm/cc 

A 

Sample 
Number 

KAYAK ISLAND--conti nued - 
4 2 0.07 7.9 2.66 
43 1.8 14.1 2.63 
44 6.5 15.8 2.66 
4 5 0.01 7 9 2.61 
46 0.01 1.6 2.71 
47 0.05 6.4 2.65 
48 2.0 6.5 2.65 
49 0.02 2.8 2.69 
22 0.05 10.9 2.69 

WINGHAM ISLAND 

3 1 0.01 3.6 2.71 
32 0.01 6.6 2.73 
33 0.01 4.2 2.71 
34 10 6.3 2.67 
3 5 6.7 12.9 2.66 
36 0.01 1.9 2.70 
3 7 0.51 11.5 2.62 
38 0.08 4.3 2.67 
39 -- (fractured) 4.3 2.70 
40 26 9.2 2.72 
41 0.01 3.4 2.70 

A i  r 
Permeabi 1 i t y  , Md. 

Porosi ty  , 
Percent 
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Appendix 5 .  Porosi ty  and sonic v e l o c i t y  da ta  f o r  25 sandstones, 

Gul f o f  A1 as ka T e r t i a r y  Province. 
(Analyses by Core Laborator ies,  m. , Dal las , Texas) - 

MILLER HILLS 

2 9 .9  79.3 77.8 75.5 71.6 70.8  66.2 

Sample 
Number 

LA PEROUSE GLACIER - 

WINGHAM ISLAND 

Porosi ty ,  
Percent 

KAYAK ISLAND 

Transi t time, Mi cro-seconds/ft, a t  
- E f f e c t i v e  overburden pressures, P S I ,  of 

300 1 600 1 1000 1 1500 1 2000 4000 

KULTHIETH MOUNTAIN 


