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ABSTRACT

KEY WORDS: P ennsylvanian , F lu v io -d e l ta ic  D ep o s itio n a l Environm ents,
Paleohydrology, Paleomorphology, Paleogeography

An in te g ra te d  s t r a t ig r a p h ic , sed im ento log ic  and p e tro lo g ic  in ­

v e s tig a tio n  o f  f lu v io - d e l ta ic  sandstones o f Pennsylvanian age in  

e a s te rn  Kentucky 1) developed c r i t e r i a  fo r  d is t in g u is h in g  f a c ie s  o f 

f lu v io -d e l ta ic  environm ents, 2) developed a  method f o r  e s tim a tin g  

v e lo c ity  o f  flow  in  a n c ie n t f lu v i a l  san d sto n es , 3) re c o n s tru c te d  

q u a n ti ta t iv e  h y d rau lic  and m orphologic c h a r a c te r is t i c s  o f  B r e a th i t t  

age f lu v ia l  system s and 4 ) developed a  g en e ra l paleogeographic and 

d e p o s itio n a l model f o r  f lu v io - d e l ta ic  sedim ents in  th e  middle Penn­

sy lvan ian  o f  e a s te rn  Kentucky.

F ive d e p o s it io n a l environm ents were recognized  from th e  lower 

d e l ta  p la in  sedim ents in  th e  B r e a th i t t  fo rm atio n . These a re  i )  i n t e r ­

channel 'bay, 2) channel mouth b a r , 3) f lu v i a l ,  k)  c rev asse  sp lay  and 

s u b a e r ia l levee  and 5) m arine and t i d a l  channel. I n i t i a l  env iron­

m ental assignm ents were based on l )  v e r t i c a l  and l a t e r a l  s t r a t ig r a p h ic  

r e la t io n s h ip s  as  d ep ic ted  in  s ix te e n  v e r t i c a l  and l a t e r a l  p r o f i l e s ,

2) n a tu re  o f  bounding su rfa c e s  3) bedding s ty le  and d i s t r ib u t io n  and 

k)  g ra in  s iz e  d i s t r ib u t io n .

The shape o f  lo g -p ro b a b il i ty  p lo ts ,  d e riv ed  te x tu r a l  param eters , 

pe tro logy  and c lay  m ineralogy were used to  t e s t  i n i t i a l  assig m en ts .

The shape o f  lo g -p ro b a b il i ty  p lo ts  o f  g ra in  s iz e  d i s t r ib u t io n  was 

n o t environm entally  s e n s i t iv e .  C ro ss -p lo ts  o f  skewness and s tan d a rd  

d e v ia tio n  had l im ite d  su ccess  in  se p a ra tin g  f lu v i a l  from n o n f lu v ia l
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sam ples. F lu v ia l  samples tended to  "be f in e ly  skewed and more poorly  

s o r te d  than  n o n f lu v ia l sam ples. D eposits  from channel mouth b a rs , 

m arine sh e e t sandstones, t i d a l  channels and f lu v i a l  channels a re  

p r o to q u a r tz i te s , whereas bay f i l l  sandstones and sandstone from th e  

upper p a r t  o f  f lu v i a l  channels a re  subgrayw ackes, F lu v ia l  samples 

have more au th ig e n ic  k a o l in i te  and n o n f lu v ia l  sam ples have more t o t a l  

ca rb o n a te . This can be r e la te d  to  le a c h in g  from c o a l swamps and th e  

p o s it io n  o f  th e  paleow ater ta b le .  The dom inant c la y  m inera ls  a re  

i l l i t e  and k a o l in i te  w ith su b o rd in a te  amounts o f  c h lo r i te  and mixed 

la y e re d  c la y s . C ro s s -p lo ttin g  o f  k a o l in i te  (001) peak h e ig h t and 

i l l i t e  (001) peak h e ig h t showed e x c e lle n t  s e p a ra tio n  o f  f lu v i a l  from 

n o n f lu v ia l  sam ples. None o f th e se  a d d i t io n a l  to o ls  were s e n s i t iv e  

enough to  d isc r im in a te  p re c is e ly  among d e p o s it io n a l  environmentSj 

b u t when used in  con junction  w ith b a s ic  s t r a t ig r a p h ic  d a ta  a re  v a lu ­

a b le  to o ls  to  a id  in  environm ental i d e n t i f i c a t i o n .

R ecognition  o f  abandoned meander channels  p e rm itted  a c cu ra te  

d e te rm in a tio n  o f  f lu v ia l  channel d im ensions; namely w idth, depth  and 

c ro s s - s e c t io n a l  a re a .  This allow ed c r i t i c a l  e v a lu a tio n  o f th e  method­

ology th a t  i s  used by most workers fo r  paleom orphologic c a lc u la t io n s .  

Channel depth  fo r  both  th e  Harold and A llen  Sandstones i s  10 ± 0 .5  

m eters and i s  equal to  th e  th ick n ess  o f  p o in t  b a r  s u r fa c e s .  Channel 

w idth i s  140 m eters and 130 m eters f o r  th e  H arold and A llen  Sandstones, 

r e s p e c t iv e ly .  Channel width i s  equal to  1 .4  tim es th e  h o r iz o n ta l  ex­

t e n t  o f  p o in t b a r  su rfa c e s , n o t th e  a r b i t r a r y  v a lu e  o f  1 .5  used in  

p rev io u s  p u b lic a tio n s . Channel c r o s s - s e c t io n a l  shape more c lo se ly  

approxim ates a  tra p e z o id , n o t th e  commonly assumed re c ta n g u la r  shape.
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A new and more a c c u ra te  method fo r  e s tim a tin g  v e lo c ity  o f flow 

in  a n c ie n t f lu v i a l  system s has been developed. The equation  V =

V* Y sTf, based on h y d rau lic  theo ry  was combined w ith M idd le ton 's  

c r i t e r io n  fo r  su sp en sio n , ( O / v *  = i ,  based on experim ental s tu d ie s .  

From th e  r e s u l t in g  eq u a tio n  V = tiJY 8/fl v e lo c ity  o f flow  was estim ated  

fo r  a n c ie n t f l u v i a l  system s. Data from th i s  study  support th e  under­

ly in g  assum ptions in  K ia d le to n 's  c r i t e r io n  fo r  suspension ; th a t  the 

"breaks" in  s t r a i g h t  l i n e  segments o f lo g -p ro b a b il i ty  p lo ts  a re  

h y d ra u lic a l ly  c o n tro lle d  and th a t  th e  T -Ju n ctio n  does, in  f a c t ,  in ­

d ic a te  th e  c o a r s e s t  p a r t ic le s  th a t  can be taken  in to  suspension . 

V e lo c ity  in  th e  H arold  Sandstone was ^5 -  7>5 cm ./sec . n ea r th e  

channel c e n te r ,  b u t decreased  to  25 ± 5 cm ./sec . n ea r th e  in n e r bank. 

These v e lo c i ty  v a lu es  f a l l  w ith in  th e  range o f v e lo c i ty  va lu es  th a t  

a re  based on ex perim en ta l d a ta .  They a re  a ls o  very  c lo se  to  values 

es tim ated  from i n i t i a t i o n  o f sedim ent motion cu rves, in d ic a t in g  th a t  

th e  v e lo c i ty  d u rin g  d e p o s itio n  i s  probably  s im ila r  to  th e  c r i t i c a l  

e ro sio n  v e lo c i ty .

D ischarge i s  an im portan t p a leo h y d rau lic  param eter, b u t methods 

fo r  c a lc u la t in g  i t  a r e  l im ite d . 3y u s in g  th e  c o n tin u ity  equation , 

d isch a rg e  was e s tim a ted  from c ro s s - s e c t io n a l  a re a  o f abandoned 

meanders and th e  p re v io u s ly  c a lc u la te d  v e lo c i ty .  Average d isch arg e  

was kOO -  180 m ^/sec. and 375 -  HO m ^/sec. f o r  th e  H arold and 

A llen  S andstones, r e s p e c t iv e ly .  Close agreem ent e x is ts  among 

va lu es  o f  d isch a rg e  c a lc u la te d  from se v e ra l independent re g re s s io n  

equations and th e  c o n tin u ity  eq u a tio n . However, th e  e r ro r  o f  e s t i ­

mating d isch a rg e  i s  s ig n i f ic a n t ly  le s s  by u sin g  th e  c o n tin u ity
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eq u a tio n . When a  re c ta n g u la r  c ro s s - s e c t io n a l  shape, in s te a d  o f the  

a c tu a l  c ro s s - s e c t io n a l  shape, was used to  c a lc u la te  d isch a rg e , th e  

d isch a rg e  was in  e r ro r  hy a  f a c to r  o f  50 p e rc e n t. Kean annual flo o d  

ranged from 500 to  1900 m ^/sec. f o r  bo th  channels.

Although th e  sedim ent load  param eter, weighted p e rcen t s i l t -  

c la y  in  th e  channel a lluv ium , i s  d i f f i c u l t  to  e s tim a te  f o r  a n c ie n t 

f lu v i a l  sandstone, i t  can s t i l l  be used in  paleom orphologic and 

p a leo h y d rau lic  c a lc u la t io n s  w ith  r e l i a b i l i t y .  Meander am plitude 

was approxim ately  600 m e te rs . K eanderbelt width was approxim ately  

3300 m eters and stream  le n g th  ranged from 100 to  600 k ilo m e te rs .

C a lcu la ted  v a lu es  o f  meander am plitude, m eanderbelt width and stream  

len g th  ag ree  w ith  a v a i la b le  ou tcrop  ev idence. Values o f meander 

wavelength, d ra in ag e  b a s in  a re a , s in u o s i ty  and s lo p e  could n o t be 

v e r i f ie d  from ou tcrop  d a ta , b u t independent re g re s s io n  equations 

gave c o n s is te n t  r e s u l t s .  Meander wavelength ranged from 1000 to  

2200 m ete rs, Channel s in u o s i ty  ranged from 1.6 to  2 , 2 .  Channel 

s lo p e  was approxim ately  one fo o t p e r m ile . D rainage b as in  a re a  was 

between 6*K)0 and 100,000 square  m ile s .

P e tro lo g ic  and p a le o c u rre n t d a ta  in d ic a te  th a t  th e  source fo r  

th e  Harold and A llen  Sandstones was in  low to  m oderate grade meta- 

morphic rocks to  th e  sou th  and s o u th e a s t. V olcanic rock  fragm ents 

a re  p re se n t, b u t r a r e ,  in d ic a t in g  minor volcanisra. S e r ic i t iz e d  

fe ld sp a rs  and a  m ature heavy m inera l s u i t e  suggest a  wet, warm 

c lim a te  in  th e  so u rce . The B r e a th i t t  f lu v i a l  system had sm all 

lo c a liz e d  d ra in ag e  b as in s  (p robab ly  much l e s s  th an  th e  upper e s tim a te
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o f  100,000 km^) t h a t  fed  sm all e lo n g a te , h ig h ly  c o n s tru c tiv e  d e l ta s .  

These d e l ta s  prograded over shallow  seas  and had f r i c t i o n a l l y  dominated 

e f f lu e n t ,  Channel mouth "bars developed pronounced m iddle grounds and 

f l u v i a l  channels b ifu rc a te d  in  d i s t r i b u t a r i e s .  D is t r ib u ta r ie s  were 

s h o r t  and occuppied only  th e  d i s t a l  p a r t  o f  th e  d e l t a .  The f lu v i a l  

system s meandered n e a r ly  to  th e  end o f  th e  d e l ta s  a s  does th e  modern 

Rio Grande, Abandonment o f  f lu v ia l  channels on th e  d e l ta  occurred 

in  two ways: 1) ra p id  abandonment by upstream  a v u ls io n  and 2) g radual

c o n s tr ic t io n  by s i l t a t i o n ,  Tectonism was contemporaneous w ith s e d i­

m en tation  and f a u l t in g  d e f le c te d  m ajor f lu v i a l  system s. C arboniferous 

shallow  w ater d e l ta s  had p ro cesses  o f  d e l ta  b u ild in g  th a t  a re  s im ila r  

to  modem d e l ta  p ro cesses .
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INTRODUCTION

G eneral S ta tem ent

R ecent c o n s tru c tio n  o f  i n t e r s t a t e  and o th e r  fo u r  la n e , d iv id ed  

highways in  e a s te rn  Kentucky p rov ides e x c e lle n t  and a c c e s s ib le  ex­

posu res o f  f lu v io - d e l ta ic  sedim ents o f  C arboniferous age. These 

ou tc ro p s  a r e  undoubtedly some o f th e  b e s t  exposures o f  f lu v io - d e l ta ic  

sedim ents in  th e  e a s te rn  U nited S ta te s  and p erm it d e ta i le d  re co n s tru c ­

t io n s  o f  d e l t a i c  environm ents in  g e n e ra l and f lu v i a l  environments in  

p a r t i c u la r .  W ithin th e  p a s t t h i r t y  y ea rs  experim en tal d a ta  from

la b o ra to ry  flum es and d e ta i le d  exam inations o f  modern f lu v i a l  env iron-
•>
c e n ts  have s ig n i f ic a n t ly  expanded our q u a n t i ta t iv e  understand ing  o f  

f l u v i a l  d e p o s it io n a l  system s. This re c e n t  d a ta  from flume s tu d ie s  

and modem f l u v i a l  environm ents, to g e th e r  w ith  d a ta  assembled from 

C arbon iferous o u tcrops in  e a s te rn  Kentucky p rov ides a  b a s is  fo r  a  

q u a n t i ta t iv e  a n a ly s is  o f  a n c ie n t f lu v io - d e l ta ic  system s.

Purpose and O b jec tiv es

The purpose o f  t h i s  re se a rch  i s  to :  i )  develop m eaningful

c r i t e r i a  f o r  d is t in g u is h in g  fa c ie s  o f  f lu v io - d e l ta ic  environm ents, 

nam ely, f l u v i a l  channel, channel mouth b a r , c rev asse  sp lay , sub­

a e r i a l  le v e e , in te rc h a n n e l bay, and m arine, 2) develop a  method fo r  

e s tim a tin g  v e lo c i ty  o f  flow  in  a n c ie n t f lu v i a l  sandstones, 3) r e ­

c o n s tru c t  q u a n t i ta t iv e  h y d rau lic  and morphologic c h a r a c te r is t ic s  

o f  C arbon iferous m eandering, f lu v ia l  system s in  th e  A ppalachian Basin, 

u s in g  em piric  r e la t io n s h ip s  developed from modern f lu v i a l  environments 

and flum e experim ents and **) develop a  paleogeographic and d e p o s itio n a l
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model fo r  f lu v io - d e l ta ic  system s in  th e  K iddle Pennsylvanian o f 

e a s te rn  Kentucky, To ach ieve th e se  o b je c tiv e s  a  d e ta i le d  s t r a t i ­

g rap h ic , sed im en to lo g ic , p e tro lo g ic  and p e tro g ra p h ic  in v e s t ig a t io n  o f  

s e v e ra l l a t e r a l l y  tra c e a b le  u n i ts  was undertaken  over a  two y ea r p e rio d . 

L ocation

The study  a re a  i s  lo ca te d  in  th e  A ppalachian P la te a u  physiographic 

p rov ince , which in  e a s te rn  Kentucky i s  term ed th e  Kanawha P la tea u . 

Mature topography i s  c h a r a c te r is t ic  o f  th e  a r e a .  Most o f  th e  land  

su rfa c e  s lo p es  m oderately to  s te e p ly .  Flood p la in s  and te r ra c e s  o f  

m oderate s iz e  have formed on r e s i s t a n t  sandstones along  some o f the  

m ajor s tream s. Local r e l i e f  o f  th e  Kanawha P la te a u  in c re a se s  from 

th re e  hundred o r fo u r  hundred f e e t  in  th e  n o r th  n ea r th e  Ohio R iver 

to  about two thousand f iv e  hundred f e e t  in  th e  sou th  n ear Cumberland 

M ountain. The Kanawha P la tea u  i s  d is s e c te d  by t r i b u t a r i e s  o f  the  

Ohio R iver, namely, Big Sandy and i t s  t r ib u ta r y  L evisa Fork.

O utcrops d esc rib ed  in  th e  study  a re  lo c a te d  in  th e  P restonsburg - 

P ik e v i l le  a re a  along th e  v a lle y  o f Levisa Fork in  Floyd County,

Kentucky (F ig u re  l ) .  Middle Fennsylvanian f lu v io - d e l ta ic  sedim ents 

a re  exposed along  U.S. 460 and 23 south  o f  P resto n sb u rg . Outcrops 

a re  up to  th re e  hundred f e e t  h igh , te r ra c e d  every t h i r t y  f e e t

and exposed f o r  n e a r ly  s ix ty  p e rcen t o f  th e  t h i r t y  m iles from

P resto n sb u rg  to  P ik e v ile ,  Moreover, due to  th e  sinuous p a tte rn  o f

th e  road  a s  i t  fo llo w s th e  v a lle y  o f  L evisa Fork, th e  exposures p ro­

v id e  a  th re e  d im ensional view r a r e ly  observed in  most o u tc ro p s. 

A d d itio n a l ou tcrops a re  lo c a te d  on U.S. 114, one to  f iv e  m iles  west

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



FIGURE i .  Location  map o f  s tudy  a re a .  Outcrops a re  lo c a te d  a long
U.S. Highway 460 and 23 "between P restonsburg  and P ik e v i l le  
in  th e  v a l le y  o f  Levisa Fork. A d d itio n a l o u tc ro p s  a re  

' lo c a te d  on R te . 114, 3 and 979 •
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o f  P resto n sb u rg , Kentucky, ro u te  3» th re e  m iles  so u th  o f  P restonsburg , 

U.S. 80, w est o f  A lle n , Kentucky and Kentucky 979 a t  H arold , Kentucky, 

G eneral S tra tig ra p h y

The Pennsylvanian  System in  th e  e a s te rn  Kentucky c o a l f i e l d  i s  

d iv id ed  in to  th re e  fo rm ations (Table I ) ,  th e  b a sa l Lee composed o f 

m ostly  o r th o q u a r tz i t ic  sandstones and conglom erates, th e  B r e a th i t t  

fo rm ation  c o n ta in in g  m ineable c o a l seams and th e  Conemaugh form ation  

c h a ra c te r iz e d  by v a r ig a te d  sh a le s  and s e v e ra l  m arine lim esto n es , 

S t r a t ig r a p h ic  u n i t s  s tu d ie d  in  t h i s  r e p o r t  a re  w ith in  th e  

B r e a th i t t  fo rm atio n . F i r s t  named by Campbell (1898) f o r  rocks over- 

ly in g  th e  Lee fo rm ation  in  B r e a th i t t  County, th e  B r e a th i t t  form ation  

c o n s is ts  o f  c y c l ic  d e p o s its  o f  sh a le s , s i l t s to n e s ,  san d sto n es , d i s ­

continuous lim esto n es  and c o a l. Most o f  th e  commercial co a l o f  

e a s te rn  Kentucky i s  in  t h i s  fo rm ation . The sh a le  and s i l t s  to n e  beds 

a re  l i g h t  to  dark  g ray , a t t a i n  a  maximum th ick n e ss  o f  tw e n ty -fiv e  

m eters, co n ta in  numerous f o s s i l  p la n ts  and s id e r i t e  which ranges 

from se p a ra te  co n c re tio n s  to  n e a rly  continuous beds. Thin, d isco n ­

tin u o u s ca lca reo u s  zones make up a  very  sm all p a r t  o f  th e  fo rm atio n . 

Marine in v e r te b ra te  f o s s i l s  a re  p re se n t in  th e  ca lca reo u s  zones a t  

many p laces  and b ra c k ish  w ater and m arine f o s s i l s  occur in  some non- 

ca lca reo u s ro ck s  t h a t  co n ta in  p la n t  f o s s i l s .

Sandstones in  th e  s tudy  a re a  a t t a i n  maximum th ic k n e sse s  o f  t h i r t y -  

f iv e  m eters, b u t g e n e ra lly  average te n  m eters . Abundant c o a l and 

s id e r i t e  g ra in s  g iv e  th e  sandstone a  speck led  appearance r e s u l t in g  

in  th e  term  " s a l t  and pepper sand". M acerated p la n t  f o s s i l s  and 

micaeous m in era ls  a c ce n tu a te  bedding p la n e s .
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TABLE 1

Carboniferous S tra t ig ra p h ic  Units in Eastern  
Kentucky and Southern 'West V i r g in ia

LOCATION EASTERN KENTUCKY SOUTHERN WEST VIRGINIA

t n
ZDOr**
LU

o
CD
CD

CD
UJ
D-
Q_

>-LTt
UJ
CD

Conemauqh

B r e a th i t t

Lee

Conemaugh

Allegheny

ianawha

New R iver

Pocahontas

LT)
DD
O
CD ZD.
UJ
U_ *—■
►— 1
rr- C_
CD *—*
CD t n
CD LH
< t—t
LD t n  

cn
CD •—»
UJ

O

s :

Pennington

Newman

Mauch Chunk

G reenbriar
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A few beds o r  zones have d i s t in c t iv e  p ro p e r t ie s  and a re  s u f ­

f i c i e n t l y  w idespread to  be u s e fu l a s  key m arker beds th roughou t th e  

e a s te rn  Kentucky c o a l f i e ld s .  These a r e ,  in  t h e i r  r e l a t i v e  o rd e r  o f  

im portance, th e  F ire  Clay c o a l, th e  M agoffin beds (Morse, 1931) and 

th e  Kendrick s h a le  ( J i l l s o n ,  1919).

Much o f  th e  l a t e r  work on th e  s tr a t ig ra p h y  o f  th e  B r e a th i t t  

form ation  i s  based  on th e se  i n i t i a l  p a le o n to lo g ic  s tu d ie s  by J i l l s o n  

and Morse and i s  summarized in  an e x c e l le n t  paper by Wanless (1946). 

L a te r  s tu d ie s  by Hunt (1937)» P r ic e  (1956) and Huddle (1963) d e a lin g  

w ith  th e  economic a sp e c ts  o f  c o a l and w ater re so u rce s  f u r th e r  re f in e d  

th e  s t r a t ig ra p h y .  W ithin th e  p a s t  decade th e  U nited S ta te s  Geolog­

i c a l  Mapping Program has com pleted geo lo g ic  maps f o r  most 7 - i ' quad­

ra n g le s  in  th e  e a s te rn  Kentucky c o a l f i e l d .

With c o n s tru c tio n  o f  new i n t e r s t a t e  highway and c o a l access  

roads c re a tin g  e x c e l le n t  exposures, d e ta i le d  environm ental and s t r a t ­

ig ra p h ic  s tu d ie s  by Sm ith, e t . a l* t  (1971)» Baganz, e t . a l . ,  (1975) and 

Horn, e t . a l . ,  (1976) have ass ig n ed  s t r a t ig r a p h ic  u n i t s  in  th e  study 

a re a  to  environm ents o f  th e  low er and upper d e l ta  p la in .  Donaldson 

(1974) concluded t h a t  th e  B r e a th i t t  c o n s is ts  o f  a  sequence o f  sm all, 

northw ardly  p ro g rad in g  d e l ta  lo b e s . These works p rov ide  th e  b a s is  f o r  

s t r a t ig r a p h ic  c o r r e la t io n s  used in  t h i s  s tu d y .

G eologic S e t t in g

The s tudy  a re a  i s  lo c a te d  in  th e  Pocahontas B asin  (F ig u re  2 ) , 

an e lo n g a te  b a s in  bounded on th e  w est by th e  C in c in n a ti Arch and on 

th e  e a s t  by th e  fo ld ed  A ppalachian B asin . On th e  n o r th  i t  i s  confined
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FIGURE 2 . L ocation  o f  study  a re a  in  r e la t io n s h ip  to  m ajor s t r u c tu r a l  
f e a tu re s .  The s tu d y  a re a  i s  lo c a te d  in  th e  Pocahontas 
B asin in  th e  so u th ern  p a r t  o f  th e  N orth-South c ro s s -s e c t io n . 
D e ta ils  o f  t h i s  c ro s s -s e c t io n  a r e  shown in  f ig u re  3 ( a f t e r  
Korn, e t . a l . ,  f ig u re  i ,  1976).
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by th e  P a in t C reek -Irv in e  F a u lt  Zone. A n o r th -so u th  c ro s s - s e c t io n  

(F ig u re  3)  through th e  Pocahontas B asin  shows th e  g e n e ra liz e d  s t r a t ­

ig ra p h ic  r e la t io n s h ip s  in  th e  B r e a th i t t  fo rm ation . The in te r v a l  

between th e  Lower E lkhom  C oal and th e  Kendrick beds in  th e  so u th e rn  

th i r d  o f  f ig u re  3, ex tend ing  from P restonsburg  to  P ik e v i l le  a long  

U.S. Highway 23. l i e s  w ith in  th e  s tu d y  a r e a .  From th e  n o r th e rn  end 

o f  f ig u re  3* n e a r  th e  Blaine-WalTaridge F a u lt ,  sou th  through th e  s tu d y  

a re a , th e  in te r v a l  from th e  low er E lkhom  Coal to  th e  Kendrick Marine 

Zone th ick en s  from f i f t y  to  f iv e  hundred f e e t .  The s tu d y  a re a  i s  

lo c a te d  s l ig h t ly  sou th  o f  a  h inge zone s e p a ra tin g  th e  su b sid in g  

Appalachian B asin  on th e  so u th  from th e  s ta b le  c ra to n ic  p la tfo rm  to  

th e  n o rth , a s  evidenced by th e  th ick en in g  sedim entary sequence. As 

seen in  f ig u re  3 t h i s  h in g e  i s  composed o f  a  s e r ie s  o f  so u th e a s t 

d ipp ing  d o w n -to -th e-b asin  f a u l t s .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



FIGURE 3 . N orth-South c ro s s -s e c tio n  through th e  Pocahontas B asin .
The s tu d y  a re a  i s  lo c a te d  in  th e  so u th ern  t h i r d  o f  th e  
c ro s s - s e c t io n .  The hinge zone t h a t  se p a ra te d  th e  sub­
s id in g  A ppalachian B asin from th e  s ta b le  i n t e r i o r  p l a t ­
form i s  re p re se n te d  by a  s e r ie s  o f  dow n-to-the b as in  
growth f a u l t s .  The unnamed f a u l t ,  la b e le d  A, i s  lo c a ted  
in  th e  n o rth e rn  p a r t  o f  Floyd County in  th e  s tu d y  a re a  
( a f t e r  Horn, e t . a l . ,  f ig u re  4 , 1976).
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METHODOLOGY

F ie ld  Procedure

U nits  s e le c te d  f o r  s tudy  in  th e  r e p o r t  a re  based on d e ta i le d  

s t r a t ig r a p h ic  c o r re la t io n s  o f  Horn (1976), Baganz (1975) and th e  

a u th o r 's  f i e ld  reco n n a issan ce . C r i te r ia  used in  s e le c t in g  p a r t ic u la r  

in te r v a ls  were l a t e r a l  t r a c e a b i l i ty  where f a c ie s  r e la t io n s h ip s  in  th e  

f lu v io - d e l ta ic  environm ent could be observed in  d e t a i l ,  d ia g n o s tic  

upper and low er boundary u n i ts  and sandstones w ith  p a r t i c u la r ly  w e ll 

developed f l u v i a l  c h a r a c te r i s t i c s .

E n tire  o u tc ro p s , some n e a r ly  one m ile long , were photographed 

in  s e c tio n s  u sin g  a  t h i r t y - f i v e  mm., wide ang le  le n se . Photographs 

were overlapped to  form a  mosaic o f  th e  e n t i r e  ou tcrop  le n g th ; some 

photo m osaics reached  e ig h t f e e t  in  le n g th . Dimensions o f  each o u t­

crop were measured by a  pace and Brunton method and t r a n s f e r r e d  to  

com posite ou tcrop  photographs a t  th e  ap p ro p ria te  s c a le .  E rro r  p ro ­

duced by t h i s  method in  th e  es tim a te  o f  outcrop  geometry i s  ap p ro x i­

m ately f iv e  p e rc e n t. Composite outcrop  photographs were th en  used 

in  th e  f i e l d  to  re c o rd  th e  lo c a tio n  o f  p a leo cu rren t d a ta , th in  s e c tio n  

sample, v e r t i c a l  p r o f i l e s ,  d is t r ib u t io n  o f  bedding s ty l e s ,  m ajor 

e ro s io n a l su rfa c e  and o th e r  p e r t in e n t  outcrop  d a ta .

Data c o l le c te d  in  th e  f i e ld  included  d e ta i le d  geometry o f  t h i r t y -  

two o u tc ro p s , w ith  emphasis on f lu v ia l  channel d im ensions, s ix te e n  

v e r t i c a l  and l a t e r a l  p r o f i l e s  co n ta in in g  d e ta i le d  in fo rm atio n  on d i s ­

t r ib u t io n  o f  bedding ty p e s , g ra in  s iz e  and derived  t e x tu r a l  p aram eters , 

c lay  m ineralogy, p e tro lo g y  and p a le o cu rren t d i r e c t io n s .  Over s ix  

hundred p a le o c u rre n t d ir e c t io n s  were measured. (See Appendix I  f o r  

th e  method o f  a n a ly s is  o f  p a leo cu rren t d a ta ,)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Laboratory Procedure

One hundred ten  th in  se c tio n s  were prepared fo r  g ra in  s iz e  

a n a ly s is . S ixty-one o f th ese  were used in  petrographic a n a ly s is .

A ll th in  sec tions were s ta in e d  fo r  p lag io c lase  and o rthoclase  f e ld ­

spar and carbonate using th e  methods adopted by Friedman (1971, p . 523) 

and Carver (1971» P* 515) re s p e c tiv e ly . P o in t counting included two 

hundred counts pe r s l id e  fo r  s iz e  a n a ly s is  and two hundred d i f fe re n t  

counts per s l id e  o f p e tro lo g ic  a n a ly s is . Grain s iz e s  were c lassed  

in  q u a rte r  phi in te rv a ls  and p lo tte d  as cumulative percent f in e r  on 

lo g -p ro b ab ility  paper. Moment measures and various derived  te x tu ra l  

parameters were ca lcu la ted  from th ese  curves. A fte r transform ation  

to  equivalent s ieve  s iz e s  by th e  method o f H a rre ll and Erickson ( in  

p repara tion , see Appendix I I ) ,  th ese  param eters were used in  paleo- 

hydrau lic  ca lcu la tio n s  and in  d is tin g u ish in g  d ep o sitio n a l environments.

The use o f H a r r e l l 's  method in  t h i s  s tudy  i s  j u s t i f i e d  by compar­

iso n  o f d a ta  in  Table I I .  Two carb o n a te  cemented sandstones, HA-2-23 

and HA-23-23, were d isag g reg a ted  in  d i lu t e  h y d ro ch lo ric  a c id , s iev ed  

a t  q u a r te r  phi in te rv a ls  and th e  r e s u l t in g  d is t r ib u t io n s  p lo t te d  on 

lo g -p ro b a b il i ty  p ap er. V alues o f  d e riv ed  te x tu r a l  param eters from 

sieved  samples compare w e ll w ith  converted  param eters from th in  s e c t io n  

p o in t  counts o f  th e  same sam ple.

Fifty -one  samples from various d e p o sitio n a l environments were 

c o llec ted  and analyzed fo r  c lay  m ineral con ten t and ca tion  exchange 

capacity  (Ulmschneider, in  p re p a ra tio n ) . The procedure fo r  c lay  

m ineral p reparation  and d a ta  a n a ly s is  i s  described in  Appendix I I I .
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TABLE II

COMPARISON OF TEXTURAL PARAMETERS FROM TRANSFORMED 
THIN SECTION SAMPLES AND IDENTICAL SIEVED SAMPLES*

Maximum Standard
Sample Diam eter (tf) Median (fiQ D eviation  Skewness

HA-2- 23s iev e  1.30 -  1 .75 3*5 0 .40  0.03

HA-2- 23™, , i.6 o ±  3.4o i  0.09  0.53  -  .04 0.09 * .04
a f t e r  •
tra n sfo rm a tio n

HA-23-23sieve 1*50 -  1 .75  3 .30  0 .42  0 .05

HA-23-23js

tran sfo rm a tio n  1.75 3*31 ~ *08 0 .46 -  .04 0 .10 -  .04

*Sieved d a ta  were ob ta ined  By d isag g reg a tin g  carbonate  cemented sam ples. 
E rro r estim ated  from 95a< confidence in te r v a l .
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These d a ta  Here used to  develop  c r i t e r i a  f o r  d e lin e a t in g  env iron ­

ments o f  d e p o s itio n  in  a  f lu v io - d e l t a i c  environment and f o r  q u a n ti­

t a t iv e ly  re c o n s tru c tin g  th e  hydrology and morphology o f  f lu v i a l  system s 

in  th e  B r e a th i t t  fo rm ation  in  e a s te rn  Kentucky.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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GENERAL STRATIGRAPHY

G eneral S ta tem ent

A genera lized  cross se c tio n  (F igure 4) along U.S. Highway 460 

and 23 between Prestonsburg and P ik e v llle  shows th e  s tra tig ra p h ic  

re la tio n sh ip s  o f  th e  B re a th it t  form ation in  th e  study a re a . Three 

d i s t in c t  s t r a t ig ra p h ic  in te rv a ls  in  th e  B re a th it t  from th e  lower and 

upper d e l ta  p la in  environment (Baganz, e t . a l . ,  1975) were stud ied  in  

- d e ta i l  in  th is  r e p o r t .  The low est in te rv a l  occurs immediately below 

th e  Upper Elkhom  No. 1, 2 coal in  th e  southern th ird  o f f ig u re  4 .

The middle in te rv a l  occurs as a  s p l i t  in  th e  Upper Elkhom  No. 1, 2 

coal in  th e  c e n tra l  p a r t  o f f ig u re  4 . The upper in te rv a l  occupies a 

p o s itio n  in  th e  Upper Elkhom No. 3 coal zone. The t o t a l  average 

s tra tig ra p h ic  th ickness  i s  seventy m eters. The low est in te rv a l  i s  

approxim ately s ix ty  m eters above th e  base o f th e  B re a th it t  form ation. 

S tra tig ra p h ic  U nits

The sandstone immediately below the  Upper Elkhom No. 1, 2 coal 

i s ,  in  t h i s  study , termed th e  Harold Sandstone because o f  e x ce llen t 

exposures a t  H arold, Kentucky. Outcrops o f th e  Harold Sandstone a re  

lo ca ted  on f ig u re  5* The sandstone u n it  i s  approxim ately ten  meters 

th ic k  and has eroded in to  in te rd is tr ib u ta ry  bay s i l t s  and s i l ty - s h a le s  

(Baganz, e t . a l . ,  1975)* 3m p laces , however, th e  sandstone i s  absen t 

and th e  Upper Elkhom  No. 1, 2 coal r e s t s  d i r e c t ly  upon th e  in te r ­

d is t r ib u ta ry  bay sedim ents. The Harold Sandstone d isp lay s prominent 

f l u v ia t i l e  fe a tu re s  th a t  w il l  be described  in  th e  nex t chap ter. To 

th e  n o rth , beyond HA-2b, th e  sandstone drops in to  th e  subsurface.

To th e  south , beyond BB-4 the  sandstone r i s e s  to  th e  tops o f  th e  h i l l s  

and i s  eroded o r  n o t exposed.
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FIGURE 4 . G eneralized  c ro s s -s e c t io n  along  U.S. Highway 460 and 23 in  
th e  s tu d y  a re a .  S t r a t ig r a p h ic  r e la t io n s h ip s  o f  th e  th re e  
in te r v a ls  s tu d ie d  in  t h i s  r e p o r t ;  th e  H arold Sandstone, 
th e  A llen  Sandstone and th e  Upper E lkhom  No. 3 c o a l zone 
a re  c le a r ly  d e p ic ted  ( a f t e r  Baganz, e t . a l . , f ig u re  2 , 1975)*
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FIGURE 5 . L ocation map o f  ou tcrops o f  th e  H arold Sandstone. Location 
numbers a r e  used a s  re fe re n c e  to  each o u tc ro p . Location 
BB-3 i s  th e  only ou tcrop  o f  th e  B lairtow n Sandstone.
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Invariab ly , th e  Harold Sandstone i s  capped by th e  Upper Elkhom 

No. 1, 2 coal which i s  e a s ily  recognized in  th e  v ic in i ty  o f Harold 

and provides a  good marker bed f o r  c o rre la t io n  o f th e  Harold Sandstone 

between outcrops. I t  i s  approxim ately 1 .6  m eters th ic k , by f a r  the  

th ic k e s t coal in  th e  a re a . Extensive s t r i p  mining provides a  good 

marker bench fo r  c o rre la tio n  purposes.

North o f th e  outcrops o f th e  Harold Sandstone th e  Upper Elkhom 

No. 1, 2 s p l i t  in to  th e  Upper Elkhom  No. 1 and Upper Elkhom No. 2 

(Figure 4 ) .  This in te rv a l  i s  occupied by a  f lu v ia l  sandstone system, 

here termed th e  A llen  Sandstone, from superb outcrops a t  A llen , Kentucky.
U

Outcrops o f th e  A llen  Sandstone a re  lo ca ted  on f ig u re  6. The A llen 

Sandstone i s  approxim ately 10 m eters th ic k , b u t th ickens to  12 meters 

in  p laces and i s  com pletely absen t lo c a l ly .  Subfacies o f th e  f lu v ia l  

environment a re  p resen t in  th i s  in te rv a l  and w il l  be described  l a t e r .

To the  north , beyond U.S. Highway 114, th e  A llen  Sandstone i s  absen t, 

th e  in te rv a l  being occuppied by in te rd is t r ib u ta r y  bay sedim ents. To 

th e  south, beyond HA-9, where th e  Upper Elkhom  No. 1 and Upper Elk­

hom  No. 2 jo in , th e  in te rv a l  i s  ab sen t.

The Upper Elkhom No. 1 i s  a  good marker bed a t  th e  base o f  the  

A llen Sandstone. I t  i s  a cannel coal approxim ately 15 cm. th ic k . In  

p laces , i t  occurs sev era l m eters below th e  A llen Sandstone, w ith in te r ­

vening s i l ts to n e s  th a t  con ta in  brack ish  w ater pelycopods. At sev era l 

lo c a l i t i e s  the  sandstone has eroded through th e  cannel coal and la rg e  

mats o f coal a re  preserved w ith in  th e  lower two m eters o f th e  sandstone. 

The Upper Elkhom No. 2 coal caps th e  A llen Sandstone a t  a l l  observed 

lo c a l i t i e s .
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FIGURE 6. Location map o f  outcrops of th e  A llen Sandstone. Location 
numbers a re  used a s  re fe rence  to  each outcrop. Location 
HA-22 i s  an outcrop in  th e  Upper Elkhom No. 3 coal zone 
which may correspond to  th e"B la ir to m  Sandstone.
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The h ighest s t r a t ig ra p h ic  in te rv a l  stud ied  in  th is  re p o r t  occurs 

in  the  Upper Elkhom No. 3 co a l zone. This in te rv a l  i s  ch arac te rized  

by s p l i t t i n g  and re jo in in g  o f numerous Upper Elkhom No. 3 coal seams 

(Figure Exact c o r re la t io n  from outcrop to  outcrop i s  exceedingly 

d i f f i c u l t .  E xce llen t exposures o f f lu v io -d e lta ic  environments a re  

p resen t in  the  Upper Elkhom  No. 3 zone a t  B lairtown, Kentucky (lo ca ­

tio n  BB-3» f ig u re  5 )• The sandstone exposed th e re  i s  termed th e  B la ir ­

town Sandstone.

S tra tig ra p h ic a lly  below th e  Blairtown Sandstones, bu t w ith in  th e  

Upper Elkhom No. 3 coal zone, a t  BB-3t an ex tensively  b io tu rb a ted  t id a l  

channel w il l  be compared w ith th e  c h a ra c te r is t ic s  o f  f lu v ia l  channel 

sands. l>

At lo c a l i ty  HA-22, n ear Iv e l ,  Kentucky (Figure 6 ), a superbly 

developed is o la te d , abandoned channel i s  completely exposed in  the  

Upper Elkhorn No. 3 coal zone. Although th is  channel cannot be 

d ire c tly  c o rre la ted  to  any sandstones in  o ther outcrops, i t  w il l  be 

used in  th e  co n stru c tio n  o f a  paleogeographic and d ep o sitio n a l model.
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DEPOSITIONAL ENVIRONMENTS

General Statement

In  th e  preceding chap ter th e  s tra tig ra p h y  o f  th e  B re a th it t  forma­

tio n  was described in  general term s. A curso ry  examination o f the  l i t h -  

o log ic  u n its  revealed  sev e ra l d i s t in c t  types in  th i s  lo n er and upper 

d e lta  p la in  environment. The purpose here  i s  to  d e lin ea te  th e  d if f e r e n t  

l i th o lo g ic  u n its  a s  to  d ep o sitio n a l fa c ie s  in  th e  d e l ta ic  environment 

in  genera l and describe  c h a ra c te r is t ic s  o f  th e  f lu v ia l  sandstone fa c ie s  

in  p a r t ic u la r .  The c r i t e r i a  used a re  1) v e r t i c a l  and l a t e r a l  s t ra tig ra p h ic  

re la tio n sh ip s  a s  dep icted  in  measured s e c tio n s , 2) na tu re  o f bounding 

su rfa c e s , 3) bedding s ty le  and d is t r ib u t io n ,  4 ) g ra in  s iz e  d is tr ib u t io n  

p lo ts  and derived te x tu ra l  param eters, 5) petro logy  and 6) c lay  m ineralogy. 

L itho log ic  u n its  were f i r s t  assigned to  d e p o sitio n a l environments on th e  

b a s is  o f v e r t ic a l  and l a t e r a l  s t r a t ig ra p h ic  re la tio n s h ip s , na tu re  o f  th e  

bounding surfaces and bedding s ty le  and d is t r ib u t io n .  Grain s iz e  d i s t r i ­

bu tion  curves and th e  derived  te x tu ra l  param eters, petro logy and c lay  

mineralogy were used to  t e s t ,  v e r ify  and r e f in e  those i n i t i a l  environmental 

in te rp re ta t io n s .

Previous Works

Modem s tu d ie s  o f d e l ta ic  sedim entation, in i t i a t e d  by H.N. F isk , 

con tribu ted  s ig n if ic a n tly  to  knowledge o f  d ep o s itio n a l and environmental 

a sp ec ts  o f  rec en t d e l ta ic  sedim ents. D e ta iled  s tu d ie s  o f th e  M ississip p i 

D elta  by F isk , e t . a l . ,  (195*0» F isk  (1961), Coleman and Gagliano (1967) 

and F ra z ie r  (1967) have led  to  th e  development o f a  d e l ta ic  model 

a p p licab le  to  a n c ien t d e l ta ic  sedim ents. S im ila rly , Fulton (1975) has de­

veloped a  d e lta ic  model from subsurface s tu d ie s  o f th e  Rio Grande.
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Most work on d e l ta ic  sedim entation I s  summarized in  volumes such as 

D eltas In  T heir Geologic Framework, (S h irley  and Ragsdale, e d s . , 1966),

Delta Systems In the Exploration for Oil and Gas, (Fisher, Brown, Scott 
and McGowen, eds., 1969)* Deltaic Sedimentation, Modern and Ancient.
Morgan and Shaver, e d s .,  1970), D eltas, Models fo r  E xp lo ra tion , (Broussard, 

e d ., 1975) an<l  most re c e n tly , D eltast Processes o f  D eposition and Models 

fo r  E xploration . (Coleman, e d .,  1976)* An ex ce llen t summary arranged by 

fa c ie s  In  a  d e l ta ic  s e t t in g  i s  provided In C la s tic  D epositional Systems -  

A Genetic Ap-proach to  Facies A nalysis: Annotated O utline and B ibliography. 

(F isher and Brown, e d s . , 1972).

P ub lica tio n s concerned w ith Pennsylvanian age f lu v io -d e lta ic  systems 

a re  numerous. The search  fo r  o i l  and gas prompted much work, m ostly in  

the  subsurface, in  Texas, such a s  Pennsylvanian D epositional Systems in  

North C en tra l Texas. (Brown, Cleaves and Erxleben, 1973)» Geometry and 

D is trib u tio n  o f F lu v ia l and D elta ic  Sandstones, Pennsylvanian and Permian. 

North C entral Texas (Brown. 1969) and Recent and Ancient D e lta ic  Sedimentsi 

A Comparison. (Coleman, Ferm and Gagliano, 1969)* D e lta ic  d ep o sits  o f 

la te  Paleozoic age from th e  In te r io r  Basin a re  summarized by Wanless, 

e t . a l . ,  (1970). S evera l s tu d ie s  by Hopkins, (1958)* P o tte r ,  (1962a, 1962b, 

1963, 1967), and Friedman, (1957, 1959, I960) deal s p e c if ic a lly  w ith f lu v io -  

d e lta ic  sandstones o f  Pennsylvanian age in  the  I n te r io r  Basin, Indiana and 

I l l i n o i s .

P ub lica tio n s d esc rib in g  Pennsylvanian age d e l ta ic  sediments in  Kentucky, 

Ohio, Pennsylvania and West V irg in ia  by Ferm, (1970, 197*0, Perm and Cavaroc, 

(1968), Donaldson, (1970, 197*0, Baganz, e t . a l . ,  (1975) and Horn and Ferm, 

(1976) a re  used ex ten siv e ly  in  th i s  study.
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Environments o f  D eposition

Lower and upper d e lta  p la in  Bediments in  th e  study a rea  can be 

c la s s if ie d  in to  f iv e  general d e p o s itio n a l environments. These a re  

1) ln terchannel bay, 2 ) channel mouth b a r, 3) f lu v ia l  channel, 4) c re ­

vasse splay and su b a e ria l levee and 5) m arine. The c h a ra c te r is t ic s  o f 

these  f iv e  environments a re  described  below.

In terchannel Baysi ln te rch an n el bays a re  rep resen ted  by sequences 

o f  sh a les , s i l t y  sha les and s i l t s to n e s  th a t  g rad a tio n a lly  coarsen up­

ward and l a t e r a l ly  in to  sandstones o f channel mouth bars and crevasse  

sp lay s . L ocality  BB-3 (see  F igure 5 f o r  lo ca tio n ) i s  an e x c e lle n t 

exposure showing th e  v e r t ic a l  and l a t e r a l  s t ra tig ra p h ic  re la tio n s h ip  

(P la te  I ) .

Bay f i l l  sediments a re  approxim ately te n  to  twenty m eters th ic k  

and coarsen up from a  median value o f 5$ a t  th e  base to  a  median value 

o f 30 a t  the  top  (F igure 7) • Maximum g ra in  diam eter a lso  coarsens up 

from 3.20 near th e  base to  1 .70 . The base i s  commonly p a r a l le l  bedded 

sha les contain ing  few in v e r te b ra te  f o s s i l s ,  m ostly Lln g u la . P a r a l le l  

to  wavy bedded, s i l t y  sha les commonly occur above th e  b asa l sh a le . 

Concentrations o f  mica and f in e ly  d iv ided  p la n t m a te ria l occur on 

bedding p lanes. "Frozen" c u rre n t r ip p le s  and wavy lam inations (Coleman, 

1965, p . 136) a re  common (F igure 8 ) .  Maximum r ip p le  h e ig h t i s  two 

cen tim eters, B lo turbation  i s  p re sen t, b u t r a r e ,  in  th e  lower sequence 

o f bay sedim ents. I t  i s  absen t in  th e  co arse r upper p a r t .

Current and o s c i l la to ry  r ip p le s  (F igure  9 and 10), m icroscour 

f i l l  s tru c tu re s  and m icrotrough c ross-lam ination  occur in  f in e  

paTvfo and coarse s i l t s  above th e  lower bay f i l l .  C ross-l ami na tlc n s
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FIGURE 7 . V e r tic a l p ro f i le  through "bay f i l l  a t  lo c a tio n  BB-3 in  the  
B lairtow n Sandstone. See p la te  I  fo r  th e  genera l s t r a t i ­
graphic re la tio n sh ip  between th e  bay f i l l  and f lu v ia l  
system. The legend th a t  accompanies th e  f ig u re  re fe r s  to  
a l l  o th e r v s r t ic a l  p ro f i le s  a s  w e ll.
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FIGURE 8. Photograph of horizontal and wavy "beds typical of bay fill 
sediments. "Frozen" ripples are occasionally well 
developed. Sediments are shales with interbedded silts 
and fine sands.
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FIGURE 9 . Photograph o f w ell developed o s c i l la to ry  r ip p le s  in  hay 
f i l l  sedim ents. R ipples axe composed o f coarse s i l t .

O

FIGURE 10. Close up o f o s c i l la to ry  r ip p le s  in  f ig u re  9« Ripple 
c r e s t s  a re  f iv e  cen tim eters a p a r t .  View i s  down onto 
bedding p lane.
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average three centimeters thick, but troughs up to seven centimeters 
are common. These structures indicate that currents from waves, tides 
and fluvial flooding were active during deposition of the middle se­
quence of bay sediments. Small scale trough cross-bedding, up to 
twenty centimeters thick, is prevalent near the top of the fine sand 
unit.

Above this unit extensively rooted, fine silts and silty shales 
are abundant. Fossil plants in growth position are common. Vegeta­
tion established itself when bays filled sufficiently to form a sur­
face upon which plants could root (Baganz, et.al., 1975)* Discontin­
uous lenses of fine sand are commonly interbedded with silty shales, 
indicating periodic innudation of the coal swamp by fluvial or marine 
currents.

Lateral relationships in the interchannel bay environment are 
similar to vertical relationships (Figure 1 1 ) .  Sediments grade from 
parallel to wavy bedded silty shales (4.50) in the bay to rippled 
and micro trough cross-bedded fine sands (30) in the channel mouth bar. 
Maximum grain diameter similarly coarsens from 30 to i»20 in the 
direction of the channel mouth bar.

Primary bedding surfaces are pronounced, sub-horizontal and 
laterally continuous (Plate I) in the bay environment. They commonly 
exhibit clay drapes and concentrated accumulations of fossil plant 
debris. These bedding surfaces probably correspond to periods of low 
sediment influx. Chemically precipitated siderite commonly occurs 
as persistant bands or concretions along bedding surfaces. Both 
siderite and bioturbation disappear towards the source of fresh water 

influx.
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FIGURE 11. L a te ra l p ro f i le  o f  bay f i l l  a t  lo ca tio n  BB-3 in  the  
B lairtow n Sandstone. See p la te  I  fo r  th e  general 
s t ra tig ra p h ic  re la tio n sh ip  between bay f i l l  and f lu v ia l  
system.
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Channel Mouth B arsi Channel mouth b a rs  a re  a reas  o f shoaling 

a sso c ia ted  with th e  term inus o f a  channel mouth. D eposition r e s u l ts  

from a  decrease in  v e lo c ity  and d ec lin e  in  carry ing  capacity  o f  stream s 

a s  they  leave  th e  confines o f t h e i r  channels. These a re  a re a s  o f 

ra p id  d eposition  and constan t reworking by marine waves and r iv e r  

c u rre n ts .

P la te s  I  e a s t  end, I I  and I I  show th e  outcrop geometry o f th ree  

d i f f e r e n t  channel mouth b a rs . The general p o s itio n  o f each outcrop 

in  r e la t io n  to  th e  f lu v ia l  system i s  dep ic ted  in  f ig u re  12 taken 

from Coleman's (1965) study o f channel mouth bars on th e  M ississipp i 

R iver. The general s tra tig ra p h ic  re la t io n s  in  these  p la te s  corresponds 

w ell w ith  Coleman's f ig u re  12.

In  p la te  I  th e  exposure o f th e  B lairtow n Sandstone i s  perpendicu­

l a r  to  channel o r ie n ta tio n , determined from pa leocurren ts  in  th e  chan­

n e l  sandstone (F igure 19). The primary bedding su rfaces on th e  bar 

f lan k s  a re  in c lin ed  and slope away from th e  channel c en te r l in e ,  in  

opposite  d ire c tio n s . Primary bedding p lanes a re  s im ila r ly  in c lin ed  

on th e  b a r f lan k s  on th e  west s ide  o f  th e  abandoned channel in  p la te  

I I I ,  f ig u re  13. In c lin ed  bedding su rfaces a re  a lso  developed in  th e  

se c tio n  p a r a l le l  to  th e  channel system (P la te  I I ) .  Thus, flanks o f 

channel mouth bars in  the  study a rea  form a su rface  th a t  slopes uni­

form ly away from th e  cen te r o f th e  channel, c o n s is ten t w ith observa­

t io n s  from modem environments. P a leocu rren t o r ie n ta tio n s  (Figure 19 

and 20, Table I I I )  in d ic a te  th a t  cu rren ts  moved down th e  d ip  o f  the  

in c lin e d , primary bedding su rfaces .

Channel mouth bar sediments th in  ra p id ly  away from th e  channel. 

C oncentrations o f  muscovite, f in e ly  d iv ided  p la n t m a te ria l and c lay
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FIGURE 12. O rien ta tio n  and lo ca tio n  o f channel mouth "bar outcrops
K ith re sp e c t to  th e  f lu v ia l  channel. Section  AA' corresponds 
to  outcrop BB-3 and P la te  I  o f th e  Blairtown Sandstone. 
S ection  BB' corresponds to  outcrop HA-22 and P la te  I I I  in  
th e  Upper Elkhom  coal zone and may be c o rre la te d  K ith BB-3. 
S ection  GO' corresponds to  outcrop LA-9 and P la te  I I  o f 
th e  A llen  Sandstone. (Modified from Coleman, f ig u re  9 ,
1965).
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FIGURE 13. Photograph of abandoned, channel a t  HA-22.
Corresponds to  P la te  I I I .  Flanks o f channel 
mouth b a r  d eposit slope gen tly  away from th e  
channel on th e  west s id e .
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chips up to  f iv e  cen tim eters long commonly occur on bedding p lanes. 

Development o f th ese  bedding su rfaces  i s  caused by f lu c tu a tio n s  in  

sediment inpu t and probably re la te d  to  v a r ia tio n  in  r iv e r  d ischarge , 

w ith c lay  chips eroding during high  flows and mica and p la n t m a te ria l 

s e t t l i n g  out during  low flow s. The s p a t ia l  a sso c ia tio n  o f primary 

bedding planes on th e  n o rth ea s t s id e  o f P la te  I  in d ic a te s  th a t  the  

channel mouth b a r  was fu l ly  developed p r io r  to  i n f i l l in g  o f th e  bay 

sedim ents. Bay f i l l  sediments overlap  those  o f  th e  channel mouth b a r.

D e ta ils  o f  th e  in te rn a l  s tra tig ra p h y  can be seen in  v e r t ic a l  

p ro f i le s  (Figure 14). F igure 14 i s  a  se c tio n  through the  a x ia l
im­

p o r t  ion  o f the  channel mouth b a r . The f lu v ia l  channel has eroded

in to  th e  upper p o rtio n  o f th e  b a r a t  2 .4  m eters,

A banal p ro d e lta  c lay  occuppies th e  in te rv a l  from 0 to  0 .6  

m eters. I t  i s  p a r a l le l  bedded, u n fo ss il lfe ro u s  and con ta ins some 

s i l t y  lam inations. A sharp, bu t nonerosive con tact separa tes th is  

from 1.2 m eters o f th e  overly ing  coarse  s i l t s  and f in e  sands o f  th e  

b a r f lan k  d e p o s its . Current r ip p le s ,  o s c i l la to ry  r ip p le s  and micro­

trough c ross-lam inations (3  cen tim eters maximum) predominate in  th i s  

u n i t  (F igures 15 and 16). O ccasionally  graded bedding i s  developed 

in  th e  b a r f la n k s . Grain s iz e  i s  very uniform along th e  leng th  o f 

b a r f la n k s . Samples BB-3-27, BB-3-28 and BB-3-29 which extend from 

th e  c e n tra l  p o rtio n  o f  th e  b a r to  th e  d i s t a l  bar flanks (P la te  I )  

have median values o f 3.730. 3.820 and 3.760 re sp ec tiv e ly .

A sharp , e ro s iv e  con tac t sep a ra te s  th e  bar flanks from the  

co a rse r, f in e  sands (3 .20) o f  th e  c e n tra l  p o rtion  o f the  b a r. M ulti-
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FIGURE 14. V e rtic a l p ro f i le  through channel mouth "bar and
overly ing  channel deposits  a t  BB-3 in  th e  Blairtown 
Sandstone. See P la te  I  f o r  lo ca tio n  o f se c tio n . 
Channel i s  f i l l e d  w ith h o rizo n ta lly  bedded c la y s .
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FIGURE 15. Photograph o f s t r a ig h t ,  round c re s te d , o s c i l la to ry  
r ip p le s  on a  primary bedding su rface  o f th e  channel 
mouth ba r, LA.-9.

FIGURE 16. Photograph o f sharp , s t r a ig h t  c re s te d , o s c i l la to ry  
r ip p le s  which occur in  th e  m icro-trough c ross­
lam ination  o f  th e  c e n tra l  p o rtio n  of th e  b a r, BB-3.
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d ire c tio n a l ,  trough cross-bedding, up to  50 cen tim eters th ic k , i s  

predominant in  th e  c e n tra l  p o rtion  o f th e  b a r . Prim ary, in c lin ed  

bedding su rfaces  a re  no t developed. There i s  l i t t l e  l a t e r a l  con­

t in u i ty  o f  bedding in  th e  c e n tra l  p o rtion  o f th e  b a r, M icrofau lting  

i s  w ell developed lo c a lly  (P la te  I I I ) ,  B io tu rba tion  i s  absen t from 

any p o rtio n  o f  th e  b a r . Gas heave s tru c tu re s ,  w ell developed on 

M iss iss ip p i R iver mouth bars (Coleman, 1965), axe a lso  ab sen t.

Channel mouth b a rs  may coarsen upward (F igure 13, samples BB-3-2? 

and BB-3-8) o r  f in e  upward (Figure 17) depending upon lo c a tio n  of 

exposed se c tio n  and th e  re la tio n sh ip  o f  th e  channel b a r  system.

In  f ig u re  17 th e  channel has no t prograded over o r eroded in to  the  

channel mouth b a r  sedim ents. The completely preserved channel mouth 

b a r grades from medium sand ( 2 . Off) a t  th e  base to  very  f in e  sand and 

coarse  s i l t  a t  th e  to p . Medium sc a le , m u lti-d ire c tio n a l  trough c ro ss­

beds (50  cen tim eters) a t  the  base grade upward in to  a th ic k  (6 meter) 

in te rv a l  o f  sm all trough beds (10 cen tim e te rs), m icrotrough c ross­

lam inations, c u rre n t and o s c i l la to ry  r ip p le s ,  convoluted lam inations 

and clim bing r ip p le s .  This s ty le  and d is t r ib u t io n  o f bedding i s  

common on channel mouth bars and subaqueous levees on th e  M ississipp i 

R iver (Coleman, 1965, Coleman, e t . a l . ,  196^, F isk , 1961).

A sharp , e ro s lo n a l con tact sep ara tes  th e  medium sc a le  trough 

cross-beds from th e  underlying bay sedim ents. However, where these  

cross-bedded sands a re  absen t and b a r f lan k  d ep o sits  r e s t  d ir e c tly  

upon bay o r p ro d e lta  sediments th e  con tac t i s  sharp , b u t nonerosive 

(P la te  I I  n o rth  end) and th e  g ra in  s iz e  o f  channel mouth b a r sediments 

i s  f in e r  (3 .9 0 ) , in d ic a tin g  a  waning o f c u rre n t v e lo c ity  away from the  

c e n tra l  p o rtio n  o f  th e  b a r.
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FIGURE 17. V e rtic a l p ro f i le  through channel mouth hax d ep o sit 
in  th e  A llen Sandstone a t  IA-9. Note f in in g  upward 
sequence and d is t r ib u t io n  o f  bedforms.
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Fluvial Channels t Fluvial channels are natural flumes that 
accomodate discharge and transport sediment to the delta front.
Channel d ep o sits  in v a riab ly  tru n ca te  underlying channel mouth bar 

and In terchannel bay sedim ents.

Fluviatile sandstones, In the study area, exhibit general morpho­
logic features commonly depicted In models for fluvial deposition of 
meandering streams (Allen, 1970, Visher, 1965, Jackson, 1975)* Migra­
tion of a meandering fluvial system Ideally develops three pronounced 
morphologic characteristics, 1) point bar (lateral accretion) surfaces,
2) abandoned meander channels, and 3) major e ro sio n a l tru n ca tio n s ,

There d ep o sits  o f  one meander c ro ss c u t those  o f  a  previous meander.

P o in t b a r  su rfaces a re  in c lin ed  su rfaces th a t  extend from th e  channel 

thalweg to  th e  flood  p la in  d ep o sits  (F igure 18). They tend to  be 

e ro s io n a l, c u tt in g  through th e  sm all sc a le  trough s t r a t i f i c a t i o n  

w ith in  th e  sandstone body. Clay drapes, and concen tra tions o f  mica­

ceous m ineral and macerated p la n t m a te ria l commonly accen tuate  these  

su rfa ce s .

In c lin a tio n  o f p o in t b a r su rfaces in creases w ith decreasing  r iv e r  

s iz e , b u t averages around 12° (A llen, 1970) Leeder, 1973)* The 

apparent d ip  decreases to  0° a s  th e  o r ie n ta tio n  o f  th e  outcrop approaches 

th a t  o f the  p a leo cu rren t d ire c tio n . For t h i s  reason  d e ta ile d  accounts 

o f occurrence o f  p o in t b a r su rfaces a re  n o t numerous. They have been 

described  in  d e ta i l  from Pennsylvanian age sediments (Beutner, e t . a l . ,  

1968; A llen , 1965, Padgett, 1976 and Sedim entation Seminar, in  p ress) 

from Devonian sedim ents (A llen  and Friend, 19661 Moody-Stuart, 1966) 

from Ju ra s s ic  sedim ents (Nami, 1976) and Cretaceous age sediments

(C o tte r, 1971)*

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



FIGURE 18. Model for development of point "bar surfaces in
meandering d e lta  r iv e r s .  As channel m igrates from 
r ig h t  to  l e f t  a  s e r ie s  o f  p o in t ba r su rfaces develop. 
Seen in  v e r t ic a l  p ro f i le ,  th e  p o in t ba r su rfaces a re  
m oderately in c lin ed  and extend from th e  base o f  the  
channel to  th e  overbank d e p o s its . Flow p a ra l le ls  
th e  s t r ik e  o f th e  p o in t b a r su rfa ce . (A fte r Horn, 
e t . a l . ,  f ig u re  59» 1976).
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Because o f  th e  sinuous n a tu re  o f outcrops In  th e  study a rea , 

sev era l exposures o rien ted  perpend icu lar to  channel flow (F igure 19 

and 20) show w ell developed p o in t b a r su rfaces (P la te  IV, F igure 21,

22 and 23 ), P aleocurren t o r ie n ta t io n  d a ta  (Table I I I )  In d ica te s  

th a t  flow was n early  perpend icu lar to  th e  In c lin a tio n  o f th e  p o in t 

bar su rfaces .

The second morphologic a t t r ib u te  o f meandering f lu v ia l  systems 

i s  th e  development o f abandoned meander channels (F igure 24), Abandoned 

meander channels have no t been p rev iously  repo rted  o r recognized in

outcrops. Two w ell developed, abandoned meanders were recognized in
o

th e  study a re a . In  p la te  IV, p o in t ba r a cc re tio n  su rfaces in  the  

Harold Sandstone a re  w ell developed on th e  southwest end where the  

sandstone i s  uniform ly ten  m eters th ic k . P aleocurren t d a ta  in d ic a te  

th a t  c u rre n t d ire c tio n  was perpend icu lar to  in c lin a tio n  o f  p o in t ba r 

su rfaces . In c lin ed  p o in t b a r su rfaces in d ic a te  th a t  th e  channel 

m igrated from l e f t  to  r ig h t .  The sandstone th in s  to  th e  r ig h t  and 

the  in te rv a l  between th e  b a sa l scour su rface , marked by & s id e r i te  

pebble la g  d ep o sit and th e  overly ing  Upper Elkhorn No. 1, 2 coal i s  

occuppied by a  c lay  plug . The c lay  plug i s  th re e  meters th ic k  near th e  

channel thalweg, b u t th in s  ra p id ly  up th e  p o in t ba r su rface . The 

c lay  plug i s  composed o f a  b lack to  gray o rg an ic -rich , f i s s i l e  shale  

w ith minor, d iscontinuous len ses o f  f in e  sand and coarse s i l t  (F igure 25). 

I t  i s  d i s t in c t  from th e  underly ing  redd ish -g ray , s id e r i t i c ,  s i l t y  sh a le  

o f  th e  in te rchannel bay environment and i s  separated  from i t  by an 

e ro sio n a l su rface  marked by & s id e r i t e  pebble lag  d ep o sit. A steep
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FIGURE 19* P aleocurren t o r ie n ta tio n  d a ta  fo r  Harold Sandstone. 
See ta b le  III fo r  a  summary o f  d a ta .
NC = North channel 
SC “ South channel 
MC = Main channel 
c ** Chute-fill from upper part of vertical 

profile in HA-1 and HA-27
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FIGURE 20. P aleocurren t o r ie n ta tio n  d a ta  f o r  A llen Sandstone. 
See ta b le  I I I  fo r  a  summary o f  th e  d a ta .
LG ** Lower channel 
UC “  Upper channel 
NC -  North channel 
SC "  South channel
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FIGURE 21. Composite photograph o f p o in t b a r su rfa ce s  a t  HA-1 
in  th e  Harold Sandstone. P o in t ba r su rfaces extend 
from channel base to  chute f i l l  n ear to p . Faleo- 
cu rre n t o r ie n ta tio n s  in d ic a te  th a t  c u rre n t flowed 
toward view er. Channel m igrated from r ig h t  to  l e f t .  
Coal above channel i s  th e  Upper EUchom No. 1, 2 .
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FIGURE 22. Photograph o f p o in t bar su rfaces  a t  HA-23 in  the  
A llen  Sandstone, j u s t  above road le v e l .  Paleo- 
c u rre n t o r ie n ta tio n s  in d ic a te  th a t  c u rre n t flowed 
out o f outcrop . Channel m igrated from r ig h t  to  
l e f t .  View i s  to  n o rth . Car on l e f t  g ives sc a le . 
Coal above channel i s  th e  Upper Elkhom No. 2 .
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FIGURE 23. Photograph o f  p o in t  b a r  su rfa c e s  a t  PR-3 in  th e  A llen  
Sandstone. P a le o c u rre n t o r ie n ta tio n s  in d ic a te  th a t  
c u r re n t flow ed from l e f t  to  r i g h t .  Channel m igrated  
toward v iew er. Base o f  channel n o t exposed.
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TABLE III

SUMMARY OF PALEOCURRENT ORIENTATION DATA 
(See Appendix fo r  methodology and explanation o f symbols)*

Sample No. n x° azim uth R L p ercen t

Harold Sandstone
BB-2 23 8 20.8 90 .6
HA-1

grand average 43 307 35.0 80.1
HA-1

main channel 33 300 25 .4 77.0
HA-1

chu te  f i l l ,  to p 10 •31 8 .3 83.5
HA-2

sou th  channel 30 23 28 .1 93 .5
HA-2

n o rth  channel 10 5 9 .1 91.1

HA-10 10 31 8 .7 87 .3

HA-11 10 40 6 .5 65.2

A llen  Sandstone
HA-23 10 294 9 .4 93.0

KA-27
main channel 
f o s s i l  lo g

30
4

280
280 -  100

24 .8 82.7

HA-27
chu te  f i l l ,  to p 7 9 6 .9 98 .5

HA-29 15 271 13.3 88.9

HA-30 20 283 16.3 80.8

IA-1 10 198 9 .5 94 .5

LA-2 20 300 19.4 96.9

LA-2a 14 274 13.6 97.0
LA-3 _ ___

upper channel 15 185 13.8 92 .3
LA-3

low er channel 43 319 37.5 87.2
LA-4

sou th  end 19 155 18.2 96 .0
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Sample No. n 3t° azim uth R

IA-4
n o rth  end 10 224 9 .4

IA-5 
south  channel 10 316 9 .8

IA-5
n o rth  channel 37 248 34.8

IA-6 16 246 15.2

IA-7 36 254 31.4

IA-8 15 212 9 .7
IA-9

channel mouth b a r 10 300 4 .2

PR-3 10 285 8 .1

PR-4a 15 305 14.1

PR-4b 15 15 356 14.2

PR-6
bottom 12 331 11.6
f o s s i l  log 2 0 -  180

PR-6
top 12 303 11.4

PR-7 10 30 9 .8
f o s s i l  log 3 20 -  200

PR-9 10 334 8 .8

PR-10 10 331 8 .6

PR-12 11 330 9 .8

L p e rcen t

93*0

98.1

93.9

95.1

87.2

64.9

42 .0  

81.5

94.2

94 .2

96.6

95 .1

98 .3

87.2 

86.1 

89.5

♦Sample numbers correspond to  outcrop  lo c a t io n s  a s  shown in  f ig u re s  19 and 20.
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FIGURE 24. Photograph o f abandoned meander channel a t  BB-2
In  th e  Harold Sandstone. The photograph corresponds 
to  P la te  IV. P o in t b a r su rfaces  a re  w ell developed 
in  sandstone on l e f t  and in d ic a te  channel m igrates 
from l e f t  to  r ig h t .  Sandstone th in s  to  r ig h t  and i s  
rep laced  by dark o rg an ic -rich  c lay  p lug . Steep 
r i s e  o f Upper Elkhora No. 1, 2 coal in  r ig h t  po rtion  
o f  photo marks th e  p o sitio n  o f  th e  cut-bank. Paleo- 
cuzxent d a ta  in d ic a te  th a t  c u rre n ts  flowed in to  
outcrop.
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FIGURE 25. Close up photograph o f  c la y  p lug  in  abandoned 
meander a t  BB-2. P inch ing  o u t o f  sandstone i s  
v i s ib le  on r i g h t .  The c la y  p lug  i s  a  dark  o rg an ic - 
r i c h  s h a le  and i s  se p a ra te d  from th e  u n d erly in g  
bay f i l l  sedim ent by a  zone o f  s id e r i t e  la g  p eb b les . 
The cu t-bank  i s  c le a r ly  v i s ib le  on th e  r i g h t  above 
th e  c a r .
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cutbank w ith minor slumping marks the  edge o f  th e  abandoned meander 

channel (F igure  2 6 ). The r e l i e f  on th e  Upper Elkhom  No. 1, 2 coal 

a s  I t  drops in to  th e  abandoned channel probably re s u l te d  in  p a r t  

from d i f f e r e n t i a l  compaction o f th e  sandstone, c lay  plug and In te r -  

channel bay sedim ents.

The second abandoned meander (see  F igure 71 f o r  general shape) 

occurs in  th e  A llen  Sandstone. I t  I s  s im ila r  In  shape to  the  Harold 

Sandstone. P a leocu rren t o r ie n ta tio n  I s  a ls o  n ea rly  perpendicu lar to  

In c lin ed  p o in t b a r  su rfa ce s . The abandoned channel f i l l ,  however, i s

r ip p le d  s i l t s  tones w ith numerous f in e  sand len ses  and scour and f i l l
<>

s t r u c tu r e s . F isk  (194?) describes th is  type o f sediment a s  ty p ic a l 

o f  abandoned meander channel f i l l s  c lo se  to  th e  p o in t o f c u to ff  where 

r iv e r  c u rre n ts  a re  s t i l l  a c tiv e  during tim es o f  h igh flow .

The th i r d  morphologic a t t r ib u te  o f m igrating , bu t n o t n e cessa rily  

meandering f lu v ia l  systems i s  the  development o f  m ajor e ro sio n a l 

tru n c a tio n  su rfa ce s  where d ep o sits  o f  th e  f lu v ia l  system c ro ss-cu t 

e a r l i e r  f lu v ia l  d e p o s its . These major tru n ca tio n  su rfaces  a re  e a s ily  

recognized . They extend through th e  e n ti r e  th ickness o f sandstone and 

con ta in  la g s  o f  c lay  ch ips, s ld e r i te  and abundant f o s s i l  logs and stems. 

P a leocu rren t o r ie n ta tio n  d a ta  (Table I I I  and F igures 19 and 20) Ind i­

c a te  th a t  th e  two channel d eposits  separa ted  by t h i s  major tru n ca tio n  

su rface  have d i s t in c t  paleocurren t o r ie n ta t io n . These major trunca­

t io n s  a re  w ell developed in  th e  A llen Sandstone in  f ig u re  27.

The in te r n a l  s tra tig ra p h y  (bedding and te x tu re )  o f  th ese  f lu v ia l  

sandstones a s  po rtrayed  in  v e r t ic a l  p ro f i le s  corresponds w ell with 

th a t  e s ta b lish e d  from modem f lu v ia l  environments (Jackson, 1975* 1976)
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FIGURE 26. C lose up photograph o f  cu t-bank  in  abandoned meander 
a t  BB-2. A th in  s h a le  s e p a ra te s  th e  h o r iz o n ta lly  
bedded bay f i l l  sedim ents from th e  o v erly in g  Upper 
E lkhom  No. 1, 2 c o a l.
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FIGURE 27. Composite photograph o f  m ajor e ro s io n a l tru n c a tio n s  
o f  IA -5 in  th e  A llen  S andstone, N orth channel i s  
to  th e  l e f t  and so u th  channel i s  to  th e  r i g h t .  
C u rren t flowed a t  o b se rv e r, P a le o c u rre n t d a ta  
(T able I I I  and F ig u re  20) in d ic a te  t h a t  th e  two 
channels had d i s t i n c t  o r ie n ta t io n s .  Upper E lkhom  
No, 1 co a l caps san d sto n e . Sandstone i s  10 m eters 
th ic k .
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and a n c ien t f lu v ia l  deposits  (P o tte r  and G lass, 19581 V isher, 1965*

1972 and A llen, 1965, 1970). E igh t v e r t i c a l  p ro f i le s  o f f lu v ia l  

sandstones a re  p resented  here ; th re e  from th e  Harold Sandstone (F igures 

28, 29 and 30). f iv e  from th e  A llen  Sandstone (F igures 31. 32, 33» 34 

and 35) and one from the  B lairtow n Sandstone (Figure 13). In  ad d itio n , 

two p ro f i le s  from in d iv id u a l p o in t b a r su rfaces  in  th e  Harold Sand­

stone a re  a lso  p resented  here  f o r  comparison (F igures $ 6  and 37)*

Bounding u n its  on th e  v e r t ic a l  p ro f i le  a re  th e  marker coal beds, where 

exposed.

In  general, sandstones from th e  f lu v ia l  environment a re  ten  

m eters th ic k  and f in e  upward from a  h igh ly  erosive  basa l conglomerate 

to  roo ted , s i l t y  sha le  overbank d e p o s its . Median s iz e  a t  the  base 

averages 1.9$, medium sand and grades upward to  a  median s iz e  o f 4$ 

a t  th e  to p . Maximum g ra in  s iz e  a ls o  f in e s  upward from 1$ a t  bane to

2 .5$ .

The b asa l e ro sio n a l su rface  has up to  two m eters o f r e l i e f ,  

lo c a l ly .  I t  commonly ex h ib its  o rien ted  f l u t e  and so le  marks and i s  

u su a lly  conglom eratic. Where th e  channel tru n ca te s  bay f i l l  sediments 

th e  conglomerate i s  composed o f  s l ig h t ly  rounded, elongate, p la ty , 

o ften  im bricated, s id e r i t e  c la s t s  up to  seven centim eters long (F igure 

38) o r c lay  chips o f  s im ila r  dim ensions. Where stream s have eroded 

through coal swamps, th e  s id e r i t e  conglomerate i s  rep laced  by abundant, 

f i s h - t a i le d  coal r a f t s  and o rien ted  logs and stems. Bedding in  th is  

b a sa l conglom eratic zone i s  commonly d is to r te d  by slumping from cu t­

backs (Figure 39) and co llap se  around decaying logs and stems (F igure 40 ).
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FIGURE 28. V ertica l p r o file  of f lu v ia l deposits in  the Harold
Sandstone a t  BB-2.
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FIGURE 29. V ertical p ro file  o f f lu v ia l  deposits in  the Harold
Sandstone a t  HA-1.
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FIGURE 30* V ertical p r o file  o f f lu v ia l  deposits in  the Harold
Sandstone a t  HA-2,
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FIGURE 31. V ertica l p ro file  through f lu v ia l  deposits in  the
Allen Sandstone a t  HA-23.
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FIGURE 32. V ertical p ro file  through f lu v ia l  deposits in  Allen
Sandstone a t HA-27.
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FIGURE 33. V ertical p r o file  through f lu v ia l  deposits in  the
Allen Sandstone a t  HA-29.
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FIGURE V ertical p r o file  through f lu v ia l  deposits in  the
Allen Sandstone a t  LA-3.
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FIGURE 35. V ertica l p ro file  through f lu v ia l  deposits in  the
Allen Sandstone a t PR-7.
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FIGURE 36 . V ertica l p ro file  along point "bar surface in  Harold
Sandstone a t  BB-2.
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FIGURE 37. V ertical p ro file  along point bar surface in  Harold
Sandstone a t HA-i.
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FIGURE 38. Photograph of slightly imbricated siderite pebbles 
at the base of some fluvial sandstone. From the 
base of the Harold Sandstone at HA-i.
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FIGURE 39.

FIGURE *K).

Photograph o f  slump "blocks in  th e  base o f th e  
H arold Sandstone a t  HA-1. Slump blocks axe composed 
o f  c o n to rte d  in te rc h a n n e l bay sedim ents th a t  a re  
in te rb ed d ed  w ith  s i d e r i t e  la g  pebbles and co a rse  sand 
le n s e s .  Slump b lo ck  i s  approxim ately  0 .3  m eters th ic k .

Photograph o f  c o lla p se d  zones around decayed lo g s  
and stem s from b ase  o f  th e  A llen  Sandstone a t  PR-6. 
Note r u l e r  on r i g h t  s id e  by d r i l l  h o le  f o r  s c a le .
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Above t h i s  b a s a l  conglom eratic zone i s  a  th ic k  zone (5 m eters) 

o f  uniform , la rg e  fe s to o n  c ro ss -b ed s , up to  one m eter th ic k  (F ig u re  

4 i ) . E ro s io n a l tru n c a tio n  i s  common and in d iv id u a l bedform s can be 

tra c e d  f o r  a  maximum o f  f iv e  m eters in  th e  d ir e c t io n  o f  m ig ra tio n . 

C o ncen tra tions o f  f o s s i l  p la n t  l i t t e r  and micaeous m in e ra ls  a re  

common in  th e  base  o f troughs (F igu re  4 2 ) . Median g ra in  s iz e  ranges 

from 2 .0  -  3*00 b u t tends to  be co n s ta n t th rough t h i s  zone.

Sm all to  medium s c a le  trough  c ro ss -b ed s , 20 to  50 c en tim e te rs  

th ic k , (F ig u re  43) occupy a  2 -  4  m eter th ic k  zone above th e  la rg e  

trough  c ro ss -b ed d in g . G rain s iz e  i s  f in e r ,  3*0 -  3*5$ and c o n tr ib u te s  

to  th e  o v e r a l l  f in in g  upward tendency. Maximum g ra in  s iz e  i s  a ls o  

f in e r  in  t h i s  zone. Convolutely lam inated  u n i ts  a re  commonly developed 

(F ig u re  44) and can be tra c e d  fo r  te n s  o f  m eters.

G ently  in c l in e d , p seu d o -p a ra lle l bedding (F ig u re  45) one to  

th re e  m eters th ic k  composed o f  in d iv id u a l lam in a tio n s  one to  th re e  

cen tim e te rs  th ic k ,  o cc a s io n a lly  occur in te rb ed d ed  w ith  medium and 

sm all tro u g h s . These beds could be confused w ith  p a r a l l e l  beds, 

b u t c lo se  in sp e c tio n  in d ic a te s  th a t  they  a re  trough  c ro ss -b e d s . 

In d iv id u a l tro u g h s  a t t a i n  maximum len g th s  o f  tw e n ty -fiv e  m eters and 

a re  s l i g h t l y  concave a t  t h e i r  edges. G rain s iz e  ten d s  to  be c o a rse r  

in  th e se  u n i t s  th an  in  th e  sm all and medium s c a le  tro u g h . S tu d ie s  

from modern environm ents (Lane, 19631 McDowell, 1965; P ry o r, 1971i 

S ingh, e t . a l . , 1974; and Jackson, 1976) a t t r i b u t e  t h i s  s ty l e  o f  bed­

d ing  to  th e  m ig ra tio n  o f  la rg e  sandwaves.
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FIGURE 41, Photograph o f  la rg e  fe s to o n  c ro ss-b ed s  ty p ica lly - 
developed in  th e  b ase  o f  most f lu v i a l  san d sto n e . 
C urren t i s  o u t o f  photograph .

FIGURE 4 ia .  Large trough cross-bed. Note spoon shaped appearance. 
Migration was from lower left to upper right.
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FIGURE 42.

FIGURE 43.

Photograph of macerated plant material that 
commonly occurs on the bedding planes in the base 
of trough cross-beds. Plant material generally 
shows no preferred orientation in such locations.

Photograph of medium to small scale trough cross­
beds from the middle and upper part of most fluvial 
sandstones. Dark bands are layers of muscovite, 
plant material, coal grains and detrital siderite. 
Currents moved from right to left and into the photograph.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



67

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission



FIGURE 44.

FIGURE 44a.

Photograph o f  convolu ted  zones t h a t  develop  a long  
p o in t b a r  s u rfa c e s . Folds a re  v i s ib l e  in  th e  c lay  
d rapes t h a t  mark many p o in t b a r  s u r fa c e s .  From 
BB-2 w ith  H arold Sandstone,

C lose up o f  d i s to r te d  lam in a tio n  in  th e  convolu ted  
zone. O rie n ta tio n  o f fo ld  axes in d ic a te s  th a t  
sedim ent slumped down th e  p o in t  ban s u rfa c e  and 
in to  th e  channel.
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FIGURE 1*5. Photograph o f  p se u d o -p a ra lle l bedding , Lam inations 
a r e  h o r iz o n ta l  f o r  10-20 m eters "but become concave 
up and a re  eroded by th e  o v erly in g  p s e u d o -p a ra lle l  
beds a s  in  45a, D r i l l  co res  a r e  ab o u t i  m eter a p a r t  
f o r  s c a le .  C oncen tra tions o f  p la n t  m a te r ia l ,  m uscovite 
and s i d e r i t e  g ra in s  mark bedding p la n e s . From HA-1 
in  th e  H arold Sandstone.

FIGURE 45a . Concave upward n a tu re  o f  p s e u d o -p a ra lle l  bedding.
N o tice  e ro s io n a l tru n c a tio n  a t  to p  o f  m eter s t i c k .
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Above t h i s  zone i s  a  one to  th re e  m eter th ic k  u n i t  o f  sm all 

troughs ( te n  cen tim e te rs  th ic k ) ,  sm all scour and f i l l  s t r u c tu r e s ,  

r ip p le s  and wavy lam in a tio n  o f  very  f in e  sand and coarse  s i l t  (3$ 

to  4$) th a t  a re  c h a r a c te r i s t i c  o f  upper p o in t b a r  sed im en ta tio n . 

O ccasionally , le n se s  o f  la rg e  s c a le  trough  c ro ss-b ed s  (F ig u re  28 

and 30) seven ty  cen tim e te rs  th ic k  and r a r e ly ,  p la n a r  c ro ss-b ed s  

occur in  t h i s  u n i t .  P a le o c u rre n t o r ie n ta t io n s  from th e se  la rg e  

c ro ss-b ed s  (T able I I I )  a r e  s ig n i f ic a n t ly  d i f f e r e n t  from c ro ss ­

bed o r ie n ta t io n s  o f  th e  main channel. These d e p o s its  re co rd  th e

development o f  chu te  c u to f f s  (Edgar, 1973 and Z im pfler, 1973)*
•>

Chute c u to f fs  a re  d e fin ed  a s  sm all channels t h a t  c u t ac ro ss  th e  

in s id e  o f  p o in t bars  (Friedm an, 19^5)• They a re  a c t iv e  d u rin g  

p e rio d s  o f  h igh  flow , c o n ta in  la rg e  s c a le  bed forms and a r e  u su a lly  

o r ie n te d  a t  s l i g h t  an g les  to  flow  in  th e  meander bend.

Above t h i s  zone i s  a  0 .5  to  1 .0  m eter th ic k  u n i t  o f  ex te n s iv e ly  

ro o te d , overbank s i l t s  and c la y s .  Bedding i s  com pletely  d is ru p te d  

by S tig m aria . O ccasionally  a  re d d ish -b u ff  o x id ized  zone, one m eter 

th ic k  (F ig u re  32 and 4 7 ), in d ic a t iv e  o f  s u b a e r ia l  exposure and s o i l  

development, occurs in  th e s e  overbank d e p o s its .  The sequences o f 

f in in g  upward f lu v i a l  sandstones a re  in v a r ia b ly  capped by a  c o a l.

Crevasse Splay and Subaerial Leveei Areas of slightly higher 
elevation bordering and confining the fluvial channels are called 
subaerial levees. These ridges form in response to different river 
stages. Deposition results from overbank flow. Breaches in the 
levee system usually caused by peak discharges are called crevasse 
splays. Crevasse splay systems accomodate part of the river dis­
charge and are generally active for short periods of time.
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Baganz, e t . a l .  (1975) a p t ly  d esc rib e s  th e  geometry o f a  c rev asse  

sp lay  system t h a t  form s a  s p l i t  in  th e  Upper E lkhom  No. 1, 2 c o a l.

I t  i s  n e a r ly  f iv e  m eters th ic k  and can be tra c e d  f o r  s e v e ra l  m iles 

along s t r i k e .  T h is system  i s  p a r t  o f  th e  A llen  Sandstone which to  

th e  n o r th  occuppies th e  same in te rv a l  between th e  Upper E lkhom  No. 1, 

2 co a l (F ig u re  4 ) ,

F ig u re  47, a  com posite v e r t i c a l  p r o f i l e  through t h i s  in te r v a l ,  

i l l u s t r a t e s  th e  in te r n a l  s tr a t ig ra p h y  o f th e  c rev asse  sp la y  and th e  

su b a e r ia l  le v e e  th rough  which i t  has eroded. The low er p a r t  o f  

th e  c rev asse  sp la y  i s  composed o f very  f in e  g ra in ed  (3*30), sm all 

to  medium s c a le  tro u g h  c ro ss-b ed s  (tw enty to  f i f t y  c en tim e te rs  

th ic k )  th a t  grade upward in to  r ip p le d  and p a r a l l e l  bedded sands 

(F igu re  4 8 ) . Clim bing r ip p le s  a re  w ell developed (F ig u re  49) and 

in terbedded  w ith  le n se s  o f  sm all trough  c ro s s - la m in a tio n s . Large 

p la n t stem s tw enty to  t h i r t y  cen tim e te rs  in  le n g th  commonly mark 

bedding p lanes (F ig u re  5 0 ). E rosiona l t ru n c a tio n  i s  common and i s  

marked by a  c la y  c h ip  la g  (F ig u re  51) • This sequence o f  sedim entary  

s t ru c tu re s  g ra d a t io n a l ly  f in e s  upward in to  wavy bedded co arse  s i l t s  

and c la y s  c o n ta in in g  abundant s id e r i t e  no d u les. Coleman (1975) a^d 

A m d o rfe r (1973) re p o r te d  s im ila r  sequences o f  sedim entary  s t ru c tu r e s  

from c rev asse  sp la y s  in  th e  M iss is s ip p i R iv er d e l t a .

L a te ra l ly  a d ja c e n t to  th e  crevasse  sp lay  d e p o s it  i s  a  sequence 

o f o x id ized , ro o te d , f in e  s i l t s  and c lay s  o f  th e  s u b a e r ia l  le v e e .
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FIGURE 46. Model f o r  d e p o s itio n  o f  c rev asse  sp lay  system a t  
HA-9 . Located in  Panel I .  The c o a l i s  th e  Upper 
Elkhom  No. 1. The A llen  Sandstone corresponds 
to  th e  f lu v i a l  system d ep ic ted  in  th e  upper l e f t  
hand c o rn e r . (A fte r  Baganz, e t . a l . ,  1975)
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FIGURE 47. V e r t ic a l  p r o f i l e  through th e  c rev asse  sp lay  and 
s u b a e r ia l  lev ee  in  th e  A llen  Sandstone a t  KA-9.
An o x id ized  zone in  th e  overbank d e p o s its  a t  HA-27 
i s  a ls o  in c lu d ed  fo r  com parison. Sample HA-27-15 
i s  from th e  u n d erc lay , sample HA-27-14- and 13 a re  
from th e  B -horizon , sample HA-27-12 i s  from th e  
C -horizon and sample HA-27-11 i s  from a  c la y  drape 
on a  r ip p le d  u n i t  in  th e  f lu v i a l  sandstone .
Sample HA-9-8 i s  from th e  A -horizon, sample HA-9-7 
i s  from th e  3 -h o rizo n  and sample HA-9-6 i s  from 
th e  upper C -horizon .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



73

xo
UJ
X

cn

— o '

in

tt"
CM

CM

in
CMCMCM

CM

X
P I CM

Ui

® z <

9  >  <  a: u

Q_

_i m _i o

cn

ZZ

incn ust o on
«7>

cn
<  <X

"—t a

cnin

Reproduced whh permission of the copyright owner. Further reproduction prohibited whhou, permission.



FIGURE 48. Photograph of p ara lle l to wavy bedding in the
crevasse splay a t HA-9*

FIGURE 49. Photograph o f  clim bing r ip p le s  in  th e  crev asse  
sp lay  d e p o s it a t  HA-9 .  R ipp les  m igrated  from 
r ig h t  to  l e f t .  R ipple su rfa c e s  a re  marked by 
accum ulation o f s id e r i t e  g ra in s  and m acerated 
p la n t  m a te r ia l.
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FIGURE 50* Photograph o f large oriented plant stems on "bedding
planes in  the crevasse splay deposit a t KA-9.

FIGURE 51* Photograph o f  w ell developed c lay  ch ip  conglom erate 
along  e ro s io n a l su rfa c e s  in  th e  c rev asse  sp lay  a t  
HA-9. Clay ch ip s  a re  e lo n g a te  and an g u la r and were 
p robably  d ep o sited  c lo se  to  th e  s i t e  o f  e ro s io n . 
C urren ts  flowed towards o b serv er.
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F ig u re  52 i s  a  d e ta i le d  p r o f i l e  through th e  o x id ized  zone o f  th e  

s u b a e r ia l  le v e e . A, B and C -horizons ty p ic a l  o f  s o i l  development 

(H unt, 1972) a r e  poorly  developed h u t n e v e r th e le s s  p re s e n t .  In  s i t u  

Lepldodendron and C alam ites f o s s i l s  a re  p rese rv ed  above an o x id ized , 

re d d ish -b u ff  co lo red , c layey  A -horlzon, t h i r t y  c e n tim e te rs  th ic k  

(F ig u re  5 3 ) . Below th i s  i s  a  f o r ty  cen tim e te r  th ic k ,  b u ff  to  g ray , 

o x id ized  zone, e x h ib it in g  crude, blocky to  p r is m a tic  s t r u c tu r e s  

ty p ic a l  o f  a r g l l l i c  B -horizons from warm to  tem p era te  c l im a te s .

Clay f ilm s  commonly co a t g ra in s  and ped s u r fa c e s .  These ty p es  o f 

s t r u c tu r e s  a r e  g e n e ra lly  a t t r ib u te d  to  m ig ra tio n  in to  and neoforma­

t io n  o f  c la y s  in  th e  B -horizon (B irke land  p . 5» 197*0 • P r o f i le s  

showing th e  v e r t i c a l  d is t r ib u t io n  o f th e  r e l a t i v e  abundance o f  

k a o l in i t e  to  i l l i t e  (F ig u re  52) in d ic a te  t h a t  th e  B -horizon  and 

upper p a r t  o f  th e  C -horizon a re  zones o f  r e l a t i v e  k a o l in i te  e n r ic h ­

m ent. Im m ediately below t h i s  zone, a t  th e  base  o f  r o o t  p e n e tra tio n , 

i s  a  w ell developed, h o r iz o n ta l  zone o f  s i d e r i t e  n o d u le s . Coleman 

(1975) n o te s  s im i la r  occurrences o f  iro n  ca rb o n a tes  in  lev e e s  o f 

th e  M is s is s ip p i R iver d e l t a .  These nodulies a re  composed o f  w ell 

developed s p h e r u l i t i c  co n c re tio n s . These s p h e ru l i te s  have been 

observed in  C arboniferous s o i l s  from England (Deans, 193** J Hallam, 

I 967 ( and C u r t is ,  e t . a l . , 1975) >̂u-t  have n o t been re p o r te d  from 

C arbon iferous s o i l s  in  th e  U nited S ta te s ,

Im m ediately below th e  s id e r i t e  co n c re tio n s  i s  a  zone o f  un­

o x id ized , g reen  to  g ray , h o r iz o n ta lly  bedded, f in e  s i l t s  and c la y s  j 

th e  C -horizon . Abundant o rgan ic  m a te r ia l,  o x id ized  in  th e  A and 

B -horizons, i s  p reserved  on bedding p la n e s .
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FIGURE 52. D e ta ile d  v e r t i c a l  p r o f i l e  through th e  s o i l  zone in  
th e  c re v a sse  sp lay  a t  HA-9 • See f ig u re  47 fo r  
g e n e ra l lo c a t io n .
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FIGURE 53.

i.)

FIGURE 54.

Photograph o f  in  s i t u  Lepidodendron lo c a ted  a t  top  
o f  A -horizon . A -horizon i s  re ce sse d  behind th e  
m eter s t i c k .  The B -horizon occurs a t  th e  base o f 
th e  m eter s t i c k  and th e  C -horizon occurs j u s t  above 
th e  base  o f  th e  photograph.

Photograph o f  n e s tin g  tra c e s  o f  pelycopods Lockeia 
on th e  u n d ers id es  o f  sh e e t sandstones from r e s t r i c t e d  
m arine zones.
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Marine Zones> Marine zones were n o t s tu d ied  in  d e t a i l  in  th i s  

r e p o r t  "but s e v e ra l  samples were c o l le c te d  from documented m arine 

environm ents ( J i l l s o n ,  1919 and Baganz, e t . a l . , 1975) f o r  use  in  

comparison w ith  o th e r  d e p o s itio n a l environm ents. R e s tr ic te d  m arine 

zones commonly d isp la y  c u r re n t r ip p le d , f in e  g ra in ed , s h e e t sandstones 

w ith  abundant n e s tin g  t ra c e s  o f  a  s in g le  type o f  pelycopod, Lockeia 

(F ig u re  5*0 • T id a l channels , seven m eters th ic k , o c c a s io n a lly  cu t 

through th e se  r e s t r i c t e d  m arine sh e e t sands (F igu re  55)• They were 

examined in  some d e t a i l  f o r  comparison w ith f lu v i a l  chan n e ls . Poor 

development o f p o in t  b a rs  in d ic a te s  some channel m ig ra tio n . Sandstones 

from th e se  p o in t  b a rs  a re  composed o f  r ip p le d , e x te n s iv e ly  b io tu rb a ted  

(F ig u re  5 6 ), medium g ra in ed  (1.800 sand. In c lin e d  p o in t b a r su rfa ce s  

commonly e x h ib i t  wavy bands o f burrowed s id e r i t e  up to  th re e  c e n t i ­

m eters th ic k .

A d d itio n a l C r i t e r i a

In  t h i s  s e c t io n  th e  p rev ious environm ental assignm ents a re  te s te d  

u s in g  s e v e ra l d i f f e r e n t  tech n iq u es . L o g -p ro b ab ility  p lo ts  o f  g ra in  

s iz e  d is t r ib u t io n s  and th e  derived  te x tu r a l  param eters , petrography

and c lay  m ineralogy w i l l  be d iscu ssed .

L o g -p ro b ab ility  curves o f g ra in  s iz e  d is t r ib u t io n s  d isp la y in g  

s t r a ig h t  l in e  segments have been used to  d e sc rib e  d e p o s it io n a l  

p ro cesses  d u rin g  sed im en ta tio n , V isher (1969), Sagoe and V isher ( l 97?) 

and G la is te r  and Nelson (197^) s u c c e ss fu lly  used t h i s  techn ique to  

s e p a ra te  d e p o s its  from v ario u s  d e p o s itio n a l environm ents. R epresent­

a t iv e  lo g -p ro b a b i l i ty  p lo ts  from th e  d e p o s itio n a l environm ents sampled 

in  t h i s  study  a re  shown in  f ig u re  57. Samples from any p a r t ic u la r
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FIGURE 55* Photograph of tidal channel. Point bar sands are 
developed on east side of channel about one inch 
above car. Restricted marine sheet sandstones are 
well developed to the right. On the left a bio- 
turbated silty shale fills the channel. The 
Blairtown Sandstone is visible as the white band 
that extends across the middle of the photograph.
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FIGURE 56. Photograph of bioturbation on point bar surfaces of 
tidal channels.
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FIGURE 57 Representative log-pro>?ability plots of grain size 
distribution curves of samples from different 
environments,
A. m icrotrough lam in a tio n s  from top  o f  hay f i l l

2)  r ip p le d  to  wavy heds from middle o f  hay f i l l
3) wavy to  h o r iz o n ta l  heds from hase o f  hay f i l l

B. 1) m arine s h e e t  sandstone
2) p o in t  b a r  in  t i d a l  channel

C. i ,  2) la rg e  trough  c ro ss -h ed s  from hase o f  f lu v ia l  
d e p o s it
3) sm all to  medium trough  c ro ss-h ed s  from middle 
o f f lu v i a l  d e p o s it
4 ) r ip p le d  heds from upper p a r t  o f  f lu v i a l  d e p o s it

D. 1; sm all troughs from hase o f channel mouth b a r
2, 3) r ip p le s  from m iddle o f  ty p ic a l  v e r t i c a l  s e c tio n  
4) wavy heds from upper p a r t  o f channel mouth b ar
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environment do n o t d isp la y  uniquely  shaped lo g -p ro b a b il i ty  p lo ts .

There i s  a  tendency f o r  f lu v ia l  samples to  d isp la y  th re e  s t r a ig h t  

l i n e  segments and channel mouth b a rs  only two segm ents, b u t t h i s  i s  

no t c o n s is te n t .

For more th an  t h i r t y  y ea rs  workers have a ttem pted  to  id e n t i fy  

sedim entary environm ents on th e  b a s is  o f  t e x tu r a l  p aram eters , namely, 

mean o r median, s ta n d a rd  d e v ia tio n , skewness and k u r to s is .  Recent 

papers by Folk and Ward (1957)» Kason and F olk  (1958) , Friedman (1961) 

and Shepard and Yound ( 1961) suggest th a t  th e  above s t a t i s t i c a l  g ra in  

s iz e  param eters may be s e n s i t iv e  in d ic a to rs  o f  d e p o s it io n a l  environ­

m ents, In  p a r t i c u la r ,  c ro s s -p lo t t in g  was advocated because i t  was 

thought to  s e t  up f i e ld s  th a t  were d ia g n o s tic  o f  d e p o s it io n a l  env iron­

ments (P assega, 196^ ; K oila  and W eiser, 1968) .  G la is te r  and Nelson 

(1974) and Amaral and P ryor (1977) concluded, however, t h a t  te x tu r a l  

param eter p lo ts  were n o t s e n s i t iv e  enough to  d isc r im in a te  among 

d e p o s it io n a l environm ents.

T e x tu ra l param eters  from v ario u s  f lu v io - d e l ta ic  environm ents 

s tu d ied  in  t h i s  r e p o r t  a re  summarized in  ta b le  IV. G ro ss -p lo ts  o f 

stan d ard  d e v ia tio n  and skewness versus median g ra in  s iz e  a r e  shown in  

f ig u re s  58 and 59 r e s p e c t iv e ly .  S ep ara tio n  o f f l u v i a l  from n o n flu v ia l 

samples i s  ach ieved  in  th e  p lo t  o f s tan d ard  d e v ia tio n  v e rsu s  median 

s iz e ,  w ith  n o n f lu v ia l  samples tend ing  to  have a  low er s tan d a rd  d ev ia ­

t io n  fo r  a  g iven  median s iz e ,  th a t  i s ,  b e t t e r  s o r t in g .  The p lo t  o f  

skewness v e rsu s  median s iz e  does n o t show th e  s e p a ra tio n  o f  f lu v ia l  

from n o n f lu v ia l  sam ples. There i s  a  s l i g h t  tendency f o r  f lu v i a l  

samples to  have h ig h e r  skewness v a lu es , in d ic a t in g  more f in e  m a te r ia l,  

t h a t  i s ,  more m a tr ix .
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TABLE IV

GRAIN SIZE TEXTURAL PARAMETERS DERIVED FROM LOG 
PROBABILITY CURVES ARRANGED TO COINCIDE WITH VERTICAL PROFILES

V e r t ic a l  
P r o f i le  

Sample No. P o s itio n

F lu v ia l P o in t 
Bar S u rfaces

Maximum
Diam eter

w  -

Median S tandard T-Junction*
($)  D eviation  Skewness (ff)

Harold Sandstone

33-2-38 0.1 1.50 2 .93 0.62 0.171
BB-2-36 0 .5 1.25 2.97 0.67 0.130
3B-2-25 2 .4 1.25 2 .83 0.67 0.144
33-2-24 3 .^ I .25 3.27 0.64 0.142
33-2-20 5 .8 1.00 2 .94 0.76 0.142
33-2-15 6.7 1.10 2 .4 5 0.65 0.151
33-2-8 6.0 1.10 2.56 0.72 0.163
B3-2-3 7 .0 1.75 3-37 0.67 0.149
B3-2-2 9 .0 2.00 3.21

KA-1-45 0 .3 1.00 2,66 0.56 0.135
HA-1-46 0 .4 1.50 2.65 0.64 0.164
HA-1-52 4 .2 1.05 2.68 0.61 0.145
HA-1-87 5 .0 1.05 2.70 0.61 0.153
HA-1-15 5 .2 1.10 2.77 0.60 0.137
HA-1-60 5.7 i .6 o 3-27 0.64 0.128
HA-1-66 5 .9 1.60 3.19 0.77 0.109
KA-i-93 6.7 1.80 3.19 0.62 0.139
HA-l-70 7 .3 1.70 3.31 0.72 0.125
HA-1-69 7 .5 1.75 3.41 0.71 0.097

1*?R 
2* Or i
i .%
1.3r

1-1r

1.63 , 2

1.8a, 2 
2.0T

F lu v ia l  V e r t ic a l  
P r o f i le s

H arold Sandstone

33-2-4 0 .1 1.25 2.57 0.62 0.147
33-2-5 0 .7 1.50 3.03 0.81 0.177
B3-2-5a 2 .2 1.50 2 .98 0.67 0.175
33-2-6 3 .8 1.25 2.70 0.62 0.176
33-2-7 5*5 1.25 3.19

0.16333-2-8 6 .0 1.00 2 .56 0.72
33-2-10 10.8 1.75 2.78

1.6a. 2 
1.2T
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Vertical Maximum 2
Profile Diameter Median Standard T-Junction

Samnle No. Position1 ( $ )  ( t f ) Deviation Skewness ( ? )

KA-i-10 0 .1  0 .75  2.21 0 .5 3  0.116 i . 0 Rl 1 .6
HA-1-11 1 .3  J " ""
HA-1-12 3 .0
HA-1-13 3 .0
HA-1-14- 4 .2  1.60 3.31 1.9r
HA-1-15 5 .0  1.30 2.70 0 .61  0.137 2.0^
HA-1-98 6 .7
HA-1-69 7 .6

Allen Sandstone
HA-23-14 0 .9
HA-23-25 2 .7
KA-23-23 4 .8  1.75 3.30 0 .46  0.104 2 .8 T
HA-23-21 5 .9  1.00  2.54  0.56  0.192  i . 6 fl, 2 .0 t
HA-23-24 6 .4  ~
HA-23-20 7 .0
HA-23-19 8 .6
KA-23-18 9 .9  2 .25  3.82 2 .3 ^  2 .7 t

HA-29-20 2 .3
HA-29-25 4 .3
HA-29-2 5 .5
HA-29-4 6 .3  0.25 1.90 0 .66  0.181 0 .8 pf i . 2 TX

HA-29-7 8 .5
KA-29-9 9 .5

0.75 2.21 0 .5 3 0.116
1.00 2.41 0.57 0.136
1.50 2.95 O.65 0.098
1.50 2.53 0.68 0.142
1.60 3.31
1.30 2.70 0.61 0.137
1.84 3.08 0 .83 0.170
1.30 3.41 0.100

0.80 2.20 0.62 0.127
1.10 2.33 0 .53 0.140
1.75 3.30 0.46 0.104
1.00 2.54 0.56 0.192
2.00 3.61 0 .54  „ 0.105
2.00 3.23 0 .64 0.120
2.00 3.14 0.62 0.176
2.25 3.82

0.85 2.57 0.56 0.090
2.30 3.55

0.1660.70 2.49 0 .73
0.25 1.90 0,66 0.181
2.25 3.79
2.75 4,10

0.30 1.86 0.58 0.186
0.75 2.27 0.87 0.219
0.85 2.31 0.67 0.186
i . i o 2.53 0.81 0.216
I .25 3.04

0.40 1.88 0.61 0.136
0.40 1.94 0.54 0.148
0.50 2.01 0.70 0.156
0.75 2.45 0.72 0.142
2.30 3.63

1.00 2.38 0 .73 0.184
1.10 2.31 0 .75 0.187
1.10 2.26 0.74 0.202
1.00 2.25 0.76 0.190

IA-3-11 o . l  0.30  1.86 0.58  0.186  1 . 1T
LA-3-12 1 .2  0.75 2.27 0 .87 0.219 1.1E
LA-3-13 3 .4
LA-3-14 4 .4
IA-3-15 8 .9

PH-7-1 0 .1
FR-7-2 2 .6  0.40 1.94 0 .54  0.148 0 .9 r
PH_7_5 4 .0  0 .50 2.01 0 .70 0.156 1 .0R
PH-7-3 6 .5
PH-7-4  10.4

Individual Trough 
Cross-bed-̂

HA-2-36 0 .02 1.00 2.38 0 .73  0*184 1.2h
HA-2-37 0 .1
HA-2-38 0 .3
HA-2-39 0 .7  1.00 2 .25 0 .76  0.190 1 .5 i
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Vertical 
Profile. 

Sample No. Position
Fluvial and 
Channel Mouth 
Bars
Allen Sandstone

Maximum
Diameter

( to
Median

(60

Blairtown Sandstone
3S-3-27
3B-3-8
B3-3-30
33-3-933-3-10
Crevasse Splay 
Allen Sandstone 

HA-9-1 0 .3

Channel Mouth
Bars Vertical Profile
Allen Sandstone

0 .8 2.30 3.73
1 .4 1.60 3.1S
3.0 0.75 2.22
5 .6 0.80 2.45

10.4 2.30 4 .02

1.60 3*34

IA-9-1 0 .1 0.85
LA-9-2 1.8 1.50
IA-9-3 4 .0 2 .50
IA-9-3&
LA-9-4

4 .5
7 .0

2.75
2.40

IA-9-5 2 .0 2 .25

2.24
3.11
3.76
4,08
4.0?
3.93

Standard
Deviation

0.64
0,62
0.99

0.67

0.50

Skewness

HA-2-21 0 .1 0.90 2.44 0.57 0.105
HA-2-23 2.5 1.65 3.40 0.56 0.095
KA-2-24 3.5 2.10 3.43 0.60 0.131
HA-2-25 •4.9 2 .00 3.24 0.58 0.127
HA-2-26 5 .3 1.10 2.76 0.73 0.114
HA-2-28 9 .2 1.20 3.24 0.83 0.105
HA-2-30 11.0 1.50 2.95 0.78

HA-27-24 0 .3 1.15 2.60 0.48 0.121
HA-27-23 2 .1 0.50 1.84 0.48 0.148
KA-27-28 2 .7 0 .65 2 .53 O.65 0.126
HA-27-34 5 .3 1.00 2 .4  5 0.55 0.123
HA-27-46 8 .8 1.00 2.50 0.64 0.194
HA-27-16 11.2 2 .25 3.59 0.55 0.081
HA-27-46 11.3 1.00 2.50 O.76 0.138
HA-27-37 12.2 1.75 3.10

0.163
0.119
0.15S

0.181

0.153

T-Junction*
w

1 .Op, 1 ,5m
1.3a

2 .8p

2 .5 r

2.3p

i . e .

3*9?., 2 .7 t
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V e r tic a l  
P r o f i le  

Sample No# P o s itio n

Maximum
Diameter

« 2f)
Median

CfiO
Standard
D ev ia tion Skewness

Channel Mouth 
Bar l a t e r a l  P r o f i le

B lairtow n Sandstone

33-3-8  80 
B3-3-27 73 
33-3-28 60 
B3-3-29 33 
BB-3-3^ 180

1.60
2.30
2.30
2.40
2.60

3.18
3.73
3.82
3.76
4 .02

0 .64 0.163

Bay F i l l  
V e r t i c a l  .• P r o f i le

bb-3-4  0.1  
bb-3-37 1.3 
33-3-7 4 .2  
33-3-20 7 .3  
33-3-17 8.0  
33-3-18 9 .8

3.23
3.10 
2,20  
1.73 
1.70
3.10

3.10
4.50
3.32
3.33 
3.16 
4 .00

0

0 . 11Q
0.122

3ay F i l l  
l a t e r a l  P r o f i le

33-3-1  380 
BB-3-2  430 
BB-3-39 400 
33-3-6  340 
33-3-7  250 
33-3-31 130 
33-3-8  50

3.00 
2.8  3 
2.10  
2 .15 
2.05 
1.80 
1.60

4 .10
4 .00  
4 .15
4.00
3.30
3.30 
3.20 0 .64

0.128

0.163

Marine Sheet 
Sandstone

33-3-A
53-3-B

2.00
2.00

3.37
3.40

0.46
0 .33

0.203
0.078

K arine T id a l 
Channel

33-3-K 1.80 3.31 0.083

Composite F lu v ia l  
Samples

1 0 - 2
2 2 - 4
3 4 - 6  

6 - 8
5 8 - 1 0

2.23
2.73
2.90
3.20
3.70

0.65
0.65
0.79
0 ,68

0.117
0.163
0.142
0.172

T -Junction
( 4 )

2 ,8 r

2 .7 r

2 ,?r *
2.7g

3 .o„
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A ll sam ples a re  lo c a te d  on v e r t i c a l  and l a t e r a l  p r o f i l e s .  P o s itio n  
i s  in  m eters above base o f v e r t i c a l  p r o f i l e  excep t l a t e r a l  p r o f i l e s  
where d is ta n c e s  a re  in  m eters west o f  a r b i t r a r y  d a ta .

^ For ex p lan a tio n  o f  T -Junction  see  Appendix I I  and F ig u re  66.

3 D istance  i s  in  m eters above base o f trough  from base  o f  f lu v i a l  
channel a t  HA-2 ,
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FIGUKE 58. P lo t  o f  s tan d a rd  d e v ia tio n  v ersu s median g ra in  s iz e  
f o r  samples from a l l  environm ents. F lu v ia l  samples 
ten d  to  be b e t t e r  so r te d .
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FIGURE 59. P lo t  o f  skewness v e rsu s  median g ra in  s iz e  fo r  
sample from a l l  environm ents. S ep ara tio n  o f 
environm ents i s  poor b u t f lu v i a l  samples tend 
to  be more p o s i t iv e ly  skewed than  n o n f lu v ia l sam ples.
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P etro lo g y  has "been used  su c c e ss fu lly  to  d is c r im in a te  among 

d e p o s itio n a l environm ents by D avies, e t . a l , ,  (1975)• P e tro g rap h ic  

a n a ly s is  o f  sam ples, summarized in  t a b le  V, by d e p o s it io n a l  en v iro n ­

ment, in d ic a te s  t h a t  f l u v i a l  samples can be c l a s s i f i e d  (P o lk , 1968) 

a s  fe ld s p a th ic  l i t h a r e n i t e s  and n o n f lu v ia l sam ples a s  s u b l i th a r e n i te s .  

N onfluv ia l samples ten d  to  have a  h ig h e r  r a t i o  o f  q u a r tz  to  f e ld s p a r  

p lu s  rock fragm ents. Using P e t t i jo h n 's  (1957) term inology t h a t  

in c lu d es  m a trix , f l u v i a l  samples a re  p ro to q u a r tz i te s  n ea r th e  channel 

bottom b u t grade upward in to  subgraywackes o r  l i t h i c  graywackes 

where th e  m a trix  exceeds te n  to  f i f t e e n  p e rc en t o f  th e  t o t a l  sam ple, 

N onfluv ia l samples ten d  to  p lo t  a s  p ro to q u a r tz i te s ,  r e f l e c t in g  a  

low er m atrix  c o n te n t th an  f lu v i a l  samples w ith  th e  same median g ra in  

s iz e .  In  g e n e ra l, th e se  sandstones f i t  th e  d e s c r ip t io n  o f  a  f i r s t  

c y c le , immature san d sto n e . The p e tro lo g y  and d ia g e n e s is  i s  d esc rib ed  

in  d e t a i l  i n  Appendix IV,

In  an a tte m p t to  d is c r im in a te  among d e p o s it io n a l  environm ents, 

p e tro g rap h ic  d a ta  was su b je c te d  to  c lu s te r  a n a ly s is .  This techn ique  

has been used s u c c e s s fu l ly  by BeMent (1976) and S h o rt (1977) f o r  

sandstones o f  C arbon iferous age in  e a s te rn  Kentucky, C lu s te r  a n a ly s is  

shows th e  in te r r e la t io n s h ip s  o f  samples in  a  s im i la r i ty  c o e f f ic ie n t  

m atrix  o f  v a r ia b le s .  These r e la t io n s h ip s  may be re p re se n te d  by 

d e n d r i t ic  netw orks o r  dendograms, t r e e - l i k e  h ie r a r c h ia l  c h a r ts  where 

samples w ith  th e  h ig h e s t  s im i la r i ty  axe lin k e d  f i r s t .

V ariab les ' used in  t h i s  c lo is te r  a n a ly s is  were t o t a l  q u a r tz , 

t o t a l  rock fragm ents, t o t a l  f e ld s p a r  and t o t a l  m ica. S ince composi­

t io n  i s  a  fu n c tio n  o f  g ra in  s iz e  (Ferm, 1962; D avies, e t . a l , ,  1975)t
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TABLE V

PETROLOGY OF HAROLD AND ALLEN SANDHTON1SS 
ARRANGED BY DEPOSITIONAL ENVIRONMENT* 

(Values in  P ercen t)

Sample No. Q uartz1 F e ldspar 

F lu v ia l 

Harold Sandstone

Rock Clay D e t r i ta l  A uthigenic
Mica2 Fragments^ M atrix  Dolomite S id e r i te  5

A uthigenic
Iro n

Dolomite

BB-2-4 50.0 10.0 6.0 9 .7 6.0
BB-2-5 52.0 9 .0 4 .0 24.0 8 .0 1.0
BB-2-5a 34.0 8 .0 9 .5 21.0 6 .0
BB-2-6 34.0 9 .0 5 .0 21.0 8 .0
BB-2-7 54.5 8.0 7 .0 21.5 4 .0 3 .5
BB-2-8 53.0 12.0 8 .5 17.0 11.0 3 .5
BB-2-10 59.0 4 .5 3-0 12.5 17.0 l . o
BB-2-38 63.5 7 .5 4 .5 15.5 9 .0
BB-2-36 56.5 5 .5 5-5 16.0 10.5 3 .0
BB-2-23 60.5 7 .0 7 .0 10.5 6 .0 4 .5
BB-2-24 58.0 5 .0 ~ 6.5 17-5 10.0 0.5
BB-2-20 54.0 7 .5 6 .0 22.0 9 .5 l . o
BB-2-13 68.5 6 .5 3.0 15.5 5 .0
BB-2-3 53.0 5 .0 10.5 14.5 17.0
BB-2-2 59.0 7 .0 6 .0 15.5 10.5

3 .5HA-1-41 62.0 6 .0 6 .0 12.0 5 .5
HA-1-43 58.5 4 .0 3 .5 16.0 4 .5 0.5 l . o
HA-1-52 63.5 8 .0 4 .0 14.0 5 .0 1.0
HA-1-87 63.5 7 .0 4 .0 12.0 6 .5 1.0
HA-1-15 56.0 4 .5 7 .0 11.5 7 .0 3.0
HA-1-60 62.5 8 .5 6.5 13.0 9 .5 2 .5
HA-1-66 65.5 7 .0 6.0 11.5 9 .5 1 . 0
HA-1-93 65.0 5 .0 8 .0 10.0 1.5
HA-1-70 56 .0 8 .5 6 .5 14.5 10.5 1 . 0

12.3

9 .0
3 .0
1 .0

A uthigenic
K ao lin ite

6.0
1.0
2.0
3 .0

3 .5
7 .0
3 .0
4 .5
2 .5
3 .0
2 .5

4 .0
4 .0
6 .5
8.0  

10.3
3 .5
9 .5
4 .0
2.0

VOtv>
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Rock
Sample Hp. Q uartz1 F e ld sp ar Mica2 Fragments? 

F lu v ia l

A llen  Sandstone

HA-23-14 51.0 8 .5 5-0 11.0
HA-23-25 60.5 10.0 ^•5 8 .0
HA-23-2 3^.5 8 .5 10.5 14.0
IiA-23-24 56.5 8 .0 7 .0 15.0
HA-23-20 67 .O 0 .5 7 .0 8 .5
HA-23-18 46,0 10.0 15.5 3.0
HA-27-23 62.0 12.5 3 .0 21.0
HA-27-28 55.0 10.0 5 .0 12.0
HA-27-34 57.5 7 .0 6 .0 12.0
HA-27-46 57.0 11.5 7 .0 10.0
HA-27-43 60.5 9 .0 6.0 13.0
HA-27-16 53.5 9 .5 14.0 7 .0
PR-7-1 55.5 13.0 2 .0 19.5
PR-7-3 57.0 12.0 6.5 18.0

B lairtow n Sandstone

BB-3-30 60.5 12.0 3.0 15.5
bb-3-9 63.5 5.0 7 .0 14.5
BB-3-10 48 .5 4*0 8.5 15.5

Channel Mouth Bar

A llen  Sandstone

IA-9-1 63.0 12.0 ^.5 16.0
LA-9-2 51.0 11.0 8.5 13.5
LA-9-3 52.5 7 .0 7 .0 8 .5
LA-9-3a 49.5 6.0 15.5 12.0
LA-9-4 46 .0 10.0 15.0 2 .0
LA-9-5 52.5 9 .5 12.0 9 .5

A uthigenic
Clay k D e t r i ta l  A uth igenic Iro n  A uthigenic

M atrix  Dolomite S id e r i te ?  Dolomite K a o lln lte

3 .5 1 .5 23.0 1.5
3-5 2 .5 £ 7 .5
1.0 3 1 .56
9 .5 1.0 0 .5 2 .5
5.5 1.5 2 .5

16.0 .8 .0 2 .0
1.0 1.0
4 .5 1.0 0 .5 3 .5 8 .5
2 .0 0 .5 9 .0 6 .0
8 .5 2 .5 . 4 .5
3 .5 1.0 1.5 ^•5 5 .0

11.0 1.5 I ' 52.0 3 .5 6-5
5 .0 2.0

3.5 0 .5 1 .5 4 .0
4 .0 1.0 2 .0 5 .0

12.5 2 .0 8 .0 0 .5 2 .0

1.5 0 .5 3 .5 8 .5 1 .5
6 .0 2 .5 5 .0 4 .5

11.5 2 .5 3 .0 8 .5 0 .5
12.0 6.0 2.0 3.0
20.0 3 .0 3 .0 2 .0 1.0
12.0 5 .0 0 .5
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Hock
Sample Up. Q uartz1 F e ld sp ar Mica2 Fragments3

Blairtowni Sandstone

BB-3-8 52.5 4 .5 5 .5 10.5
BB-3-27 66,0 9 .0 6.5 5 .5
BB-3-y*’ 48 .0 7 .5 6 .5 5 .5

Bay F i l l

B lairtow n Sandstone

BB-3-1 42 .5 3.0 10.5 5 .0
BB-3-2 53.0 7 .0 11.5 5 .5
b b -3-6 45 .5 6.0 5 .5 14.5
BB-3-7 50.0 9 .0 5 .0 10.0
BB-3-20 48 .5 9 .5 3 .5 10.5

Marine

B lairtow n Sandstone

BB-3-B 62.0 6.0 lo .o 6.0
BB-3-A 60.5 1.5 8.0 7 .0
BB-3-M 64.0 8 .5 7 .0 9 .0

Crevasse Splay

A llen  Sandstone

HA-9-1 62.0 6 .5 5 .0 12.5

Abandoned Channel F i l l

HA-22-2 5k .  0 7 .5 5 .5 14.5

A uthigenic
d a y

M atrix*
D e t r i ta l
Dolomite

A uthigenic
S id e r i te 5

Iro n
Dolomite

A uthigenic
K a o lin ite

5 .0 1.5 7 .0 7 .0 6.0
8 .5 3 .0 2.0 12.5 1.0
9 .0 7 .5 7 .0 9 .0

8.0 2 .5 19.0 1.0
9 .5 5 .0 3 .5 3-5 2 .5
9 .0 3 .0 5 .5 9 .0 2 .5
8.0 3 .5 5 .0 6 .5 3 .0
9 .0 k .5 4 .0 10.5 1.5

6.0 1.0 3-0 2 .5 2 .5
5 .5 3 .5 6,0 8 .5

13.0 1.0 10.0 0 .5

11.5 3 .0

3 .5 3 .5 1.0 10.5

vo-p-
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* See v e r t i c a l  and l a t e r a l  p r o f i l e s  f o r  ex ac t lo c a t io n .
1

In c lu d es  a l l  q u a rtx  minus c h e r t .

^ Inc lu d es  m uscovite, c h lo r i te  and b i o t i t e .

3 In c lu d es  igneous, metamorphic and sedim entary rock  fragm ents p lu s  c h e r t ,  
d e t r i t a l  c o a l and s id e r i t e .

^  Less than  62 m icrons.

5 A uth igen ic , euhedral rhombs l e s s  than  50 m icrons, o f te n  re p la c in g  c h lo r i te  
and o rgan ic  m a te r ia l.

^ X -ray peak in d ic a te s  i ro n - r ic h  c a l c i t e .
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samples were f i r s t  a r b i t r a r i l y  d iv id ed  in to  two groups, one group 

w ith  a  median g r e a te r  th a n  0 .4 j$  and one group w ith a  median le s s  

than  0 .4 j$ .

Samples from th e  f i r s t  group a re  a l l  f lu v i a l  samples from th e  

A llen , H arold and B lairtow n Sandstone. F ig u re  60 , a  dendogram o f 

t h i s  group, shows an  unexpected, y e t  r a th e r  good se p a ra tio n  o f  

Harold Sandstone sam ples from th e  A llen  and B lairtow n sam ples. The 

A llen  and B lairtow n  sam ples tended to  have more f e ld s p a r .

A ll  d e p o s it io n a l  environm ents s tu d ie d  in  t h i s  r e p o r t  a re  r e p re ­

sen ted  in  th e  second group, b u t no d isc e m a b le  c lu s te r in g  by env iron­

ment was a p p a ren t. However, when t o t a l  carbonate  and a u th ig e n ic  

k a o l in i te  were added a s  two more v a r ia b le s ,  c lu s te r in g  in to  f lu v i a l  

and n o n f lu v ia l environm ents was e x c e l le n t  (F ig u re  6 i ) .  F lu v ia l  

samples tended to  have more au th ig en ic  k a o l in i te  w hile channel mouth 

b a rs , in te rc h a n n e l bays and m arines sampled tended to  have more 

t o t a l  ca rb o n a te . This i s  ap p aren t in  s e v e ra l  v e r t i c a l  p r o f i l e  p lo ts  

o f  p e rcen t t o t a l  ca rb o n a te  and k a o l in i t e  (F ig u res  11, 17 and 30) •

Samples from a l l  d e p o s it io n a l environm ents were analyzed  f o r  c la y  

m inera l co n ten t (F ig u re  6 2 ) . The dominant c lay  m in era ls  from a l l  

environments a re  i l l i t e  and k a o l in i te  w ith  su b o rd in a te  amounts o f  

expandable la y e re d  c la y s  and 14 Angstrom c h lo r i t e .  G ly eo la tio n  

in d ic a te s  t h a t  th e  expandable c lay s  occur a s  a  sh o u ld er on th e  10 

Angstrom peak and a re  in te r la y e re d  s m e c tite . M arine c lay s  ten d  to  

have more expandable la y e re d  c lay s  th an  f lu v i a l  c la y s .  Rusnak (1957). 

Hopkins (1958) and P o t te r ,  e t . a l . , ( 1968) r e p o r t  s im i la r  bu lk  composi­

t io n  from Pennsylvanian  age sedim ents in  th e  I l l i n o i s  B asin .
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FIGURE 60. Dendogram o f  samples w ith  median g ra in  s iz e  
g r e a te r  th an  QA5$> V a riab le s  used in  th e  
c lu s te r  a n a ly s is  a r e  t o t a l  q u a r tz , t o t a l  f e ld s p a r , 
t o t a l  ro ck  fragm ents and t o t a l  m ica. This 
tech n iq u e  se p a ra ted  H arold Sandstone from A llen  
Sandstone w ith 78% accu racy . Only f lu v i a l  samples 
a re  in c lu d ed . "+" in d ic a te s  th a t  sample was in ­
c o r re c t ly  grouped. Data from ta b le  V.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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FIGURE 61. Dendogram o f samples w ith  median g ra in  s iz e
le s s  th an  0 .^5 0 . V ariab les  used in  th e  c lu s te r  
a n a ly s is  a re  t o t a l  q u a rtz , t o t a l  f e ld sp a r , t o t a l  
rock  fragm ents, t o t a l  mica, t o t a l  carbonate  and 
a u th ig e n ic  k a o l in i te .  A ll d e p o s itio n a l env iron­
ments a r e  re p re se n te d . The c lu s t e r  a n a ly s is  was 
80/S s u c c e ss fu l in  s e p a ra tin g  f lu v i a l  from non­
f lu v i a l  sam ples. "+" in d ic a te s  t h a t  sample was 
in c o r re c t ly  grouped. Data from ta b le  V.
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FIGURE 62. P lo t  o f  X-ray p a t te r n s .  K a o lin ite  and i l l i t e  a re
th e  dominant c lay  m in era ls  w ith  sub o rd in a te  amounts 
o f c h lo r i t e  and mixed lay e red  c la y s . HA-i-97 i s  
from a c lay  drape and a  f lu v i a l  p o in t b a r su rface  
in  th e  Harold S andstone. BB-2-29 i s  from the  c lay  
p lug  in  th e  abandoned meander in  th e  Harold Sand­
s to n e . E3-2-31 i s  from th e  underly ing  bay f i l l  
sed im ents. BB-3-X i s  from th e  s i l ty - s h a le  f i l l  in  
th e  t i d a l  channel. KA-3-A i s  from th e  m arine 
sh e e t sandstone a t  BB-3« Kendrick i s  from th e  
K endrick m arine zone o f  J i l l s o n  (1931)* Kendrick 
g ly c o la te d  shows th a t  some expandable c lay s  a re  
p re se n t in  th e  m arine c la y s . HA-2-19 was heated  
to  550° C to  remove k a o l in i te .
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HA-1-9 7
BASE LINE

BB-2-29  
BB-2-31

BB-3-X

BB-3-A •
KENDRICK 
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HA-2 -29  
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C ro ss -p lo ttin g  o f i l l i t e  (001) peak and k a o l in i te  (001) peak 

(se e  Appendix f o r  methodology) sep a ra ted  f lu v i a l  from n o n flu v ia l 

samples (F igu re  63) .  F lu v ia l  sam ples, m ostly  from c lay  d rapes on 

p o in t b ar su rfa c e s , had a  k a o l in i t e  to  i l l i t e  r a t i o  g re a te r  than  

one, whereas n o n f lu v ia l  sam ples had. r a t i o s  le s s  than  one. Samples 

taken from th e -c la y  p lug  in  th e  abandoned meander in  th e  Harold 

Sandstone p lo t te d  in  th e  f l u v i a l  f i e l d .  Whereas samples from th e  

underly ing , tru n c a te d  bay f i l l  p lo t te d  in  th e  n o n f lu v ia l  f i e l d .  

However, samples from th e  abandoned meander f i l l  in  th e  A llen  Sand­

s to n e  p lo t te d  j u s t  in s id e  th e  n o n f lu v ia l  f i e ld .

Summary

A number o f  tech n iq u es  have been used in  t h i s  study  to  determ ine 

d e p o s itio n a l environm ents o f  san d sto n es , s i l t s to n e s  and sh a le s  from 

th e  lower and upper d e l ta  p la in .  I n i t i a l  assignm ents were based 

on v e r t i c a l  and l a t e r a l  s t r a ig r a p h ic  r e la t io n s h ip ,  n a tu re  o f  bounding 

su rfa c e s , i n t e r n a l  sedim entary  s tr u c tu r e s  and g ra in  s iz e  (T able V I). 

A d d itio n a l c r i t e r i a  based on lo g -p ro b a b il i ty  p lo ts ,  t e x tu r a l  p ara­

m eters, c la y  m ineralogy and petrography  only  served  to  confirm  th e  

f lu v ia l  o r  n o n f lu v ia l  c h a ra c te r  o f  th e  i n i t i a l  environm ental a s s ig n ­

m ents, None o f  th e  a d d i t io n a l  methods were s e n s i t iv e  enough to  d i s ­

c rim in a te  p r e c is e ly  among d e p o s it io n a l  environm ents, b u t when used 

in  con junction  w ith  b a s ic  s t r a t ig r a p h ic  d a ta , a r e  v a lu ab le  to o ls  to  

a id  in  environm ental i d e n t i f i c a t io n .

In  th e  a n a ly s is  o f  paleohydrology o f  f lu v i a l  sandstones i t  i s  

im portan t to  be a b le  to  d is t in g u is h  among f lu v ia l  channels , channel 

mouth b a rs  and m arine t i d a l  ch an n e ls . At s e v e ra l l o c a l i t i e s  (F ig u re s  

14, 30 32) th e  f l u v i a l  channel system  has tru n c a te d  channel mouth

b a r  sandstones and d i f f e r e n t i a t io n  o f  th e  two d e p o s its  i s  d i f f i c u l t .
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FIGURE 63. C ro ss-p lo t o f  k a o l in i te  (001) peak and i l l i t e  (001) 
peak. F lu v ia l samples have r a t io s  g re a te r  than  
1 whereas n o n f lu v ia l  samples have r a t io s  l e s s  th an  i .
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TABLE V I

OCCURENCE OF SEDIMENTARY STRUCTURES IN DEPOSITIONAL ENVIRONMENTS 

Criteria I II III IV V VI
Trough cross-lam ination  

Large, g re a te r  than 0 .5  
Medium to  sm all, 0 .1  to  0 .5  
Micro, le s s  than 0.01 m.

Ripple lam ination 
Current 
Wave
Ripple d r i f t

Horizontal to wavy laminations
Convoluted lam inations

M icrofaulting

Primary bedding su rfaces
Subhorizontal and and laterally 
continuous
Gently in c lin ed  (2° -  5°)
Moderately in c lin ed  ( le s s  than 10°) 
Current p a ra l le l  to  s t r ik e  o f 
primary bedding su rface  
Current down d ip  o f  primary bedding 
su rface

E rosional tru n ca tio n s

Lag Conglomerate

P lan t M aterial 
F inely  divided
Large stems and logs

A A D R-A A A
A R-C C C A A
R-C C R-A C D C

R-C C R-C A R-C C-D
C C A A C A
A R-C A-R C A A
D R-C A-R R-C A-R A-R
A C C A-R A A

A R-C C-C A-R A A

D A A A R-C A
A-R C-D C A A C-D
A A-R D :a A A

A-R D D
D A-R A-R

A-R R-C D c R R-C
A A-R C R-C _.A R-C

D C-D c C A CA A-R c C A A

o
N>
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I

A

D

A

R-C

C-D

I  In te rc h a n n e l "bay
I I  Channel mouth b a r
I I I  F lu v ia l  channel
IV C revasse sp lay  -  s u b a e r ia l  lev ee
V R e s tr ic te d  m arine
VI T id a l channel

D Dominant 
C Common 
R Rare 
A A bsent

C r i te r ia  

F in ing  upward cyc le  

Coarsening upward cy c le  

O xidized zones 

Burrows 

Modules

I I I I I IV V VI

c D D A R-C

R-C A A R-C A-R

A R-C C A A

A A A R-C D

A A R-C A A-R

o



A conspicuous erosional surface containing abundant macerated plant 
material, logs, stems, clay and siderite pebbles usually separate 
the two. There is usually an abrupt change in bedding style and 
grain size at this erosion surface.

Channel mouth bar and tidal channel deposits are ripple bedded 
to a great extent whereas basal fluvial sandstones are trough cross­
bedded. Bedding tends to be more continuous with less erosional 
truncation in channel mouth bars and tidal channels. Tidal channel 
sands are extensively bioturbated.

All three deposits exhibit inclined primary bedding surfaces. 
Paleocurrent orientations are nearly parallel to inclined primary 
bedding on channel mouth bars, but are usually perpendicular to point 
bar surfaces in fluvial channels. Thin layers of bioturbated siderite 
usually line tidal point bar surfaces whereas clay drapes often occur 
on fluvial point bar surfaces.
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PALE0HYDR0L0GY AND PALBOMORPHOLOGY 

G eneral S ta tem en t

Q u a n tita tiv e  a n a ly s is  o f  th e  paleohydrology and paleomorphology 

o f  f lu v i a l  system s in  th e  B r e a th i t t  fo rm ation  i s  th e  most im p o rtan t 

a sp e c t o f  t h i s  re s e a rc h . This a n a ly s is  i s  made p o s s ib le , in  p a r t ,  

by re c e n t advances in  understand ing  th e  n a tu re  o f  open channel flow  

and sedim ent t r a n s p o r t  and, in  p a r t ,  by th e  n a tu re  o f  superb  ex­

posures o f  a n c ie n t  f lu v i a l  channels in  e a s te rn  Kentucky. R ecognition  

o f  abandoned meander channels , p rev io u s ly  n o t d e sc rib e d  in  p a leo -  

h y d ra u lic  s tu d ie s ,  p erm it a c c u ra te  d e te rm in a tio n  o f  f l u v i a l  channel 

dim ensions. T h is  w i l l  a llo w  c r i t i c a l  e v a lu a tio n  o f  most a sp e c ts  o f  

th e  e s ta b lis h e d  methodology f o r  paleom orphologic c a lc u la t io n .  Hy­

d ra u l ic  and sed im en to log ic  d a ta  from re c e n t f l u v i a l  environm ents 

w i l l  be used to  t e s t  a  new methodology f o r  c a lc u la t in g  v e lo c i ty  o f  

flow  in  a n c ie n t ,  f l u v i a l  system s. A d d itio n a lly , a  new method w i l l  be 

developed to  c a lc u la te  d isch a rg e .

W ithin th e  p a s t  f i f t e e n  y e a rs , l i t e r a t u r e  on th e  hydrology and 

morphology o f  a n c ie n t  f l u v i a l  systems has expanded r a p id ly .  Table 

VII summarizes a l l  im p o rtan t p u b lic a tio n s . P e r t in e n t  equations 

r e l a t in g  to  th e s e  p u b lic a tio n s  a re  l i s t e d  in  ta b le  V III .

S ev era l d i f f e r e n t  methods have been dev ised  to  e s tim a te  h y d ra u lic  

ana m orphologic param eters o f  a n c ie n t f lu v i a l  ch an n e ls , b u t th ey  can 

be g e n e ra liz e d  in to  a  u s e fu l  flow  c h a r t  (F ig u re  6 4 ) . I b i s  methodology 

i s  based on s tu d ie s  o f  a n c ie n t f lu v i a l  sandstones (A lle n , 1963* 1965, 

1970; M oody-Stuart, 1966) and q u a n t i ta t iv e  s tu d ie s  o f  modern f lu v i a l  

environm ents (Schumm, 1963, 1968, 1971, 1972). However, i t  i s  suscep­

t i b l e  to  s e v e ra l  forms o f  c r i t ic is m .
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A u th or

Schumm ( i 9 6 0 ,  1 9 6 8 ,  
1 9 7 1 , 1 9 7 2 )

A l l e n  (1 9 6 5 )
C a r b o n ife r o u s
England.

M o o d y -S tu a r t (1 9 6 6 )
D ev o n ia n
S p i t s b e r g e n

K au ld e (1 9 6 8 )

A l l e n  (1 9 7 0 )  
D e v o n ia n  o f  E n g lan d  
and  A p p a la c h ia n  
iioun t a i n s

TABLE V II

SUMMARY OF METHODS USED Hi PALEOii 1 DKAULIC CALCULATIONS

P a ra m ete r  M easured  P a ra m eter  C a lc u la t e d  P a ra m eter  C a lc u la t e d  
from  F i e l d  from  F i e l d  from  P r e v io u s ly

  D a ta  D a ta  E s t im a te d  P a ra m eter Rem arks

C h a n n el w id th  and  Same a s  colum n tw o .
d e p th ,  w id th -d e p th  "M" (w e ig h t e d  mean
r a t i o ,  m eander w a v e- p e r c e n t  s i l t  and
le n g t h ,  s i n u o s i t y ,  c l a y ) .
s l o p e , mean a n n u a l
d is c h a r g e  and  mean
a n n u a l f l o o d .

T h ic k n e s s  and  h o r i -  C h an nel w id th  and  
z o n t a l  e x t e n t  o f  d e p th ,  
p o in t  b a r  s u r f a c e s ,  
p r e s e r v e d  t h i c k n e s s  
o f  b ed fo r in .

D e v e lo p e d  b a s i c  p a le o -  
h y d r a u l ic  e q u a t io n s  
from  m odern e n v ir o n ­
m e n ts , in c lu d e d  e r r o r  
o f  e s t im a t e  from  r e ­
g r e s s i o n  e q u a t io n s  r e ­
l a t i n g  o u tc r o p  p a r a m e te r s .

One o f  f i r s t  a t t e m p t s  t o  
r e l a t e  c e r t a i n  o u tc r o p  
d im e n s io n s  t o  a c t u a l  
c h a n n e l s i z e .  R e la t e d  
p r e s e r v e d  b ed form  t h i c k ­
n e s s  t o  w a te r  d e p th .

T h ic k n e s s  and h o i’i -  C h an n el w id th  and  
z o n t a l  e x t e n t  o f  d e p th ,  
p o in t  b a r  s u r f a c e s .

S i n u o s i t y A r b i t r a r i l y  d e c id e d  
c h a n n e l  w id th  e q u a ls  1 .5  
t im e s  h o r i z o n t a l  e x t e n t  
o f  p o in t  b a r  s u r f a c e s ,

P e b b le  o r  b o u ld e r  
d ia m e te r .

Maximum v e l o c i t y  
o f  f l o o d  w a te r .

T h ic k n e s s  and h o r i ­
z o n t a l  e x t e n t  o f  
p o in t  b a r  s u r f a c e s ,  
g r a in  s i z e  an d  b ed ­
form  d i s t r i b u t i o n .

C h an n el w id th  and  
d e p th ,  a v e r a g e  
v e l o c i t y  o f  f l o w .

T h e o r e t i c a l  c o n s id e r a ­
t i o n s  o f  d e p o s i t i o n  in  
m e a n d er in g  s t r e a m s ,  f i r s t  
a t t e m p t  t o  u s e  la b o r a t o r y  
d a ta  (G uy, S im on s and  
R ic h a r d s o n , I 9 6 5 ) i n  p a le o -  
h y d r a u l ic  c a l c u l a t i o n s .

oOn
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Author 

C o tte r  (1971)

Nummedal (1973)

Leeder (1973) 
Method A

Method. 13

Bel lent (1976) 
C arboniferous 
U . S . A .

Param eter Measured Param eter C alcu la ted  Param eter C alcu la ted  
from F ie ld  from F ie ld  from P rev iously

Data Data E stim ated Param eter Remarks

Thickness and h o r i ­
z o n ta l e x te n t o f 
p o in t b ar s u rfa c e s .

"H ",channel width 
and dep th , v e lo c ity .

W idth-depth r a t i o ,  
s in u o s ity , mean 
annual f lo o d , mean 
annual d isch a rg e , 
meander wavelength, 
s lo p e , flow  v e lo c ity , 
d ra inage  a re a  and 
stream  le n g th .

E stim ate o f "M" based 
on l im ite d  d a ta  ob­
scured by d ia g e n e s is . 
V eloc ity  estim ated  from 
Manning equation  and 
flume d a ta  o f  Nordin, 
e t . a l .  (1965).

Median g ra in  s iz e ,  V elocity  
bedform s,

Channel depth V elo c ity  c a lc u la te d  
from flume d a ta , s im i­
l a r  to  A llen  (1970)*

Thickness o f f in in g  Channel depth 
upward cy c le .

Thickness and 
h o r iz o n ta l  ex­
te n t  o f p o in t bar 
su rfa c e s .

Thiclm ess o f p re ­
served  bedform, 
median g ra in  s iz e ,  
bedform ty p e .

Channel width and 
dep th , M,

Channel depth , 
flow  v e lo c i ty .

Channel w idth, wave­
len g th , average d i s ­
charge .

V/idth-depth r a t i o  
average d isch a rg e , 
wavelength, s in u o s­
i t y .

Channel w idth d is ­
charge, wavelength, 
s in u o s ity , s lo p e , 
stream  len g th  and 
d ra inage  b as in  a re a .

Method can be used i f  
p o in t bar su rfa ce s  a re  
n o t p reserv ed .

Suggest s u b s t i tu t io n  of 
w idth-depth  r a t i o  fo r  "H", 
avoided e r ro r  in  e s tim a t­
ing  M, b u t may n o t be 
v a l id  fo r  low s in u o s ity  
s tream s.

Estim ated depth from p re ­
served  bedform th ick n e ss , 
assumed re c ta n g u la r  c ro ss - ' 
s e c tio n , assumed M from 
ta b le s  (Schumm, 1968), c a l ­
c u la ted  e r ro r  o f e s tim a tin g  
o th e r  param eters from given 
e r ro r  in  e s tim a tin g  channel 
d ep th s.

o
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Author

E l l i o t  (1976) 
C arboniferous 
England

M ia ll (1976) 
C retaceous 
Banks Is la n d , 
Canada

liami (1976)
J u ra s s ic
England

P ad g ett (1976)
C arboniferous
Morocco

Param eter Measured Param eter C alcu la ted  Param eter C a lcu la ted  
from F ie ld  from F ie ld  from P rev io u sly

Bata Data Estim ated Param eter Remarks

Thickness and h o r i-  Channel depth and 
z o n ta l e x te n t o f  w idth, 
p o in t b a r su rfa c e s .

Thickness o f p re ­
served  bedform, 
p a leo cu rre n t v a r­
ia t io n ,  median and 
maximum g ra in  s iz e .

Thickness and h o r i-  Channel width and 
z o n ta l e x ten t o f  dep th , 
p o in t b ar su rfa c e s , 
meander ra d iu s .

Thickness o f p o in t 
b a r su rfa c e s , ra d ­
iu s  o f cu rv a tu re  
o f meanders.

Channel width, 
channel dep th , 
w avelength,

S in u o s ity , wavelength Uses method A and B o f 
and d isch a rg e . Leeder (1973)*

Channel width and 
dep th , average and 
maximum v e lo c ity , 
II.

VJidth-depth r a t i o ,  
mean annual d is ­
charge, mean annual 
f lo o d , s in u o s ity , 
d ra inage  a re a .

Meander wavelength 
and d isch a rg e .

D ischarge, s lo p e , 
v e lo c ity .

Used d a ta  o f  Sundborg 
(1950) and Guy, Simons 
and Richardson (1965) to  
e s tim a te  v e lo c ity , assumed 
value o f  H from ta b le s  , 
(Schumm, 1968) .

F i r s t  use o f  ra d iu s  o f 
c u rv a tu re .

Assumed re c ta n g u la r  c ro ss -  
s e c tio n  o f r iv e r  in  c a l- ; 
c u la tin g  v e lo c ity , es tim ate  
o f M i s  based on l i t t l e  
hard  evidence.

o
CD
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TABLE V I I I

PALEOHYDRAULIC EQUATIONS GROUPED BY PARAMETERS

DEPTH

From geometry o f abandoned meanders ( l a )
d = th ick n ess  o f f in in g  upward c y c le  (2 )

logd  = 0.89 + 0 .83  lo g  Hm (2a)
d = th ic k n e ss  o f p o in t b ar su rfa c e s  (3)

WIDTH

From geometry o f  abandoned meanders 
w = 1 .5  x (h o r iz o n ta l  e x te n t o f  p o in t b a r  
w = 6 .8  dl*54 
w = 2 .2  Q0.56

CROSS-SECTIONAL AREA

From geometry o f  abandoned meanders (1 )

SEDIMENT LOAD

M = (Sc x w) + (S-jj x d) /  w + 2d (5 )

WIDTH-DEPTH RATIO

w/d = 225 K"1,08 (6 )
From geometry o f abandoned meanders (30)

VELOCITY

V = 1 .4 9 /n  (R°*6? S0 *5 ) (14)
g rap h ic , based on g ra in  s iz e ,  bedforms (28)
g rap h ic , based on s iz e  d is t r ib u t io n  ( 29)

Vmax = 9 x (d ia m e te r) i  (29a)

DISCHARGE

Q = VA 
Qm = wM°•37/3? . . .
Qm = w2*^3/l8 F1* ^

Qma = 16 w1. 56/ f 0.66 
logQma = 0.268 -  1.47 logM -  1.38 logW

MEANDER WAVELENGTH

Iaa =* 10.9 w*"0*  (10)
Im = 1890 Qm°*^/M0*7̂  (15)
Im = 234 Qma°’48/M0.74 (16)
Lm = 30Q°'5.,  (18)
Ur. = 106 a0 ^ 6 (17)
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A llen , 1965 
A llen , 1969 
A llen , 1965

M oody-Stuart, 1966 
Leeder, 1973 
Foweracker, 1963

Schumm, I963

Schumm, I 963 
geometry

Manning
Sundborg, Guy, 1966 
G ardner, 1977 
Maulde, 1968

Schumm, 1968 
Schumm, 1968 
Schumm, 1968 
Schumm, 1968

Leopold, Wolman, i 960 
Schumm, 1968 
Schumm, I 968 
Dury, 1965 
C a rls to n , 19 &5



n o

MEANDER AMPLITUDE
A -  14.2 Q0 *-5 
A « 2 .7  w*»i
From geometry o f  abandoned meander

MEANDERBELT WIDTH
Mb -  37.3 w0 *8?
Mb = sand body w idth
Mb = 60.5 Q ° '5 l

SLOPE
S » 0.00146 /  Q1 /  4 
S = 60 M- 0 *3° Qm“0 .32

SINUOSITY
P = 0 .94  m0 ,2 -5 '
P = 3 .5  (w /d )"0 *2?

DRAINAGE BASIN AREA
graph ic  
Db = (lm /60)^

STREAM LENGTH
graph ic

A -  meander am plitude
d -  channel depth
den— g ra in  s iz e  median d iam eter
Dfc -  d ra inage  b a s in  a re a
F -  w id th-dep th  r a t i o
f  -  Darcy-W eisbach f r i c t i o n  c o e f f ic ie n t
Hm -  mean h e ig h t o f  bedform
Lm -  meander wavelength
M -  weighted p e rc e n t s i l t - c l a y  in  p e rim e te r
Mb -  meander b e l t  w idth
n -  M anning's c o e f f ic ie n t
P -  s in u o s ity
Q -  average d isch a rg e
Qjjj -  mean annual d isch a rg e
Qma- mean annual f lo o d
R -  h y d ra u lic  r a d iu s
S -  s lope
S t -  p e rcen t s i l t - c l a y  in  channel banks 
V -  v e lo c ity  
SI -  stream  le n g th  
Vjqjlx maximum v e lo c i ty

(19)  Fow eracker, 1963
(11) Leopold, Wolman, I96
( 11a)

(12) Foweracker, 1963
( 27) geometry
( 20) Foweracker, 1963

21) Lane, 1957
26) Schumm, 1968

(9) Schumm, I 963
(13) Schumm, 1972

22) Dury, 1965
23) Hack, 1965

(25) Leopold, Wolman 
and M ille r ,  1964
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FIGURE £& . G eneralized  flow  charg d e p ic tin g  th e  methodology 
o f p a leo h y d rau lic  c a lc u la t io n s .
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The conventional methodology for estimating channel dimensions 
is frequently criticised. It is important to realize that this 
methodology is an unfortunate result of the limitations of fluvial 
sandstone outcrops. The obvious first step in paleomorphologic 
calculation is to determine channel dimensions, namely, channel 
width, depth and cross-sectional area, but complete fluvial channels 
are rarely observed in outcrop. Therefore, it has been necessary 
to estimate channel dimensions from some attribute that is preserved 
in outcrop, preferably some attribute that is frequently preserved. 
Allen ( 1963 , 1963) first noted that fluvial sandstones in vertical 
sections sometimes exhibit inclined point bar surfaces which he 
termed epsilon cross-stratification and that they are approximately 
equal to the thickness of frequently observed fining upward cycles, Ke 
assumed that the thickness of fining upward cycles and the thickness of 
point bar surfaces was approximately equal to channel depth. Koody- 
Stuart ( 1966) arbitrarily assumed that channel width was equal to 
1.5 times the horizontal extent of point bar surfaces; the length of 
a point bar as projected onto a horizontal plane. This value of 1.3  

was used in subsequent publications (Allen, 1970; Cotter, 1971;

Elliot, 1976; Nami; Padgett, 1966) .  However, these relationships 
between point bar surfaces and channel dimensions have not been 
tested in modem environments, in part because of the obvious lack 
of vertical exposures. Therefore, a valid question to ask is, do 
these outcrop parameters accurately reflect the channel dimension 
they are trying to measure. What is the error in such estimates?
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To make m a tte rs  even more com plicated , p o in t v a r  su rfa c e s  and 

f in in g  upward cy c les  a re  n o t f u l ly  developed in  many f lu v i a l  sand­

s to n e s , In  t h i s  case A llen  (1969) used a r e la t io n s h ip  between p re ­

serv ed  bedform th ic k n ess  and w ater dep th  to  e s tim a te  channel dep th . 

L a te r , Leeder (1973) developed a r e la t io n s h ip  between channel depth  

and channel w idth ‘th a t  was based on d a ta  from re c e n t  f lu v i a l  env iron­

m ents, This r e la t io n s h ip  was used to  e s tim a te  channel w idth i f  p o in t 

b a r  su rfa c e s  were n o t p re se n t in  o u tc ro p . Both r e la t io n s h ip s  were 

p resen ted  a s  re g re s s io n  eq u a tio n s  t h a t  con ta ined  la rg e  e r ro r  o f  

e s tim a tio n . The la rg e  e r r o r  i s  a  ire su lt  o f  th e  s c a t t e r  o f  d a ta  

p o in ts .

During th e  tim e t h a t  A llen  was stu d y in g  a n c ie n t f lu v i a l  sand­

s to n es  in  England, S.A, Schumm was s tu d y in g  th e  morphology o f  re c e n t 

f l u v i a l  environm ents in  North America and P le is to c e n e  to  R ecent f lu v i a l  

channels in  A u s tra l ia ,  He p u b lish ed  a  number o f  re g re s s io n  eq u a tio n s  

(T able V II) r e l a t in g  v a r io u s  m orphologic and h y d ro lo g ic  c h a r a c te r is t i c s  

o f  r e c e n t f lu v i a l  system s. He measured channel w idth , channel dep th , 

th e  r a t i o  o f  channel w idth to  channel depth  F, d isch a rg e  and th e  sed­

im ent lo ad  param eter M, which i s  a  m easure o f  th e  s i l t - c l a y  co n ten t 

o f  channel bank and a llu v iu m . Ke th en  r e la te d  th o se  param eters to  

each o th e r  and to  o th e r  m orphologic c h a r a c te r i s t i c s ,  namely, channel 

s in u o s i ty ,  meander w avelength and channel s lo p e . He concluded t h a t  

F, M and d isch a rg e  were s ig n i f ic a n t  v a r ia b le s  in  determ in ing  channel 

morphology. U n fo rtu n a te ly , param eters t h a t  can be e a s i ly  measured
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from modern f l u v i a l  environm ents a re  n o t always m easurable in  a n c ie n t 

f lu v i a l  san d sto n es  and v ic e -v e rs a . Schumm*s d a ta  cou ld  n o t be vised 

to  su p p o rt o r  deny th e  r e la t io n s h ip s  o f  p o in t b a r  su rfa c e s  t h a t  A llen  

and o th e rs  were develop ing  f o r  a n c ie n t f lu v ia l  san d sto n es . However, 

i f  th e  channel w id th , channel depth , w idth-depth  r a t i o  and th e  s e d i­

ment load  p aram eter could  be measured from ou tcrops o f  a n c ie n t f lu v ia l  

san d sto n es , th en  a  methodology was a v a i la b le  to  e s tim a te  d isc h a rg e .

With d isch a rg e  m easured, meander wavelength s lo p e , stream  len g th  and 

dra inage  b a s in  a re a  could  then  be estim ated  (F ig u re  64 ) .

Two problem s a re  ap p a ren t in  t h i s  procedure. The f i r s t  problem 

has to  do w ith  th e  accum ulation  o f  e r ro r  a s  th e  c a lc u la t io n s  proceed 

from th e  i n i t i a l  d e te rm in a tio n  o f channel width and depth  to  th e  f i n a l  

c a lc u la t io n  o f  d ra in ag e  b a s in  a rea  and stream  le n g th . Channel width 

and depth  s t i l l  had to  be estim ated  from th e  methods o f  A llen  o r Leeder. 

The e r ro r  in  e s tim a tin g  channel w idth and depth from p o in t b a r  su rfac e s  

was unknown. Thus, unknown e r ro r  was f re q u e n tly  in tro d u ced  in  th e  

f i r s t  s te p  o f  th e  c a lc u la t io n .  This e r ro r  was compounded in  th e  

e s tim a tio n  o f  d isc h a rg e . The e r ro r  in  e s tim a tin g  d isch a rg e  had to  

be in c lu d ed  in  th e  subsequent c a lc u la t io n  o f  meander w avelength, s lo p e , 

d ra inage  b a s in  a re a  and stream  le n g th . E rro r  expanded so ra p id ly  

t h a t  th e  f i n a l  c a lc u la t io n s  were only " b a l l  park" f ig u r e s .  BeMent 

(1976), F ig u re  31) showed th a t  o v erestim a tin g  th e  depth  by a  f a c to r  

o f  th re e  r e s u l te d  in  d isch a rg e  and d ra in ag e  b as in  a re a  being  o f f  by 

a  minimum f a c to r  o f  8 and 12 r e s p e c t iv e ly .

In  t h i s  s tu d y  channel width and dep th  a re  d i r e c t ly  measured from 

abandoned channel m eanders. T herefore th e  e r ro r  can be s ig n i f ic a n t ly
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reduced in  th e  i n i t i a l  com putation. More im p o rtan tly , th e  r e l a t io n ­

sh ip s  among p o in t  "bar s u r fa c e s ,  th ic k n e ss  o f  p reserved  bedform s, 

th ic k n e ss  o f  f in in g  upward cy c les  and channel w idth and depth  can be 

c r i t i c a l l y  ev a lu a ted  w ith  d a ta  from abandoned meanders.

The second problem w ith  th e  methodology i l l u s t r a t e d  in  th e  flow  

c h a r t  has to  do w ith  th e  c a lc u la tio n  o f  d isch a rg e . I t  i s  obvious 

from an in sp e c tio n  o f  th e  flow  c h a r t th a t  d isch a rg e  i s  an im portan t 

param eter in  paleom orphologic c a lc u la t io n s .  I t  i s  th e  "spoke o f  th e  

w heel". Most methods (C o tte r ,  1971? Leeder, 1973? E l l i o t ,  1976?

M ia ll, 1976? Nami, 1976; P ad g e tt, 1976) th a t  a re  used to  c a lc u la te  

d isch a rg e  a re  based on th e  em piric re la t io n s h ip s  developed by Schumm 

( i 960 , 1968) from stream s in  A u s tra lia  and th e  G reat P la in s  o f  th e  

U nited S ta te s .  These em piric  equations r e l a t e  d isch a rg e  to  v a rio u s  

com binations o f channel w idth , channel dep th , w id th-dep th  r a t i o  and 

th e  sedim ent lo ad  param eter M (Table V III ) .

There a re  s e v e ra l  p o te n t ia l  problems w ith t h i s  approach. F i r s t ,  

em piric eq u a tio n s  based on re c e n t f lu v i a l  environm ents may n o t be 

a p p lic a b le  to  a n c ie n t f l u v i a l  systems from d i f f e r e n t  c lim a te s , te c to n ic  

o r  geo log ic  s e t t in g s .  Second, th e  sedim ent load  param eter M can be 

e a s i ly  determ ined  f o r  r e c e n t  channels by s iev e  a n a ly s is  bu t d iag e n e s is  

o f te n  obscures o r  a l t e r s  th e  s i l t - c l a y  m atrix  in  a n c ie n t f lu v i a l  sand­

s to n e s , T h is in tro d u ce s  an unknown e r ro r  when K i s  estim ated  fo r  a n c ie n t 

f lu v i a l  sandstones (L eeder, 1973)*

To improve t h i s  a s p e c t  o f  th e  methodology i t  i s  th e re fo re  n ecessary  

to  develop  a d d i t io n a l  tech n iq u es  f o r  c a lc u la t in g  d isch a rg e ; techn iques
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t h a t  a re  independent o f  th o se  a lread y  e s ta b lis h e d . The c o n tin u ity  

eq u a tio n , Q = VA where Q i s  average d isc h a rg e , V i s  average v e lo c ity  

and A i s  c ro s s - s e c t io n a l  a re a , i s  an obvious p o s s ib i l i t y .  This sim ple 

eq u a tio n  i s  seldom used in  p a leo h y d rau lic  c a lc u la t io n s  f o r  two rea so n s . 

F i r s t ,  in  a l l  p rev ious p a leo h y d rau lic  s tu d ie s  i t  has n o t been p o ss ib le  

to  measure channel c ro s s -s e c t io n a l  a re a  a c c u ra te ly , because o f  th e  

n a tu re  o f  f l u v i a l  o u tc ro p s . Complete f lu v i a l  channels were n o t observed 

in  o u tc ro p . The shape o f f lu v ia l  channels was assumed to  be re c ta n g u la r  

(BeMent, 1976, P ad g e tt, 1976) which i s  r a r e ly  an ac c u ra te  assum ption. 

Most re c e n t  f lu v i a l  channels a re  n o t re c ta n g u la r  in  c ro s s -s e c t io n .

The dimensions of the rectangle were channel width and depth as 
determined from the methods of Allen or Leeder, However, in this 
study, channel cross-sectional shape and area can be directly and 
accurately measured from well exposed, abandoned meander channels.
Thus, th e  f i r s t  problem w ith using th e  c o n tin u ity  equation  can be 

overcome. Second, i t  i s  d i f f i c u l t  to  e s tim a te  v e lo c i ty  o f  flow  in  

a n c ie n t f l u v i a l  channels . The few e s tim a te s  t h a t  have been made 

a re  based on l )  diagram s o f  Guy, e t . a l . ,  (1966) t h a t  g ive only  a 

very  g e n e ra l v e lo c ity  range f o r  p a r t ic u la r  bedforms and median g ra in  

s iz e  o r 2) i n i t i a t i o n  o f  sedim ent motion curves (S h ie ld s , 1936j 

Sundborg, 1936), The v e lo c ity  determ ined from th e se  curves i s  th e  

c r i t i c a l  e ro s io n  v e lo c i ty  and does n o t n e c e s s a r i ly  r e f l e c t  th e  v e lo c ity  

o f  flow  d u rin g  d e p o s itio n . T herefo re , i f  a  method can be developed 

t h a t  a c c u ra te ly  measures p a le o v e lo c ity , th en  th e  c o n tin u ity  equation  

can be used in  p a leo h y d rau lic  c a lc u la t io n s  to  e s tim a te  d isch a rg e .
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T h e o re tic a l Background f o r  V eloc ity  C a lc u la tio n s

The prim ary o b je c tiv e  o f  th i s  s e c tio n  i s  to  develop a more 

a cc u ra te  tech n iq u e  f o r  e s tim a tin g  v e lo c i ty  o f  flow  in  a n c ie n t f lu v i a l  

channels . The q u e s tio n  to  be asked i s  what ou tcrop  d a ta  can one 

measure t h a t  cou ld  be q u a n t i ta t iv e ly  r e la te d  to  flow  v e lo c i ty .  I t  

i s  g e n e ra lly  agreed  th a t  g ra in  s iz e  can be r e la te d  to  v e lo c i ty  and 

g ra in  s iz e  o f  a n c ie n t  f l u v i a l  sandstones can be measured w ith known 

degree o f  accu racy . A d e ta i le d  review  o f  h y d ra u lic  th eo ry  (Sundborg, 

1956; A lb e rtso n , e t . a l . ,  I960; B riggs and M iddleton, 1965; A llen , 1969

G essle r , 1971. K oloseus, 1971} P e tt i jo h n , e t.aJL ., 1972} Jackson, 1975*
')

Sagoe and V ish er, 1977 1 M iddleton, 1977) in d ic a te d  th a t  th e  param eter 

T0 , bottom sh e a r  s t r e s s ,  appears in  one form o r  an o th e r  in  n e a r ly  

every eq u a tio n  th a t  r e l a t e s  flow  v e lo c i ty  and c o n d itio n s  f o r  sedim ent 

m otion to  g ra in  s iz e  o f  th e  tra n sp o rte d  sedim ent. T herefo re , to  

a c c u ra te ly  e s tim a te  v e lo c i ty  a  q u a n t i ta t iv e  r e la t io n s h ip  must be 

developed among v e lo c i ty ,  bottom sh ea r  s t r e s s  and g ra in  s iz e  o r  a t  

l e a s t  some a t t r i b u t e  o f  th e  g ra in  s iz e  d i s t r ib u t io n  curve.

To develop such a  r e la t io n s h ip  co n s id e ra tio n  must be g iven  to  

th e  b a s ic  fo rc e s  t h a t  govern flow  in  open channels . The b a s ic  fo rc e s  

a re  d e riv ed  from param eters d ep ic ted  in  f ig u re  65 . I t  i s  assumed th a t  

th e  average dep th  does n o t vary  w ith d is ta n c e  clown channel (uniform  

flo w ), t h a t  th e  flow  c o n d itio n s  do n o t change With tim e (s tead y  flow ) 

and th a t  th e  s lo p e , S, i s  c o n s ta n t and sm all so t h a t  th e  s in e  o f  th e  

a n g le  o f s lo p e  i s  approx im ate ly  equal to  th e  s lo p e  i t s e l f  (S = h /L ) . 

The th i r d  assum ption i s  t r u e  o f n a tu ra l  r iv e r s  on d e l ta  p la in s .  The
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FIGURE 65 . Schematic diagram explaining symbols used in 
deriving velocity eq.uation.
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f i r s t  two a re  only  t ru e  fo r  sh o r t  d is ta n c e s  and s h o r t  p e rio d s  o f 

tim e . A q u a n t i ta t iv e  a n a ly s is  o f th e  b a s ic  fo rc e s  in  open channel 

flow  cou ld  n o t be made w ithou t th o se  s im p lify in g  assum ptions.

Given th e se  assum ptions, th e  g ra v ity  fo rc e  G a c t in g  on a  volume 

o f  w ater in  a  channel o f  len g th  L and average c r o s s - s e c t io n a l  a re a  A 

i s  G = ggAL where p = d e n s ity  o f w ater and g = a c c e le ra t io n  o f 

g ra v i ty .  The downslope component i s  pgAIS. In  eq u ilib riu m  t h i s  fo rce  

i s  b a lanced  by th e  r e s is ta n c e  o f th e  boundary which i s  e<lual to  the  

p ro d u c t o f  th e  average sh ea r s t r e s s  a t  th e  boundary Tc (bottom  shear 

s t r e s s )  and th e  a re a  o f th e  boundary in  c o n ta c t w ith  th e  volume of 

w ater. T his a re a  i s  th e  product o f  th e  len g th  L and th e  "w etted  

p e rim e te r"  P . T herefo re ,

pgAIS = T0LP ( B la t t ,  e t . a l ,  1972)

re a rra n g in g  g iv e s

T0/ p  g = (A/P)S 

By d e f in i t io n ,  A/P i s  th e  h y d rau lic  ra d iu s  R, th u s ,

T0/ p g  = RS (1 )

The r e s i s ta n c e  o f  th e  boundary to  th e  flow  in  c i r c u la r  p ipes i s  

measured by th e  w e ll e s ta b lish e d  Darcy-Weisbach equw tion (A lbertson , 

e t . a l . ,  i 960) t h a t  r e l a t e s  th e  d iffe re n c e  in  head h a t  two p o in ts  

se p a ra te d  by a  d is ta n c e  L on a  pipe o f  d iam eter D to  th e  average 

v e lo c i ty  V in  a  v e r t i c a l  s e c tio n  o f p ip e . This u s e fu l  equation  i s

h = f  LV2/D2g (2)

where g = th e  a c c e le ra t io n  o f g ra v ity , f  = Darcy-W eisbach f r i c t i o n  

c o e f f ic ie n t .

For c i r c u l a r  p ip e s ,

R = A/P = P2A  = d/4  
D
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S u b s t i tu t in g  kR f o r  D and S f o r  h /L  in  equation  (2 ) and re a rran g in g  

g iv es

RS -  f  A  V2/2 g  

S u b s t i tu t in g  in to  eq uation  ( l )  g ives

V P S  -  fA V2/2g
o r

f A  V2/2  (3 )

By d e f in i t io n  V*^, th e  sh ea r v e lo c ity  squared , i s  equal to  T0/ p  , 

S u b s t i tu t in g  in to  equation  (3) and re a rran g in g , g iv es  th e  u s e fu l  equation

v -  w H o f e  ■> (4)

Equation A )  s ta t e s  -that th e  average v e lo c i ty  o f  flow  i s  a 

fu n c tio n  o f  th e  Darcy-Weisbach f r i c t i o n  c o e f f ic ie n t  f  and th e  shear 

v e lo c i ty  V*. V alues o f  f  can be ob ta ined  from ta b le s  (Simon, e t . a l . , 

1971) where f  i s  c a lc u la te d  fo r  v ario u s  types o f  n a tu r a l  r iv e r s .  This 

i s  h a l f  way to  th e  goal o f  developing a  q u a n t i ta t iv e  r e la t io n s h ip  

among v e lo c i ty  bottom  sh ea r  s t r e s s  and g ra in  s iz e .

To e s tim a te  th e  average v e lo c ity  o f flow  f o r  a n c ie n t f lu v i a l  

channels i t  i s  now necessary  to  f in d  some g ra in  s iz e  param eter th a t  

can be q u a n t i ta t iv e ly  r e la te d  to  V*. M iddleton (1976, 1977) has 

developed a  method f o r  c a lc u la t in g  V* using  lo g -p ro b a b il i ty  p lo ts  

o f  g ra in  s iz e  d i s t r ib u t io n .  The method i s  based on two assum ptions.

I t  i s  assumed t h a t  lo g -p ro b a b il i ty  p lo ts  o f  g ra in  s iz e  d i s t r ib u t io n  

show marked d i s c o n t in u i t ie s  th a t  can be re p re se n te d  by a  l im ite d  

number o f  s t r a i g h t  l i n e  segm ents. This assum ption i s  g e n e ra lly  

accep ted  and i s  supported  by s tu d ie s  o f  g ra in  s iz e  d is t r ib u t io n s
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from modem and a n c ie n t environm ents (D ouglas, 19*Jbj Inman, 19*t9 j 

Sindowski, 1957? V isher, 1969, 1972).

Secondly, i t  i s  assumed th a t  th e se  s t r a ig h t  l in e  segments id e n t i fy  

subpopulations o f  g ra in s  moved by d i f f e r e n t  mechanisms o f  sedim ent 

t ra n s p o r t ,  namely, t r a c t io n ,  s a l t a t io n  and suspension  (F igure  66) 

and th a t  th e  b reak s  between two a d ja c e n t segments id e n t i fy  th e  s iz e  

where one mechanism o f  t r a n s p o r t  changes to  an o th e r . G ilb e r t  (191*0 

in  h is  c la s s ic  flume experim ents recogn ized  th a t  g ra in s  moved a s  a  

t r a c t io n  c a rp e t (subpopu la tion  C) by r o l l in g  and s l id in g  a long  th e  

bottom and a s  suspended lo ad  (sub p o p u la tio n  B) where g ra in s  a re  moved , 

in  tu rb u le n t suspension  in  th e  f lu id .  Bagnold (19*^1) and Moss ( 1962) 

recognized  an in te rm e d ia te  s a l t a t io n  lo ad  (subpopu lation  A) where 

g ra in s  a re  l i f t e d  s u f f i c i e n t ly  c le a r  o f  th e  bed (u su a lly  on th e  o rd e r 

o f  10 to  100 g ra in  d iam ete rs) to  be c a r r ie d  in  tu rb u le n t  suspension^ 

b u t g e n e ra lly  f a l l  back to  th e  bed a f t e r  a  s h o r t  p erio d  o f  tim e.

Thus, M iddleton (1976, 1977) assumed th a t  th e  p o p u la tio n  o f  th e  

"break" between th e  t r a c t io n  p o p u la tio n  and th e  s a l t a t io n  p o p u la tio n , 

d e fin ed  a s  th e  T -Ju n c tio n , in d ic a te s  th e  s iz e  o f  th e  c o a rse s t p a r t ic le s

t h a t  can be tak en  in to  suspension .

This s ta tem en t i s  supported  by d a ta  from a d e ta i le d  a n a ly s is  o f  

th e  g ra in  s iz e  o f  th e  c rev asse  sp lay  in  th e  A llen  Sandstone. I f  

d e p o s its  in  th e  crevasse  sp lay  r e p re s e n t sedim ent c a r r ie d  in  suspension  

in  th e  main channel, a  reaso n ab le  assum ption, then  th e  s iz e  o f  th e  

c o a rse s t  g ra in s  in  th e  c rev asse  sp lay  should  correspond to  th e  

T -Junction  v a lu e  a t  th e  e le v a tio n  o f th e  breach in  th e  main channel.
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FIGURE 66. Generalized log-probability plot of grain size 
distributions showing the relationship between 
straight line segments, breaks and mode of 
transport.
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The c rev asse  sp lay  i s  5 -6  m eters th ic k  and th e  f l u v i a l  channel 

sandstone i s  approx im ate ly  10 m eters th ic k . I f  i t  i s  assumed 

th a t  th e  c rev asse  sp lay  d e p o s its  a t ta in e d  an e le v a tio n  equal to  th e  

top  o f  th e  main channel, then  th e  s iz e  o f  th e  c o a rs e s t  g ra in s  in  

th e  c rev asse  sp la y  should  equal th e  T -Junction  v a lu e  4~5 m eters 

above th e  base  o f  th e  main channel. In  f a c t ,  th e  maximum g ra in  

s iz e  o f  th e  c rev asse  sp la y , 1.70» ag rees  c lo se ly  w ith  th e  T -Ju n ctio n  

va lu e , 1 .80 , 5 m eters above th e  base o f  th e  A llen  Sandstone.

From experim en tal s tu d ie s  and th e o r e t ic a l  c o n s id e ra tio n s ,

Moss (1962) and M iddleton (1977) r e la te d  th e  T -Ju n c tio n  v a lu e  to  

bottom sh e a r  s t r e s s .  A llen  (1970) and Sagoe and V isher (1972) 

concluded th a t  bottom sh e a r  s t r e s s  d ecreases  w ith d ec reasin g  w ater 

dep th , a l l  e ls e  be ing  eq u a l. This conclusion  i s  supported  by d a ta  

from t h i s  s tu d y  (F ig u re  67) .  Samples had d ec reasin g  va lu es  o f  th e  

T -Junction  w ith  in c re a s in g  d is ta n c e  above th e  channel base , t h a t  i s ,  

d ecreasin g  w ater d ep th .

Not a l l  a u th o rs  ag ree  th a t  th e  "breaks" in  th e  lo g -p ro b a b il i ty  

curves a re  r e la te d  to  th e  h y d ra u lic s  o f  flow . In  a  study o f  11,000 

samples from v a rio u s  d e p o s it io n a l environm ents, Shea (197^) concluded 

th a t  th e  "breaks" on lo g -p ro b a b il i ty  p lo ts  a r e  c o n tro lle d  more by th e  

s iz e  d i s t r ib u t io n  o f  p a re n t m a te r ia l and th e  way th a t  m a te r ia l r e ­

sponds to  th e  long  term  wearing down in  th e  sedim entary  m il l  than  to  

th e  h y d ra u lic s  o f  flow  d u ring  d e p o s itio n . I f  t h i s  were th e  case , one 

would expect th e  p o s it io n  o f  "breaks" on lo g -p ro b a b il i ty  p lo ts  to  be 

c o n s ta n t. However, a  sy s tem a tic  and c o n s is te n t  v a r ia t io n  in  th e
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FIGURE 67 , P lo t  o f T -Junction  v ersu s  d is ta n c e  above base .
Data from ta b le  IV. The re g re s s io n  equation  f o r  
th e  l in e  i s  Y = I .67 + 0.061X. 
s td .  dev. = 0 .3 ^ 
where Y = T -Junction

X = d is ta n c e  above base 
Data from ta b le  IV.
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125 . .

p o s it io n  o f  th e  "breaks" from sample to  sample in  t h i s  study  in d ic a te s  

t h a t  h y d rau lic  s o r t in g  i s  lo c a l ly  more im portan t.

Based on th e se  assum ptions o f  g ra in  s iz e  d is t r ib u t io n  curve3 t 

M iddleton (1976, 1977) developed a  q u a n t i ta t iv e  r e la t io n s h ip  between 

V* and T -Junction  v a lu es taken  from lo g -p ro b a b il i ty  p lo ts  o f  g ra in  

s iz e  d i s t r ib u t io n .  He assumed t h a t  th e  c o a rs e s t  p a r t ic le s  th a t  can 

be taken  in to  suspension , a s  in d ic a te d  by th e  T -Junction , w i l l  be 

those  p a r t ic le s  th a t  have s e t t l i n g  v e lo c i t i e s , t o ,  equal to  th e  upward 

v e r t ic a l  v e lo c i ty  f lu c tu a t io n s  c lo se  to  th e  boundary. The magnitude 

o f  th e se  v e r t i c a l  v e lo c i ty  f lu c tu a t io n s  i s  equal to  th e  ro o t mean 

square (rms) o f  th e  v e r t i c a l  v e lo c i ty  f lu c tu a tio n .  Thus,

-N 't?7)2 (5)

where v ' i s  th e  in s tan tan eo u s  ( tu rb u le n t)  component o f v e lo c ity  in  

th e  v e r t ic a l  d i r e c t io n .

Observations of turbulence intensity show that the vertical (rms) 
velocity fluctuation are proportional to the shear velocity (Blinco and 
Parthenides, 1971)* Data from Bowden (1962), McQuivey and Richardson
(1969), Antonia and Luxton (1971) and Bagnold (1973) show that this 
proportionality is approximately unity. Thus,

X f?7)2 -  V* (6)

and substituting into equation ( 5 ) gives
LO/V* = 1 ( 7 )

Equation ( 7 ) is Middleton's criterion for suspension and is 
extremely important because it provides a quantitative method for 
estimating shear velocity from the fall velocity of grain size at 
the T-Junction. Middleton (1977) has argued that this criterion for
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suspension , Ui/V* = 1, i s  supported  by a  comparison o f  h y d rau lic  

measurements w ith th e  s e t t l i n g  v e lo c i ty  o f th e  l a r g e s t  g ra in  s iz e s  

p re se n t in  th e  suspended load  o f s e v e ra l  m idw estem  r iv e r s .  F rancis  

(1973) produced a  diagram (F igu re  68) based on experim ental d a ta  th a t  

c le a r ly  shows th e  t r a n s i t io n  from t r a c t io n  to  s a l t a t io n  and suspension . 

This t r a n s i t io n  occurs when th e  va lue  o f  U> approaches th e  v a lu e  o f V*.

With a  method e s ta b lish e d  fo r  e s tim a tin g  sh ear v e lo c ity  from 

g ra in  s iz e ,  a  param eter th a t  can be measured from outcrop  d a ta , i t  i s  

now p o ss ib le  to  es tim ate  v e lo c ity  o f flow  o f  a n c ie n t f lu v ia l  channels. 

By s u b s t i tu t in g  M idd le ton 's  c r i t e r io n  f o r  suspension , equation  (7) 

in to  equation  (4 ) ,  th e  im portan t equation

V “ W S T /f  (8)

i s  produced.

A review  o f  th e  th e o r e t ic a l  v e lo c i ty  c a lc u la t io n s  i s  necessary  

a t  t h i s  p o in t .  Equation (4 ) ,  7 = V * \ 8 / f ,  was developed from b as ic  

h y d ra u lic  th eo ry . I t  r e l a t e s  average flow  v e lo c i ty  to  sh ea r v e lo c ity  

and Darcy-Weisbach f r i c t i o n  c o e f f ic ie n t .  The c r i t e r io n  f o r  suspension 

developed by M iddleton th a t  d e p ic ts  th e  r e la t io n s h ip  between shear 

v e lo c i ty  and th e  f a l l  v e lo c i ty  o f g ra in  s iz e  a t  th e  T -Junction  on a  

lo g -p ro b a b il i ty  curve, U^/V* = 1, was p re sen ted  and supported by ex­

p e rim e n ta l work. F in a lly , a  new eq u a tio n , V =UJN87f, was form ulated 

th a t  perm its an es tim a tio n  o f  th e  average flow  v e lo c i ty  in  a  given 

r i v e r  s e c tio n  from a param eter th a t  can be measured from outcrop  d a ta .

This new method f o r  c a lc u la t in g  average v e lo c ity  o f flow  o f 

a n c ie n t f lu v i a l  sandstones was te s te d  and v e r i f ie d  by using  a v a ila b le
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FIGURE 6 8 .  P l o t  o f  d im e n s io n l e s s  g r a i n ,  v e l o c i t y  Vq/ v a g a i n s t  
d im e n s io n l e s s  s h e a r  v e l o c i t y  V * /w  .
Vq = v e l o c i t y  o f  g r a in  m ovem ent
V = v e l o c i t y  o f  w a te r
w = s e t t l i n g  v e l o c i t y  o f  g r a in s  i n  m o tio n

V* = s h e a r  v e l o c i t y
A s g r a in  v e l o c i t y  a p p r o a c h e s  f lo w  v e l o c i t y  o f  w a te r  
(Vq/ v a p p r o a c h e s  1 ) ,  t h e  mode o f  g r a in  t r a n s p o r t  
c h a n g e s  from  t r a c t i o n  t o  s a l t a t i o n  and s u s p e n s io n .  
A s a  t r a c t i o n  c a r p e t ,  g r a in s  move a t  s p e e d s  l e s s  
th a n  o n e  an d  i s  g r e a t e r  th a n  V *. When g r a in s  a r e  
m oved "by s a l t a t i o n  o r  i n  s u s p e n s io n  t h e i r  v e l o c i t y  
a p p r o a c h e s  t h a t  o f  t h e  f l o w in g  w a te r  and v a l u e s  o f  
V* a p p r o a c h  t h e  v a l u e  o f  v  f o r  t h e  m oving  g r a i n s .  
T h u s, V*/w a p p r o a c h e s  1. ( A f t e r  F r a n c i s ,  F ig u r e  
2, 1973).
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h y d rau lic  d a ta  from modern f lu v lo - d e l ta ic  environm ents-(T able IX ).

Data on g ra in  s iz e  d i s t r ib u t io n ,  average v e lo c ity  o f  flow  and sh ea r 

v /elocity  a re  a v a i la b le  from modern environm ents. Values c a lc u la te d  

f o r  10 /V* were c o n s is te n t ly  c lo se  to  one, in  agreem ent w ith  M iddle­

to n 's  c r i t e r io n  f o r  su sp en sio n . At p re se n t, th e re  i s  in s u f f ic ie n t  

d a ta  from experim en tal s tu d ie s  o r modem environm ents to  s t a t i s t i c a l l y  

determ ine a confidence in te r v a l  f o r  th e  c r i te r io n  fo r  suspension . 

P red ic ted  v e lo c i ty  v a lu e s , u sing  equation  (8 ) ,  V = tO \8 /f, ag ree  w ith 

observed v e lo c i t i e s  f o r  r iv e r s  c a rry in g  f in e  g ra in ed  sand. P re d ic te d  

va lues show s ig n i f ic a n t  d e p a rtu re  from observed v e lo c ity  v a lu es  fo r  

r iv e r s  w ith  co a rse  sand and pebb les, as  in  Jack so n 's  (1976) d a ta  

from th e  Wabash R iver, in d ic a t in g  th a t  t h i s  method may n o t be a p p l ic ­

a b le  to  co arse  g ra in ed  f l u v i a l  system s.

Calculation of Paleohydraulic and Paleomorphologic Parameters
A d e ta i le d  flow  c h a r t  (F ig u re  69) i l l u s t r a t e s  th e  methodology 

used to  c a lc u la te  p a leo h y d rau lic  and paleom orphologic param eters in  

th i s  s tu d y . Em piric eq u a tio n s  re p re se n te d  by l in e s  th a t  connect th e  

v a rio u s  boxes a r e  l i s t e d  in  ta b le  V III . An 80 p e rcen t confidence 

in te rv a l  was vised in  a l l  c a lc u la t io n s  where confidence in te r v a ls  f o r  

re g re s s io n  eq uations were a v a i la b le .  A 5 p e rcen t e r ro r  was in tro d u ced  

from th e  pace and Srunton method o f  measuring outcrop  dim ensions and 

a  10 p e rc en t e r r o r  was assumed in  e s tim a tin g  channel a re a .

Channel Dimensions 1 The f i r s t  s te p  in  thes p a leo h y d rau lic  c a lc u ­

la t io n s  i s  to  determ ine th e  f lu v i a l  channel dim ensions. Table X 

compares th e  v a lu es  from d i f f e r e n t  methods o f  e s tim a tio n . The c ro s s -
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TABLE IX

ESTIMATES OF MIDDLETON'S CRITERION FOR SUSPENSION 
AND COMPARISON OF OBSERVED VELOCITY AND CALCULATED VELOCITY1

Location

Fall Velocity 
U)

Observed

M iss is s ip p i R iver 
a t  S t .  Louis. Mo.,
Jordan  ( 1965)

Dec. 27, 1955 0.16
Feb. 21, 1956 0 .23
A p ril 24, 1956 0.32
Hay 9 , 1956 0.29
Ju ly  9 , 1956 0.24
May 13, 1959 0.24

K laralven  R iver, 
Sweden. Sundborg
(1956)*

Wabash R iver, 
I l l i n o i s ,  Jackson 
(1975) 2

F ig . 18A 
C rest 

Trough
F ig . 18C 

Trough 
F ig . 18D 

C rest 
F ig . 18F 

Trough

9 .0

8.0
19.0

15.0

11.0

15.0

Shear V elo city  
V*

Observed

0.21
0.21
0.27
0.27
0.25
0.30

7 .0
18.0

16.0

6 .3

16.0

C rite r io n  fo r  
Suspension 

u> /y*_____

0.76
1.09
1.18
1.07
0.96
0.80

1.14
1.05

0.94

1.74

0.94

Average Flow 
V elocity  V 

Observed

2 .3  
2 . 2
3.7
3 .3
2.7
4 .4

80.0

100.0
82.0

100.0

66.0

135.0

Average Flow
V elocity  V _ ___

C alcu la ted  From V =lv{8 / f

1.7
2 .4
3 .5  
3 .2  
3-5
2.6

85.0

86.0
200.0

160.0

118.0

160.0

ro
VO
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F a l l  V eloc ity  Shear V elocity  
CO V*

Location Observed Observed

South Esk R iv er,
S co tland , Bridge 
& J a rv is  (1976 )

( f  = 0.06  fiom 
h is  d a ta )

Feb. 2, 1976 6 .8
5.9
5-9
5 .6
5.7

Feb. 3, 1976 5 .0
2 .5
2 .3

Feb. 11, 1976 5 .4
4 .3
2 .3

Guadalupe R iver D elta ,
Texas, Donaldson, _et. 
a l . ,  (1970)1 4 .2

Rhone R iver D elta ,
F rance, Oomkens
(1970) 9 .0

Ebro R iver D elta ,
Spain . Maldonado 
(1975) 6 .0

Po R iver D elta ,
I t a ly ,  Kelson
(1976) 6 .8

C r ite r io n  fo r  
Suspension 

CO / v *

Average Flgw Average Flow
V elocity  V V elocity  V  .

Observed C alcu la ted  From V =fD]8f

79 .0  78 .0
70.0  84.0
68.0  83 .O
64.0 68.0
66.0  66.0
57.0 65.0
30.0  50.0
26.0 37.0
62.0 65 .O
50.0  56.0
27.0  22.0

40.03  45 .0

100.0 96 .3

67 . O3 64.0

73.0 80.0
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Where a p p ro p ria te , a l l  u n i ts  in  cm ,/sec , except Jordan  (1965) in  f e e t / s e c .

 ̂ F a l l  v e lo c ity  c a lc u la te d  from c o a rse s t  p a r t ic le  in  suspended lo ad ,

^ F a l l  v e lo c ity  c a lc u la te d  from T -ju n c tio n  o f lo g -p ro b a b il i ty  p lo t  o f  sedim ent composing bed 
o f stream ,

^ Average v e lo c ity  equals mean annual d ischarge  d iv id ed  by the  product o f  b an k fu ll channel 
w idth and dep th ,

h
f  = 0,07 u n less  o therw ise s ta te d .  This i s  an average value f o r  sandwaves and dunes, the  
bedforms a t  a l l  sample lo c a tio n s .



FIGURE 6 9 . Detail flow chart of paleohydraulic and paleo­
morphologic calculations showing the methodology 
used in this study. Numbers beside lines refer 
to numbered equations in table VIII. It is important 
to note that l) the geometry of abandoned meanders 
permits calculation of channel width, channel depth 
and cross-sectional area directly from outcrop,
2) velocity and cross-sectional area are used in the 
calculation of discharge and 3) &11 parameters 
can be calculated from several independent methods.
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TABLE X

COMPARISON OF CHANNEL DIMENSIONS COMPUTED BY DIFFERENT TECHNIQUES

H a ro ld  S a n d s to n e  
A l l e n  S a n d s to n e

Channel Depth (Meters)

A bandoned M eander F in in g  Upward C y c le d

Harold Sandstone 
Allen Sandstone

Harold Sandstone 
Allen Sandstone

10 + 0.5 
10 + 0.5

1 0 + 2  
10 ± 2

Point Bar 
Surface^

1 0 + 2  
10 ± 2

Channel Width (Meters) 

Abandoned Meander
Horizontal Extent of 
Point Bar Surfaces^1

140 + 7 
130 + 6

130 -  155 
125 -  155

Abandoned Meander

960 + 100 
7 1 0  +  7 0

Cross-Sectional A rea (Square Meters)
6Rectangular Shape

lROO + 140  
1300 + 130

P r e s e r v e d
Bedform^

7.7
7 .7

P e p th 5

210 -  250 
210 -  250

T r a p e z o id a l  S h ap e?

900
800

 ̂ A v e ra g e  t h i c k n e s s  o f  f l u v i a l  v e i ' t i c a l  p r o f i l e s ;  B B -^ f H A-1, HA-2 f o r  H a ro ld  S a n d s to n e  and  HA-23» H A -27,
1LA-29, L i- 3  and  PR-7 f o r  A l l e n  S a n d s to n e .

2  A v e ra g e  t h i c k n e s s  o f  p o in t  b a r  s u r f a c e s ;  BB-2 and HA-1 f o r  H a ro ld  S a n d s to n e  and  H A -29, HA-30 and  LA-1
fo r .  A l l e n  S a n d s to n e ,

^ From e q u a t io n  2 a ,  T a b le  V U I .  T h ic k n e s s  o f  p r e s e r v e d  b ed fo rm s i n  c h a n n e l  b a s e  i s  a p p r o x im a te ly  o n e  m e te r .
^ C a lc u la t e d  a s  1 .4  t im e s  h o r i z o n t a l  e x t e n t  o f  p o in t  b a r  s u r f a c e s ,  ^
5 From e q u a t io n  4 a ,  T a b le  .
^ A rea  e q u a ls  w id th  t im e s  d e p th .
' A rea  e q u a ls  ■§• d e p th  X ( 2  w id th  -  h o r i z o n t a l  e x t e n t  o f  p o in t  b a r  s u r f a c e s ) .
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s e c t io n a l  a re a  can be d i r e c t ly  determ ined from o u tcrops o f  abandoned 

meanders t h a t  have been g ra p h ic a lly  o r ie n te d  p e rp en d icu la r  to  channel 

tre n d  (H arold  Sandstone, F igure  70, A llen  Sandstone, F ig u re  71)•

Channel c ro s s - s e c t io n a l  a re a  does n o t approxim ate a  re c ta n g u la r  shape.

A tra p a z o id  i s  a  b e t t e r  approxim ation o f channel shape. Area can 

then  be e s tim a ted  a s  A = -§d(2w -  PB) where w = channel w id th , d «* 

channel d ep th , PB = h o r iz o n ta l  e x te n t o f  p o in t b a r  s u rfa c e .

Maximum channel dep th  determ ined d i r e c t ly  from abandoned meanders 

i s  10 m eters + 0 . 5  m eters , n e g le c tin g  th e  e f f e c ts  o f  com paction.

This co rresponds to, th e  th ic k n e ss  o f  p reserved  p o in t  b a r  d e p o s its  

and to  th e  th ic k n e ss  o f  f in in g  upward cy c les  a s  measured from th e  

bottom o f  th e  channel to  th e  base o f th e  o v erly in g  c o a l. Channel 

w idth e s tim a ted  d i r e c t ly  from abandoned meanders i s  1*4-0 m eters and 

130 m eters f o r  th e  H arold and A llen  Sandstones, r e s p e c t iv e ly .  Channel 

w idth i s  1 .4  tim es th e  h o r iz o n ta l  e x te n t o f  p o in t b a r  su rfa c e s  

(T able XI) ,  s l i g h t l y  l e s s  than  th e  a r b i t r a r y  v a lu e  o f  1 .5  used by 

o th e r  a u th o rs  (A llen , 1965* M oody-Stuart, 1966 and C o tte r , 1971).

Sediment Load: The sedim ent load  param eter M appears in  se v e ra l

p a leo h y d rau lic  eq u a tio n s  (Table V III ) .  I t  i s  th e  w eighted p e rc e n t 

s i l t  and c la y  in  th e  channel banks and alluv ium . As d e fin ed  by Schumm (1963).

M = (Sc x w) + (Sb + d) 

w + 2d

where w = channel w id th , d -  channel depth , Sc =* p e rc en t s i l t - c l a y  in  

channel a llu v iu m , S-̂  = p e rcen t s i l t - c l a y  in  channel banks.

Two methods have been employed to  e s tim ate  M, b u t bo th  a re  un­

r e l i a b le  (L eeder, 1973). M can be estim ated  from p o in t coun ts o f
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IGURE 70• C on stru c tio n  o f  abandoned meander channel p e rp en d icu la r  
to  o r ie n ta t io n  o f p a le o c u rre n t d a ta  fo r  Harold Sand­
s to n e . Outcrop o r ie n ta t io n  i s  40° and p a le o c u rre n t 
o r ie n ta t io n  i s  10°. Lower l e f t  p o rtio n  reproduces 
shape and c ro s s - s e c t io n a l  a re a  o f  abandoned channel 
th a t  i s  p e rp en d icu la r  to  flow . The abandoned channel 
i s  d iv id ed  in to  f iv e  se c tio n s  th a t  a re  sep ara ted  in to  
equal e le v a tio n s  a s  measured along th e  channel bottoms 
s e c tio n  one from 0 -  2m. above th e  channel b ase , sec ­
t io n  two from 2 -  -̂m above th e  channel base , s e c tio n  
th re e  from k  -  6m above th e  channel base, s e c tio n  
fo u r  from 6 -  8m above th e  channel base and s e c tio n  
f iv e  from 8 -  10m above th e  channel base . V e lo c ity  
and d isch a rg e  a re  c a lc u la te d  f o r  each s e c tio n  in  
Appendix V. Note v e r t i c a l  exaggera tion .
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