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ABSTRACT

FLUVIAL DEPOSITIONAL PROCESSES 

OF A TROPICAL RIVER, COLOMBIA, SOUTH AMERICA

M ichael L. Babuin 
Old Dominion U n iv e rs ity , 1985

D ire c to r: Dr. G. R. W hittecar

F lu v ia l d e p o s it io n a l p ro cesses  along th e  Rio Magui in  south­

w estern  Colombia a re  p rim a rily  c o n tro lle d  by lo c a liz e d  u p l i f t  

downstream of th e  mouth of th e  r i v e r ,  sedim ent sources th a t  

produce bo th  c o a rse -a n d -f in e -g ra in e d  lo a d , and numerous over­

bank flow s each caused by t o r r e n t i a l  r a i n f a l l .  Sedim entologic 

and b a thym etric  d a ta  a lso  in d ic a te  th a t  th e  geomorphic p rocesses 

and fe a tu re s  may r e f l e c t  rece n t geo log ic  h is to ry  of th e  r iv e r  and 

human in flu e n c e  in  th e  reg io n . F lu v ia l  p rocesses and sedim entary 

environm ents along th e  Rio Magui a re  g en e ra lly  s im ila r  to  those  

formed along  o th e r  t r o p ic a l  and tem perate  r iv e r s .  S evera l 

unusual fe a tu re s  e x is t  along th e  Rio Magui in c lu d in g  levee-dammed 

t r ib u ta r y  la k e s , anomalous te x tu r a l  tre n d s  o f  levee sedim ents, 

w e ll-p re se rv e d  le a f  mat accum ulations on p o in t and s id e  b a rs , and 

a r e l a t iv e ly  h igh  r iv e r  g rad ie n t fo r  th e  s in u o s ity  and d isch arg e .
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CHAPTER I

INTRODUCTION

A. Scope of T hesis

The o v e ra l l  o b je c tiv e  of th i s  resea rch  i s  to  document th e  modern 

d e p o s it io n a l p ro cesses  a c t iv e  in  a t r o p ic a l  r iv e r  system  and to  

develop a  sed im ento log ic  model fo r  th a t  r iv e r .  Because l i t t l e  work 

has been perform ed on modern r iv e r  systems in  t r o p ic a l  reg io n s , th i s  

re se a rc h  may a ls o  h e lp  to  determ ine i f  f lu v ia l  d e p o s it io n a l p rocesses 

behave d i f f e r e n t ly  in  vary in g  c lim a tic  re g io n s . In  o rd e r to  document 

th e  p ro cesses  a f f e c t in g  d e p o s itio n  along th e  Rio Magui, th e  proposed 

re sea rch  must in c lu d e  a sed im en to log ic , hyd ro log ic  and morphologic 

exam ination of th e  r iv e r  segment to  be s tu d ie d .

B. L ocation  and S e tt in g  o f Study Area

The study  a re a  in c lu d es  th e  channel and f lo o d p la in  o f  th e  Rio 

Magui from i t s  mouth to  approxim ately  40 km upstream  n ea r th e  v i l la g e  

of A urora. The s tu d y  a rea  l i e s  in  a  t r o p ic a l  r a in  f o r e s t  ad jacen t to  

th e  f o o th i l l s  o f  th e  Andes M ountains. Payan, th e  la rg e s t  v i l la g e  on 

th e  Rio Magui, is  lo c a te d  75 km e a s t  o f  th e  c o a s ta l  p o rt o f Tumaco in

S. W. Colombia, South America (F igure  1 ) .

C. P r io r  R esearch in  Study Area

Isen o r (1941) provided th e  f i r s t  s c i e n t i f i c  s tudy  o f  th e  Rio 

Magui a re a  by d r i l l i n g  s e v e ra l bo reho les to  depths up to  16.8 m eters 

along a s e r ie s  of t r a n s e c ts  ac ro ss  th e  Rio Magui. Recent d e s c r ip tiv e  

papers on th e  sed im en to log ic  c h a ra c te r  of te r r a c e  g rav e ls  and d e ta ile d  

s e c tio n  d e s c r ip tio n s  in c lu d e  those  o f Darby (1976) and O rtiz  (1982).
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O ther in v e s t ig a t io n s  by Darby have c o n trib u te d  g re a t ly  to  a b e t te r  

understand ing  o f th e  geo log ic  s e t t in g  w ith in  th e  Payan mining 

d i s t r i c t  (Darby, 1982; 1983a; 1983b). Darby and W hittecar (1984a; 

1984b) p rov ide  a  d e ta i le d  assessm ent of th e  e f f e c t s  of th e  proposed 

mining upon th e  environm ent; and a  d e ta i le d  e v a lu a tio n  a s se s s in g  th e  

amount of p la c e r  gold reco v e rab le  from s u r f i c i a l  sand and g rav e l 

d e p o s its  w ith in  th e  Payan m ining d i s t r i c t .  W hittecar and o th e rs  

(1984) d e sc rib e  th e  changes of Q uaternary f lu v i a l  system s in  a  h ig h - 

r e l i e f  humid t r o p ic a l  environm ent.

D. Im portance o f Research

Few s tu d ie s  e x is t  on th e  hydrology and d e p o s itio n  o f t r o p ic a l  

r iv e r s .  As th e  fo llow ing  a r t i c l e s  su g g es t, th e  p r in c ip a l  in t e r e s t  

of re s e a rc h e rs  has been upon th e  study  and p re d ic t io n  o f e ro s io n  and 

sed im en ta tion  in  t r o p i c a l  r iv e r s ,  e s p e c ia lly  in  re sp e c t to  m onitoring  

sedim ent lo s s  (Dunne and D ie tr ic h , 1982) and m easuring suspended loads 

(Wood, 1977). Gupta (1975) analyzed stream  c h a r a c te r i s t ic s  in  an 

environment o f seaso n a l flow where he d escrib ed  channel form and stream  

behav ior in  th e  seaso n a l tro p ic s  of E astern  Jam aica. Gupta compiled a 

sequence o f even ts  du ring  flo o d  s ta g e  based on f i e l d  o b se rv a tio n s  and 

h i s to r i c a l  in fo rm atio n . Wood (1977), who s tu d ie d  suspended sedim ents 

w ith  sea so n a l flow  and la rg e  f lo o d s , e s ta b l is h e d  a g en era l suspended- 

sed im en t-co n c en tra tio n -to -d isch a rg e  re la t io n s h ip  f o r  th e  Hope R iver in  

E astern  Jam aica. Wood po in ted  ou t th a t  d i f f e r e n t  v a lu es  o f suspended 

co n cen tra tio n s  fo r  th e  same d isch a rg e  in d ic a te  th a t  a  c o n d itio n  of 

h y s te re s is  e x is t s  in  th e  suspended sedim ent c o n c e n tra tio n  and d isch arg e  

r e la t io n s h ip .  The d e a rth  o f in fo rm ation  concern ing  t r o p ic a l  stream s 

in d ic a te s  th e  need fo r  more d e ta i le d  d e sc r ip tio n s  of t r o p ic a l  r iv e r
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p ro c e sse s .

In  o rd e r to  a s c e r ta in  i f  f lu v i a l  d e p o s it io n a l p ro cesses  behave 

d i f f e r e n t ly  in  v a ry in g  c l im a tic  reg im es, i t  w i l l  be n ecessa ry  to  

d e l in e a te  th e  n a tu re  and morphology o f th e  p re se n t day Rio Magui and 

compare th e se  r e s u l t s  w ith  w e ll-s tu d ie d  r iv e r  system s in  o th e r 

c lim a te s  th a t  e x h ib i t  s im ila r  h y d ro lo g ic  and sed im en to log ic  c h a ra c te r ­

i s t i c s .  Numerous m orphologic and sed im ento log ic  param eters ( e .g . ,  

w id th -d ep th  r a t i o s ,  channel s lo p e s ,  s in u o s ity )  have been d escrib ed  fo r  

stream s in  humid and se m i-a rid  a rea s  in  tem perate  re g io n s . For ex­

ample, V isher (1956) examined f lu v i a l  p ro cesse s  as in te rp re te d  from 

a n c ie n t and re c e n t f lu v i a l  d e p o s its  and found th a t  s p e c i f i c  sedimen­

ta ry  s t r u c tu r e s  a r e  d i r e c t ly  r e la te d  t o  sedim ent tr a n s p o r t  and th e  

dynamics o f  open-channel flow . Baker and P en teado -O rellana  (1978) 

examined a  r i v e r  th a t  d ra in ed  a r e la t iv e ly  low r e l i e f  b a s in  con ta in ing  

se m i-a rid  c l im a te s . A com parison o f te m p e ra te - r iv e r  fe a tu re s  rep o rte d  

in  th e se  and o th e r  s tu d ie s  w ith  t r o p i c a l - r i v e r  measurements taken  from 

th e  Rio Magui may su g g es t what i f  any geomorphic d if fe re n c e s  may e x i s t .

The docum entation o f  th e  sed im entary  s tru c tu re s  found in  th e  Rio 

Magui w i l l  be th e  b a s is  fo r  com parison between th e  p re se n t day Rio 

Magui and th e  o ld e r  r i v e r  system  th a t  d ep o sited  gold b ea rin g  sands and 

conglom erates in  te r r a c e s  now found along  th e  Rio Magui. These d a ta  

w i l l  be s ig n i f i c a n t  to  th e  on-going s tu d ie s  o f  th e  d e p o s it io n a l env i­

ronment o f th e se  o ld e r ,  g o ld -b ea rin g  sands and conglom erates.
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CHAPTER I I

RIVER HYDROLOGY

In  t h i s  c h a p te r  h y d ro lo g ic  v a r ia b le s  such as suspended sedim ent 

c o n c e n tra tio n s , d isch a rg e  and p r e c ip i ta t io n  a re  documented in  o rder 

to  b e t t e r  understand  th e  p ro cesses  o f suspended sedim ent tr a n s p o r t  

du ring  a f lo o d .

A. Methodology

S ev era l h y d ro lo g ic  param eters such a s  d isc h a rg e , s ta g e  h e ig h t, 

and suspended sedim ent co n ce n tra tio n s  were measured on th e  Rio Magui 

n ea r Payan. In  o rd e r to  measure th e  r iv e r  h e ig h t,  a  10-m eter bamboo 

po le  was marked in  increm ents o f 0 .20  m e te rs , p laced  in  th e  channel 

( a t  low w ate r f lo w ), and t i e d - o f f  w ith  guide w ire s . This s ta g e  pole 

rep la ced  a s im ila r  gauge c o n s tru c te d  during  th e  p rev ious y ea r and 

used to  g a th e r  n in e  months o f r i v e r  h e ig h t d a ta  (Darby, 1983a). 

P la n e ta b le -a n d -a lid a d e  survey d a ta  in d ic a te  th a t  th e  e le v a tio n s  of th e  

1983 s ta g e  p o le  were w ith in  5 cm o f th e  e le v a tio n s  on th e  1982 gauge. 

D ischarge measurements w ere o b ta in ed  by th e  v e lo c ity  a re a  method 

u t i l i z i n g  a  p r ic e  m eter suspended on a s t e e l  cab le  from a sm all motor­

b o a t .  Measurements were taken  ac ro ss  th e  r iv e r  a t  th e  Payan gauging 

s t a t i o n  a t  4 -m eter in t e r v a l s .  For f u r th e r  in fo rm atio n  reg ard in g  th e  

exac t mechanics o f d isch a rg e  measurement re a d in g s , see  Smith and Stopp 

(1978).

C oncen tra tions o f suspended sedim ents were measured from samples 

taken  d a ily  in  th e  r iv e r  channel thalw eg a t  a depth of 0 .6  tim es th e  

t o t a l  r iv e r  depth a t  th e  tim e of measurement. Samples were taken  in
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a p la s t i c  b o t t l e  a tta ch e d  to  a  5-m eter bamboo p o le . Known volumes o f 

each sample were drawn through pre-w eighed Gelman type  A-E g la s s  f ib e r  

f i l t e r  papers by a hand-pump vacuum system . The f i l t e r  papers were 

d ried  and c a re fu l ly  packed f o r  ev en tu a l shipment to  th e  la b o ra to ry  in  

N orfo lk , V irg in ia .

B. R esu lts

1 . D ischarge and R a in fa ll  Records

D aily  flow  measurements in d ic a te  th a t  during  p e rio d s  

between r a i n f a l l ,  th e  Rio Magui s u s ta in s  a  co n stan t baseflow . Addi­

t io n a l ly ,  th e  r iv e r  has a  quick  response tim e to  p r e c ip i ta t io n  and 

experiences a  broad range o f d isc h a rg e . The average d isch a rg e  o f th e  

Rio Magui from August 1982 through August 1983 was 25m3/s e c  (Darby and 

W h ittecar, 1984a). D ischarge along th e  Rio Magui ty p ic a l ly  exceeded 

5m3/se c  and on 13 se p a ra te  occasions was g re a te r  than  b a n k -fu ll  flow  

(325m3/se c )  (F igu re  2 ) .  D isch arg e-s tag e  r e la t io n s h ip s  were e s ta b l is h ­

ed by a r a t in g  cu rve , (F igure  3) genera ted  from 14 d isch a rg e  measure­

ments taken  a t  Payan. Floods ty p ic a l ly  c r e s t  a t  Payan w ith in  12 hours 

a f t e r  su s ta in e d  downpours, which were w idespread u p -v a lley  from Payan. 

This b r i e f  response tim e fo r  th e  m odera te-s ize  Rio Magui d ra inage 

b a s in  (328 km2) is  a t t r ib u te d  to  sh o r t and s te e p  v a l le y  s lo p e s , abun­

dance of c la y - r ic h  s o i l s  and th e  h igh  d ra inage  d e n s ity  in  th e  Rio 

Magui t r ib u ta r y  system (Darby and W h ittecar, 1984a).

2. Suspended Sediment C oncentrations

Darby and W hittecar (1984a) n o te  th a t  th e  co n c e n tra tio n  o f 

suspended sedim ents in  th e  Rio Magui a t  Payan v a rie d  d a i ly  (F igure 4 ) . 

T y p ica lly , d a ily  flows con tained  3 to  100 mg/1 of suspended sed im ents,

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



7

X »

A U G U S T H O V E l t t C I

OCTOBERA U G U S T

M 14

x  n

D E C E M B E R MA RCHFEBRUA RY

D E C E M B E R JANUARY M A RCHFEBRUA RY

F igure 2. P lo t o f r a i n f a l l  compared to  r iv e r  h e ig h t 
measured a t  Payan fo r  one y ea r beg inn ing  August 8, 1982 
(From Darby and W h ittec a r , 1984a).

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



At
Vt

A 
Hf

lC
NT

 
(■

»

8

MAY

JUNEMAY IDLY

Z — AAHKFUll nOW -----

Ul

o

* 1 100050 100

DISCHARGE • m 3/se c

500

F igure  3. E a ting  curve fo r  th e  Rio Magui a t  Payan gauging 
s t a t io n  (from  Darby and W h ittec a r , 1984a).

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



too*

500-

300-

•O-
70-?
50-t—

ZUJ

1-

JUITJUNtMAT

Figure 4. P lo t  of d a ily  suspended sedim ent 
in  th e  Rio Magui a t  Payan fo r  th e  stammer of 
1983. Samples w ere c o lle c te d  in  th e  thalw eg 
a t  a  depth o f 0 .6  tim es th e  t o t a l  r iv e r  
depth a t  th e  tim e (from Darby and W h ittec a r , 
1984a).

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



10

averag ing  approxim ately 18 mg/1 p e r  day (F igure 4 ) . F igure  5 i l l u s ­

t r a t e s  th e  r e la t io n s h ip  between peak d isch arg e  and co n ce n tra tio n s  o f 

suspended sedim ents fo r  one m odera te-sized  flood  ev en t. Moments of 

h ig h e s t d isch a rg e  ty p ic a l ly  a re  a s so c ia te d  w ith  h ig h e s t concentra­

t io n s  of suspended sedim ents a lthough n o t a l l  h igh d ischarges 

n e c e s s a r i ly  have la rg e  suspended sedim ent co n cen tra tio n s  (Darby and 

W h ittecar, 1984a). F igure  6 i l l u s t r a t e s  th e  r e la t io n s h ip  o f d is ­

charge and suspended sedim ent co n ce n tra tio n  fo r  a s in g le  flood  

ev en t. This p lo t  in d ic a te s  a  pronounced h y s te re s is  fo r  a s in g le  flood  

ev en t. These d a ta  may in d ic a te  p ro cesses  o f sedim ent movement a c t iv e  

during th e  flood  peak.

C. D iscussion

Richards (1982) d iscu sse s  how h y s te re s is  in  th e  suspended se d i­

ment co n ce n tra tio n  v a r ia t io n  during  a s in g le  storm  floodwave r e f le c t s  

a change in  supply between r i s in g  and f a l l in g  flood  s ta g e s . In  sm all 

catchm ents, in  p a r t i c u la r ,  f in e -g ra in e d  sediment in p u t from wash load 

con tinues as r a in  and ru n o ff occur e a r ly  in  th e  flood  bu t d im inishes 

as th e  flo o d  a t ta in s  i t s  peak. T y p ica lly , wash load  i s  derived  from 

bank e ro sio n  (Carson, e t . a l . , 1973) o r  s a tu ra te d  from overland flow 

c lo se  to  th e  channel m argins (Bogen, 1980). C oncentrations of r e la ­

t iv e ly  co a rse -g ra in ed  suspended sedim ents ( e .g . ,  sand c a r r ie d  as bed­

load during  non-peak flow s) o f te n  reach th e i r  maximum during  perio d s  

o f g re a te s t  d isch arg e  (R ichards, 1982).

Given th e  very s l ig h t  skewness of suspended sedim ent concen tra­

tio n s  towards th e  r i s in g  lim b, (F iu re  5) i t  i s  concluded th a t  wash 

load ( f in e -g ra in e d  sedim ents) and r e la t iv e ly  co a rse -g ra in ed  suspended
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sedim ents account f o r  th e  occurrence o f  suspended sedim ent observed 

in  th e  Rio Magui. Each in d iv id u a l flood  may co n ta in  v a rio u s  q u a n t i t ie s  

of suspended sedim ents due to  such v a r ia b le s  as  storm  in te n s i ty ,  

d u ra tio n  and s p a t i a l  d i s t r ib u t io n  of storm s and p r e c ip i ta t io n .
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CHAPTER I I I

STREAM BATHYMETRY AND CHANNEL MORPHOLOGY

The purpose of th i s  s e c tio n  i s  to  d e sc r ib e  and in te r p r e t  the  

bathym etry and channel morphology of th e  Rio Magui. D iscussions 

reg a rd in g  th e  r i v e r 's  s in u o s ity ,  meander w avelength , r a d i i  of 

c u rv a tu re , s t r u c t u r a l  c o n tro l and m ig ra tio n  w i l l  prove h e lp fu l  in  

determining th e  d e p o s it io n a l p rocesses  a c t iv e  along th e  Rio Magui.

A. Methodology

B athym etric p r o f i l e s  were c o n s tru c ted  by a tta c h in g  an Apelco 

Ranger 400 depth  f in d e r  to  a  sm all m otorboat and tra v e rs in g  

s t r a i g h t - l i n e  segments ac ro ss  th e  r i v e r  between p o in ts  o f known 

e le v a tio n . The d if fe re n c e  i n  e le v a tio n  between th e  r iv e r  le v e l  and 

th e  levee  to p s  was measured a t  each end p o in t u s in g  a s t a f f .  Rela­

t i v e  depth d a ta  w ere compiled from th e  depth  f in d e r 's  s t r i p  ch a rt 

and converted  to  e le v a tio n s  fo r  con touring  a t  one-m eter in te r v a ls .

I f  commercial m ining b eg in s , a t  Payan, th e se  b a thym etric  maps can be 

used as b ase  l in e  d a ta  to  e s ta b l is h  how much change occurs in  channel 

morphology, s i z e ,  lo c a t io n ,  and s p a t i a l  d is t r ib u t io n  o f  poo l-and - 

channel sequences and b a rs .

P lan im e tric  base  maps were c o n s tru c ted  by re-pho tograph ing  a e r i a l  

photographs o f th e  study a rea  onto 35 mm s l id e  f ilm . These s l id e s  

w ere p ro je c te d  to  p roper s c a le  (1:2500) in  o rd er to  t r a c e  th e  lo c a tio n  

of th e  channel and accompanying topograph ic fe a tu re s  onto a c e ta te  

f i e l d  s h e e ts .  Because th e  a e r i a l  photographs were 20 y ea rs  o ld , 

d e ta i le d  topog raph ic  surveying  o f th e  r iv e r  by p lane  ta b le  and
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a lid a d e  was deemed n ecessary  to  "update" th e  lo c a tio n  of th e  r iv e r  

channe l.

B. R esu lts

1 . Bathymetry and O ther Map F ea tu res

I t  i s  p o s s ib le  th a t  fu tu re  growth o f  channel b a rs  induced by 

th e  d isch a rg e  o f  mine t a i l i n g s  in to  th e  r iv e r  could  in f lu e n c e  th e  

n a v ig a b il i ty  o f th e  r iv e r  (Darby and W h ittecar, 1984b); th e re fo re  

th e  s iz e ,  lo c a tio n  and s p a t i a l  d i s t r ib u t io n  o f la rg e  poo ls  and channel 

b a rs  i n  th e  Rio Magui w ere mapped using  b a thym etric  d a ta . The 

accompanying s e t  o f  ba thym etric  maps (P la te s  1-6) spanning th e  Payan 

a re a  downstream to  th e  mouth o f th e  Rio Magui (approxim ately 19 km) 

a re  based on bathym etric  p r o f i l e s  compiled during  May through August 

o f 1983.

O ther map fe a tu re s  inc lu d e  th e  flow d ir e c t io n ,  lo c a tio n  o f 

m ajor t r i b u t a r i e s  ad jo in in g  th e  Rio Magui, lo c a tio n  and shape of mid­

channel b a r s ,  and th e  p o s it io n  o f o ld e r  te r r a c e  edges in  c lo se  p ro x i­

m ity to  th e  c u rre n t r iv e r ,  and lo c a tio n  o f  lakes and lagoons near th e  

Rio Magui. A d d itio n a l c u l tu r a l  in fo rm ation  inc luded  on th e  bathy­

m e tric  maps i s  s ig n if ic a n t  because i t  re p re se n ts  th e  f i r s t  known 

com pilation  of d a ta  reg ard in g  lo c a tio n  o f  s c h o o ls , mine s i t e s ,  n a tiv e  

p i le  d w ellin g s , v i l la g e s  and names o f r iv e r s  and lak es  along th e  Rio 

Magui. For a more com plete ex p lan a tio n  o f c u l tu r a l  p a t te r n s ,  work 

s ty le s  and l iv in g  co n d itio n s  in  southw est Colombia, see  West (1957). 

One f e a tu re  d e te c ta b le  only by c o n s tru c tio n  o f th e  ba th y m etric  maps 

i s  a r iv e r  mouth b a r  which s p l i t s  th e  thalw eg. During low w ate r 

co n d itio n s  (1 .0  m eter above channel bottom) a l l  r iv e r  channel b a rs
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a re  emergent w ith  th e  excep tio n  o f th i s  submerged b a r a t  th e  mouth o f 

th e  Rio Magui (P la te  6 ) .

2. Channel Morphology

In o rd e r to  determ ine th e  n a tu re  o f th e  s in u o s i ty  o f  th e  Rio 

Magui, two eq u a tio n s  in tro d u ced  by M ueller (1968) were used to  ca lcu ­

l a t e  h y d ra u lic  s in u o s ity  (HSI) and topograph ic  s in u o s ity  (TS1).

These two eq u a tio n s  a ttem p t to  d e fin e  th e  components o f s in u o s ity  fo r  

th e  r iv e r  from Payan to  th e  mouth of th e  Rio Magui:

H ydraulic s in u o s i ty  (HSI) = lOO(TS-VS)
(TS-1)

and

Topographic s in u o s ity  (TSI) = lOO(VS-l)
(TS-1)

F igu re  7 shows th e  s inuous channel of th e  Rio Magui fo llow ing  a 

meandering v a l le y  a x is ;  s e v e ra l v a r ia b le s  e x is t  fo r  th e  above two 

e q u a tio n s , t o t a l  s in u o s i ty  (TS) i s  channel len g th  d iv id ed  by a i r  

d is ta n c e  (C/A ), and v a l le y  d is ta n c e  (VS) i s  v a l le y  le n g th  d iv ided  by 

a i r  d is ta n c e  (V/A) (R ich ard s, 1982). Channel len g th  (20 .4  km), a i r  

d is ta n c e  (13 .8  km) and v a l le y  d is ta n c e  (15 .5  km) were c a lc u la te d  from 

th e  ba th y m etric  maps (P la te s  1-6) o f th e  Rio Magui. The h y d rau lic  

s in u o s ity  (HSI) i s  c a lc u la te d  to  be 74.46%; th e  topograph ic  s in u o s ity  

(TSI) 25.54%.

Thalweg depth in  sinuous v e rsu s  meandering reaches along th e  Rio 

Magui v a r ie s  m arkedly. In  s t r a ig h t  segments of th e  r i v e r  an a l t e r ­

n a tin g  sequence o f shallow  pools a t t a in  a  maximum depth of one to  two 

m e te rs . Meander loops d isp la y  deeper p o o ls , ty p ic a l ly  th re e  to  s ix  

m eters in  d ep th . This v a r ia t io n  is  due to  g re a te r  v e lo c i t i e s  and
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channel  length  C
a i r  d is tance  A 
valley length V

v O

F igu re  7. Sketch of h y d ra u lic  and topograph ic  s in u o s ity  
( a f t e r  R ichards, 1982).
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subsequent channel sco u rin g  in  meander bends.

C. D iscussion

The common tendency of r iv e r s  to  adopt sinuous o r meandering 

cou rses has been th e  su b je c t o f  a  la rg e  number o f s tu d ie s  (see  Davies 

and T inker, 1984). Many c o n tra s t in g  views e x is t  about th e  g eo lo g ica l 

reason  fo r  v a rio u s  channel sh ap es . S ev era l w orkers b e lie v e  th a t  

random in te r a c t io n s  among many p ro cesses  and environm ental fa c to rs  

d i r e c t ly  c o n tr ib u te  to  channel shape (Thakur and S cheidegger, 1968, 

1970; Ghosh and S cheidegger, 1971; W a llis , 1978). O ther w orkers 

b e l ie v e  th a t  meander fo rm ation  i s  not an e s s e n t i a l ly  random process 

b u t c o n tro lle d  by r e v e r s a ls  o f secondary c i r c u la t io n  (Ferguson, 1976; 

Davies and T in k er, 1984).

As shown in  F igu re  8 , th e  Rio Magui e x h ib its  a  concave-upward 

lo n g itu d in a l p r o f i l e  w ith  a m ajor b reak  in  s lo p e  approxim ately  10 km 

downstream of Payan. T h is v a r ia t io n  in  s lo p e  may be a t t r ib u te d  to  

th e  in f lu x  o f  sedim ent from th e  Rio Guanambi (see  P la te  4) and w i l l  

be d iscu ssed  fu r th e r  in  th e  s e c tio n  reg a rd in g  lev ee  environm ents. 

Upstream of th e  Rio Guanambi, r i v e r  g ra d ie n t a t  b a n k fu ll d isch arg e  

ranges between 1 and 3 m/km; downstream o f th e  Rio E ste ro  Seco, r iv e r  

g ra d ie n ts  a re  reduced , ty p ic a l ly  le s s  than  0 .5 m/km (Darby and 

W h ittecar, 1984a).

G en era lly , th e  channel w id th  in c re a se s  from Payan downstream to  

th e  mouth of th e  Rio Magui as do p o o l- to -p o o l d is ta n c e s ,  r a d i i  of 

cu rv a tu re  in  bends, and meander w avelength s im ila r  to  meandering 

r iv e r s  in  o th e r  reg io n s  (F igu re  9 ) .  Lane (1957) and Leopold and 

Wolman (1957) in d ic a te  th a t  m eandering and b ra id ed  stream s develop
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F ig u re  8. L o n g itu d in a l p r o f i l e  of th e  Rio Magui le v ees  between Payan and th e  Rio P a t i a .  
Break in  s lo p e  a t  approx im ate ly  10 k ilo m e te rs  p o ss ib ly  due to  t r i b u ta r y  in f lu x .  O ther 
i r r e g u l a r i t i e s  a re  due to  lo c a l  e ro s io n  and d e p o s itio n  on th e  r iv e r  banks. (M odified 
a f t e r  Darby and W h itte c a r , 1984a).
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a

R io  E*£

KM

F igure  9 . Map of th e  Rio Magui from Payan to  th e  mouth of 
th e  Rio P a t ia  showing th e  ex te n t o f r iv e r  poo ls and shape 
of m eanders. (M odified a f t e r  Darby and W h ittecar, 1984a).
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under d i f f e r e n t  ranges o f h y d ro lo g ic  param eters s p e c i f i c a l ly ,  s lo p e  

and d isc h a rg e . F igu re  10 d isp la y s  how th e  Rio Magui has an excessiv e­

ly  s te e p  s lo p e  f o r  a s t a b l e ,  supposedly "m eandering" s tream . R ivers  

which p lo t  on F igure  10 in  th e  zone w ith  b ra id ed  r iv e r s  w h ile  t h e i r  

r e la t iv e ly  low s in u o s i ty  (1 .3 ) in d ic a te s  a  d i s t i n c t i v e  m eandering 

c h a ra c te r ,  may change t h e i r  shape ra p id ly  to  a  b ra id ed  stream  i f  

s u f f i c i e n t ly  d is tu rb e d  (Darby and W h itteca r, 1984a). However, Darby 

and W hittecar (1984a) noted  th a t  most o f  th e  meanders on th e  Rio 

Magui form by d e f le c t io n  where th e  stream  encoun ters  th e  v a l le y  w a ll 

made o f te r r a c e  g ra v e ls  r e s i s t a n t  to  e ro s io n ; they  b e l ie v e  th e re fo re ,  

th a t  a  t r u e  m easure o f s in u o s ity  fo r  th e  Rio Magui would d is re g a rd  

th e  numerous t i g h t  meanders and co n c e n tra te  upon th e  broad open bends 

(F igure  1 1 ). For th e se  reasons Darby and W h ittecar conclude th a t  as 

a w hole, th e  Rio Magui i s  more " s t r a ig h t"  than  meandering and p re se n t­

ly  flow s in  a  channel which i s  r e l a t iv e ly  s ta b le  m o rp h o lo g ica lly .

An a ttem pt to  d e f in e  th e  components o f s in u o s i ty  fo r  th e  Rio 

Magui u s in g  tech n iq u es  o u tlin e d  by M ueller (1968) r e s u lte d  in  a 

h y d ra u lic  s in u o s i ty  o f  74.46% and a  topograph ic  s in u o s ity  o f 25.54%. 

Because th e  h y d ra u lic  s in u o s ity  i s  s ig n i f ic a n t ly  g re a te r  than  th e  

topograph ic  s in u o s i ty ,  i t  appears th a t  th e  Rio Magui i s  a c t iv e ly  

m eandering due to  in te r n a l  h y d ra u lic  p ro cesses  more than  b e lie v e d  by 

Darby and W h ittecar (1984a) and i s  c o n tro lle d  to  a  le s s e r  e x te n t by 

topograph ic and environm ental c o n tro ls .

Langbein and Leopold (1966) d e sc rib e  how th e  thalw eg o r  deepest 

p a r t  o f th e  channel hugs th e  o u ts id e  of meander loops c lo se  to  th e  

concave bank o f th e  channe l. In  both meandering and s t r a ig h t  

s t r e tc h e s  of th e  Rio Magui, th e  thalweg meanders from one s id e  to  th e
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-J1 □  STRAIGHT STREAMS
10

•  MEANDERING STREAMS 

0 „ A  MAIDED STREAMS

o  o
o

A

^  Magui

10

10 10* 103 10* 10s 10* 
BANKFULL DISCHARGE <ft3/se c )

F igure 10. P lo t of r iv e r  s lo p e  versus b a n k fu ll d isch a rg e  fo r  
meandering and b ra id e d  stream s. (M odified a f t e r  Darby and 
W h ittecar, 1984a).
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MEANDERS

•  DEFLECTED MEANDERS 
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Rio
P iy an   —  P atia

F igure  11. P lo t o f rad iu s  of c u rv a tu re  (Rc) fo r  
in d iv id u a l meanders on th e  Rio Magui between Payan 
and th e  Rio P a t ia .  The d o tted  l in e  se p a ra te s  va lues 
from meanders which a re  d e f le c te d  by te r r a c e s  from 
th o se  meanders which a re  no t d e f le c te d . (M odified 
a f t e r  Darby and W h itteca r, 1984a).
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o th e r  (see s t r a ig h t  s t r e t c h  on P la te  2 ) .  S evera l r e la t iv e ly  s t r a ig h t  

s t r e tc h e s  e x i s t  along th e  Rio Magui (see  P la te s  1 -6 ) , perhaps th e  

most obvious being  th e  s t r a ig h t  segment on th e  Agua Derecho Quadrangle 

(see  P la te  2) which i s  13 tim es as long as i t  i s  w ide. R ichards 

(1982) d isc u sse s  th e  r a r i t y  o f  uniform , s t r a ig h t  n a tu ra l  channels 

longer th an  te n  channel w id th s . Langbein and Leopold (1966) suggest 

th a t  "meandering" i s  a  more p robab le  eq u ilib riu m  shape than  " s t r a ig h t"  

due to  th e  v a r i a b i l i t y  o f  bank m a te r ia ls  and th e  in flu e n c e  o f  bank 

v e g e ta tio n  a s so c ia te d  w ith  random bank c o lla p se .

One p o s s ib le  cause fo r  s t r a ig h t  reaches along th e  Rio Magui may 

be s t r u c tu r a l  c o n tro l by jo i n t s  o r f a u l t s  in  bedrock tra n s m itte d  up 

through Q uaternary a lluv ium . F igure 12 d isp la y s  a l l  m ajor lineam ents 

(s tream s, te r r a c e  edges) a s so c ia te d  w ith  th e  Rio Magui and surrounding 

v i c in i t i e s  as  p lo t te d  from a  ra d a r  image o f  S. W. Colombia. This map 

su g g ests  two m ajor lineam ent o r ie n ta t io n s  e x i s t :  N20W and N75E.

Although no f a u l t s  were seen in  th e  f i e ld  a re a ,  th e  lineam ent p a t te rn  

may r e f l e c t  re g io n a l te c to n ic  s t r e s s e s  along m ajor Andean f a u l t s  

(Arango and Ponce, 1982).

A meandering channel system  is  in h e re n tly  m obile as v a rio u s  ra te s  

o f e ro sio n  in  neighboring  meanders le ad  to  p e r io d ic  form ation  of chute 

c u t-o f f s  and neck c u t-o f f s  (F isk , 1947). Chute c u t-o f f s  a re  low -angle 

meander c u t-o f f s  (F ig u re  1 3 ) . A chute c u t -o f f  i s  a c t iv e ly  forming 

approxim ately 1 km upstream  of Payan along a p o r tio n  of th e  Rio Magui 

no t documented on th e  accompanying s e t  of b a thym etric  maps (P la te s  

1 -6 ) . Two neck c u t -o f f s  a re  recognized  along th e  r iv e r  from Payan to  

th e  mouth of th e  Rio Magui. The f i r s t  is  lo c a ted  approxim ately  1 km 

downstream of Payan (see  P la te  3) and th e  second i s  lo c a te d  on the
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Figure  12. In fe r re d  lineam ent c o n tro l o f topograph ic  
elem ents in  th e  Rio Magui a re a  a s  mapped from ra d a r  
imagery o f S. W. Colombia. S o lid  l in e s  a re  lin eam en ts , 
d o tte d  l i n e s  a re  in fe r r e d .  Two o r ie n ta t io n s  a re  
recogn ized ; a prim ary NE/SW o r ie n ta t io n  and a  secondary 
NW/SE o r ie n ta t io n .  The m a jo rity  o f th e se  lineam en ts 
seem to  c o n tro l r e c t i l i n e a r  d ra inage  segm ents.
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CHUTE CUT-OFF NECK CUT-OFF

F igure  13. Sketch d e p ic tin g  modes o f channel m ig ra tio n . 
L e ft f ig u re :  chu te  c u t -o f f ,  r ig h t  f ig u re :  neck c u t -o f f .
(M odified a f t e r  A lle n , 1965).
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Horseshoe Meander Quadrangle (see  P la te  2) approxim ately  7 km down­

stream  o f Payan. During overbank flow s, a  p o r tio n  o f  th e  r iv e r  may 

tr a v e l  ac ro ss  th e  f lo o d p la in , by -p assin g  th e  meander, and eroding 

chu tes o r deepening p re -e x is t in g  sw a les . As th e  c u t-o f f s  g rad u a lly  

ta k e  an inc reased  p ro p o rtio n  o f th e  d isch arg e  w ith  su c c e ss iv e  f lo o d s , 

flow in  th e  main channel i s  reduced r e s u l t in g  in  g radual f i l l i n g  by 

bed lo a d . L a te r ,  s i l t s  and c lay s  c a r r ie d  overbank by floods f i l l  

th e  abandoned meander. An e x c e lle n t example o f an abandoned meander 

i s  shown on th e  Payan Quadrangle (P la te  1) n ear th e  mouth of th e  

Rio G uap ilp i.
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CHAPTER IV

CHANNEL BAR MORPHOLOGY

The fo llow ing  d isc u ss io n  d e a ls  w ith  th e  morphology o f channel 

b a rs  w ith in  th e  Rio Magui; d e s c r ip t io n s  w i l l  be  based on d a ta  p re ­

sen ted  in  Table 1. The th re e  m ajor types  o f  channel b a rs  (mid­

channe l, p o in t and s id e )  vary  in  term s o f le n g th , w id th , h e ig h t 

topography and r e l i e f  (F igu re  1 4 ), o u tl in e  (F igure  15) and th e  

presence  o r  absence of v e g e ta tio n .

A. Methodology

Channel b a r  le n g th s  and w id ths fo r  every m ajor b a r  along th e  

40 km study a re a  were measured w ith  a m e tric  ta p e ; b a r  h e ig h ts  were 

a sc e r ta in e d  w ith  a  Brunton compass and pocket a l id a d e . A d d itio n a lly , 

o b liq u e  a e r i a l  photographs taken  by ODU personnel from a  sm all h e l i ­

c o p te r  hovering  approxim ately  100 m eters above th e  r iv e r  proved 

h e lp fu l  in  d is t in g u is h in g  channel b a r  shap es .

B. R esu lts

1. M id-channel Bars

M id-channel b a rs  ty p ic a l ly  occur approxim ately  200 m eters 

downstream of th e  a x ia l  bend of a meander along th e  Rio Magui, bu t 

can a ls o  e x i s t  in  r e la t iv e ly  s t r a ig h t  segments of th e  r i v e r .  Mid­

channel b ars  re p re se n t th e  la r g e s t  of th e  th re e  channel b a r  types 

examined in  th e  s tu d y  a re a , w ith  an average len g th  of 95.3 m e te rs , 

average w idth  o f 27.9 m e te rs , and an average h e ig h t of 1 .6  m eters 

( n = l l ) .  M id-channel b a rs  d isp la y  a marked d ecrease  in  le n g th , w idth 

and h e ig h t downstream. As seen from F igure  16, th e  len g th  o f mid­

channel b ars  d ecreases  uniform ly from th e  v i l la g e  of Aurora downstream
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Table 1 . C h a ra c te r is t ic s  o f r i v e r  channel b a rs  w ith in  th e  Rio Magui. A ll dim ensions
a re
Bar

in  meters* 
n o ta t io n  as

C ro s s -s e c tio n a l and p lan -v iew  shapes d esc rib ed  in  F ig u res  15 and 16. 
fo llo w s: MCB (m id-channel b a r ) ,  PB (p o in t b a r ) ,  SB (S ide B a r) .

Bar Lanxth h Kalxht to n . X - Sao. l a i .  t -S a e . P lanar o u tlln a V exetated  Ltaaa Floodad
MCDAl 113.9 1 .0 Convai fla t-to p p a d Dlaaond Mo 3 /9  la n k - f u l l
MCB-12 3 0 .J 1 .5 Convai Doaed ■ l l l p t l o a l taa (an t-IM Il
MCBA) 100 .0 1 .5 Canvax Doaed B l l lp t lc a t taa ta n k -fu ll
NCBAfc 8 5 .0 1 .3 Convex Dona* Taardrap ta a la n k - fu l l
MCBA6 1J1 .0 Doaed Undulatery to o th taa Haver
MCBl 8 7 0 .0 3 .0 Convai Donad ■ l l l p t l o a l ta a la n k - fu l l
MCB 2 7 2 .0 1 .0 Canvax fla t-to p p a d L-Shaped MO 3 /9  B an k -fu ll
MCB) 8 1 .5 1 .0 Convai fla t-to p p a d Taardrap Ma 3 /9  la n k - tu l l
NCB** 5 9 .0 1 .0 Convai H a M c w a d to o th Ha 3 A  la n k - fu l l
MCB) 30 .0 1 .0 Convai Convai ■ U lp t l c a l No 1/2  la n k - fu l l
ncbB < 0 .6 2 .0 Convai Donad ( l l l p t l o a l ta a la n k - fu l l
RFNCBl 333 .0  1 2 .0 Convai Undulatary to o th taa Ravar
BFMC&2 159 .0 2 .0 Convai Undulatery Teath taa Havar
F8AI < 0 .6 1 .0 Convax Convai Lunata(a) Me 3 /9  la n k - f u l l
m 5 0 .0 1 .0 Convai In o lln ad lu n a te (e ) Me 3 /9  la n k - fu l l
rau * 5 .5 1 .0 Convai ln o lln a d lama t  a (a ) Me 3 A  la n k - fu l l
m 9 9 .0 1 .0 Convai In o lln ad lu n a te (e ) He 3 A  la n k - fu l l
P86 3 0 .0 1 .0 Convai In o lln ad lam ata(a) Ma 3 /9  la n k - fu l l
ra? < 0 .6 1 .8 Convai In o lln ad Lunata(a) Ma 3 A  la n k - fu l l
SBAX 7 5 .0 9 .0 Convai p la t-top p od D-sheped Mo •an k -fu lk
SBAI* 121.2 1 .0 Convai In o lln ad D-Shapad No 3 A  la n k - f u l l
SBA** 9 0 .9 1 .5 Convai In o lln ad 0-Shaped Ha 3 A  la n k - fu l l
SBA5 15 .7 1 .0 Convai In o lln ad D-Shapad Mo 1/2  la n k - fu l l
SBl 5 1 .0 1 .5 Convai In o lln ad D-shaped He 1/2  la n k - fu l l
SB2 3 0 .0 1 .0 Convai In o lln ad D-Shapad Ho 1/2  la n k - fu l l
SB) 6 1 .0 1 .0 Convai In o lln ad D-shaped Mo 1/2  la n k - fu l l
SB** 5 8 .0 2 .0 Convax In o lln ad D-Shaped Ho 1/2  Bank-Full

SB5 3 0 .0 2 .0 Convax In o lln ad D-Shapad He 1/2  la n k - fu l l
SB6 59 .0 1 .0 Convax In o lln ad O-iihapad Me 1 /2  la n k - fu l l
iiD? < 0 .6 2 .3 Convai In o lln ad D-Shapad taa 3 /9  la n k - fu l l
CBS 6 9 .0 Convax In o lln ad D-Shapad taa 3 /9  la n k - fu l l

SB9 6 0 .6 1 .3 Canvax In o lln ad D-Shapad Ha 1 /2  la n k - fu l l
IB 10 < 0 .6 1 .5 Convax In o lln ad D-shapad Ho 3 /9  la n k - fu l l
SBU 5 0 .3 Convax Inolln ad U-Shapad Me 3 /9  la n k - fu l l

LOO
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F la t- to p p e d

Convex

Domed

In c lin e d

U ndulating

F igure  14. C ro s s -s e c tio n a l ( lo n g itu d in a l  and l a t e r a l )  view 
o f su rfa c e  topography on channel b a rs  w ith in  th e  Rio Magui.
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E l l ip t i c a l
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Diamond Shaped

Shaped

•- D-Shaped

'AVY; . Teardrop
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Lunate 
.T,. (sym m etrical)

Lunate
(asym m etrical)

F ig u re  15. Sketch d ep ic tin g  p la n a r view o f shape and 
c o n fig u ra tio n  of r iv e r  channel b a rs  w ith re sp e c t to  
channel w a lls  w ith in  th e  Rio Magui. Short arrows 
show thalw eg lo c a tio n  a t  1 /2 -b a n k -fu ll flow , longer 
arrows show flow over th e  b a r  a t  3 /4 -b a n k -fu ll flow .
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to  th e  mouth o f  th e  Rio Magui w ith  th e  ex cep tion  o f M id-channel b a r  1. 

Width and h e ig h t c h a r a c te r i s t i c s  o f m id-channel b a rs  uniform ly decrease  

downstream. A ll m id-channel b a rs  have a  convex lo n g itu d in a l c ro s s -  

s e c tio n a l  p r o f i l e .  Many m id-channel b a rs  a re  f la t- to p p e d  and dome­

shaped in  l a t e r a l  c ro s s - s e c tio n  and very r a re ly  u ndu la to ry  and convex. 

M id-channel b a rs  e x h ib it  a  wide v a r ie ty  o f shapes (F igu re  15) in  

p la n a r view. Many o f th e se  b a rs  a re  e l l i p t i c a l  and to o th -sh ap ed , a 

few a re  tea rd ro p -sh ap ed  and one example e x i s t s  o f  b o th  a diamond-and 

L-shaped b a r .

V egeta tion  c o n s is tin g  p r im a rily  o f low -ly ing  g ra s s e s , reed s  and 

sh o r t t r e e s  approxim ately  3 m eters  t a l l  covers th e  m iddle to  down­

stream  p o r tio n  o f most m id-channel b a rs  (F igu re  1 7 ). This v e g e ta tio n  

u su a lly  rem ains emergent a t  3 /4 -b a n k -fu ll  s ta g e , only to  become sub­

merged a t  n ea r b a n k - fu ll  flow c o n d itio n s . Three b a rs  along th e  Rio 

Magui d isp la y  v e g e ta tio n  which i s  always em ergent.

2 . P o in t Bars

The sedim ent body enclosed  by th e  meander loop i s  termed 

th e  p o in t-b a r .  I t  has an e s s e n t i a l ly  h o r iz o n ta l  upper su rfa c e  a t  about 

th e  le v e l  o f th e  su rrounding  f lo o d p la in  and s lo p es  g rad u a lly  along  i t s  

channel m argin, towards th e  thalw eg (Reading, 1978). P o in t b a rs  

re p re se n t th e  s h o r te s t  r iv e r  channel b a r  on th e  Rio Magui, a t ta in in g  

an average le n g th  of 49.2  m e te rs , average w id th  o f  14.2  m e te rs , and an 

average h e ig h t o f 1 .1  m eters (n = 7 ). P o in t b a r  le n g th  g e n e ra lly  de­

c reases  downstream (F ig u re  18); however, p o in t b a r  7 which i s  lo c a ted  

n e a re s t to  th e  mouth o f th e  Rio Magui is  eq u a lly  a s  long as p o in t b a r 

A1 upstream  o f Payan, which c o in c id e n ta lly  i s  one o f th e  lo n g e s t p o in t
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Figure 17. Photograph o f  M id-channel Bar 1 , 1 km downstream 
of th e  v i l l a g e  o f Payan in  a t r a n s i t io n a l  form. A narrow  
chute towards th e  extreme r ig h t  o f th e  photograph i s  slow ly 
aggrading and w i l l  ev en tu a lly  f i l l - i n  and form a s id e  b a r . 
Flow i s  from background to  fo reg round , and r iv e r  h e ig h t i s  
approxim ately 1 /2 -b a n k - fu l l . V egeta tion  in  th e  m iddle of 
th e  b a r  i s  approxim ately  3 m eters h ig h . P ig  fo r  s c a le  
(c ro ss ing r i v e r ) .
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b a rs  documented along th e  s tu d y  a re a . P o in t b a r  w idth d ecreases from 

2 k ilo m eters  upstream  of Payan to  s e v e ra l  k ilo m eters  downstream of 

Payan and then  beg in s to  in c re a se  tow ards th e  mouth o f th e  Rio Magui. 

P o in t b a r  h e ig h t rem ains r e la t iv e ly  unchanged from a l l  l o c a l i t i e s  

w ith  th e  excep tion  of p o in t b a r  7 ( lo c a te d  n e a re s t  to  th e  r iv e r  mouth) 

which i s  somewhat h ig h e r in  e le v a tio n . A ll p o in t b a rs  have a convex 

lo n g itu d in a l c ro s s - s e c tio n a l  p r o f i l e .  Most p o in t b a rs  have an in c lin e d  

l a t e r a l  p r o f i l e  although  one b a r  does d isp la y  a  convex l a t e r a l  c ro s s -  

s e c tio n a l  p r o f i l e .  The most freq u en t shape and c o n fig u ra tio n  o f th e se  

p o in t b a rs  as seen  in  p la n a r  view i s  an a sy m e trica l lu n a te  shape, which 

c o n ta in s  l i t t l e  o r no v e g e ta tio n  (F igu re  1 9 ). Most p o in t b a rs  a re  

emergent a t  1 /2 -b a n k -fu ll s ta g e  and become flooded  a t  3 /4  o r g re a te r  

b a n k -fu ll  flow .

3. Side Bars

Side b a rs  along th e  Rio Magui occur p r im a rily  on th e  down­

stream  convex s id e  of meanders bu t can a lso  e x is t  along s t r a ig h t  

segments of th e  r i v e r .  As described  on o th e r  r iv e r s  by Reading (1978) 

and C o llin son  (1970), s id e  b a rs  along th e  Rio Magui develop on th e  

in s id e  o f  th e  thalw eg where i t  meanders w ith in  th e  co n fin es  o f a 

s t r a ig h t  channel, in  c o n tra s t  to  p o in t b a rs  which occur along th e  

meander lo o p s. S ide b a rs  w ith in  th e  Rio Magui a t t a i n  an average leng th  

of 58.6 m e te rs , average w idth of 12.1 m e te rs , and an average h e ig h t o f 

1 .6  m eters (n=16). Length and w idth  c h a r a c te r i s t i c s  g en e ra lly  decrease  

downstream fo r  a l l  s id e  b a rs  (F igure  2 0 ), a lthough b a r  h e ig h t tends to  

in c re a se  w ith  downstream d ir e c t io n .  A ll s id e  b a rs  along th e  Rio Magui 

d isp la y  a  convex lo n g itu d in a l p r o f i l e ,  an in c lin e d , l a t e r a l  c ro ss -
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Figure 19. Photograph o f P o in t Bar 1 approxim ately  1 km 
downstream o f th e  v i l la g e  o f  Payan. This b a r  i s  l a t e r a l l y  
in c lin e d  ( l e f t  to  r ig h t )  and d isp la y s  a g ra v e l la g  which 
was covered by sand a t  waning flow . Flow i s  low ( le s s  
than  1 /4 -b a n k -fu ll  s ta g e ) ;  flow i s  from l e f t  to  r ig h t .
Note th e  la c k  o f v e g e ta tio n  c h a r a c te r i s t i c  o f  a l l  p o in t 
b a rs  o f th e  Rio Magui.
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s e c t io n a l  p r o f i l e ,  and a re  D-shaped in  p lan  view . L i t t l e  o r  no vege­

ta t io n  grows d i r e c t ly  on th e  su rfa c e  (F ig u re  2 1 ). Because s id e  bars  

hug bank edges, th e  canopy o f th e  surrounding  ju n g le  may o v erlap  th e  

s id e  b a rs  which su g g ests  a  f a l s e  im pression of v e g e ta tio n  growing on 

th e  b a r .  S ide b a rs  a re  norm ally  emergent a t  low w ater co n d itio n s  

(1 /4 -b a n k -fu ll  s ta g e )  up through 1 /2 -b a n k -fu ll  flow although some 

la rg e r  s id e  b a rs  a re  emergent up through 3 /4 -b a n k -fu ll  flow .

C. D iscussion

In  o rd e r  to  b e t t e r  understand  why channel b a rs  form, i t  i s  

e s s e n t i a l  to  determ ine th e  flow p a t te rn s  under which m a te r ia l  i s  

a c t iv e ly  tra n sp o r te d  and subsequen tly  d e p o s ite d . The growth and 

development o f m id-channel b a rs  is  c lo se ly  t i e d  to  th e  fo rm ation  o f 

c o a rse -g ra in ed  r i f f l e s  by secondary c i r c u la t io n  p a tte rn s  (F igure  22) 

(R ichards, 1982). During h igh -flow  c o n d itio n s , r i f f l e s  form a t  p o in ts  

o f d iv e rg e n t su rfa c e  flow . At dep th , t h i s  flow  p a t te rn  converges and 

aggrades sedim ent i n  a  submerged mound in  th e  c e n te r  o f th e  channel. 

During low-flow c o n d itio n s  th e  r i f f l e s  become c o a rse -g ra in ed  o b s tac le s  

which th e  r iv e r  must c ro s s ; a t  r i f f l e s  r iv e r s  u su a lly  d isp la y  ra p id , 

shallow  flow w ith  a  s teep  w ater su rfa c e  g ra d ie n t and resem ble a b ro ad - 

c re s te d  w eir (R ichards, 1978) which dams th e  flow  back in to  th e  up­

stream  p o o l.

Under low-flow c o n d itio n s , poo ls a re  slow -form ing deep a rea s  th a t  

d isp la y  a g e n tle  su rfa c e  s lo p e  and sandy beds (R ichards, 1982). During 

h ig h -flo w  c o n d itio n s , however, pools a re  formed by sco u rin g  on th e  bed 

by convergent flow  c e l l s .  At th e  w a te r 's  s u r fa c e , f lo a t in g  m a te r ia l 

such as leav es  and wood d e b ris  can c o l le c t  in  th e  shallow  m id-channel 

dep ress io n  where convergent flow meets and descends; a t  d ep th , high
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Figure 21. Photograph of S ide Bar 9 approxim ately  8 km 
downstream of th e  v i l la g e  of Payan. Flow i s  from foreground 
to  background a t  approxim ately 1 /2 -b a n k -fu ll s ta g e . L a te ra l  
w ater marks on th e  s id e  b a r  were formed by winnowing during 
d e c lin in g  flow  le v e ls .  Note th e  apparen t la c k  o f v e g e ta tio n  
th a t  i s  c h a r a c te r i s t i c  o f n e a r ly  a l l  s id e  b a rs  along th e  Rio 
Magui. V illa g e r  in  dug-out canoe fo r  s c a le .
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F igure  22. A. P lan  view of su rfa c e  flow  in  pools and 
r i f f l e s ,  in  a s t r a ig h t  reach  o f a s tream . B. C ross- 
s e c tio n a l  view of symmetric secondary c i r c u la t io n  
p a t te rn s  in  a pool and r i f f l e  (m odified a f t e r  R ichards, 
1982).
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d isch a rg e  flow  d iv e rg e s , sco u rs  and can remove most sedim ent t r a n s p o r t­

ed by th e  stream  excep t f o r  a  co arse  g ra v e l la g  which i s  e v e n tu a lly  

b u ried  by sand du ring  w aning- and lcw -flow  co n d itio n s  (Hack, 1957;

L is le ,  1979).

The amount o f  sedim ent a v a i la b le  fo r  tr a n s p o r t  i s  a d i r e c t  

fu n c tio n  o f th e  f lo o d  m agnitude—h ig h e r d isch arg es  y ie ld  g re a te r  

tr a n s p o r t  o f  b ed -lo ad  m a te r ia l  (Leopold e t .  a l . , 1964). In  most 

s tream s, r i f f l e s  form from pebb les and cobb les eroded from or t r a n s ­

p o rted  ac ro ss  po o ls  du ring  h ig h -flo w  p e r io d s . P a r t i c le s  may be 

tra n s p o r te d  o f f  o f r i f f l e s  onto  b a rs  downstream b u t th e  p o s i t io n  o f 

th e  r i f f l e  w i l l  n o t change u n t i l  th e  secondary  c i r c u la t io n  c e l l s  

m ig ra te . In  reach es  where th e  r a t e  o f  accum ulation  o f p a r t i c l e s  ex­

ceeds th e  r a t e  o f rem oval, th e  r i f f l e  may develop in to  a m id-channel 

b a r .

As m entioned e a r l i e r ,  channel b a rs  along th e  Rio Magui e x h ib it  a 

v a r ie ty  o f s iz e s  and shap es . Because o f low er flow v e lo c i t i e s  towards 

th e  mouth of th e  Rio Magui, le s s  c o a rse -g ra in e d  m a te r ia l  i s  tra n sp o rte d  

and subsequen tly  d e p o s ite d , which may account f o r  th e  g en e ra l d ec rease  

in  s iz e  c h a r a c te r i s t i c s  of a l l  channel b a rs  w ith  downstream d is ta n c e . 

U n fo rtu n a te ly , l i t t l e  d a ta  i s  a v a i la b le  which might o f f e r  an ex p lan a tio n  

fo r  th e  d iv e rs e  b a r  shapes which e x is t  f o r  th e  Rio Magui channel b a r s .

I t  appears th a t  th e  s p e c if ic  shape o f a channel bar i s  dependent upon 

th e  e x te n t and in f lu e n c e  o f pools and r i f f l e s ,  and p a t te rn s  o f secondary 

c i r c u la t io n  in  p ro g ress  du ring  v a r io u s  s ta g e s  of h igh -flow  c o n d itio n s . 

Thus, th e  m orphologic o u t l in e  of channel b a rs  along th e  Rio Magui 

appears to  be an on-going ever-changing  p ro c e ss .
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CHAPTER V

CHANNEL BAR SEDIMENTARY STRUCTURES

Two c la s s e s  o f  sed im entary  s tr u c tu re s  w i l l  be d iscu ssed  in  th i s  

th e s i s :  1) Sand waves and r ip p le s  v i s ib l e  on th e  su rfa c e  of channel

b a rs  and 2) C ross-bedding seen  on c leaned  w alls  o f  b a r  tren c h es  and 

lev ee  c u t s .  The fo llo w in g  d isc u ss io n  w i l l  d e sc r ib e  r ip p le s  and sand 

waves c h a r a c te r i s t ic s  of channel b a rs  a long  th e  Rio Magui. Low- 

v e lo c ity  c o n d itio n s  w i l l  be d iscu ssed  f i r s t  by c i t in g  examples from 

o th e r  au th o rs  and in c lu d in g  photographs and i l l u s t r a t i o n s  d e p ic tin g  

th e  bedding on channel b a rs  o f  th e  Rio Magui. T his o rg a n iz a tio n a l 

scheme w i l l  a ls o  be  employed to  d isc u ss  medium- and h igh -flow  

c o n d itio n s .

S p e c if ic  id e n t i fy in g  la b e ls  a re  given in  f ig u re  cap tio n s  to  

in d ic a te  where each f e a tu re  occurs (an  example i s  SB3, which s tan d s  

f o r  S ide Bar no . 3 ) . F igure  23 i l l u s t r a t e s  th e  lo c a tio n  o f s p e c if ic  

b a rs  d iscu ssed  in  t h i s  t h e s i s .

A. Methodology

Channel b a rs  along th e  Rio Magui were trenched  whenever w ater 

le v e ls  p e rm itte d . Trenches on la rg e  channel b a rs  w ith  low w ater 

ta b le s  were g e n e ra lly  2 m eters long , 1 m eter w ide, and 1 m eter deep. 

F ie ld  n o te s , sk e tch es  and photographs d e ta i le d  th e  s t r u c tu re s  ex­

posed in  v e r t i c a l  tre n c h  w a lls  fo r  subsequent d e p o s it io n a l in te rp re ­

ta t io n s  .
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B. R esu lts

1 . S urface F eatu res

S tr a ig h t- c r e s te d  r ip p le s  e x h ib it  l i n e a r  p a r a l l e l  c r e s ts  

ty p ic a l ly  40-50 cm in  le n g th  (F igure  2 4 ). Average g ra in  s iz e  o f th e  

sand com prising s t r a ig h t - c r e s te d  r ip p le s  i s  2.50 b u t can range from 

2 to  30. S tr a ig h t- c r e s te d  r ip p le s  a re  ty p ic a l ly  found on th e  down­

stream  p o r tio n  of channel b a rs  and form a t  low v e lo c i ty  co n d itio n s  

during  th e  waning s ta g e s  o f h igh  flow  (Harms, 1969).

Many b a rs  e x h ib it  c u rre n t r ip p le s  known a s  undu la to ry  r ip p le s  

(F igure  2 5 ). These r ip p le s  a re  sm all bedform s ty p ic a l ly  35-40 cm in  

le n g th  w ith  g e n t le  upstream  s lo p e s  and s te e p  downstream s lo p es  

(R audkiv i, 1963). G rain  s iz e  o f th e  sand com prising th e se  r ip p le s  

is  2.50 bu t can be s l i g h t ly  f in e r  o r c o a rs e r . U ndulatory r ip p le s  

a re  formed on th e  m iddle to  downstream p o r tio n  of a l l  ty p es  o f r iv e r  

channel b a r s .  These r ip p le s  form a t  v e lo c i t i e s  ranging  between low- 

energy (a s  re q u ire d  fo r  s t r a ig h t - c r e s te d  r ip p le s )  and h ig h e r  energy 

(as re q u ire d  f o r  lin g o id  and lu n a te  r ip p le s )  flow c o n d itio n s  (Reineck 

and Singh, 1975).

A d i s t i n c t i v e  type of c u rre n t r ip p le  p re se n t on th e  su rfa c e  of 

th e  r iv e r  b ars  of th e  Rio Magui i s  l in g o id  r ip p le s  (F igu re  26 ). 

L ingoid r ip p le s  d isp la y  d isco n tin u o u s , h ig h ly  sinuous c r e s t s  e x h ib it­

ing a th ree -d im e n sio n a l o u tl in e  and tongue-shaped appearance whose 

horns p o in t in to  th e  c u rre n t (Gary, e t .  a l . ,  1972). U sually  th e se  

r ip p le s  have asym m etrical p r o f i l e s  (C o llin so n  and Thompson, 1982), 

e x h ib it  s te e p ,  concave-upwards le e  face s  and more g en tly  s lop ing  

convex-upwards s to s s  s id e s ,  in d ic a t iv e  o f u n id i r e c t io n a l  c u r re n ts .
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F igure 24a. Photograph of sandwave and r ip p le s  on c e n t r a l  
p o r tio n  o f Side b a r  3 . Sand waves in d ic a t iv e  of h igh -flow  
c o n d itio n s  o r ig in a t in g  from th e  top  l e f t  to  th e  bottom  r ig h t .
As flow v e lo c ity  d im in ish es , a  change in  flow d ir e c t io n  forms 
th e  s t r a ig h t - c r e s te d  r ip p le s  which l in e  th e  c r e s t s  and troughs 
of th e  sand waves. The flow d ir e c t io n  which formed th e  s t r a ig h t -  
c re s te d  r ip p le s  i s  from bottom  l e f t  to  top  r i g h t .  As flow 
v e lo c i ty  con tin u es  to  su b sid e , muds a re  d ep o sited  in  th e  troughs 
o f th e  s t r a ig h t - c r e s te d  r ip p le s .  Scale i s  extended to  43 cm.

F igure 24b. Block diagram showing cro ss-bedd ing  produced by 
m ig ra tio n  of s t r a ig h t - c r e s te d  r ip p le s .  The cross-bedded  u n i t s  
a re  p la n a r in  c h a ra c te r  (from Reineck and Singh, 1975).
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F igure  25a. U ndulatory r ip p le s  on th e  upstream  p o r tio n  o f S ide 
b a r  A3 re p re se n tin g  t r a n s i t io n a l  forms between s t r a ig h t - c r e s te d  
and l in g o id  r ip p l e s .  Flow i s  from bottom  to  to p . Bamboo s t i c k  
in  background i s  40 cm long .

F igu re  25b. B lock diagram showing c ross-bedd ing  produced by 
m ig ra tio n  o f u n d u la to ry  r ip p le s .  The cross-bedded  u n i t s  a re  
weakly fe s to o n -sh ap ed . In  th e  f ro n t  view th e  low er u n its  
a re  s tro n g ly  trough-shaped  (from Reineck and Singh, 1975).
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F igure  26a. L ingoid r ip p le s  on th e  downstream p o r tio n  o f Side 
b a r  A l. Note th e  accum ulation of heavy m in era ls  l in in g  th e  top 
o f th e  c r e s t s .  Flow d ir e c t io n  is  from bottom  r ig h t  to  top  l e f t .  
Hand le n s  fo r  s c a le .

F igu re  26b. Block diagram  showing cro ss-b ed d in g  produced as 
a  r e s u l t  o f m ig ra tin g  lin g o id  r ip p le s .  Cross-bedded u n i ts  
a re  s tro n g ly  festoon-shaped  (from Reineck and Singh, 1975).
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T yp ica lly  th e se  lin g o id  r ip p le s  a re  40 cm long from horn  to  horn . 

Average es tim ated  g ra in  s iz e  of th e  sand com prising th e  lin g o id  

r ip p le s  i s  20 b u t can range between 1 .5 0 -2 .5 0 . L ingoid r ip p le s  a re  

o f te n  found on hhe m id-to-downstream  p o r tio n  of channel b a rs  and 

produced a t  v e lo c i t i e s  h ig h e r than  th a t  needed to  produce s t r a ig h t -  

c re s te d  o r  undu la to ry  sm all r ip p le s  (R eineck, 1963). Reineck and 

Singh (1975) s t a t e  th a t  i t  i s  u n c le a r  under what co n d itio n s  l in g o id  

r ip p le s  a re  rep laced  by lu n a te  r ip p le s  and d iscu ss  th e  d i f f i c u l ty  in  

d is tin g u ish in g  lin g o id  r ip p le s  from lu n a te  r ip p le s  which a lso  produce 

s im ila r  types o f c ross-bedd ing  (festoon-shaped  trough  c ro ss  b ed s) . 

A llen (1963) and Tanner (1960) b o th  in d ic a te  th a t  th e  only d is t in c t io n  

between lin g o id  and lu n a te  r ip p le s  i s  th e  topograph ic  form o.f th e  

r ip p le  c r e s t s .  Conybeare and Crook (1968) e x p la in  th a t  lu n a te  r ip p le s  

have horns which p o in t downstream in  c o n tra s t  to  th e  lin g o id  r ip p le s  

d escribed  e a r l i e r .

S everal la rg e  su rfa c e  s tru c tu re s  e x is t  on channel b a rs  of th e  

Rio Magui. Sand waves a re  r e la t iv e ly  s t r a ig h t  to  sinuous la rg e  bed- 

forms co n ta in in g  uniform  scours in  t h e i r  tro u g h s , ty p ic a l ly  spaced 

5-100 m eters a p a r t (Harms e t . a l . , 1975). The sand wave d e ta i le d  

p rev io u s ly  in  F igure  24a extends to  2 .5  m eters in  len g th  and approxi­

m ately 0 .75  m eters in  w id th . The average c r e s t  to  c r e s t  d is ta n c e  fo r  

sand waves i s  1 .5  m e te rs . Average g ra in  s iz e  o f th e  sand com prising 

sand waves on th e  Rio Magui i s  1 .50  bu t can range from 1 .0 -2 .0 0 .

Sand waves a re  ty p ic a l ly  lo ca ted  in  th e  m id-to-downstream  p o rtio n  of 

a l l  types o f channel b ars  on th e  Rio Magui, and develop a t  r e la t iv e ­

ly  h igh flow  c o n d itio n s . Harms e t .  a l . , (1975) suggest th a t  sand 

waves form between 35 and 75 cms-1, b e fo re  maximum r iv e r  flow . As

r
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flow  co n d itio n s  d im in ish  along th e  Rio Magui, sm a lle r s t r a ig h t -  

c re s te d  r ip p le s  form in  th e  troughs and on th e  c r e s t  tops o f th e  

sand w aves, p e rp en d icu la r to  th e  p rev ious h ig h -s ta g e  which i n i t i a l l y  

formed th e  sand waves. Harms and Fahnestock (1965) and C o llin son  and 

Thompson, (1982) d e sc r ib e  s im ila r  examples where changes in  flow 

d ir e c t io n  superim pose sm all s c a le  r ip p le s  on top  o f la r g e r ,  p rev io u sly  

formed m egaripp les. I t  i s  equ a lly  in te r e s t in g  to  n o te  th e  p resence of 

cracked mud drapes (F igure  24a) th a t  form d u rin g  waning moments o f the  

flow , l in in g  th e  troughs o f th e  s t r a ig h t - c r e s te d  r ip p le s .

Lunate m egaripples a re  an o th er la rg e  su rfa c e  f e a tu re  found in  

channel b a rs  o f th e  Rio Magui (F igure  2 7 ). These r ip p le s  a re  o f te n  

term ed D-shaped m egaripples because they  f a i l  to  e x h ib it  continuous 

c r e s ts  (H an tz sch e ll, 1938). Lunate m egaripples on th e  Rio Magui 

o fte n  exceed one m eter in  le n g th , 0.75 m eters in  w id th , and have an 

average c r e s t  to  c r e s t  d is ta n c e  o f 0 .8  m e te rs . Average g ra in  s iz e  of 

th e  sand com prising th e  lu n a te  m egaripples i s  1.50 bu t can range from 

1 .0 -2 .0 0 . As w ith  most o f th e  p rev io u s ly  d escrib ed  r ip p le s ,  lu n a te  

m egaripples a re  found on th e  m iddle to  downstream p o r tio n  o f channel 

b a rs .  L i t t l e  s p e c if ic  in fo rm atio n  e x is t s  in  th e  l i t e r a t u r e  d e sc rib in g  

flow  v e lo c i t i e s  fo r  lu n a te  m egaripp les. Reineck and Singh (1975) do 

s t a t e  however th a t  lu n a te  m egaripples form a t  h ig h e r v e lo c i t i e s  than  

s t r a ig h t - c r e s te d  r ip p le s .

A ll o f th e  p rev io u s ly  mentioned sedim entary  s tru c tu re s  form on 

th e  m iddle to  downstream p o r tio n  of th e  channel b a r s .  The co a rse , 

cobbly te x tu re  o f th e  upstream  p o r tio n s  o f th e  m a jo rity  of the  

channel b a rs  tends to  in h ib i t  r ip p le  o r m egaripple fo rm ation .
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Figure 27a. Lunate m egaripples on th e  downstream p o r tio n  of 
M id-channel b a r  A4. Flow d ir e c t io n  i s  from r ig h t  to  l e f t .  
S cale  i s  extended to  1 m eter.

F igu re  27b. Block diagram  showing c ro ss-b ed d in g  produced by 
migration of lu n a te  m egaripples (from Reineck and S ingh, 1975).
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One f i n a l  su rfa c e  f e a tu re  commonly seen on th e  edges o f channel 

b a rs  i s  th e  c o n c e n tra tio n  o f heavy m in era ls  winnowed by waning flows 

(F igu re  2 8 ).

Much in fo rm atio n  e x is t s  in  th e  l i t e r a t u r e  reg a rd in g  th e  dep o si- 

t i o n a l  p ro cesses  fo r  heavy m in era l lam in a tio n s  in  a  m arine environ­

ment (B la tt  e t . a l . , 1980; C li f to n ,  1969; Ljunggren and Sunborg, 

1968). S u rp r is in g ly , l i t t l e  d a ta  e x is t  f o r  th e se  p ro cesses  a c t iv e  

in  a f l u v i a l  environm ent.

Heavy m in e ra l lam in a tio n s  accum ulate on th e  edges o f a l l  types 

of channel b a r s  along th e  Rio Magui. As flow decreases  du ring  th e  

waning s ta g e s  o f a  f lo o d , h igh  d e n s ity  m in e ra ls  a re  winnowed out by 

th e  removal o f th e  l i g h t  m in era ls  along s u r f i c i a l  b a r  sedim ents and 

form th in  lam in a tio n s  along th e  w ater l i n e  o f  a channel b a r .  Sedi­

ment accum ulations c a l le d  sand shadows c o n s is tin g  of heavy m in era ls  

im mediately dow ncurrent o f la rg e  c l a s t s  a re  common along th e  su rfa c e  

of many channel b a r s .

2 . Cros s-Bedd ing

Two m ajor c l a s s i f i c a t io n s  of c ro ss-bedd ing  a re  recognized 

in  th e  s tudy  a re a .  The f i r s t  i s  p la n a r  c ro ss-bedd ing  which i s  

c h a ra c te r iz e d  by p la n a r  bounding su rfaces  as d escrib ed  by McKee and 

Weir (1953), and d iag ram m atica lly  rep re se n te d  in  F igure  29. The 

second m ajor c l a s s i f i c a t i o n  of c ross-bedd ing  i s  trough cross-bedding  

c h a ra c te r iz e d  by cu rved , trough-shaped  bounding su rfa c e s  (P o tte r  and 

P e t t i jo h n ,  1963), as shown in  F igu re  30.

S evera l s p e c if ic  types of c ro ss-bedd ing  a re  produced in  

th e  Rio Magui system , th e  most common being  sm all r ip p le  c ro s s -

[•
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F igure  28. Winnowed co n ce n tra tio n  of heavy m inerals  along the  
edges o f th e  downstream p o r tio n  o f M id-channel b a r  1. Flow 
d ir e c t io n  is  from bottom to  to p . Paper i s  18 cm long fo r  s c a le .
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F igu re  29a. Block diagram  showing p la n a r  c ro ss-b ed d in g . U n its 
a re  ta b u la r  to  wedge-shaped; bedding su rfa c e s  a re  p la n a r  (from 
Reineck and Singh, 1975).

F igure  29b. P lan a r c ro ss-bedd ing  as  seen  in  tre n c h  "B" of Side 
b a r  9 . Bedding i s  p a r a l l e l  to  p re se n t flow  of r i v e r  and tren c h  
"B" i s  lo c a te d  on th e  downstream p o r tio n  o f th e  b a r .  The w h ite  
segments of th e  s c a le  a re  20 cm in  le n g th .
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Figure 30a. Block diagram  showing trough cro ss-bedd ing  as  seen 
in  h o r iz o n ta l ,  t r a n s v e rs e  and lo n g itu d in a l s e c t io n s .  U n its  a re  
fes to o n -sh ap ed . In  tr a n s v e rs e  s e c tio n  troughs a re  w e ll deve­
loped , w ith  s tro n g ly  curved bedding su rfa c e s  (from P e t t i jo h n ,  
1957).

F igure 30b. Trough cro ss-bedd ing  as  seen  in  tre n c h  "A" of P o in t 
b a r  2 . Bedding i s  p e rp en d icu la r  to  p re se n t flow  of th e  r iv e r  and 
tren c h  "A" is  lo c a te d  on th e  downstream p o r tio n  o f th e  b a r .  The 
w hite  segments of th e  s c a le  a re  20 cm in  le n g th .
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bedding (F ig u re  3 1 ). Reineck (1963) d escrib ed  upper p o in t b a rs  as 

ty p ic a l  l o c a l i t i e s  to  observe sm all r ip p le  c ro ss-b ed d in g . Reineck 

s t a t e s  th a t  u su a lly  t h i s  cross-bedd ing  i s  festoon -shaped  and formed 

by lin g o id  r ip p le s  b u t may be p la n a r in  n a tu re  (F ig u re  31) as formed 

by s t r a ig h t - c r e s te d  r ip p le s .

Cross-bedded u n i ts  composed o f  f o r s e t  lam inae produced as 

a  r e s u l t  o f m ig ra tio n  o f la rg e  c u rre n t r ip p le s  a re  c a l le d  m egaripple 

bedding (R eineck and Singh, 1975). F igure 32 d isp la y s  t h i s  v a r ie ty  

of c ro ss-b ed d in g , common to  a l l  types o f r iv e r  channel b a rs  o f th e  

Rio Magui. M egaripple bedding i s  p r im a rily  d i f f e r e n t ia t e d  from 

sm all r ip p le  bedding by i t s  s iz e  (am plitude i s  g re a te r  th an  4 cm) 

(R eineck, 1963).

C ross-bedding i s  g e n e ra lly  absen t in  th e  lev ee  exposures 

along th e  Rio Magui. A m assive, homogeneous accum ulation of m ottled  

grey  to  brown mud appears in  a l l  lev ee  exposures, a lthough  p la n a r  

lam in a tio n s  of f in e - to -v e ry  f in e  sand (2 .5 -3 .5 0 ) a re  exposed 

in fre q u e n tly  between th e  m o ttle d , homogeneous muds (F igu re  3 3 ).

3. V a ria tio n s  in  Sedim entary S tru c tu re s

Thus f a r ,  I  have d iscu ssed  what types  o f r ip p le s  e x is t  

along th e  Rio Magui channel b a r  su rfa c e s  and how they  a re  re p re se n t­

ed in  th e  form of cross-bedd ing  as  viewed from tre n c h  w a lls .  At 

th i s  p o in t ,  I  w i l l  document where s p e c if ic  sed im entary  s tru c tu re s  

e x is t  along th e  th re e  main ty p es  of channel b a rs  (m id-channel, 

p o in t and s id e )  w ith  s p e c ia l  c o n s id e ra tio n  given  to  an a ly z in g  th e  

change in  s t r u c tu r e s  w ith in  one channel b a r  and a lso  w ith  re sp e c t to  

downstream changes ( i f  any) from b a r  to  b a r .

M id-channel b a rs  th a t  could be s tu d ie d  along th e  Rio
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F igure  31a. Small r ip p le  c ross-bedd ing  as seen in  tren c h  "B" 
o f P o in t bar 5 . Bedding i s  p a r a l l e l  to  th e  p re se n t flow of th e  
r iv e r  and tre n c h  "B" i s  lo c a te d  on th e  downstream p o rtio n  of 
b a r .  The w h ite  segments o f th e  s c a le  a re  20 cm in  le n g th .

F igu re  31b. Diagrammatic re p re s e n ta tio n  o f  sm all r ip p le  c ro ss ­
bedding (M odified a f t e r  B la t t  _et. _ a l., 1980).
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Figure 32a. Large sc a le  trough-shaped  fe s to o n  c ro ss-bedd ing  ( f a r  
r ig h t)  in  tren ch  "A" o f P o in t b a r  2 . A lso ev id en t in  th i s  photo­
graph a re  avalanche b ed s , cu t and f i l l  scour ( f a r  l e f t )  and r e a c t i ­
v a tio n  s u r fa c e s . Bedding i s  p e rp en d icu la r  to  th e  p re se n t flow  of 
th e  r iv e r  and tren c h  "A" i s  lo c a te d  on th e  downstream p o r tio n  of 
th e  b a r .  The w h ite  segments o f th e  s c a le  a re  20 cm in  le n g th .

F igure  32b. Diagrammatic re p re s e n ta t io n  o f la rg e  sc a le  r ip p le  
(trough-shaped) c ro ss-bedd ing  (M odified a f t e r  D oeglas, 1962).
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F igu re  33. Photograph o f le v ee  exposure 
downstream o f Payan. Most le v ee  sedim ents 
c o n s is t  of homogeneous, m o ttled  muds, bu t 
may o c c a s io n a lly  co n ta in  p la n a r  lam in a tio n  
o f f in e  sand and mud. The su r fa c e  of th e  
lev ee  i s  0 .5  m eters above th e  exposed s e d i­
ments in  th e  upper p o r tio n  o f  th e  photo­
graph. The w h ite  segment o f  th e  s c a le  i s  
20 cm in  le n g th .
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Magui were la rg e ,  emergent a t  low w a te r , and w ell-developed  w ith  

pronounced topog raph ic  r e l i e f .  Because sm all m id-channel b a rs  a re  

composed p r im a r ily  o f cobbles and pebbles in  a  sand m a trix  and have 

l i t t l e  to pog raph ic  r e l i e f  o r  e x ten s iv e  sand d e p o s its ,  few s u r f i c i a l  

sed im entary  s t ru c tu re s  e x i s t  th e re  o th e r  th a n  im brica ted  c l a s t s ;  

a d d i t io n a l  s tudy  o f  sed im entary  s tru c tu re s  in  tren c h es  on sm all mid­

channel b a rs  was in h ib i te d  due to  an in f lu x  o f  th e  surrounding  r iv e r  

w ate r in to  any attem pted  tre n c h . P o in t and s id e  b a rs  of a l l  s iz e s  

could be examined w ith  e a se .

a ) . In tra -B a r  Comparisons

U sually  la rg e  m id-channel b a rs  along th e  Rio Magui 

( e .g . ,  MCB1) d isp la y  a  zone o f im b rica ted  cobbles and pebbles a t  th e  

upstream  end of th e  b a r  which g rad u a lly  d im in ishes in  abundance 

downstream and grades in to  co arse  sand b o d ie s ; f in e  sands dominate 

n ear th e  downstream p o r tio n  o f th e  b a r .  Sand waves and lu n a te  mega­

r ip p le s  e x i s t  tow ards th e  downstream end w ith  s t r a ig h t - c r e s te d ,  

l in g o id  and u n d u la to ry  r ip p le s  commonly p re se n t b o th  w ith in  and 

ad jacen t to  th e se  la rg e r  su rfa c e  f e a tu r e s .  An exam ination of th e  

b a r 's  tren ch es  f in d s  la rg e  s c a le  tro u g h s , m eg a-rip p le , sm all r ip p le  

and p la n a r  c ro ss-b ed d in g  fre q u e n tly  re p re se n te d .

R ep resen ta tiv e  p o in t b a rs  ( e . g . ,  PB2) u su a lly  have 

sedim entary  s t r u c tu r e s  s im ila r  to  th o se  found on m id-channel b a rs , 

w ith  th e  g en e ra l om ission of lu n a te  m e g a -rip p le s . A zone o f im bri­

ca ted  pebbles a t  th e  upstream  p o r tio n  o f th e  p o in t b a r  g rad u a lly  

grades in to  co a rse  and medium-grained sands, and f i n a l l y ,  towards the  

downstream end of th e  b a r ,  f in e -g ra in e d  san d s . Large s c a le  su rfa c e  

r ip p le s  such as  sand waves a re  o c c a s io n a lly  rep re sen ted  on th e  mid—to -
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downstream segments o f a  p o in t b a r .  Sm aller f e a tu re s  such as 

s t r a ig h t - c r e s te d ,  l in g o id  and undu la to ry  r ip p le s  a re  commonly found 

w ith in  and a d jacen t to  th e  sand w aves. An exam ination of p o in t bar 

tren c h es  g e n e ra lly  re v e a ls  v a r ie t ie s  o f c ro ss-bedd ing  ( e .g . ,  la rg e  

s c a le  tro u g h , m eg a-rip p le , sm all r ip p le  and p la n a r  cross-bedding) 

which a re  s im i la r  to  th o se  found in  m id-channel b a r  tre n c h e s .

A re p re s e n ta t iv e  s id e  b a r  ( e . g . ,  SB1) c o n s is ts  of 

medium to  predom inantly  f in e -g ra in e d  sand and d isp la y s  sm a ll-s c a le  

su rfa c e  fe a tu re s  such as  s t r a ig h t - c r e s te d ,  l in g o id  and undula to ry  

r ip p le s .  C ross-bedding as expressed in  s id e  b a r  tren ch es  a lso  

r e f l e c t s  sm all s c a le  sedim entary  s t r u c tu re s  such as  sm all r ip p le  

and p la n a r bedd ing . Large s c a le  sedim entary  s t r u c tu re s  a re  not 

re p re se n te d  on s id e  b a r s .

A ll of th e  in t r a - b a r  v a r ia t io n s  in  sedim entary 

s t ru c tu re s  d esc rib e d  f o r  m id-channel, p o in t and s id e  b a rs  of th e  Rio 

Magui e x i s t  w ith  re s p e c t to  upstream /downstream  p o s itio n  along th e  

channel b a r  ( i . e . ,  p a r a l l e l  to  th e  r iv e r  ch an n e l). L i t t l e  change in  

sedim entary  s t r u c tu r e s  occur on b a rs  p e rp en d icu la r  to  th e  r iv e r  

channe l.

b ) . In te r -B a r  Comparisons

Only s u b t le  v a r ia t io n s  in  sedim entary  s tru c tu re s  

e x is t  between b a rs  o f s im i la r  type (m id-channel, p o in t and s id e )  

along  th e  Rio Magui. Large m id-channel b a rs  a l l  d isp la y  sand waves, 

s t r a ig h t - c r e s te d ,  undu la to ry  and lin g o id  r ip p le s .  C ross-bedding on 

la rg e  m id-channel b a rs  throughout th e  s tudy  a re a  c o n s is te n tly  shows 

m eg a-rip p le , sm all r ip p le  and p la n a r  f o r s e t s .  Lunate m ega-ripp les 

and la rg e  s c a le  trough c ro ss-b ed s a re  g e n e ra lly  absen t b u t do appear
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on two m id-channel b a rs  (MCBA4 and MCB1). Im bricated  cobbles and 

pebbles a re  c h a r a c te r i s t ic  o f th e  upstream  p o rtio n s  of m id-channel 

b a rs  along th e  study a re a  except on one b a r  (MCB6) lo c a te d  approxi­

m ately 18 km downstream of Payan. This b a r  i s  th e  only  m id-channel 

b a r  downstream of th e  ju n c tio n  o f  th e  Rio Guanambi and i s  lo c a ted  

along a p o rtio n  o f th e  r iv e r  which has a  stream  g rad ie n t o f only

0.0004, ap p aren tly  much too  low to  g en era te  flo o d  c u rre n ts  capab le 

of tra n s p o r tin g  g ra v e l . This decrease  in  channel s lo p e  downstream 

of th e  ju n c tio n  of th e  Rio Guanambi a ls o  co inc ides w ith  th e  d e c lin e  

of g ra v e ls  on channel b a rs  tow ards th e  mouth o f th e  Rio Magui.

During waning flow  co n d itio n s  as th e  stream  competency d im in ish es , 

g ravels  and o th e r  c o a rse -g ra in ed  m a te r ia l  a re  no longer tra n s p o r te d . 

S u f f ic ie n t  v e lo c i t i e s  do e x i s t ,  however, to  tra n s p o r t and d ep o s it 

sand over th e  to p s  of th e  p rev io u s ly  d eposited  g ra v e ls . Many channel 

b a rs  d isp la y  te x tu r a l  su rfa c e  changes due to  " s ie v in g "  p ro cesses  when 

medium-and co a rse -g ra in ed  sand a re  depo sited  on top  o f  b a r  g rav e ls  as 

seen in  F igure  34.

P o in t b a rs  along th e  Rio Magui a lso  d isp la y  a  zone of 

im bricated  cobbles towards th e  upstream  p o r tio n s , along  w ith  sand 

waves, s t r a ig h t - c r e s te d ,  lin g o id  and undu la to ry  r ip p le s .  Cross­

bedding on p o in t b ars  i s  n e a r ly  id e n t ic a l  to  m id-channel b a r  c ro ss ­

bedding except fo r  th e  absence o f la rg e - s c a le  trough c r o s s - s e t s .  As 

w ith  m id-channel b a r s ,  p o in t b a rs  d isp la y  a d e c lin e  o f  g ra v e ls  w ith  

downstream tr a n s p o r t ,  and u lt im a te ly  c o n s is t  of p r im a rily  sand n ear 

th e  r iv e r  mouth. The r e la t iv e  abundance of sedim entary  s t ru c tu re s  

along p o in t b a rs  of th e  Rio Magui i s  g en e ra lly  q u ite  s im ila r  from b a r 

to  b a r .
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F igure  34. Photograph of a g ra v e l lag  being  covered by a sand 
a t  waning flow  in  th e  m iddle p o r tio n  o f P o in t b a r  no. 1. Flow 
i s  from l e f t  to  r ig h t .  Paper i s  18 cm long.
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Side b a r s  d is p la y  su rfa c e  s tru c tu re s  and c ro ss-b ed ­

d ing  s im ila r  to  th o se  found on p o in t b a r s .  M ega-ripp le , sm all r ip p le  

and p la n a r  f o r s e t s  a r e  commonly found w h ile  la rg e - s c a le  trough  c ro ss ­

bedding i s  c h a r a c t e r i s t i c a l l y  a b se n t. One apparen t d is t in c t io n  

between s id e  b a rs  and p o in t b a r s  i s  th e  g en e ra l la c k  o f g ra v e l on th e  

upstream  segm ents of th e  s id e  b a r .  S ide b a rs  n e a r ly  always a re  com­

posed o f f in e -g ra in e d  sand from one end to  th e  o th e r  re g a rd le s s  o f 

where th e  s id e  b a r  i s  s p a t i a l l y  lo c a te d  along th e  r iv e r .  As w ith  

m id-channel and p o in t b a r s ,  a l l  s id e  b a rs  e x h ib it  s im ila r  r e la t iv e  

abundances o f sed im en tary  s t ru c tu re s  in  sand.

C. D iscussion

Up to  th i s  p o in t ,  I  have documented what s p e c if ic  sedim entary 

s t r u c tu re s  and f e a tu re s  e x i s t  along v a rio u s  channel b a rs  o f th e  Rio 

Magui. I t  i s  a p p ro p r ia te  a t  t h i s  tim e to  t r y  and a s s o c ia te  th e  type  

o f sed im entary  s t r u c tu r e s  w ith  p a r t i c u la r  d e p o s it io n a l e v e n ts .

Doeglas (1962) conceived o f  an id e a l  m id-channel b a r  sequence 

(F ig u re  35) very  s im i la r  to  th a t  p resen te d  by Reineck and Singh 

(1975) fo r  p o in t b a r s .  Doeglas (1962) a s s o c ia te s  th e  fo llow ing  

sequence o f even ts  w ith  s p e c i f i c  sedim entary  s t ru c tu re s  fo r  a  mid­

channel b a r .  A b a s a l  zone o f la rg e - s c a le  c ro ss-bedd ing  i s  formed by 

th e  l a t e r a l  and downstream advance o f m id-channel b a r s .  These 

sedim ents which re p re s e n t th e  c o a rs e s t  m a te r ia l  in  th e  sequence a re  

composed of cobbles and pebb les arranged  in  in c lin e d  la y e r s .  These 

sedim ents a re  tra n s p o r te d  d u ring  th e  h igh-flow  c o n d itio n s  such as  

ra p id  tu rb u le n t  o r  sh o o tin g  flow  c o n d itio n s  c h a r a c te r i s t i c  o f upper 

flow regim e and a re  d ep o sited  as  r iv e r  d isch a rg e  d rops. During 

low er-flow  c o n d itio n s , f in e r -g ra in e d  sedim ents a re  d ep o sited  over
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UNIT 3

UNIT 3

UNIT 1

F igure  35. Sketch of an id e a liz e d  sequence o f a  m id-channel bar 
d e p o s it .  U nit 1 -  la rg e - s c a le  c ro ss-b ed d in g  w ith  p ebb les; Unit 
2 -  m egaripple bedding , medium sand ; U nit 3 -  sm all r ip p le  
bedding , f in e  sand; U nit 4 — f in e  sand and mud, h o riz o n ta l 
bedding (D oeglas, 1962).

MUD LAYER

SMALL RIPPLE 
CROSS- BEODING

CLIMBING RIPPLE 
LAMINATION

LARGE -  SCALE 
CROSS -BEDDING

CHANNEL LAG DEPOSIT

F igure 36. Sketch of an id e a liz e d  f in in g  upward sequence 
of a p o in t b a r  d ep o s it (M odified a f t e r  Reineck and Singh, 
1975).
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th e  p rev io u sly  d ep o sited  cobbles and p eb b les. Medium-grained sand 

w ith  m egaripple bedding i s  formed during  higih in te n s i ty ,  lower flow 

regim e c o n d itio n s . Follow ing th e  zone of m egaripple bedding, i s  a 

zone o f sm all r ip p le  c r o s s - s t r a t i f i c a t i o n  formed during lo w -in te n s ity , 

lower flow regim e c o n d itio n s . Topping th e  sequence i s  a zone of 

f in e  sand and mud dep o sited  in  h o r iz o n ta l  la y e rs  formed o r ig in a lly  by 

overbank f lo o d in g . Because th i s  flood  w ater co n ta in s  a la rg e  amount 

o f suspended sed im en ts , th e  f in e s  ev en tu a lly  s e t t le d - o u t  o f suspension 

and form h o r iz o n ta l  lam inations on top  o f  th e  m id-channel b a r .

M id-channel b a rs  along th e  Rio Magui a re  n e a r ly  id e n t ic a l  to  th e

sequence p resen ted  by Doeglas (1962). A b a sa l zone o f  la rg e  s c a le  

cross-bedd ing  i s  formed by l a t e r a l  and downstream advance of th e  mid­

channel b a r .  This zone o f la rg e - s c a le  c ross-bedd ing  u su a lly  e x h ib its  

co a rse -g ra in ed  sand w ith  sp a rse  amounts of pebb les a rranged  in  

in c lin e d  la y e r s .  These sedim ents a re  c h a r a c te r i s t ic  of upper flow 

regime co n d itio n s  o f r e la t iv e ly  low in te n s i ty  and a re  deposited  as 

r iv e r  d isch arg e  drops fo llow ing  th e  peak o f a  f lo o d . Somewhat lower

flow  c o n d itio n s  along th e  Rio Magui (h igh  in te n s i ty  o f th e  low flow

regime) d e p o s it f in e r -g ra in e d  sedim ents on top  of th e  p rev iously  

deposited  pebbles and coarse  sand in  th e  form o f m egaripple bedding. 

Following th e  zone o f m egaripple bedding i s  a zone o f f in e -g ra in e d  

sm all r ip p le  c r o s s - s t r a t i f i c a t i o n  formed during  lo w -in te n s ity , low 

flow regim e c o n d itio n s . One d if fe re n c e  between th e  Rio Magui mid­

channel b a r  sequence aiid th e  id e a liz e d  sequence of Doeglas (1962) i s  

th e  g en era l la c k  of h o r iz o n ta l  mud lam inations overly in g  th e  sm all 

r ip p le  cross-bedd ing  c h a r a c te r i s t ic s  of D oeglas1 sequence. The 

freq u en t recu rren ce  o f flo o d in g  ty p ic a l  of th i s  t r o p ic a l  reg ion  could
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scour th e  f in e -g ra in e d  r ip p le d  sequence dep o sited  from a  p rev ious 

f lo o d .

Reineck and Singh (1975) en v is io n  an id e a l p o in t b a r  sequence 

(F igure  36) as one which i s  dominated by la rg e  f o r s e t  cross-bedd ing  

(m egaripple bedding) in  th e  lower p a r t  formed by a ra p id  d ecrease  o f 

d isch a rg e  and v e lo c i ty  fo llow ing  th e  main passage o f a f lo o d . Over- 

ly in g  th i s  zone i s  a  sequence o f  sm all f o r s e t  cross-bedd ing  and sm all 

t r o u g h - f i l l  c ross-bedd ing  formed as v e lo c i t i e s  d im inish  f u r th e r .  

Ponding of suspended sedim ents as flow  r e t r e a t s  i s  a ls o  common during  

th i s  in t e r v a l .  Topping-off th e  sequence is  a  zone o f  p a r a l l e l  

lam inae which forms during  n ea r t r a n q u i l  flow  c o n d itio n s .

P o in t b a rs  along the  Rio Magui o f f e r  a s im i la r  sequence o f 

events to  th o se  d escrib ed  by Reineck and Singh (1975). Rio Magui 

p o in t b a r  sequences a re  dominated by la rg e  s c a le  cross-bedd ing  in  th e  

lower p a r t  (F igu re  32a) formed by a  ra p id  d ecrease  o f  d isch a rg e  and 

v e lo c ity  fo llow ing  th e  passage o f a  flood  (low in t e n s i ty ) ,  upper flow 

regim e. As v e lo c i t i e s  d im inish  f u r th e r ,  a  sequence o f sm all f o r s e t  

c ross-bedd ing  and sm all t r o u g h - f i l l  c ross-bedd ing  forms as v e lo c i t i e s  

co n tin u e  to  d im inish  (F igure  31a and 30b r e s p e c t iv e ly ) . F u rth e r 

d ecrease  o f v e lo c i t i e s  during  low in te n s i ty ,  low flow regime con­

d i t io n s  r e s u l t s  in  ponding of suspended sedim ents.

Sedim entary s tru c tu re s  found in  Rio Magui s id e  b a rs  co n ta in  a l l  

of th e  fe a tu re s  and c h a r a c te r i s t ic s  of Rio Magui p o in t b a r s .  

O ccasionally  s id e  b a rs  may e x h ib it  p la n a r lam inations  (F igure  29b) 

in  p la ce  o f la rg e - s c a le  c r o s s - s t r a t i f i c a t i o n .  These p la n a r lam inae 

form during  low in te n s i ty  upper flow regime co n d itio n s  fo llow ing  th e  

peak of a f lo o d . O ther than  t h i s  minor v a r ia t io n  in  sedim entary
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s t r u c tu r e s ,  Rio Magui s id e  b a rs  and p o in t b a rs  a re  d i f f i c u l t  to  

d is t in g u is h  in  c ro s s - s e c t io n .  This s t r ik in g  s im i la r i ty  and la c k  o f 

d i f f e r e n t ia t io n  may in d ic a te  th a t  th e  fo rm ative  p ro cesses  a c t iv e  

along th e  Rio Magui p o in t and s id e  b a rs  a re  very  s im i la r .

A pparen tly , th e  p rocesses which form th e  th re e  types  o f channel 

b a rs  (m id-channel, p o in t and s id e )  along  th e  Rio Magui a re  n e a r ly  

id e n t ic a l  due to  th e  s im ila r  tre n d s  o f sedim entary  s t r u c tu re s  and 

fe a tu r e s .  Reineck and Singh (1975) recogn ize  a lso  th a t  no w e ll-  

defined  d if fe re n c e s  e x is t  between th e  sequence o f  m id-channel b a r  

d e p o s its  and p o in t b a r  d e p o s its .

As w ith  th e  uppermost la y e rs  o f Rio Magui m id-channel b a r  

sequences, th e  upper la y e rs  o f h o r iz o n ta l  bedding c h a r a c te r i s t i c  of 

Reineck and S in g h 's  (1975) id e a liz e d  p o in t b a r  sequence i s  cu rio u s ly  

a b se n t. While no d e f in i t iv e  ex p lan a tio n  e x i s t s  to  adequa te ly  account 

fo r  t h i s  f e a tu r e ,  i t  i s  p o s s ib le  th a t  th e  freq u en t flo o d in g  of th e  

Rio Magui which appears to  be c h a r a c te r i s t i c  o f r iv e r s  in  t r o p ic a l  

c lim a te s , may tend  to  remove th e  p rev io u s ly  d ep o sited  upper lam inae 

of f in e -g ra in e d  m a te r ia l .
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CHAPTER VI

TEXTURAL CHARACTERISTICS OF CHANNEL BARS

The purpose o f  t h i s  s e c tio n  i s  to  document th e  te x tu r a l  

v a r ia t io n s  o f channel b a rs  along th e  Rio Magui. Mean g ra in  s iz e  and 

s o r t in g  tre n d s  fo r  r e p re s e n ta tiv e  m id-channel, p o in t and s id e  b a rs  

w i l l  be examined along  w ith  te x tu r a l  v a r ia t io n s  and tren d s  from b a r-  

to -b a r  downstream.

A. Methodology

A pproxim ately 51 channel b a r  samples were c o l le c te d  along th e  

40 km s t r e t c h  from A urora to  th e  mouth of th e  Rio Magui. These 

sam ples, which re p re se n t bo th  su rfa c e  and tre n c h  w a ll grab sam ples, 

were shipped to  th e  la b o ra to ry  in  N orfo lk , V irg in ia , where each 

sample was s iev ed  on th e  Ro-Tap f o r  45 m inutes a t  h a l f -p h i  in te rv a ls  

accord ing  to  F o lk ’s procedures (1974). H a lf-p h i s ie v e  in te r v a ls  were 

used because o f th e  broad range o f g ra in  s iz e s  com prising th e  samples 

( e . g . ,  4 .00  through -4 .0 0 ) .  Weight percen tages were used as in p u t in  

th e  sedim ent s iz e  a n a ly s is  program o f Darby and Wobus (1976) which 

c a lc u la te d  mean g ra in  s iz e  and s o r t in g  v a lu e s .

B. R esu lts

1 . In tra -B a r  Comparisons

S urface  and tren c h  samples w ere c o l le c te d  from th e  su rfa c e  

of a l l  Rio Magui channel b a r s .  Surface samples c o n s is te d  of approxi­

m ately 20 k ilogram s of sand , p eb b les , and sometimes cobbles p re se n t on 

th e  upstream  segm ents o f Rio Magui channel b a r s .  To avoid b ia s ,  

samples were c o l le c te d  a t  th e  same p o s it io n  on each b a r .  Trench samples

f
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were taken  from a tren c h  w a ll approxim ately 25 cm from th e  top of 

each b a r tre n c h .

The m a jo rity  o f m id-channel b a rs  c h a r a c te r i s t ic  of th e  Rio 

Magui d isp la y  l i t t l e  topograph ic r e l i e f  and a re  composed p rim arily  

of g rav e l in term ixed  w ith  co arse -g ra in ed  sand. One m id-channel b a r  

(MCB2), r e p re s e n ta t iv e  o f  th e  12-mid channel b a rs  analyzed in  th i s  

s tu d y , was examined fo r  te x tu r a l  v a r ia t io n s .  This b a r  d isp la y s  a 

poorly  so r te d  pebble zone co n ta in in g  c la s t s  up to  1 cm in  d iam eter 

uniform ly d is t r ib u te d  throughout th e  e n t i r e  b a r .  Pebbles on th e  up­

stream  p o r tio n  o f t h i s  b a r  a re  ty p ic a l ly  0 .7  cm in  d iam eter. Towards 

th e  m id-to-downstream  p o rtio n s  o f t h i s  b a r th e  average pebble s iz e  

decreases  to  0 .5  cm and g re a te r  amounts o f co a rse -g ra in ed  sand i s  

p re sen t between th e  peb b les.

Not a l l  m id-channel b a rs  along th e  Rio Magui a re  sm all, low- 

r e l i e f  g ra v e l b a rs .  Of th e  12 m id-channel b a rs  recognized in  th e  

Rio Magui, fo u r  a re  la rg e ,  v eg e ta ted  is la n d s  which have co n s id e rab le  

topograph ic  r e l i e f ,  v e g e ta tiv e  cover and d iv e rs i ty  in  th e  s iz e  c f  

su rfa c e  m a te r ia l  (F igu re  3 7 ). Bar MCB1 is  a good case  in  p o in t .

MCB1 i s  lo c a te d  approxim ately  1 km downstream of Payan and is  sub­

merged only  a t  n e a r-b a n k -fu ll s ta g e . During low-flow cond itio n s  

(1 /4 -b a n k -fu ll  flow or le s s )  most of th e  b a r  i s  emergent as  dep ic ted  

in  F igure  37. As th e  r iv e r  r i s e s ,  th e  swale o r chute along th e  

e a s te rn  p o r tio n  o f  th e  m id-channel b a r  i s  i n i t i a l l y  breached and 

u lt im a te ly  c a r r ie s  a  very la rg e  p o rtio n  of th e  flo o d  w a te rs . Because 

of th e se  rea so n s , th e  b a r  resem bles a t r a d i t i o n a l  m id-channel b a r 

only during  h igh-flow  co n d itio n s  (3 /4 -b a n k -fu ll or g re a te r )  and even 

then  d isp la y s  emergent shrubs and g ra s s . During low flow s, the  bar
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Figure 37. Sketch i l l u s t r a t i n g  th e  te x tu r a l  
v a r ia t io n s  on M id-channel b a r  1 , downstream of 
Payan. This b a r  which i s  lo c a ted  s l ig h t ly  
downstream o f th e  channel meander i s  in  
t r a n s i t io n  from a m id-channel b a r  to  a p o in t 
b a r .  Arrows in d ic a te  flow  d ir e c t io n  over b a r  
a t  3 /4 -b a n k -fu ll s ta g e . As r iv e r  h e ig h t 
d ro p s, flow  i s  r e s t r i c t e d  to  th e  main channel 
(west o f th e  b a r ) .
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p h y s ic a lly  ap p ea rs  as a  p o in t b a r .

During low -flow  c o n d itio n s , sam pling o f a l l  p o r tio n s  of th i s  

b a r  i s  p o s s ib le .  Cobbles up to  15 cm in  len g th  a re  dominant on th e  

upstream  p o r t io n  o f  th e  b a r  g rad ing  in to  e i th e r  a p o o r ly -s o r te d , sm all 

pebb le  zone o r  d i r e c t ly  in to  a predom inantly  m o d e ra te ly -so rted  coarse ­

g ra in e d  sand accum ula tion . The m id-to-dow nstream  segments o f th i s  b a r  

c o n s is t  p r im a r ily  of m o d e ra te ly -so rted  m edium-grained sand .

On p o in t b a r s ,  s im ila r  g ra in  s iz e  tre n d s  a re  ev id en t from 

tre n c h  sam ples. A r e p re s e n ta t iv e  p o in t b a r  (PB2) chosen from th e  e ig h t 

p o in t b a rs  analyzed  in  t h i s  s tu d y  was examined fo r  t e x tu r a l  v a r ia t io n s .  

PB2 co n ta in s  p o o r ly -s o r te d , co a rse -g ra in ed  sand on i t s  upstream  

p o r t io n s ,  m o d e ra te ly -so r te d , medium-grained sand in  th e  m iddle and 

m o d e ra te ly -so r te d , f in e -g ra in e d  sand tow ards th e  downstream segment. 

A d d itio n a lly , f in e r -g ra in e d  m a te r ia l  e x i s t s  on th e  h ig h e r p o rtio n s  of 

th e  p o in t b a r  n e a r  th e  channel bank compared to  th e  low er segments o f 

th e  p o in t b a r  which g e n e ra lly  have c o a rse r-g ra in e d  m a te r ia l .

T e x tu ra l d a ta  from in d iv id u a l s id e  b a r s ,  however, d isp la y  

le s s  pronounced tre n d s  on in d iv id u a l b a r s .  An a n a ly s is  o f a  re p re ­

s e n ta t iv e  s id e  b a r  (SB9) in d ic a te s  a r e l a t i v e ly  uniform  w e ll - s o r te d ,  

f in e -g ra in e d  sand w ith  l i t t l e  downstream v a r ia t io n .

2 . In te r -B a r  Comparisons

T e x tu ra l v a r ia t io n s  fo r  m id-channel b a r  su rfa c e  samples 

g e n e ra lly  d is p la y  d ec re a sin g  mean g ra in  s iz e  and perhaps decreased  

s o r t in g  tre n d s  w ith  downstream d is ta n c e  (F igure  3 8 ). Samples from 

th re e  s i t e s  (MCBA6, MCBA3 and MCBA4) however, p lo t  o f f  o f  th e se  two 

tre n d s . C loser exam ination of th e  a re a  re v e a ls  th a t  only th e  b ars
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Figure 38. P lo t o f te x tu r a l  v a r ia t io n s  fo r  m id-channel 
b a r  su rfa c e  samples from Aurora to  th e  mouth of th e  Rio 
Magui.
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deposited  w ith in  50 m eters downstream of mine c reeks co n ta in  r e la ­

t iv e ly  co a rse -g ra in ed  g ra v e ls . These b a rs  a lso  co n ta in  g rav e ls  th a t  

a re  b e t t e r  s o r te d  than  o th e r b a r  sam ples. Some concern d id  i n i ­

t i a l l y  e x is t  regard ing  th e  s p a t i a l  d is t r ib u t io n  o f  b a r  samples w ith  

re sp e c t to  "nearness"  of te r r a c e s  and sm alle r t r i b u t a r i e s  whereas 

th e  presence o f th e se  e x t r in s ic  v a r ia b le s  could b ia s  th e  sam ples. 

F o rtu n a te ly , te r r a c e s  and t r i b u ta r i e s  (o th e r  than  mine c reeks) do not 

appear to  s ig n i f ic a n t ly  in flu e n c e  th e  channel b a r  samples c o lle c te d  

fo r  t h i s  s tudy  because no s p a t i a l  re la t io n s h ip  e x is ts  between anoma­

lous samples and te r r a c e s  o r  t r ib u ta r y  mouths along th e  r iv e r .

An a n a ly s is  of p o in t b a r trench  samples su g g ests  a  decrease  

in  mean g ra in  s iz e  and s o r t in g  w ith  downstream d is ta n c e  (F igu re  39). 

But because of th e  low number o f such an a ly s is  and t h e i r  occurrence 

only between 18 and 33 km downstream from Aurora, only a  poorly  

defined  tre n d  was o b ta in ed .

Trench samples from s id e  b a rs  d isp la y  two very  g radual 

tre n d s-a n  in c re a se  in  mean g ra in  s iz e  and very  s l ig h t  d ecrease  in  

so r tin g  (F igure  4 0 ). The sm all range of p h i u n i t s  fo r  b o th  th e  mean 

g ra in  s iz e  and s o r t in g  and th e  r e l a t iv e ly  sm all number o f samples 

a v a ila b le  weakens an in te r p r e ta t io n  of th e se  two apparen t tre n d s .

C. D iscussion

T ex tu ra l in v e s t ig a t io n s  a re  a dominant p a r t  of v i r t u a l l y  a l l  

sedim entologic s tu d ie s .  Modem s tu d ie s  on th e  su b je c t began w ith  th e  

fo rm ulation  o f a p a r t i c l e  s iz e  s c a le  of Wentworth (1922; based on 

Udden, 1914) and th e  u t i l i z a t i o n  of lo g a rith m ic  p h i s c a le  fo r  g ra in  

s iz e  d e sc r ip tio n s  (Krumbein, 1934). Subsequent a ttem p ts to  use s o r t ­

ing va lu es  to  determ ine environm ents of d ep o s itio n  i n i t i a l l y  began
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w ith  th e  work o f  Inman (1949) and l a t e r ,  F o lk  and Ward (1957). Other 

a ttem p ts  to  d e l in e a te  s o r t in g  c h a r a c te r i s t i c s  o f sands in  hopes of 

determ in ing  d e p o s it io n a l environm ents using ' s t a t i s t i c a l  and g ra p h ic a l 

methods w ere developed by Passega (1957) and l a t e r  by Friedman (1961) 

among o th e rs .

I t  i s  g e n e ra lly  accep ted  among g e o lo g is ts  th a t  mean g ra in  s iz e  

d ecreases  and s o r t in g  in c re a se s  w ith  downstream tra n s p o r t  ( e . g . ,  

M iddleton, 1976). Leopold e t .  a l . , (1964) d iscu ssed  th e se  tre n d s  and 

noted th a t  lo c a liz e d  f lu c tu a t io n s  along th e  le n g th  o f a  stream  may 

cause minor v a r ia t io n s  in  th e  o v e ra l l  downstream d ecrease  of g ra in  

s iz e .  For in s ta n c e , a long th e  Rio Magui e ro s io n  o f te r r a c e s  may add 

"new" m a te r ia l  in to  th e  r iv e r  sedim ent load  d i r e c t ly  o r through the  

in f lu x  of sm a lle r  t r i b u t a r i e s  such as mine creeks in to  th e  main tru n k .

U n fo rtu n a te ly , th e se  ty p es  o f  e x t r in s ic  v a r ia b le s  appear to  have 

l i t t l e  in f lu e n c e  upon th e  Rio Magui sam ples. The abundance o f  mine 

creek  t r i b u t a r i e s  ra p id ly  d im in ishes downstream of Payan, y e t  th e  

te x tu r a l  tre n d s  co n tin u e . This f u r th e r  c louds an ex p lan a tio n  fo r  th e  

s tra n g e  bu t unique mean g ra in  s iz e  and s o r t in g  tre n d s  which e x is t  fo r  

channel b a r  sam ples o f  th e  Rio Magui.
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CHAPTER VII

DEPOSITION OF ORGANIC MATTER

The purpose o f th i s  s e c tio n  i s  to  document and in te r p r e t  th e  

v a r ie ty  of o rgan ic  m a te r ia l  and th e  s p a t i a l  d is t r ib u t io n  of organ ic  

d ep o s its  along th e  Rio Magui. The s iz e ,  o r ie n ta t io n ,  lo c a tio n  and 

abundance o f o rgan ic  d e b ris  p rov ide  th e  b a s is  fo r  determ ining  the  

d e p o s it io n a l p rocesses  fo r  o rgan ic  m a te r ia ls .

A. Methodology

A re p re s e n ta tiv e  sam pling o f th e  th re e  types o f channel bars  

(mid, p o in t and s id e )  along a  40 km p o rtio n  o f  th e  r iv e r  from Aurora 

to  th e  mouth o f th e  Rio Magui provided com positional and s iz e  charac­

t e r i s t i c s  o f m ajor le a f  mat accum ulations and la rg e  wood d e b r is . 

O rie n ta tio n s  o f wood d e b ris  was a lso  noted w ith  re sp e c t to  cu rren t 

channel p o s i t io n .

B. R esu lts

1 . D e sc rip tio n  of Organic D ebris and D eposits

Ttoo m ajor types o f  o rgan ic  m a tte r  a re  tra n sp o rte d  and 

o c c a s io n a lly  d ep o sited  along t r o p ic a l  stream s such as  th e  Rio Magui:

1) le a f  mats and 2) wood d e b r is .  Leaf mats o f vary ing  s iz e s  a re  

r e l a t iv e ly  common along c e r ta in  channel b a rs  of th e  Rio Magui. The 

com position of th e se  le a f  m ats i s  predom inantly  leaves of a wide 

v a r ie ty  of s iz e s  and shapes which a re  blown in to  th e  r iv e r ,  although 

they a lso  co n ta in  a le s s e r  amount of sm all wood d e b ris  in term ixed  w ith  

th e  le a v e s .
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Wood d e b ris  i s  a ls o  p re se n t in  vary ing  s iz e s  and shapes.

For t h i s  study "sm all"  wood d e b ris  w i l l  in c lu d e  m a te r ia l  up to  30 cm 

in  le n g th ; any wood d e b r is  l a rg e r  than  30 cm w i l l  a r b i t r a r i l y  be 

re fe r re d  to  as " la rg e " .  Small wood d e b ris  i s  ty p ic a l ly  composed of 

tw igs and branches approxim ately  2 cm in  d iam eter and 15 cm long , bu t 

may c o n ta in  somewhat l a r g e r  o r  sm alle r m a te r ia l .  Reeds and bamboo 

stem s o f s im i la r  s iz e  c h a r a c te r i s t i c s  a re  a ls o  r e l a t iv e ly  common. 

Larger wood d e b r is ,  lo g s ,  t r e e  tru n k s , and in  c e r ta in  in s ta n c e s  e n t i r e  

t r e e s ,  a re  a lso  abundant. The la rg e s t  tra n sp o r te d  tru n k  observed was 

21 m eters long and 1 m eter in  d iam ete r.

2 . S ize  C h a ra c te r is t ic s  o f Organic M atter

Leaf m ats can be la rg e ,  ex ten siv e  d e p o s its  o r sm all and 

d isco n tin u o u s , depending upon t h e i r  lo c a tio n .  Leaf mats a re  r e l a t iv e ­

ly  ra re  on most m id-channel b a rs  where they  may e x is t  as th in ,  d iscon­

tinuous le n se s  o r la m in a tio n s , perhaps 2-3 cm th ic k  and up to  20 cm 

long (F igu re  4 1 ). On th e  few la rg e  m id-channel b a rs ,  m ats can be 

in terbedded  w ith  e x ten s iv e  sand accum ulations towards th e  downstream 

end; sm a ll, low r e l i e f  m id-channel b a rs  do n o t e x h ib it  le a f  mat 

accum ula tions. Wood d e b r is  along bo th  v eg e ta te d  and unvegetated  mid­

channel b a rs  i s  sp a rs e  and g e n e ra lly  r e s t r i c t e d  to  th e  downstream 

p o rtio n s  o f th e  b a r .  One ex cep tion  i s  a  la rg e  v eg e ta te d  b a r  (MCB6) 

which has b o th  la rg e  and sm all d eb ris  p re se n t only a t  th e  upstream  

end. The r e l a t i v e  frequency o f occurrence fo r  b o th  le a f  mats and wood 

d eb ris  g e n e ra lly  in c re a se s  w ith  downstream d is ta n c e .

P o in t b a rs  and s id e  b a rs  co n ta in  o rgan ic  d e p o s its  s im ila r  

in  com position and d i s t r i b u t io n .  Leaf mat accum ulations on p o in t and 

s id e  b a rs  a re  very  s iz a b le ,  sometimes g e t t in g  as la rg e  as  2 .5  m eters
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F igure  41. Photograph o f th in  l e a f  mat lam in a tio n  ty p ic a l  
of la rg e  m id-channel b a rs  along th e  s tudy  a re a . Photograph 
is  taken  in  a tre n c h  on M id-channel b a r  1 .
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th ic k  and 20 m eters long (F igure  42 ). T y p ic a lly , th e se  le a f  mats 

form on th e  m id-to-dow nstream  p o rtio n s  o f th e  p o in t and s id e  b a r s .

As w ith  le a f  m ats , wood d eb ris  i s  very  abundant on p o in t and s id e  

b a rs  and e x is t  in  b o th  la rg e  and sm all s iz e s .  Sm all wood d e b ris  

2-15 cm long i s  q u ite  common (F igure  4 3 ); la rg e  d e b r is ,  up to  21 

m eters in  le n g th , i s  somewhat le s s  abundant bu t e x is t s  n e v e r th e le s s , 

p a r t i c u la r ly  on s id e  b a rs  (F igu re  4 4 ). In  v i r t u a l l y  a l l  in s ta n c e s , 

some l e a f  mats accum ulated downstream o f la rg e  wood d e b r is .  As on 

m id-channel b a r s ,  th e  r e l a t iv e  frequency o f o rg an ic  m a tte r g e n e ra lly  

in c re a se s  w ith  downstream d is ta n c e .

3. Im b rica tio n  o f  Wood D ebris

A cu rso ry  exam ination of o r ie n ta t io n s  of modern o rgan ic  

m a tte r  in  th e  f i e l d  su g g ests  th a t  p re sen t-d a y  wood d eb ris  i s  d e p o s it­

ed in  two b a s ic  o r i e n ta t io n s - e i th e r  p a r a l l e l  to  th e  d ir e c t io n  o f  flow  

o r a t  r ig h t  ang les  to  i t .  Many w orkers (Wasmund, 1926; Q uensted t,

1927; Schindew olf, 1928; Trusheim , 1931, and S e ila c h e r , 1959) who have 

s tu d ie d  im brica ted  o rgan ic  d e p o s its  have co n cen tra ted  on o rgan ic  

rem ains o f in v e r te b ra te  organism s and o th e r  forms o f a q u a tic  l i f e .  

L i t t l e  in fo rm ation  e x i s t s  in  th e  l i t e r a t u r e  concerning o r ie n ta t io n s  of 

wood d e b ris  along modern r i v e r s .  Along th e  Rio Magui sm all wood 

d e b r is  from approxim ately  7-20 cm in  le n g th  i s  u su a lly  tra n sp o r te d  and 

d ep o s ited  p a r a l l e l  to  stream  flow . M a te ria l sm a lle r  than  th i s  e x h ib its  

no apparen t d e p o s it io n a l  o r ie n ta t io n  (F igu re  43 ). Extremely la rg e  

wood d e b ris  (10 m eters  or g re a te r  in  len g th ) a ls o  d isp la y s  a depo­

s i t i o n a l  o r ie n ta t io n  p a r a l l e l  to  th e  d ir e c t io n  of flow . Large wood 

masses up to  10 m e ters  in  le n g th , however, a re  in c o n s is te n t in  t h e i r  

d e p o s it io n a l o r ie n ta t io n s  (F ig u re  45 ).
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F igure  42. Photograph of la rg e  le a f  mat 
accum ulations ty p ic a l  of p o in t and s id e  
b a rs  o f th e  Rio Magui. R ippled sands on 
top  of th e  b a r  bury th e  le a f  mat which 
extends back  in to  th e  b a r  an unknown 
d is ta n c e . The lower w h ite  segment o f  th e  
s c a le  i s  20 cm in  le n g th .
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Figure  43. Photograph o f sm all wood d e b ris  ty p ic a l  of 
p o in t and s id e  b a rs  a long th e  Rio Magui. D irec tio n  of 
flow  is  from th e  l e f t  background to  th e  r ig h t  foreground. 
Note th e  o r ie n ta t io n  o f th e  la rg e r  m a te r ia l  p a r a l l e l  to  
th e  p re sen t flew  d ir e c t io n .  Sm aller wood m a te r ia l 
d isp la y s  no apparen t o r ie n ta t io n .
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F igure  44. Photograph of la rg e  wood d e b ris  21 m eters long , 
as seen on S ide b a r  11, p a r a l l e l  to  th e  d ir e c t io n  o f flow .

F igure  45. Photograph o f la rg e  wood d e b ris  approxim ately  1 .5  
m eters long (exposed) along th e  p resen t r iv e r  channel. This 
log  i s  o r ie n te d  p e rp en d icu la r to  th e  d i r e c t io n  o f flow .

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



87

C. D iscussion

The prim ary th r u s t  o f  e a r l i e r  s tu d ie s  reg a rd in g  o rgan ic  d e b ris  

and d e p o s its  in  f l u v i a l  channels c e n te rs  around th e  r o le  o f d eb ris  in  

stream s of th e  P a c i f ic  Coast and Cascade Range of w este rn  North 

America (F ro e h lic h , 1971; Lammel, 1972). Swanson e t .  a l . . (1976) 

d iscu ssed  th e  h is to r y  and p h y s ic a l e f f e c t s  o f la rg e  o rg an ic  d ep o s its  

in  s tream s o f th e  w este rn  U nited S ta te s .  In  th e s e  a r e a s ,  extrem ely 

la rg e  wood d e b r is  in  sm all channels can dominate th e  flow  p a tte rn s  

and lo c a tio n s  o f bedforms (K e lle r  and T a lly , 1979; P re s teg aa rd ,

(1984).

Numerous n a tu ra l  p ro cesses  a re  re sp o n s ib le  f o r  th e  t r a n s f e r  o f 

la rg e  o rgan ic  d e b ris  in to  low g ra d ie n t meandering ch an n e ls , bank 

f a i l u r e  and blowdown being  th e  two most p re v a le n t mechanisms 

(Swanston and Swanson, 1976). Along th e  Rio Magui, th e  prim ary 

mechanisms o f d e b ris  t r a n s f e r  in to  th e  r iv e r  a re  1) a e o lia n  tra n s p o r t 

o f le a v e s ; 2) th e  f lo a t in g ,  o r  "floodw ash", o f wood d e b ris  ly in g  on 

th e  le v e e  to p s  and f lo o d p la in  which i s  t r a n s f e r r e d  in to  th e  r iv e r  a t  

near-overbank  flow  c o n d itio n s  (F igu re  4 6 ); and 3) bank f a i l u r e  due 

to  u n d e rc u ttin g  of t r e e - l in e d  channel m argins (F ig u re  4 7 ).

W hile few a u th o rs  have d iscu ssed  th e  ro le  o f  t e r r e s t r i a l  organ ic  

d e b ris  t r a n s f e r r e d  to  and tra n sp o r te d  in  stream  ch an n e ls , fewer s t i l l  

have a ttem pted  to  d isc u ss  d e p o s it io n a l p ro cesses  of o rg an ic  m a tte r . 

Along th e  Rio Magui, th e  la rg e  s iz e  and s im ila r  c h a r a c te r i s t i c s  and 

p o s itio n s  of le a f  mats on both  p o in t and s id e  b a rs  imply th a t  th e  

p ro cesses  o f o rg an ic  d e p o s itio n  a c t iv e  on th e se  two b a r  types a re  th e  

same. In  c o n t r a s t ,  th e  p ro cesses  along  m id-channel b a rs  produce le a f  

mat la m in a tio n s  th a t  a re  sm a ll, d isco n tin u o u s and spo rad ic  in  e x te n t.
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Figure 46. Photograph o f sm all wood d eb ris  on lev ees  of th e  
Rio Magui. As floodw ater r i s e s ,  d e b r is  i s  c a r r ie d  down th e  
r iv e r .  Frequent c u l t iv a t io n  o f th e  f lo o d p la in s  by th e  
v i l l a g e r s  in  t h i s  a re a  account f o r  much d e b r is .

F igure 47. Photograph o f bank c o lla p s e  due to  u n d e rcu ttin g  
by flo o d  w a te rs .
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C le a rly , two d i s t i n c t  s e ts  of p rocesses c o -e x is t  along  th e  Rio Magui 

and a re  re sp o n s ib le  fo r  th e  d ep o s itio n  o f le a f  mats and organic  

d e b r is .

In  o rd e r to  understand  why le a f  mats a re  abundantly p re sen t on 

p o in t and s id e  b a rs  b u t r a r e ly  expressed on m id-channel b a rs ,  we must 

examine th e  type  o f hydrodynamic p rocesses and flow  p a t te rn s  which 

tr a n s p o r t  o rgan ic  m a tte r . The s ty le  and p a t te rn  o f o rgan ic  d ep o s its  

on m id-channel b a rs  i s  g re a t ly  c o n tro lle d  by th e  r e l i e f  and vege­

t a t i v e  cover o f th e  b a r . During p erio d s  o f n ear b a n k -fu ll  to  over­

bank c o n d itio n s , a l l  p o in t ,  s id e  and m id-channel b a rs  along th e  study 

a re a  a re  com pletely submerged; some v e g e ta tio n  on fo u r  o f th e  more 

s ta b i l iz e d  m id-channel b a rs  i s  em ergent, however, du ring  th e se  flow 

c o n d itio n s . As w a te r flow s over sm all m id-channel b a rs ,  th e  prim ary 

flow p a t te rn  is  g e n e ra lly  p a r a l l e l  to  th e  flow in  th e  channel. Addi­

t io n a l  secondary p a t te rn s  o f w ate r movement such as  eddies o r h e l ic a l  

flows a re  b e lie v e d  to  e x i s t  over th e  su rfa c e  of submerged channel 

b ars  (A llen , 1968). Because of th e  sm all s iz e  and low topographic 

r e l i e f  o f  sm a lle r  m id-channel b a r s ,  few edd ies o r secondary flow 

p a tte rn s  e x is t  which might accum ulate le a f  m ats. Most organic 

m a te r ia ls  simply f lo a t  over th e  b a r  and continue downstream. G reate r 

topograph ic r e l i e f  c h a r a c te r i s t ic s  of a l l  p o in t and s id e  b a rs  and 

la rg e  m id-channel b a rs  induces eddies and o th e r  secondary flow c e l l s  

downstream of s u rfa c e  o b s tru c tio n s  (F igure 48) which can lead  to  th e  

form ation of le a f  mats on th e  downstream end of th e  b a rs .  S ta b iliz e d  

v e g e ta tio n  upon la rg e  m id-channel b ars  which a re  emergent during 

p erio d s  of n ear b a n k - fu ll  flow can en tan g le  la rg e  wood d e b ris  and 

aggrade a sm all "d eb ris  jam" (e .  g . ,  Swanson e t .  a l . , 1976). During
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Figure 48. Sketch d e p ic tin g  examples of p a t te rn s  of 
flow around o b s ta c le s  and fe a tu re s  of d i f f e r e n t  shapes 
(m odified a f t e r  A llen , 1968). B. Observed lo c a tio n s  
of edd ies on p o in t ,  s id e  and la rg e  m id-channel b a rs  
which c o l le c t  le a f  m ats.
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waning flew , wood d e b ris  o f a l l  s iz e s  may become s tran d ed  upon b a r  

s u r fa c e s .

Along p o in t and s id e  b a rs  on th e  Rio Magui, th r e e  secondary 

flow mechanisms a c t as d e p o s itin g  agen ts  f o r  le a f  m ats: 1)

e d d ie s , o r w a te r c u r re n ts  w ith  a  c i r c u la r  m otion formed a t  a  p o in t 

a t  which a  c u rre n t passes  over an o b s tru c tio n  (Gary e t . a l . , 1972),

2) v e r t i c a l ,  u n o b stru c ted  h e l ic a l  flows (F ig u re  49) r e s u l t in g  from 

stream  h y d ra u lic s  around meander bends (A llen , 1968) and 3) h o r i­

z o n ta l h e l i c a l  flow p a t te rn s  which move w a te r on th e  channel bottom  

tow ards th e  p o in t b a r  as w e ll as downstream (D ie tr ic h  and Sm ith, 

1983). C o llin son  and Thompson (1982) fo llo w in g  th e  work o f A llen  

(1968), d esc rib e d  how eddies and h e l ic a l  flew s form on p o in t b ars  

and o th e r  i r r e g u l a r i t i e s  along  a  channel m argin in  a flume stream  

channe l. Along th e  Rio Magui, topograph ic  r e l i e f  on p o in t b a rs  

le ad s  to  th e  fo rm ation  o f very  tu rb u le n t edd ies on th e  downstream 

end of th e  b a r s ;  more p la c id  b u t prom inent eddies form over s id e  bars  

due to  th e  p o s i t io n  o f th e  thalw eg on th e  o p p o s ite  bank. Some f lo a t ­

ing  leav es  a re  trap p ed  in  th e se  e d d ie s , and a re  d ep o s ited  during  

waning flow s. Not a l l  of th e  l e a f  d e b r is ,  however, rem ains on th e  

s u r fa c e ; many le av es  become e a s i ly  "w ater-logged" and f lo a t  below 

th e  su r fa c e . H o rizo n ta l h e l i c a l  flow p a t te rn s  t r a n s p o r t  clumps of 

leav es  a c ro ss  th e  bed of th e  channel towards th e  p o in t b ars  and 

s id e  b a r s .  Some become en trapped  in  th e  edd ies d esc rib e d  e a r l i e r .

Eddies form on th e  downstream p o r tio n  o f most la rg e  m id-channel 

b a rs  along  th e  Rio Magui due to  pronounced topograph ic  and v e g e ta tiv e  

r e l i e f .  Leaves tra n sp o rte d  on th e  r iv e r s  su rfa c e  n e a r  th e se  edd ies 

a re  trapped  and subsequently  deposited  d u ring  waning r iv e r  flow s.

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



F igu re  49. Photograph o f h e l i c a l  flow s o r  " b o ils "  on th e  
s u r fa c e  o f th e  Rio Magui a t  h igh  flow c o n d itio n s . These 
h e l i c a l  c e l l s  a r e  common to  meander bends du ring  a l l  flow 
c o n d itio n s , bu t more abundantly  p re sen t a t  high flow s.
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U nlike c o n d itio n s  around p o in t and s id e  b a rs ,  h e l i c a l  flow around 

m id-channel b a rs  tr a n s p o r t  submerged sedim ents away from th e  b a rs  

du ring  la rg e  floods (R ichards, 1982) thereby  c o n tr ib u tin g  l i t t l e  

o rgan ic  d e b ris  to  any le a f  mats forming th e re .

Large woody d eb ris  i s  in p u t in to  th e  Rio Magui by s im i la r  means 

as  r iv e r s  in  o th e r c lim ates  ( e .g . ,  bank c o l la p s e ,  blowdown) but 

u n lik e  o th e r  r iv e r s ,  d eb ris  i s  no t p erm itted  to  c o l le c t  o r c log  th e  

channel; lo c a l  v i l l a g e r s  c o n s ta n tly  tr a v e lin g  th e  r iv e r  in  dug-out 

canoes c le a r  th e  f a l l e n  d eb ris  as  soon as p o s s ib le .  Large mid­

channel b a rs  can c o l le c t  woody d e b ris  on th e i r  v e g e ta te d , w e ll-  

e s ta b l is h e d  p o r t io n s .  One b a r  lo c a te d  n ear th e  r iv e r  mouth co n ta in ­

ed a sm all log  jam on i t s  upstream  end (MCB6).

Some m ention of th e  p re s e rv a tio n  p o te n t ia l  of o rgan ic  m a tte r 

along th e  Rio Magui i s  a lso  needed a t  t h i s  tim e . Leaf mats because 

o f t h e i r  n a tu re ,  a re  h ig h ly  s u sc e p tib le  to  ra p id  decom position and 

d is p e r s a l  th u s  r e s u l t in g  in  b u r ia l  and p re s e rv a tio n  on an in fre q u e n t 

b a s i s .  Woody d e b r is ,  however, i s  more "du rab le"  and can be d ep o s it­

ed , b u rie d  and u lt im a te ly  p reserv ed  more re a d i ly  as i s  seen in  many 

o f th e  o ld e r  te r r a c e s  of th e  Payan a re a .
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CHAPTER V III

LEVEE ENVIRONMENTS

The low broad  le v ees  along th e  Rio Magui ty p ic a l ly  r i s e  40 cm 

above th e  f lo o d p la in . T heir sedim ents com prise th e  uppermost con­

s t i t u e n t  o f bank exposures on concave e ro s io n a l banks. Levee 

sedim ents taken  between th e  v i l l a g e  of Payan and th e  mouth of th e  

Rio Magui v ary  i n  t h e i r  com positions, te x tu re s  and sedim entary 

s t r u c tu r e s .  In  th e  fo llow ing  s e c tio n  we w i l l  examine l a t e r a l  v a r i ­

a t io n s  p re se n t in  lev ee  samples taken  from bank exposures. These 

d a ta  r e f l e c t  th e  d e p o s it io n a l p ro cesses  a c t iv e  a t  h igh -flow  con­

d i t io n s  in  a t r o p ic a l  stream .

A. Methodology

A pproxim ately 10 lev ee  sam ples w ere c o l le c te d  a t  1 km in te rv a ls  

between Payan and th e  mouth o f th e  Rio Guanambi (F igure  5 0 ). An 

a d d i t io n a l  15 samples were c o l le c te d  a t  1 /2  km in te rv a ls  downstream 

of t h i s  ju n c tio n  to  th e  mouth o f th e  Rio Magui. The lev ee  samples 

were i n i t i a l l y  weighed and w et-sieved  through a 4.00 sc re e n . A fte r  

d ry in g , th e  mud f r a c t io n  (>4.00) was weighed to  g ive r a t i o s  of mud/ 

sand fo r  each sam ple. The sand f r a c t io n  o f  each sample was s iev ed  

a t  h a lf -p h i  in te r v a ls  w ith  th e  Ro-Tap fo llow ing  Folk (1974); w eight 

percen tages w ere inpu t in to  a computer s iz e  a n a ly s is  program devel­

oped by Darby and Wobus (1976) in  o rder to  determ ine mean g ra in  s iz e  

and s o r t in g .
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B. R esu lts

1 . L a te ra l  v a r ia t io n s  in  g ra in  s iz e  param eters

a ) . Changes in  Sand/Mud R atio

Most of th e  25 lev ee  samples analyzed  in  th i s  s e c tio n  

a re  composed p r im a r ily  o f f in e  and very  f in e  sand w ith  minor mud 

(F ig u re  5 1 ). An i r r e g u la r  tre n d  o f in c reased  mud w ith  downstream 

d is ta n c e  i s  apparen t from F igu re  51. The mean sand s iz e  in c re a se s  

w ith  in c re a s in g  sand/mud r a t i o  v a lu es  (F ig u re  52 ). Levee samples 

w ith  th e  h ig h e s t p ro p o rtio n  o f  mud co n ta in  th e  f in e s t  sands; c o a rse r  

sands ty p ic a l ly  a r e  p re s e n t in  sam ples w ith  l i t t l e  mud. Thus, th e  

amount o f mud d ep o sited  on th e  le v e e s  i s  d i r e c t ly  p ro p o r tio n a l to  

th e  g ra in  s iz e  o f  th e  sand f r a c t io n .  This l in e a r  r e la t io n s h ip  

su g g e s ts  th a t  th e  p ro cesse s  o f mud d e p o s itio n  and sand d e p o s itio n  

a re  c lo se ly  in te r tw in e d  du rin g  le v e e  fo rm ation  and can no t be e a s i ly  

d is tin g u is h e d .

b ) .  Changes in  Mean G rain  S ize

The p lo t  o f mean g ra in  s iz e  versus  r iv e r  d is ta n c e

(F igu re  53) i n i t i a l l y  appears as a s c a t t e r  diagram  w ith  no apparen t

t r e n d s .  A nalysis o f  th e  morphology a t  each sample s i t e  g re a t ly

c l a r i f i e s  th i s  d iagram , however. Each s i t e  can be  ca teg o rize d  as to

th e  p o s s ib le  h y d ra u lic  and sed im en to log ic  c o n d itio n s  a t  overbank flow

(T able 2 ) . U nderstandab ly , bu t u n w ittin g ly , a l l  samples bu t one were

taken  from eroded banks on th e  o u ts id e  o f meanders o r along s t r a ig h t

re a c h e s . T here fo re  l i t t l e  of th e  v a r ia t io n  in  F igu re  53 i s  due to

d if fe re n c e s  in  th e  overbank h y d ra u lic s  between s i t e s .  However, levee

sam ples d ep o sited  im m ediately downstream of t r ib u ta r y  mouths o r coarse  

te r r a c e  banks eroded a t  h igh  flow  seem s t r ik in g ly  d i f f e r e n t  than  those
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Table 2 . L oca tion  o f lev ee  samples w ith  re sp e c t 
to  geomorphic f e a tu r e s .

Krdraiu lie  Position Other seoaorphic Features
S tra ig h t

Reach
Inside of 

Meander
Outside of 

Meander
Tributary mouth 
le s s  than 50s 

upstream
Eigh terrace  

bank le s s  than 
50a upstream

BS 1 z z
BS 2 z z
BS 3 z z
BS 4 z
BS 5 z
BS 6 z z
BS 7 z
BS S z
BS 9 z
BS10 z
BS11 z z
BS12 z
BS13 z
SS14 z
BS15 z
BS16 z
BS17 z
BS1S z z
BS19 z
BS20 z
BS21 z z
BS22 z
BS23 z
BS24 z
BS25 z
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F igure  53. P lo t o f mean g ra in  s iz e  (0) v e rsu s  downstream 
d is ta n c e  (km) from Payan fo r  each o f th e  le v ee  sam ples. 
Samples taken  w ith in  50 m eters downstream of a t r ib u ta r y  
mouth, ^  ; w ith in  50 m eters downstream of a h ig h  te r r a c e  
bank, A  ; u n a ffe c te d  by e x te rn a l  in f lu e n c e s , #  .
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from s i t e s  w ith o u t " e x te rn a l"  in f lu e n c e s .  I f  t r ib u ta r y - o r  t e r r a c e -  

in flu en ced  (?) sam ples a re  d is re g a rd e d , th e  mean g ra in  s iz e  o f lev ee  

sands along th e  Rio Magui e x h ib its  two g en e ra l tr e n d s .  From Payan 

downstream to  th e  ju n c tio n  o f th e  Rio Guanambi, a  r e l a t iv e ly  uniform  

mean p a r t i c l e  s iz e  e x is t s  in  th e  lev ee  sands (sam ples 4, 5, 8, 9 and 

10; F igu re  5 3 ). A pronounced decrease  in  mean g ra in  s iz e  w ith  

in c re a sed  tr a n s p o r t  d is ta n c e  occurs from th e  Magui-Guanambi ju n c tio n  

downstream to  th e  mouth o f th e  Rio Magui (sam ples 12-17, 19-20, 22-24) 

a s  shown on F igure 53.

The change o f tre n d s  in  th e  g ra in  s iz e  d a ta  a t  th e  mouth 

o f th e  Rio Guanambi co in c id es  w ith  a d ecrease  o f  s tream  g ra d ie n t .  The 

lo n g i tu d in a l s tream  p r o f i l e ,  based upon lev ee  to p  e le v a tio n  d a ta  on 

th e  b a th y m etric  maps d escribed  in  th e  channel morphology s e c tio n , 

d isp la y s  n o tic e a b le  changes in  g ra d ie n t a t  fo u r  s i t e s :  1) th e  ju n c tio n

of th e  Rio G u ap ilp i, 2) th e  ju n c tio n  o f P ic c in in i  Creek, 3) th e  

ju n c tio n  o f th e  Rio Guanambi ,  and 4) th e  ju n c tio n  o f  th e  Rio E ste ro  

Seco. In  g en era l th e  segments of th e  lo n g itu d in a l p r o f i l e  (F igure  54) 

between th e se  fo u r p o in ts  e x h ib it  a g en e ra lize d  downstream d ecrease  

in  stream  g ra d ie n t .  The most s ig n if ic a n t  and e x te n s iv e  d e c lin e  in  

g ra d ie n t occurs a t  th e  mouth of th e  Rio Guanambi. The low g ra d ie n ts  

m ain tained  from th i s  lo c a l i t y  to  th e  mouth o f th e  Rio Magui may be 

re sp o n s ib le  fo r  th e  f in in g  of lev ee  samples downstream from th e  Rio 

Guanambi. The s tream  segment between th e  ju n c tio n  o f th e  Rio 

G uap ilp i and th e  mouth of P ic c in in i  Creek a lso  d isp la y s  a low g ra d ie n t 

(0.0003) com patib le w ith  th o se  p re se n t along th e  low est reaches o f th e  

Rio Magui (0 .0 0 0 4 ). Too few lev ee  samples were taken  along th i s  

reach , however, to  re v e a l any change in  g ra in  s iz e .
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Each anomolous sample which f a l l s  o u ts id e  o f th e  two 

g ra d ie n t- r e la te d  tre n d s  in  F igure  54 can be exp la ined  by a  p o ss ib le  

change in  sedim ent source o r  d e p o s it io n a l environm ent. T r ib u ta r ie s  

jo in in g  th e  Rio Magui a t  flo o d  s ta g e  appear to  add s ig n if ic a n t  

amounts o f e i th e r  very  f in e  o r very co arse -g ra in ed  m a te r ia l  to  the  

channel le v e e s . Two samples (n o s . 3 and 11) were c o l le c te d  n ear th e  

mouths o f sm a ll creeks shown on P la te  4 . One sample (no. 18) 

c o lle c te d  along  th e  le v e e  down and acro ss  th e  r iv e r  from th e  mouth 

of th e  Rio E ste ro  Seco i s  c o a rs e r  than  neighboring  sam ples. No 

samples c o l le c te d  f a r th e r  than  50 m eters downstream from a  t r ib u ­

ta ry  mouth have u n u su a lly  coarse  o r f in e  sands. M a te ria ls  p re se n t 

in  higih te r r a c e  banks c o n ta in  co b b le -to -b o u ld e r g rav e l w ith  a  medium- 

to -c o a rse -g ra in e d  sand m a trix  (F igu re  5 5 ). A ll fo u r s i t e s  w ith in  50 

m eters downstream of such te r r a c e s  undercut by th e  Rio Magui a t  flood  

flow s co n ta in  u n usually  co a rse  sands.

A nother p o s s ib le  cause o f mean g ra in  s iz e  "anom alies" 

among th e  le v e e  sands can be a t t r ib u te d  to  sedim ents tra n sp o rte d  in  

backw ater flow  from th e  Rio P a t ia  a t  h igh  flow  c o n d itio n s  in to  th e  

mouth o f th e  Rio Magui. A cu rso ry  p e tro g ra p h ic  exam ination o f Rio 

Magui lev ee  sands in d ic a te s  th a t  only sample 25 a t  th e  mouth of th e  

Rio Magui i s  s ig n i f i c a n t ly  d i f f e r e n t  th an  th e  rem aining 24 samples 

analyzed fo r  t h i s  s tu d y . Samples 1 through 24 co n ta in  p r im a rily  

q uartz  w ith  le s s e r  amounts of v o lc an ic  fragm ents and accesso ry  

m in e ra ls . While many q u a rtz  g ra in s  a re  rounded, some d isp la y  pro­

nounced a n g u la r i ty .  The v o lc an ic  fragm ents a re  g e n e ra lly  sub- 

angu lar to  an g u la r in  most in s ta n c e s . Sample 25 co n ta in s  a g re a te r  

abundance of am phibole m in e ra ls  and v o lc an ic  fragm ents w hile
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F igure 55. Photograph o f ty p ic a l  com position 
o f o ld e r  te r r a c e s  which d e f le c t  th e  course  o f 
th e  Rio Magui. Maximum cobble s iz e  i s  32 cm, 
average i s  7 cm. The w h ite  segments of th e  
s c a le  a re  20 cm in  le n g th .
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g e n e ra lly  d isp la y in g  a r e la t iv e ly  h igh  degree o f rounding and 

s p h e r ic i ty ,  p a r t i c u la r ly  of q u a rtz  g ra in s .  The u n u su a lly  coarse  

sands in  sample 25 a re  th e re fo re  a t t r ib u te d  to  an in f lu x  of sediment 

from th e  Rio P a t ia .

The f i n a l  anomaly (sam ple 7 ) , i s  s ig n i f ic a n t ly  f in e r -  

g ra in ed  th a n  neighboring  sam ples. The lo c a tio n  of th i s  sample co in­

c id es  w ith  a  chu te  c u t -o f f  which i s  a c t iv e  a t  h igh  flow c o n d itio n s .

As th e  r i v e r  h e ig h t in c re a se s  d u ring  a  r i s in g  f lo o d -s ta g e , w ater i s  

d iv e r te d  through a b reach  in  th e  le v ee  a t  t h i s  lo c a tio n  and flows 

in  a  shallow  channel ac ro ss  th e  neck o f  th e  meander b e fo re  th e  r e s t  

of th a t  m eander's  lev ees  a re  flooded . Hence th e  bank sample 

c o l le c te d  a t  t h i s  p o in t o f d iv e rs io n  p robab ly  r e f l e c t s  sand deposited  

a t  d i f f e r e n t  f lo o d  c o n d itio n s  than  th e  o th e r  le v ee  m a te r ia l  analyzed , 

c ) .  Changes in  S o rting

S o rtin g  in  th e  sands o f lev ee  samples along th e  s tudy  

a re a  e x h ib its  two overlapp ing  b u t d i s t i n c t  t r e n d s :  1) lev ee  sands

c o l le c te d  from Payan downstream to  th e  mouth of th e  Rio Guanambi 

d isp la y  r e l a t iv e ly  uniform  s o r tin g  v a lu e s ,  w h ile  2) sands c o lle c te d  

downstream from th e  mouth of th e  Rio Guanambi d isp la y  pronounced 

dec reasin g  v a lues  of s o r t in g  (F igu re  56 ). The ex cep tio n s  from th e se  

two tre n d s  a re  most of th e  samples r e la te d  to  eroding  te r ra c e s  and 

r iv e r  ju n c tio n s  d iscu ssed  e a r l i e r .

C. D iscussion

S ev era l o f  th e  param eters examined fo r  t h i s  s tudy  a re  w e ll 

documented by o th e r  w orkers in  d i f f e r e n t  c l im a tic  reg im es. Most 

s tu d ie s  o f  v a r ia b le s  p e r ta in in g  to  s tream  g ra d ie n ts  have concen tra ted  

upon re g io n a l v a r ia t io n s  in  s lope  r a th e r  than  upon lo c a liz e d  v a r i -
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a tio n s  (P re s te g a a rd , 1983). I t  i s  g e n e ra lly  accepted  among geolo­

g is t s  th a t  r iv e r  g ra d ie n t tends  to  d ecrease  w ith  downstream d is ta n c e  

(Leopold e t .  a l . ,  1964; Schumm, 1977; R ichards, 1982) in  "normal" 

c ircum stances. Many e a r ly  s tu d ie s  focused upon determ ining  th e  

cause fo r  th e  " ty p ic a l"  concave c h a ra c te r  o f lo n g itu d in a l p r o f i l e s .  

S ternberg  (1875) concluded th a t  d ecreasin g  downstream g ra d ie n ts  a re  

caused by a g radual d im in ish ing  o f  p a r t i c l e  s iz e  fo r  bed-load  

m a te r ia l in  a downstream d ir e c t io n ;  G ilb e rt (1914) exp la ined  decreased  

g ra d ie n ts  towards th e  lower reaches o f  a r iv e r  p rim arily  as a  r e s u l t  

of in c reased  r iv e r  d isch arg es  downstream. Not a l l  stream s e x h ib it  a 

sim ple g en tly  s lo p in g , concave shape; s e v e ra l types of lo c a liz e d  and 

re g io n a l v a r ia b le s  along a r iv e r  may e x is t  and can in flu en ce  stream  

g ra d ie n ts  (Hack, 1957). Mackin (1948) d iscussed  how th e  in f lu x  of 

t r i b u ta r i e s  in to  th e  main stream  tru n k  w i l l  lower th e  stream  g rad ie n t 

below th e  ju n c tio n . Mackin a lso  found th a t  a d d itio n  of sedim ents 

in to  th e  main tru n k  by t r i b u t a r i e s ,  ta lu s  s l id e s  o r te r r a c e  e ro s io n  

w i l l  a f f e c t  th e  h y d ra u lic  e f f ic ie n c y  o f th e  channel and concom itantly  

th e  e n t i r e  stream  g ra d ie n t.  On th e  o th e r  hand, Davies e t .  a l . ,

(1978) who d iscu ssed  channel g ra d ie n ts  fo r  two r iv e r s  d ra in in g  a c t iv e  

v o lcan ic  reg io n s  in  sou thern  G uatam ala, concluded th a t  a  hyd ro log ic  

change in  th e  stream  (decreasing  flo o d -w ate r competence) was caused 

by decreasing  s lo p e . A major downstream decrease  in  g ra in  s iz e  and 

s o r tin g  r e s u l te d .  S everal h yd ro log ic  v a r ia b le s  w ith in  th e  r iv e r  

channel ( e .g . ,  roughness elem ents and r e s is ta n c e  c o e f f ic ie n ts )  a re  

th e  most im portan t in flu e n c e s  on w a te r-su rfa c e  s lo p e  fo r  f iv e  stream s 

of th e  w estern  U nited S ta te s  (P re s teg aa rd , 1982).
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Morisawa (1962) d iscu ssed  how any s in g le  path  from th e  head­

w aters  to  a  r iv e r  mouth w i l l  d isp la y  an i r r e g u la r  sequence o f " l in e  

segments" w ith  se p a ra te  s lo p e  v a lu e s , to g e th e r  which com prise a 

lo n g itu d in a l stream  p r o f i l e .  These l in e  segments re p re se n t v a r i ­

a b i l i t y  caused from t r ib u ta r y  in f lu x  th a t  in c re a se s  tru n k  d isch a rg e .

On a  broad  s c a le ,  th e  Rio Magui d ecreases i t s  g ra d ie n t w ith  down­

stream  d is ta n c e . C loser exam ination re v e a ls ,  however, th a t  th e  r iv e r  

s lo p e  i s  made o f a s e r ie s  o f s t r a ig h t  l in e  segm ents, each c o n tro lle d  

by th e  w ater volume, sedim ent volume and sedim ent c a l ip e r  being 

tra n s p o r te d . Because th e  m ajor b reak  in  stream  g ra d ie n t (F igure  54) 

co in c id es  w ith  th e  b reak  in  mean g ra in  s iz e  and s o r t in g  d a ta  along 

th e  Rio Magui, two d i f f e r e n t  d e p o s it io n a l p ro cesses  a re  b e lie v e d  to  

e x i s t  fo r  th e  upper reach  from Payan to  th e  mouth o f th e  Rio 

Guanambi, and th e  low er reach  from th i s  p o in t downstream to  the 

mouth o f th e  Rio Magui. I t  i s  g e n e ra lly  accep ted  th a t  d e p o s itio n a l 

p rocesses (and th e  ensuing dep o sited  m a te r ia l)  w i l l  adapt to  a 

change in  channel s lo p e . T h erefo re , th e  u n derly ing  q u es tio n  rem ains; 

"why does a m ajor b reak  in  s lo p e  e x is t  a t  th e  ju n c tio n  of th e  Rio 

Guanambi?". Three in t e r r e la te d  p rocesses a f f e c t  s tream  g ra d ie n ts  

along th e  Rio Magui: 1) The Rio Guanambi d ra in s  a  r e la t iv e ly  la rg e

b a s in  (F igure  5 0 ), and i t s  in p u t in to  th e  Rio Magui adds a  consider­

ab ly  g re a te r  amount o f w a te r in to  th e  main tru n k . This in f lu x  could 

tend  to  d ec rease  th e  channel s lo p e . Thus, c o a rse r  m a te r ia l  would 

cease  to  be t r a n s fe r re d  as i t  was upstream . 2) The stream  load o f th e  

Rio Magui may be a l te r e d  due to  an in f lu x  o f f in e r -g ra in e d  m a te r ia l
•v

from th e  r e la t iv e ly  lo w -re l ie f  Rio Guanambi b a s in .  I f  so , a h igher 

percen tage  of f in e r -g ra in e d  m a te r ia l would be p re s e n t,  and the  stream
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would no lo n g e r be  re q u ire d  to  move a s  much b ed -load  m a te r ia l .

3) L ocalized  u p l i f t  a long th e  Rio P a t ia  as  i t  c ro sse s  a  la rg e  a n t i ­

c l in e  15 km downstream of th e  Rio Magui r e s u l t s  in  a  s l ig h t  aggra­

d a tio n  of th e  Rio P a t ia  a t  th e  mouth o f  th e  Rio Magui. Many flooded  

t r i b u ta r y  v a l le y s  seen  along  th e  Rio P a t ia  and Rio Magui on bo th  

a e r i a l  photographs and ra d a r  imagery a r e  formed by lev ees  which can 

n o t be removed by th e  sm all d isch a rg e  o f  th e  t r ib u ta r y  networks 

(W hittecar e t . a l . , 1984). Because o f  th e  r e la t iv e ly  h igh  d isch arg e  

o f th e  Rio Magui th i s  a g g rad a tio n  would no t dam th e  s tream  bu t would 

tend  to  f l a t t e n  th e  g ra d ie n t o f  th e  Rio Magui.

Between th e  ju n c tio n  of th e  Rio G u a lp ilp i and th e  ju n c tio n  of 

P ic c in in i  C reek, th e  Rio Magui undergoes a  s ig n if ic a n t  decrease  in  

s lo p e  to  a  g ra d ie n t f l a t t e r  th an  segments n ear th e  mouth of th e  

r iv e r .  The h y p o th e s is  th a t  t h i s  f la t t e n in g  i s  caused by an in c re a se  

in  l a t e r a l  s tream  p ro cesse s  i s  supported  by th e  absence of channel 

b a rs  as w e ll as p resence  o f s e v e ra l  u n u su a lly  sinuous and h i s t o r i ­

c a l ly  a c t iv e  meanders along t h i s  segm ent. S everal ex p lan a tio n s  fo r  

th e  drop in  g ra d ie n t a re  p o s s ib le :  1) R egional u p l i f t ,  2) L ocalized

f a u l t in g ,  3) R e s is ta n t sed im ents o r  bedrock  in  th e  channel and

4) Sediment in p u t from th e  Rio G u ap ilp i.

R egional u p l i f t  i s  p o s s ib le  in  t h i s  a re a  c o n s id e rin g  th e  c lo se  

p rox im ity  o f  th e  s tu d y  a re a  to  th e  te c to n ic a l ly  a c t iv e  Andes Mountains 

(Ram irez, 1975), b u t u p l i f t  u su a lly  in f lu e n c e s  a l a r g e r ,  more ex ten s iv e  

a rea  th a n  th e  700-m eter segment o f th e  r iv e r  in  q u e s tio n . F a u ltin g  

may be re s p o n s ib le  f o r  th e  anamolous g ra d ie n t in  th e  stream  being  

d iscu ssed . Numerous f r a c tu r e  t r a c e s  c r is s c r o s s  th e  a re a  (see  F igure 

12; a lso  B a rr in g e r , in  p re p a ra t io n ) .  A m ajor E-W lineam ent c ro sse s
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th e  Rio Magui a t  th e  downstream end of th e  f la t te n e d  p o r tio n  o f th e  

s tream  p r o f i l e .  I f  t h i s  lineam ent i s  a  f a u l t ,  re c e n t u p l i f t  o f  th e  

downstream s id e  o f th e  f a u l t  may have f la t te n e d  th e  r iv e r  g ra d ie n t. 

Hcwever, th e  v a lley -b o tto m  s lo p e  th rough th i s  a rea  does n o t change 

s u b s ta n t ia l ly .  No s in g le  known fa c to r  adequately  ex p la in s  th e  

f l a t t e r  r iv e r  s lo p e  and in c reased  s in u o s ity  between th e  Rio G uapilp i 

and P ic c in in i  Creek; s e v e ra l causes may c o n tr ib u te  to  th e  apparen t 

v a r ia t io n s .  F u rth e r  in v e s t ig a t io n  i s  needed to  re so lv e  t h i s  problem . 

The case  fo r  unusually  r e s i s t a n t  bedrock or sedim ent cu t by th e  

channel downstream of th e  r e l a t iv e ly  f l a t  s t r e t c h  i s  a lso  not 

su p p o rtab le  by f i e l d  d a ta . No bedrock o r  any unusual accum ulations 

o f co a rse  g rav e l o r obdurate  oxbow-clay f i l l i n g s  were seen  along th i s  

or any p a r t  o f  th e  Rio Magui. Although th e  Rio Guanambi provided a 

good ex p lan a tio n  fo r  a la rg e  change in  g ra d ie n t on th e  Rio Magui, 

th e  Rio G uap ilp i can n o t .  I t s  d ra in ag e  a re a  i s  sm all and g e o lo g ic a lly  

s im ila r  to  th e  Rio M agui's to  g en e ra te  th e  volumes o f w ate r or f in e ­

g ra in ed  sedim ent needed to  a l t e r  th e  Rio M agui's g ra d ie n t so r a d ic a l ly .  

Furtherm ore th e  e f f e c t s  of any such t r ib u ta r y  in p u t should probably  

in flu en ce  downstream g ra d ie n ts  f a r th e r  downstream than  i s  seen in  t h i s  

c a se . On th e  o th e r  hand, i t  i s  p o s s ib le  th a t  la rg e  q u a n ti t ie s  o f f in e  

g ra ined  t a i l i n g s  from c e n tu r ie s  of mining were c a r r ie d  by th e  Rio 

G uapilp i to  th e  Rio Magui.

In  o rd e r  to  determ ine w hether sands which com prise modern lev ees  

along th e  Rio Magui were d ep o sited  by t r a c t io n  o r suspension , sh ea r 

and s e t t l i n g  v e lo c i t i e s  were c a lc u la te d .  The fo llow ing  equation  

developed by S h ie ld s  (1936) was used to  determ ine shear v e lo c i t i e s  of
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th e  Rio Magui a t  b a n k -fu ll flow .

Shear v e lo c ity  = U* = U_____
5.751og _z 

k

The components fo r  th i s  equation  a re  defined  as fo llo w s:

U = The average v e lo c ity  of th e  deepest p a r t  o f 
th e  channel a t  b a n k -fu ll  flow .

z = The h e ig h t o f v e lo c ity  measurement above th e  
bed.

k= T he bed roughness o r r ip p le  h e ig h t ( in  th i s  
case  0 .5  m eters re p re se n ts  th e  maximum h e ig h t 
o f a sand wave; sm a lle r values fo r  "k" would 
decrease  th e  r e s u l ta n t  shear v e lo c i ty ) .

At Payan th e  Rio Magui has th e  fo llow ing  v a lu es  f o r  th e  above 

mentioned components:

U=180 cen tim e te rs  p e r second 

z = 120 cen tim e te rs  

k = 50 cen tim e te rs

Thus th e  sh ea r v e lo c ity  fo r  th e  Rio Magui a t  b a n k -fu ll  s ta g e

i s :  D*= I S O ^ i s j c  „  g2.3  c / s e c .
z»±o

Using an average w ate r tem peratu re  fo r  th e  Rio Magui of 20°C and 

th e  c o a rs e s t s iz e  (0 .5  mm) in  th e  le v ee  d e p o s its ,  th e  r e s u l t in g  

s e t t l i n g  v e lo c ity  fo r  th i s  levee  sand during  flood  co n d itio n s  is  

approxim ately  7.5 cm/sec (Rouse, 1937 in  B la tt  e t .  a l . , 1980).

Because th e  shear v e lo c ity  is  s ig n if ic a n t ly  g re a te r  than  th e  s e t t l i n g  

v e lo c ity  and th e  co n d itio n s  fo r  f u l ly  developed suspension  i s  W (se ttlin g  

v e lo c ity )  .10 .8  U* (S h ie ld s , 1936), i t  i s  apparen t th a t  lev ee  sands 

along th e  Rio Magui were deposited  from suspension .

In  conclu sion , two s e t s  of d e p o s it io n a l p rocesses on lev ees  e x is t  

along th e  r iv e r  from Payan to  the  mouth o f th e  Rio Magui. Those
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p rocesses  a c t iv e  from Payan to  th e  mouth of th e  Rio Guanambi d ep o s it 

m oderately  so r te d  f in e  sand onto  th e  lev ees  a t  h igh  flow c o n d itio n s . 

The p ro cesses  a c t iv e  from th e  ju n c tio n  o f th e  Rio Guanambi down­

stream  to  th e  mouth o f  th e  Rio Magui a re  g re a t ly  in flu en ced  by an 

in f lu x  o f f in e r -g ra in e d  m a te r ia l  which causes th e  stream  g ra d ie n t 

to  a d ju s t a cc o rd in g ly , and by re g io n a l u p l i f t  n ea r th e  mouth of th e  

Rio P a t ia  which causes h y d ra u lic  ponding o f Rio P a t ia  f lo o d  w aters 

in to  th e  main tru n k  o f th e  Rio Magui.
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CHAPTER IX

BACKSWAMP ENVIRONMENTS

Five s i t e s  i n  backswamp enviroxm ents were s e le c te d  a long  th e  

Rio Magui fo r  d e ta i le d  an a ly se s  (F igu re  57 ). For t h i s  s tu d y , a 

backswamp i s  d e fin ed  as  th e  low a re a  a d jacen t to  th e  r iv e r  channel 

le v e e s  which i s  covered by w ater a s  th e  Rio Magui exceeds bank- 

f u l l  flow  c o n d itio n s . Backswamps along th e  Rio Magui a re  r e l a ­

t i v e ly  f l a t  w ith  m inor r id g e s  and sw ales which g e n e ra lly  tre n d  

p a r a l l e l  to  th e  p re se n t r iv e r .

A. Methodology

1 . P lane Table and A lidade

The sequence o f minor r id g es  and sw ales c h a r a c te r i s t i c  

o f  Rio Magui backswamps were mapped a t  each o f th e  f iv e  s i t e s  w ith  

p lan e  ta b le  and a l id a d e .  The purpose f o r  th e se  surveys was to  

p in p o in t th e  ex ac t l a t e r a l  lo c a tio n  and e le v a tio n  o f  th e se  topo­

g rap h ic  fe a tu re s  and to  d e s ig n a te  l o c a l i t i e s  fo r  su b su rfa ce  (auger) 

a n a ly s is .

2 . Augering

A hand auger w ith  3 m eters o f ex tension  p ip e  was used to  

ana lyze seddment samples a t  dep th  from each of th e  l o c a l i t i e s  

d esc rib ed  e a r l i e r .  Mean g ra in  s iz e ,  s o r t in g  com position and c o lo r  

c h a r a c te r i s t i c s  were id e n t i f i e d  in  th e  f i e l d  fo r  samples a t  each 

auger s i t e .

S evera l unexpected problems in h ib i te d  th e  o v e ra l l  backswamp
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a n a ly s is .  F i r s t l y ,  th e  s e le c tio n  o f tra v e rs e  s i t e s  was m odified  to  

avoid a rea s  o f a c t iv e  farm ing by lo c a l  v i l l a g e r s .  The m a jo rity  of 

th e  in h a b ita n ts  l iv in g  along th e  Rio Magui depend on th e  produce 

which th ey  c u l t iv a te  on th e  r i v e r ’s f lo o d p la in  and on w hatever is  

a v a i la b le  to  e a t from th e  surrounding  r a in  f o r e s t .  In  o rd e r to  

avoid s t r a in in g  d ip lom atic  r e la t io n s  w ith  th e  v i l l a g e r s ,  only  uncul­

t iv a te d  segments of th e  f lo o d p la in  were used . A lso, of th e  remain^ 

ing  backswamp a re a s  s u i ta b le  fo r  a n a ly se s , many were a t  (o r  near) 

th e  w ater ta b le  which in h ib ite d  augering . Areas n ear th e  channel 

margins w ere u su a lly  n o t s a tu ra te d ;  sandy sedim ents lo c a te d  a t  depth 

a t  s i t e s  approxim ately  15 m eters o r more from th e  channel m argins, 

however, were s a tu ra te d  and had v i r t u a l ly  no cohesion . In  a d d itio n , 

in  o rd er to  p rep are  a working su rfa c e  s e v e ra l v i l l a g e r s  equipped w ith  

m achetes were req u ire d  to  cu t a pa th  through th e  dense v e g e ta tio n .

B. R esu lts

S u r f ic ia l  f lo o d p la in  d ep o s its  along  th e  Rio Magui a re  g e n e ra lly  

composed o f a  s i l t y ,  f in e -g ra in e d  sand. A d d itio n a lly , s e v e ra l zones 

of c lay  e x i s t  along  two o f th e  f lo o d p la in  tr a v e r s e s  (FT-3 and FT -5). 

This s u rfa c e  la y e r  o v e r l ie s  a bed o f f in e -  o r medium-grained sand up 

to  3 m eters th ic k .  Beneath th e  sand la y e rs ,  a  c o a rse -g ra in ed  sand 

and g ra v e l zone e x i s t s .  This g ra v e l com prises th e  bed of th e  Rio 

Magui from n e a r th e  headw aters downstream to  th e  ju n c tio n  o f th e  Rio 

E ste ro  Seco, where a t  th i s  p o in t ,  th e  channel bed i s  composed p re ­

dom inantly of sand due to  th e  low er bed-flow  v e l o c i t i e s .  As in d i­

ca ted  on th e  c ro s s -s e c tio n s  (F igure  58) the  b a sa l ex ten t o f  the  

g rav e l i s  unknown.
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F igure  58. C ro ss-sec tio n  of th e  f iv e  f lo o d p la in  
tr a v e r s e s  along th e  Rio Magui.
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W hile some a re a s  o f th e  Rio M agui's f lo o d p la in  a re  s u i ta b le  fo r  

f i e l d  a n a ly s is ,  th e  m a jo r ity  a re  in a c c e s s ib le  backswamps o r  lak es  

(F igu re  59) which g e n e ra lly  e x h ib it two b a s ic  shapes. Large den­

d r i t i c  la k e s  (F ig u re  60) a r e  e s p e c ia l ly  p re v e la n t in  th e  backswamps 

from th e  mouth o f th e  Rio Guanambi downstream to  th e  mouth of th e  

Rio Magui (P la te s  4 -6 ) . F lo odp la in s from Payan to  th e  mouth o f th e  

Rio Guanambi (P la te s  1-3) co n ta in  la k es  which a re  g e n e ra lly  sm alle r 

and i r r e g u la r  in  shape (F ig u re  61 ).

C. D iscussion

Although many f lo o d p la in  d e p o s its  lo c a te d  in  o th e r  reg io n s  

d isp la y  g ra in  s i z e  c h a r a c te r i s t i c s  s im ila r  to  tho se  observed along 

th e  Rio Magui, f lo o d p la in  d e p o s its  exposed along th e  Rio Magui d id  

n o t o f te n  show sedim entary  s t r u c tu r e s  ( e . g . ,  convolu te  bedding; 

c lim bing r ip p le s ;  h o r iz o n ta l  lam in a tio n s) commonly seen  elsew here 

(McKee e t . a l . ,  1967). The reason  fo r  th e  absence o f  th e se  se d i­

m entary s t r u c tu re s  i s  g e n e ra lly  unknown bu t may be due in  p a r t  to  

p e r io d ic  c u l t iv a t io n  o f  th e  f lo o d p la in  by th e  v i l l a g e r s .

T e x tu ra l v a r ia t io n s  noted  by workers in  o th e r  reg io n s  were seen 

in  Rio Magui bank exposures bu t no t in  augered h o le s . The depth of 

each aug er h o le  was l im ite d  to  th e  3 m eters o f auger p ip e  a v a i la b le  

fo r  t h i s  s tu d y  which c l e a r ly  was in s u f f ic i e n t  to  f u l ly  p e n e tra te  th e  

modern a l l u v i a l  sequence (F igure  5 8 ). A d d itio n a lly , th e  presence of 

th e  w ate r ta b le  tended to  cav e -in  th e  h o le s  and f u r th e r  in h ib ite d  

au g erin g . I f  th e s e  two o b s ta c le s  could have been overcome, coarse­

g ra ined  sands and g ra v e ls  would have been observed and th e  v a r ia t io n s  

in  g ra in  s iz e  would be more ap p a re n t. F o rtu n a te ly , b an k -cu ts  exposed
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F ig u re  59. Photograph o f  a wide backswamp along th e  Rio Magui 
a t  b a n k -fu ll  flow . Note th e  lev ee  top marked by v e g e ta tio n  in  
th e  fo reg round .

F igu re  60. Photograph of d e n d r i t ic  lak es  common to  th e  Rio 
Magui f lo o d p la in  from th e  ju n c tio n  o f th e  Rio Guanambi down­
stream  to  th e  mouth o f th e  Rio Magui. Note th e  dammed levee 
in  th e  upper r ig h t  c o rn e r .
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F igure  61. Photograph of an i r r e g u la r  la k e  (c e n te r)  
r e p re s e n ta t iv e  o f th e  segment o f th e  Rio Magui lo ca ted  
around th e  town of Payan.
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during low -w ater flow  (1 /4 -b a n k -fu ll o r le s s )  exposed c o a rse r  m a te r ia l 

depo sited  in  th e  channel bed along th e  m a jo rity  o f  th e  Rio Magui 

(F igure  6 2 ), th u s  a id in g  in  s t r a t ig r a p h ic  c o r re la t io n s  beneath  th e  

su rfa c e  o f th e  f lo o d p la in  beyond th e  e x te n t o f  th e  b o re h o le s .

In  th e  f i r s t  s c i e n t i f i c  a n a ly s is  o f th e  Rio Magui a re a  ( Ise n o r , 

1941), s e v e ra l  b o reho les were d r i l l e d  to  depths up to  16 .8  m eters 

ac ro ss  th e  Rio Magui n ear Payan. They showed th a t  f lo o d p la in  muds 

o v e r l ie  up to  15 m eters o f sand and g ra v e l; approxim ately  1 to  2 

m eters benea th  th e  Rio Magui f lo o d p la in . The p re se n t r iv e r  has cu t 

a channel l e s s  th an  15 m eters  in  depth in to  in d u ra ted  sand (Darby, 

1983). The m a jo r ity  o f th e  m a te r ia l  in  t h i s  b u rie d  channel which is  

th e  modern channel in  most in s ta n c e s , i s  com prised o f f l u v i a l  

g ra v e ls .

Many s im i l a r i t i e s  e x is t  between th e  f lo o d p la in  tr a n s e c ts  lo ca ted  

n e a r  Payan and th e  ones lo c a te d  downstream n ea r th e  ju n c tio n  of th e  

Rios Guanambi and E ste ro  Seco. For in s ta n c e , a l l  t r a n s e c ts  show a 

g en e ra l sequence of sandy s i l t  o r s i l t y  sand o v erly in g  e i th e r  f in e ­

g ra in ed  o r  medium-grained sands which g e n e ra lly  have th e  same o v e ra ll  

th ic k n e ss  re g a rd le s s  o f lo c a tio n  downstream. S everal d if fe re n c e s  do 

e x i s t ,  however, which a re  w orth  m entioning a t  t h i s  tim e . F i r s t ly ,  

th e  t r a n s e c ts  downstream of Payan suggest th a t  ox-bow c u t-o f f s  may 

e x is t  based  upon a e r i a l  photographs of th e  reg io n  and upon evidence 

of ab ru p t f a c ie s  changes a t  dep th , namely, th e  in tro d u c tio n  of 

cohesive  c la y  zones found a t  two tr a v e r s e  s i t e s .  Another d if fe re n c e  

between th e  t r a n s e c ts  near Payan and th e  o th e rs  lo c a ted  fu r th e r  down­

stream  is  th e  absence of g rav e l along th e  channel b ed . A pparently , 

flow v e lo c i t i e s  downstream of Payan beyond th e  ju n c tio n  of th e  Rio
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F ig u re  62. Photograph o f bank exposure 
n e a r  Payan a t  le s s  than  1 /4 -b a n k -fu l l  s ta g e  
d e l in e a t in g  much o f  th e  modem a l lu v i a l  
sequence ty p ic a l  o f th e  Rio Magui f lo o d p la in s . 
Note th e  cross-bedded  g rav e ls  u n d erly in g  th e  
cohesive  s i l t y  sands in  th e  stream  bank.
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Guanambi a re  in s u f f ic i e n t  to  f u l ly  tra n sp o r t cobbles and o th e r  

co a rse -g ra in ed  m a te r ia l  (as  d iscu ssed  in  C hapter V I). C ontacts fo r  

th e  g rav e l n ea r Payan a re  th e re fo re  based upon known bank exposures 

a t  low -w ater s ta g e , w h ile  a l l  o th e r  g rav e l c o n ta c ts  lo c a te d  along  

tr a n s e c ts  downstream o f Payan a re  in fe r re d  due to  la c k  o f  v is u a l  

co n firm atio n .

Three mechanisms a re  suggested  fo r  th e  fo rm ation  of la k es  on 

th e  f lo o d p la in s  o f  th e  Rio Magui. The f i r s t ,  and perhaps th e  most 

dom inant, i s  th e  aggrad ing  of drowned r iv e r  ch an n e ls . Recent s lo p e  

ad justm ents o f th e  Rios P a t ia  and Magui and th e i r  a d jo in in g  t r ib u ­

t a r i e s  due to  lo c a liz e d  u p l i f t  n e a r  th e  sou thw estern  c o a s t of 

Colombia have induced ag g rad a tio n  o f  lev ees  upstream  o f th e  u p l i f t  

and subsequent damming and f lo o d in g  of la rg e  t r i b u ta r y  v e l le y s  

(W hittecar e t . a l . , 1984). This re g io n a l u p l i f t  i s  b e liev ed  to  have 

in flu en ced  th e  Rio Magui from th e  ju n c tio n  o f th e  Rio Guanambi down­

stream  to  th e  mouth o f th e  Rio Magui and beyond. Many drowned r iv e r  

channels e x is t  along th i s  reach  and subsequently  form th e  la rg e  

f in g e r - l ik e  la k es  vdiich a re  common to  th i s  a re a . The second method 

fo r  la k e  fo rm ation  in c lu d es  th e  su rg e  of w ater over th e  lev ee  to p s  

during tim es o f over-bank  f lo o d in g . The d a i ly  to r r e n t s  o f  r a i n f a l l  

c h a r a c te r i s t ic  o f t r o p ic a l  c lim a te s  and th e  r e l a t iv e ly  high w ate r 

ta b le  a ls o  a id  in  keeping th e se  low -ly ing  a re a s  submerged. T herefo re , 

inundated p o r tio n s  o f th e  f lo o d p la in  ra re ly  dry  out and subsequen tly  

e x is t  as poo ls o f s ta n d in g  w a te r . These poo ls o r shallow  la k es  a re  

g e n e ra lly  sm all, appear i r r e g u la r  in  p lan  view , and g e n e ra lly  l i e  

between minor topograph ic  rid g es  which a re  b e liev ed  to  re p re se n t
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remnants o f o ld e r  lev ee  to p s . Ox-bow la k e s  (half-m oon shaped) formed 

by p e r io d ic  s h i f t in g  o f  th e  r iv e r  channel, a re  in f re q u e n tly  re p re se n t­

ed on th e  Rio Magui*s flo o d p la in s  and seem to  be more p re v a le n t near 

th e  town o f Payan.
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CHAPTER X

SUMMARY AND CONCLUSIONS

The p reced ing  ch ap te rs  focus upon c h a r a c te r i s t ic s  and p rocesses 

of th e  Rio Magui. The d e p o s it io n a l p rocess model fo r  th e  Rio Magui 

which fo llow s i s  a  summary o f  d a ta  d escribed  in  e a r l i e r  s e c t io n s .

This model i s  o rgan ized  to  ex p la in  which s p e c if ic  p ro c e sse s , fea ­

tu re s  and c h a r a c te r i s t ic s  form du ring  th e  v a rio u s  s tag es  of a  f lo o d . 

The fo llow ing  summary is  based upon my o b se rv a tio n s  and id e a s  as 

w e ll a s  upon concepts o f o th e r  workers developed elsew here as  

d esc rib ed  throughout th e  p receding  n in e  ch ap te rs  o f th i s  m anuscrip t.

A ty p ic a l  f lo o d  along th e  Rio Magui can be su b -d iv id ed  in to  

fo u r s ta g e s :  1) baseflow , 2) r i s in g  lim b, 3) f lo o d  peak, and 4)

f a l l in g  lim b. Near Payan, baseflow  co n d itio n s  ( l e s s  than  1 /4 -bank- 

f u l l  flow ) u s u a lly  develop w ith in  approxim ately  15 hours a f t e r  

c e s s a tio n  o f  m ajor r a in  storm s (13 cm /day); d isch a rg e  measurements 

and suspended sedim ent c o n ce n tra tio n s  a re  a t  a minimum, u s u a lly  le s s  

than  25m3/s e c  and 18 mg/1, re s p e c t iv e ly .  Such low -flow  co n d itio n s  

occurred  during  25% o f th e  p erio d  s tu d ie d  and exposed a l l  channel 

b a rs  and many r i f f l e s  along th e  Rio Magui. Because only f in e -g ra in e d  

sand and some suspended sedim ents a re  tra n sp o rte d  during  th e se  flow  

c o n d itio n s , alm ost no sedim entary  s t r u c tu re s  form during  th i s  s ta g e . 

H e lic a l flow s and edd ies a re  sm a lle r  and le s s  v ig o ro u s than  during  

g re a te r  flow s.
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The r i s in g  limb s ta g e  i s  c h a ra c te r iz e d  by in c re a s in g  r iv e r  

heigjhts th a t  beg in  to  r i s e  w ith in  one hour o f  a  s ig n if ic a n t  r a in .  

Depending upon th e  in te n s i ty  and d u ra tio n  o f th e  p r e c ip i ta t io n ,  

d isch a rg e  v a r ie s  between 25 and 325m3/s e c .  Suspended sedim ent 

co n ce n tra tio n s  o f te n  in c re a se  ra p id ly  to  as much as 260 m g/1. As 

th e  r iv e r  r i s e s ,  r e l a t iv e ly  sm all channel b a rs  devoid o f v e g e ta tio n  

and topograph ic r e l i e f  a re  submerged le a v in g  on ly  th e  la r g e r ,  vege­

ta te d  is la n d s  p a r t i a l l y  em ergent. I t  i s  very  p o s s ib le  th a t  during 

r is in g  limb flow  c o n d itio n s , sed im entary  s t ru c tu re s  a re  form ed. 

U n fo rtu n a te ly , few o f th e se  s tru c tu re s  a re  p reserv ed  due to  scour by 

g re a te r  flows d u ring  th e  flo o d s  peak. As v e lo c i t i e s  co n tin u e  to  

in c re a se , medium- and co a rse -g ra in ed  sand and some pebbles a re  

probably  tra n s p o r te d  w ith  th e  r iv e r  flow . Deepening poo ls  and 

in c re a s in g  channel w id th s c r e a te  a d d i t io n a l ,  more v igorous eddies and 

h e l ic a l  flow s than  p rev io u s ly  e x is te d  d u ring  baseflow  c o n d itio n s .

The flo o d  peak re p re se n ts  th e  in te r v a l  w ith  g re a te s t  tra n s p o r -  

t io n a l  and e ro s io n a l c a p a c ity . During th i s  p e r io d , r iv e r  s ta g e  h e ig h t 

i s  a t  o r  g r e a te r  th an  3 /4 -b a n k -fu ll  flow  c o n d itio n s . The m a jo rity  of 

th e  flo o d s along th e  Rio Magui do n o t b reach  th e  top o f  th e  le v e e s . 

L arger flo o d s  th a t  flow  overbank a re  th e  ones which form th e  le v e e s . 

G enerally , r iv e r  d isch a rg e s  may become g re a te r  th an  325 m3/s e c  w hile  

suspended sedim ent c o n c e n tra tio n s  can exceed 260 mg/1. High d ischarges  

such as  th e se  p r im a r ily  scour and tr a n s p o r t  c o a rse -g ra in ed  sedim ents 

inc lu d in g  cobbles and bou lde rs  along th e  channel b a r .  The su rfaces  

of a l l  r iv e r  channel b a rs  du ring  th e  flo o d  peak a re  ty p ic a l ly  sub­

merged. Furtherm ore, th e  main flow around a meander bend may be 

d iv e rte d  through a chu te  o r  neck c u t -o f f  as d esc rib ed  e a r l i e r .  During
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th e  f lo o d  peak fo r  la rg e  flo o d s th a t  flow over th e  lev ee  to p s , flow 

t r a v e ls  ac ro ss  th e  f lo o d p la in  and may d e p o s it f in e -g ra in e d  sands 

c a r r ie d  in  suspension  a s  f a r  as  45 m eters away from th e  channel. 

Numerous h e l i c a l  flow s and edd ies a re  v i s ib l e  on th e  su rfa c e  o f th e  

r i v e r ,  e s p e c ia l ly  over submerged r iv e r  channel b a rs .  These eddies 

and h e l i c a l  flow s re p re s e n t th e  h ig h e s t v e lo c i t i e s  f o r  flows 

c h a r a c te r i s t i c  o f th i s  in te r v a l .

The f i n a l  s ta g e  of a ty p ic a l  Rio Magui f lo o d , th e  f a l l in g  lim b, 

i s  f u r th e r  d iv id ed  in to  th re e  unique flow regim es which have succes­

s iv e ly  d im in ish in g  d isc h a rg e s . Imm ediately a f t e r  th e  flo o d  peak, 

r e l a t i v e ly  lo w - in te n s ity  upper flow  regim e co n d itio n s  p r e v a i l .

During th i s  p e rio d  r iv e r  d isch arg es  and suspended sedim ent concen­

t r a t io n s  drop to  a s  low a s  140 m3/se c  and 120 mg/1, r e s p e c t iv e ly .

I f  th e  flo o d  went overbank, when r iv e r  h e ig h ts  drop to  below bank- 

f u l l  c o n d itio n s , th e  flow  o f w ate r over th e  f lo o d p la in  ceases 

a lthough  f in e -g ra in e d  d e p o s itio n  on th e  f lo o d p la in  c o n tin u es .

During th i s  p a r t  o f th e  f a l l in g  lim b, a l l  b u t a  s e le c t  few of 

th e  la rg e r  channel b a rs  a long th e  Rio Magui remain submerged. The 

fo rm ation  of la rg e - s c a le  c ro ss-bedd ing  by th e  m ig ra tio n  of sand- 

waves and lu n a te  m egaripp les probably occurs d u ring  th i s  in te r v a l  

fo llow ed by th e  fo rm ation  of lu n a te  and lin g o id  r ip p le s  as v e lo ­

c i t i e s  co n tin u e  to  d rop . Larger m a te r ia l  such as b o u ld e rs , co b b les, 

and pebb les th a t  could be tra n sp o rte d  a s  bed -lo ad  only  du ring  th e  

flo o d  peak a re  d ep o sited  along what w i l l  become v i s ib l e  as th e  

channel b a r  m argins d u ring  low flow s. Eddies and h e l i c a l  flow s 

co n tin u e  to  t ra n s p o r t  and erode sedim ent along th e  channel. This
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i n i t i a l  d iv is io n  o f th e  f a l l i n g  limb is  expressed  by th e  sedim entary 

s t r u c tu re s  found along  th e  channel b a rs  as  p rev io u s ly  m entioned. On 

b a rs  where la rg e - s c a le  cross-bedd ing  o r o th e r  v a r ie t ie s  of la rg e -  

s c a le  sedim entary  s t ru c tu re s  a re  not re p re se n te d , i t  i s  p o ss ib le  th a t  

v e lo c i t i e s  dropped very  ra p id ly  fo llow ing  th e  flo o d  peak, th a t  th e  

flood  in  q u es tio n  d id  no t g en e ra te  v e lo c i t i e s  (dep ths) s u f f ic ie n t  to  

produce la rg e  s t r u c tu r e s ,  o r  th a t  slow er flow s reworked th e  sand 

waves and m egaripples in to  sm a lle r  bedform s.

Follow ing th i s  i n i t i a l  d iv is io n  of th e  f a l l in g  limb i s  a  r e la ­

t iv e ly  h ig h - in te n s i ty  low-flow regim e in te r v a l .  R iver h e ig h t 

con tinues to  d im in ish  to  approxim ately  3 /4 -b a n k -fu ll flow  w hile  

d isch a rg e  and suspended sedim ent c o n ce n tra tio n s  d ecrease  a s  w e ll 

(75 m3/se c  and 65 mg/1, r e s p e c t iv e ly ) .  Sm aller channel b a rs  s t i l l  

rem ain submerged, b u t la rg e r  b a rs  b eg in  to  emerge. The sedim entary  

s t r u c tu re s  which form during  th e se  flow  c o n d itio n s  in c lu d e  p rim a rily  

undu la to ry  r ip p le s  composed o f c o a rse -  and medium-grained sand. A ll 

o f th e  p rev io u s  flo o d  s ta g e s  m ain ta in  organ ic  m a tte r  in  suspension . 

During t h i s  in t e r v a l ,  however, le av es  moving a t  depth and a t  th e  

w a te r 's  s u r fa c e  by h e l ic a l  flow s c o l le c t  in  edd ies on th e  le e  s id e s  

o f p o in t and s id e  b a r s .  S tanding  w ate r on th e  backswamps continues 

to  recede and may form irre g u la r-sh a p e d  lak es  in  th e  low -ly ing  

p o rtio n s  o f th e  f lo o d p la in ; suspended sedim ents w i l l  co n tinue  to  

s e t t l e  out from th e se  w a te rs .

The f i n a l  ep isode of a  reced ing  flood  a long  th e  Rio Magui i s  a 

r e la t iv e ly  lo w - in te n s ity  low flow  regim e. R iver d isch a rg e  i s  a t  a 

minimum (approxim ately  25 m3/se c )  as i t  was during  th e  baseflow
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s ta g e , bu t th e  suspended sedim ent co n ce n tra tio n s  can be com paratively 

h igher th an  im m ediately b e fo re  th e  flood  (40 m g/1). The s ta g e  h e igh t 

i s  approxim ately 1 /2 -b a n k -fu ll flow , and most o f th e  channel bars  

along th e  r iv e r  a re  p a r t i a l l y  exposed. The i n i t i a l  sedim entary 

s tru c tu re s  \rtiich form during  th i s  in te r v a l  a re  s t r a ig h t- c r e s te d  

r ip p le s  which produce sm all r ip p le  c ro ss -b e d s . As r iv e r  flow drops 

fu r th e r ,  heavy m in era l lam inations a re  winnowed out along th e  

channel m argins and channel b a r edges. The dominant type of sediment 

tra n sp o r te d  d u ring  t h i s  period  i s  probably  f in e -g ra in e d  sand.

H e lic a l flow s and ed d ies  con tinue  to  t r a n s p o r t  and d ep o s it o rganic 

d e b ris  as  d escribed  e a r l i e r .  On top o f th e  backswamps, p a r t i a l  

drying of some of th e  i r r e g u la r  la k es  may occu r, bu t th e  freq u en t 

recu rren ce  of subsequent flood ing  and alm ost d a i ly  r a i n f a l l  g en e ra lly  

in h ib i t  f lo o d p la in  d e s ic a t io n .

The p reced ing  summary d esc rib e s  m ajor d e p o s it io n a l p rocesses 

a c t iv e  w ith in  th e  Rio Magui from th e  headw aters to  th e  r iv e r  mouth.

I t  i s  a p p ro p ria te  to  p o in t o u t, however, th a t  l a t e r a l  d if fe re n c e s  in  

tim ing  and in te n s i ty  o f  p rocesses do e x i s t .  Most of th e se  v a r ia t io n s  

appear to  be due to  th e  in c re a se  o f d isch arg e  downstream and to  

e x te rn a l f a c to r s  th a t  in flu en ce  stream  behav io r such as th e  p o ss ib le  

h y d rau lic  ponding th a t  may occur along th e  low er th i r d  o f th e  Rio 

Magui.

"Does th i s  s u i te  o f p rocesses describ ed  f o r  th e  Rio Magui ade­

q uate ly  re p re se n t a ty p ic a l  model fo r  r iv e r s  lo c a te d  in  th e  humid 

tro p ic s ? "  Although many au thors d isc u ss  s e v e ra l s p e c if ic  p rocesses 

a c t iv e  along r iv e r s  throughout th e  humid t r o p ic s ,  no one to  d a te  has
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proposed a com plete d e p o s it io n a l model fo r  r iv e r s  in  t r o p ic a l  

c lim a tes  th a t  m ight se rv e  as a  b a s is  fo r  com parison. T h ere fo re , in  

o rd er to  answer th e  proposed q u e s tio n , th e  m ajor d e p o s it io n a l pro­

c esses  o f  th e  Rio Magui w i l l  be compared to  f lu v ia l  p ro cesses  

documented elsew here by o th e r  w orkers in  s im ila r  t r o p ic a l  reg im es.

For th e  most p a r t ,  th e  Rio Magui model co n ta in s  p ro cesses  and 

c h a r a c te r i s t ic s  s im i la r  to  th o se  found w ith in  o th e r  t r o p ic a l  s tream s. 

For in s ta n c e , P a in  (1969, i n  D ouglas, 1977) documented r a te s  o f 

p r e c ip i ta t io n  fo r  h igh- in t e n s i ty ,  h igh  m agnitude t r o p ic a l  r a in ­

storm s o f th e  O rere catchment o f n o r th -e a s t  New Zealand which 

c lo se ly  p a r a l l e l  p r e c ip i ta t io n  r a te s  in  th e  Payan re g io n . Douglas 

(1977) d iscu ssed  how moments o f  h ig h e s t d isch arg e  a r e  a s so c ia te d  w ith  

h ig h e s t c o n c e n tra tio n s  o f suspended sedim ents fo r  a  la rg e  flo o d  along 

th e  B arron R iver in  th e  humid t r o p ic s  o f n o rth  Q ueensland, A u s tra l ia .  

As menioned e a r l i e r  in  C hapter I I ,  a s im ila r  s i tu a t io n  e x is t s  fo r  

f lo o d s  a long th e  Rio Magui.

Budel (1977) ex p la in s  th a t  most lak es  found in  th e  humid tro p ic s  

g e n e ra lly  have an o u t le t  le ad in g  to  a  t r i b u ta r y .  As exp lained  

e a r l i e r  in  Chapter IX, t h i s  i s  g e n e ra lly  n o t th e  case  fo r  lakes on 

Rio Magui backswamps, p a r t i c u la r ly  along th e  lower th i r d  o f  th e  Rio 

Magui n ear th e  Rio P a t ia .  A few of th e  f lo o d p la in  lakes n ear Payan, 

however, do have o u t l e t s  th a t  le ad  to  a t r ib u ta r y  channe l. A r a re  

docum entation o f  s e v e ra l  la k e s  along th e  Pahang R iver in  w est M alaysia 

(Douglas, 1977) shows th a t  lak es  form when levees b lo ck  th e  o u t le ts  

of t r ib u ta r y  channels due to  g re a t q u a n t i t ie s  of sedim ent d e p o s itio n  

onto th e  lev ee  to p s  du ring  f lo o d s . U n fo rtu n a te ly , Douglas does no t
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o f f e r  an e x p lan a tio n  fo r  th e  cause o f th e  excess d e p o s it io n . This 

occurrence o f  b locked  o u t l e t s  c lo se ly  p a r a l l e l s  th e  fo rm ation  of 

la k es  w ith in  th e  backswamps o f th e  Rio Magui from th e  ju n c t io n  o f 

th e  Rio Guanambi downstream to  th e  mouth o f th e  Rio Magui.

While many p ro cesses  and c h a r a c te r i s t i c s  along th e  Rio Magui 

a re  s im i la r  to  th o se  a c t iv e  i n  o th e r  t r o p i c a l  s tream s, s e v e ra l 

d i s t i n c t  d if fe re n c e s  e x i s t .  For in s ta n c e , Douglas (1977) noted  th a t  

most m eandering s tream s lo c a te d  in  t r o p i c a l  r a in  f o r e s ts  d isp la y  

r e la t iv e ly  high s in u o s i t i e s  such as  th e  H orrigan Creek in  no rth  

Q ueensland, A u s t r a l ia .  Recent work by Baker (1978) a lso  suppo rts  

t h i s  id e a . As p re v io u s ly  d iscu ssed  in  C hapter I I I ,  th e  Rio Magui 

has a  r e l a t iv e ly  low s in u o s i ty  (1 .3 ) ;  i t s  channel morphology i s  

g re a t ly  dependent upon th e  lo c a tio n  o f la rg e  te r r a c e s  which r e s t r i c t  

many segments o f  th e  p re se n t r i v e r .  Another in te r e s t in g  d if fe re n c e  

between th e  Rio Magui and o th e r  t r o p ic a l  stream s i s  th e  abundance o f 

g ra v e ls  as b ed -lo ad  w ith in  th e  channel. K ajetenow icz (1958, in  

Douglas, 1977) and Baker (1978) no te  th e  g en e ra l absence o f bed-load  

in  meandering t r o p i c a l  s tre a m s. R egional te c to n ism  tow ards the  

P a c if ic  c o a s t may induce low stream  g ra d ie n ts  along  th e  Rio Magui 

th a t  in h ib i t  n ece ssa ry  s tream  v e lo c i t i e s  re q u ire d  to  tr a n s p o r t  

c o a rse -g ra in e d  sed im en ts .

Perhaps th e  most unusual d if fe re n c e  between Rio Magui p rocesses  

and p ro cesse s  found a long  o th e r  t r o p ic a l  s tream s, i s  th e  te x tu r a l  

tre n d s  unique to  Rio Magui lev ee  sam ples. As d esc rib ed  p rev io u s ly  in  

Chapter V I I I ,  ab ru p t changes in  stream  g ra d ie n t n ea r th e  ju n c tio n  of 

th e  Rio Guanambi due to  te c to n ic  u p l i f t  along th e  Rio P a t ia
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and a d jo in in g  a re a s  may a l t e r  th e  mean g ra in  s iz e  and s o r t in g  tre n d s  

in  lev ee  samples on th e  Rio Magui. C lea rly  th e se  tre n d s  d i f f e r  w ith  

o th e r te x tu r a l  tre n d s  common to  many r iv e r s  lo c a te d  elsew here which 

g e n e ra lly  e x h ib it  d ec reasin g  g ra in  s iz e  and im proving s o r t in g  tre n d s  

w ith  downstream t r a n s p o r t .  Once ag a in , a c t iv e  tec to n ism  common to  

southw est Colombia i s  b e lie v e d  to  account fo r  th e  unusual te x tu r a l  

tre n d s  o f  th e  Rio Magui lev ee  sands.

In  co n c lu sio n , th e  Rio Magui i s  a meandering t r o p ic a l  stream  

which o r ig in a te s  in  th e  c o a s ta l  low lands o f southw est Colombia and 

c o n tin u a lly  rew orks o ld e r  sedim ents d ep o sited  by th e  a n c e s t r a l  Rio 

P a t ia ,  a la rg e  h ig h -g ra d ie n t r i v e r  o r ig in a t in g  in  th e  C o rd il le ra  

O cciden ta l to  th e  e a s t .  G enera lly  th e  d e p o s it io n a l model proposed 

fo r  th e  Rio Magui adequately  ag ree s  w ith  p ro cesses  a c t iv e  along 

o th e r  t r o p ic a l  and tem perate  zone stream s lo c a te d  elsew here .

Recent s lo p e  ad ju stm en ts  o f th e  Rio Magui caused by te c to n ic  u p l i f t  

tow ards th e  P a c i f ic  Coast have induced s ig n i f ic a n t  d if fe re n c e s  in  

d e p o s its  and landform s which a re  unique to  th e  Rio Magui. Because 

of th e se  c h a r a c te r i s t i c s ,  i t  appears th a t  no s in g le  model can f u l ly  

e x p la in  o r d e f in e  a com plete and s tan d ard ized  s e t  o f  d e p o s it io n a l 

p rocesses  and fe a tu re s  fo r  a  " ty p ic a l ’' t r o p ic a l  stream .
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