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_ . o .( Abstract » L

The Dinosaur badlands, Alberts, have developed in the highly erodible Upper N
Cretaceous deposits of the Judith River Formation. Badhndﬁdevelopmem was initiated in the
immediate postglacial period when ;s‘ro-gl;cial lakes to the so:t; and west drained across the |
area, removing thin Pleistoeene deposits, and e;(posing the undeilying bedrock. Ihcisiod was in
two phues; initial widespread scouring , with later incisidn cutting deep U-shaped valle;'s ‘The
study valley, w!nch is located to the south of the Red Deer vaer is beheved to have formed
_-during the epnsode of deep incision. ' ' '

After the valley was incised a period of aggradauon took place, This was in response pd
an increase in the baselevel of the Red Deer River. Sediments fine upwards from coarse fluvial
sands and gravels to fine gmned alluvial ‘fan deposits“ The former were: deposited in the
xmmedme postglacial penod when a wetter and cooler climate (and possibly lake dxscharge m
the early period of deposition). resulted in greater dxscharge throughout the area. A shift .

‘ towards arid conditions at approximately 8 000-9 000 B.P. resulted in widespread alluvial f. an" '
deposit_ion throughout the study area. | )

In—eisiodvof the valley ﬁ]l occurred prior to 5 400 B.P. leaving truncated fams forming a
high suﬁam 0.3 10 2. 5 m above Lhek\falley floor. This _episode of erosion was triggered by"’
downcutting in the Red Deer River, mpondmg to 4 change to a more humnd climate.

- Aecumulauon of f ine gmned fluvial deposits has since oecurred Based on a date of
315+/-65 B.P. (S-2546) from a eottonwood log 0.6 m below the top of the fill it is possible to
conclude that aggradatxon was still active 300 yeus ago: Assuming that the rate of sedment "
'aecumulauon below this log was the same as above, it can be suggested that .deposition of the
xeeent fill began appronmately 600- 800 years ago. This leaves a period of about S 000 years
where there is no evidence of valléy cutting or filling i in the study area

< _—

The most reeent episode of xncmon "has oocurred in the last 100-300 years Aerial

4

photomphe\mdmte that several ep:sodes of .arroyo cutting and filling have taken plaee It is

e gradual build-up of sediment in the valley mcrensed its gradient until it



u

» ‘ 5
reached a’ critical angle causing incision to occur. The most recent episode of arroyo cutting
‘besan after 1950. This was due to shifting"of the Red Deer River towards the valley thereby

reducing its length and increasing its gradient sufficiently to reactivate incision.

»

-




PREFACE

e | _ |
The purpose of this study is three-fold: 1) to map the geomorphology. 2) t4 establish

the alluvial chronology, and 3) to kdevellpp a better understanding of the controls of arroyo
cutting and fllling of a vaugy in the Dinosaur badlands, Alberta,
The problem of alluvial valley cutting in the American §outh\§est-has been the focus-of

B, research since the t

T

p\m of the century, when many formerly weﬂ)-vegetated

¥

. T , :‘;.
catastrophic and provided a conside

e for/reseatch (Graf, 1983). Despite extensive

studies the exact cause of episqdic afroyo cutting remains controversial, but a number of
theories have been advanced. The main ones involve the effects of changes in land-use , climate
and the longitudinal profile of the valley.

Few studies have been carried cut in the northern U.S. and none have been ‘under taken

in Canada. The extensive nature of arroyo incision in the southwest has attracted considerable

attention compared to areas less economically significant. This is especially true of Canada

where large scale settlement and use of the western ranges was not as early or as important as
the American southwest.

The area of badlands now occupied by Dinosaur Provincial Park is a paﬁicular case in
point. Here, the effects of ‘land-use on the geomorphic history of the area must be minimal.
Howeter, the area has undergone cohsidcrable climatic variation during the Holocene and
historic»times. Additionally, process geomorphic studies Iindicatc that threshold conditions may
be a particularly important eontrol in badlands environments with' relatively large scale
altérnations in phases of erosion .and sedimentation 'accompanying minor fluctuations in

‘external variables.

s of arroyos. The economic effect was often
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1. THESTUDY AREA

+ 1.1 Location ‘
' Badlands fringe the Red Deer River for some 300 km between Nevis (near Red Deer)

 and At in southeastern Alberta (Stelck, 1967), covering an sxta of approximately 800 km,
* The most vextensive and spectacular badlands development is in the Steveville area where
| Dmouut Provincial Park 13 loeated (Fig. 1 1). The park is mmcately dlssected by a multltude
of large and small valleys which act as tributary systems to the Red Deer RWer One of these
ma;or valleys forms the study area of tlus, ;hes\f vitis south of the Red Deer, in the central
area of the park(Fig. 1.1). “
e N

| | The study area covers ‘aoproximafely 2 imz and consists of an unnamed major valley

‘and opeof its upper tributaries (Fig; 1.2): The upper tributary trex;dg 'WN\}’-ESE. forming a

narrow steep-sided valley .(Figf 1.2). It is characterized by extensive bedrocl‘:\e}_pos‘l{r\e in the

upper reaches, which becomes obscured under a thin colluviuxm_veneer as the valley wideh\é"'and

the wallé become less steep. The main valley has a more west-east trend and widens from 90 m

to approxxmately 400 m where it Joms the Red Deer River. Within the valley three maJor

depositional landform units can be distinguished:

1. Oud, relatively large alluvial fans which have built out into the study valley from small side
valleys. EXtensive remdval of these deposits has left them truncated thereby fontfing a
terrace wmch stands 0.3102. 5 m above the valley floor |

2..5 The valley floor which is- oovered\m\fme -grained fluvxal deposxts Ata nlxmber of localities -
this is overlam by recent, low-angle alluvaal fans w*;:h have formed exther by incision mto
the older fans or by deposxtlon from small tnbuta:y valleys that have been able to incise to

the level of the valley floor. ...
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3. A major arroyo which entrenches the valley floor throughout the main valley but is less
© defined in the upper tibutary.
At ipe crest of the valley sides extensive flat areasv (fnesas) are found (Fig 1.2). ‘Theee are |
Mculsrly prominent on the north side of the valley and have formed by the removal of
_ weaker bedrock above # thick and extensive band of resistant sandstone, This forms a mejor
structural bench throughout the study area (ng. 1.3).

1.3 Geology

Badlands have developed along the Red Deer River within deposits of the Upper
Cretaceous. From Drumheller the Red Deer River ﬂows south-eastwards cutting through the
Horseshoe Canyon Formation, the Bearpaw Formation and into LhefJ’udith Rii/cr Formation '
(Koster, 1984). It is within the latter deposits that the Dinosaur;’Banlands are found. _ |

_ The Judith River Formation consists of near honzontally bedd}ed spndg&onesuafd shales
whxch are divisible into coarse and fine members (Koster, 1984) Coarsc deposxts include highly
mdurated cross-stranfxed arkos:c sandstones (whxch frequently exhibit deeply rilled surfaocs‘
.an 1.4), together wnth friable muddy sandstones. The latter account for 60 per cent of th'e
b‘ sandstones within the Dmosaur badlands and consist of mud/sand couplets with occasional
kx{gostone horizons '(Koster, 1984). Sandstones, except where cross-stratified, tend to be
' s{rugturems and are formed of fine-grained sands (Dodson, 1971) between 0.21 mm and 0.125
mm in diameter. They are genérall& grey or-greyish-yellow in colour with occesional red and
greyish -brown units (Harty.’ 1984). ' | | |

Finer sediments consist mainly of soft, non-_fissile’ shales which are generally grey or
olive grey in colour. These are frequently interbedded with rippled muddy sandstones, iron
cemented sandstones and rare VWC ash layers (Koster, 1984). The shal-. are oommonly
bentonitic with a high montmonllomte content wtnch often exceeds 90 per eeot (Bryan e al.,

1984) This causes swelhng on etting and contraction on drying resulting in a deeply
T

! Formcrly, the Cldmah Formation.
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Figure 1.4'Deeply rilled sandstonesb

Figure 1.5 Bentonitic shales exhibiting charac;eristic '‘popcorn’ weathered surface



mthered papcorn«chnuigtoblerved at the surface of many of theae deposits (Fig. 1.5).

Although there is eneepsive bedrock exposure within Dmouur Park, bedrock within the
study area, particularly in the m(nn valley, mwhrgely obscured by alluvial and colluvial deposits.
The most prominent bedrock ou;gop is the l;on-cemented,sandstone that dominates the study
ares. ‘

¢ . : .
1.4 Geological history ’ v ' ,

The Judith River Formation;x was laid down on the distal low gradient reaches of a
coastal foreland plam a‘djaoem to the Bearpaw Sea (Koster, 1984), some 72 to/ 73 million years
ago (Folinsbee ef al., 1965)./Sediments derived from r.hg newly uplifted Rocky Mountains were
deposited as channel sands and inter-channel muds aﬁd clays. Continual channel migration
resulted in abrupt vertical and lateral changes in lithological uhits. It has been 'sugg\'ested that ‘
deposition was whoﬂy within a freshwater environment (Dodson, 1971). Kost‘er (1984),
however, concluded that deposition was affected by periodic tidal influences due to fluctuations
in the pos,ition of the Bearpaw Sea and with resultant changes in baselevel causing'changes in
the mode of deposition (Koster, 1984), - ’ ’ ’

Conformably overlying the Judith River Formation are the marine deposits of the
Barpaw Formation that were laid down in the final advance of the mland sea. After it
regressed oonunental deposits accumulnad for some 30 to 35 million years until about 25

. million years ago when regional uplift and tilting of the continental interior occurred and:
widespread denudation took place (Beaty, 1976). A thin yemeer of till and ﬁrioﬁs
glacio-lacustrine and glacio-fluvial ‘sediments were laid down ower the area during the
Pleistocene epoch. In the vicinity of Dinosaur Park, fluvial and glacial erosion has removed the A
Bearpaw Formation and younge* deposus re- exposmg\ the highly’ erodible Judith River

( Fonmnon (Fig. 1.6). /
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Figure 1.6 Bedrock geology in the vicinity of the study area (Adapted from McPherson, 1968)



- 1.5 Surficial | eolgy.
Surﬂdll depodu in this region eonsist mainly of glacial and glado -lacustrine mterial

(Berg and McPherson, 1973). In the vicinity of Dinosaur Provincial Puk the Judith River
Formation is overlain by Pleistocene deposits at the pnirie surface. A distinct relationship
bammmukmofmuummmdmeemmf&dnwmmzmm
obeerved with better development seen in those areas ‘where only a thin till cover is found
(Beaty, 1975). This relationship is well demonstrated in Dinosaur Park which is situated on 2
local bedrock high in relation to the pre ghdal Bow valley (l*ls 1.6). Preferential deposition
in the lower valley areas resulted m%m becoming plugged with till, while only a‘ thin till
veneer was deposited elsewhere. Thus, south of the Red Deer River, where the thin till cover’
bas been stripped off exposing the underlying bedrock, extensive badlands‘ have developed.
North of the river badland development has been limited by thick til deposits in a pre-glacial

" tributary valley (Koster, 1984). ' ’

With the exception of scattered erratics all glacxal material has been removed from the

study area. Surficia deposits consist of Holocene alluvial deﬁosits which form the valley fill
(these will be discussed in greater detail in Chapter 4). A well develoﬁed prairie brown soil,
20-45 cm thick, coverd the upper fan surfaces and mesa topé. lts texture and grain-size

| distribution is similar to that described by Bryan et al, (m press) for deposits which cover a
number of surfaces in a small drainage basin which drams into the study area. They suggest
that this material is loess which has been deposited over Cretaceous bedrock. Although it covers
several terrace levels in the drainage basin Bryan aal (in press) concluded that loess input had
occurred during one period. Material immediately overlying bedrock gave a thermoluminescence
date of 5. 400+ /-800 B.P.(Alpha 2074). It is believed t.hetl the soil which covers the upper
terrace and mesa surfaces in the area has developed cr the loess described above.
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1.6 Climate

The s;udy ares lis in the Prairie Province climatic region of Canada and falls into the
semiarid BSk category of the Koppen Climatic Clastification (Campbell, 1974). Data from
Brooks, 35 km southwest of Dinosaur Provincial Park, show that the mean apnual
precipitation is approaimately 350 mm per anoum (Harty, 1984); (se¢ Table 1.1). The majority
of precipitation, approximately 70 per cent. falls betwien May and September as highly
localized, fairly inggnse eonvectional storms of short dunti' (Campbell, 1970; Bryan and
Campbell, 1980). Some 30 per ceot falls as snow in the winter months (Harty, 1984).

The study ares has a mean annual \t‘emperature of 3.9 °C (Table 1.2). However, short
warm summers'and long cold winters which typify such continental régions result in a mean
annual temperature range of nearly 40 ° C. The mean duly maximum temperature for July, the.
hottest month, is 26.2 °C m the mean daily. tempcrature for January the coldest month is
-19.7 °C. Extreme temperatures range from over 40°C in the summer to as low as -48 °C in the
winter giving an absolute temperature range of almost 90 °C.

-

1.7 Vegetation a
Much of the Dinosaur badlands has a limited vegetation cover because of the semiarid -

climate, poor soil devclopment:}stecply-angl.e slow{ and large expanses of highly erodible
bedrock. In marked contrast.to this, a relatively dense vegcuu‘od'f*"co\?er is ‘seen in the study
area, where loess-covered surfaces and thé flat valley floor reduce runoff and promote better
vegetation growth. 4

* Plant species consist of prairie graséeé';'ieroi:byﬁc ﬂpwcﬁng plants and shrubs with
some species dominating certain surface types (Fig. 1.%). On the valley floor, where there is
Plinle s0il development, vegét;‘ition consists-mainly of needle grass ( Stipa comata) (see A, Fig.
14). On older alluvial fan surfaces a well developed prairie brown soil, between 20 and 45 cm
thick, supports a dense vegetation mat consisting mnuy of blue grama ( Bateloua
gracilis) (see B, li,ig. 1.7). Blue grama and needle grass generally dominate dry sites as they :re

4



. " 7. -
- 086T-€S61 SOYHY sY001g wQy viep uonendiaid 11 Q8L
- . - ~p 3 ,
.NWm_ ‘epeur) ucmE:oy_>cu .m.._o> ‘0g61-1961 uorlel1dioauyg :sjewWIaN wume__u cmwvmcmu ~:9@24n05 exeg

STSEE 0°MZ 9'mI 6Ll WEE 1tOh z'z€ £°S9 €°8€ 1792 0°91 w°nl ‘g-1z

e
e - K
. - — 2
\

(wnw) co_umu_a_uoum jeiog

'8 0l 'z €8 9ZOTIT0M zz€ LS9 nlE 8Ml ST 80 60 | 1

(ww) - | |ejurey cmumu

§96 070z z'Zl 9°€ 9% 0. 0 . 0 60 . €01 S€ g€l 60z ¢ .

o v ; . ,w _
‘unp - Aew. ‘Judy. ‘uew -qag

B ‘va> puMOmA.>oz‘ ©39Q0 M.amw "Boy - np

.Lrue
nr, 7. r ~ Yjuoy
> R ,wm.
E L]
= “o e
- 1
- R R R M

, AEEV uwo.m>_=uum

qumB\zocw‘Lmo:

S



- ) : - 0861-€S61 :DYHYV sy00ig Wwolj ©iep smmeradwa} 71 AqEl
‘ Y , | - . .
. . , , | | | . | ‘ | R
. v T 1861 ‘epeur) ucwecoL_>:u,.~ “IOA  "0B6L-1561 34n1eU0wWI]  IS|CWION FIFfwl|) UEIPEUE) 123un08 eleQ . -
C L iim- wln- 17965 momz- 9°01- 00 L'l -2°Z- 0°01- 0°§Z- BLE- E'fy- [T9y-  Cdwd)L UM FwdaIxg
Lo 0on . Ly otz 1t1E 9'S€ 678E 070w TULE 97SE 1€ 0°ST. z7li- gLl - tows) “xew w3six3
P w0t LE - 672 m“m. 6L 6w U9 2 RN R -1 EE O § Y A g'f - 9'g - dway ‘xey Aqreg veay

6 - 1°§L- 16 - 071 - hTY L6 0°11. 9°8 m.m. ' - g°6,- 1°St- [61- *dwday Uil Ajieg ueaw

: G n6- 1€ - €9 6711 €41 9781 97SL 1L 9w Athi- ST6 - Tii- (o) "duway Aiteg vean
e oL e Ai.uvo AoN. 130 Tdas 6oy cinr cunp Aey,  -udy - cueyi Qa4 Cuer R

L : . e - .

. .
/- . .
<. ° N B , \
B m n aﬂ. ) \ Hd N

w0 e 5 -



Figure 1.8 Field assistant using a powered jack-,hﬁmmer to break doW_n the highly indurated

alluvial fan deposits
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"

' the most Tesistant to drought conditions and can grow at relatively low temperatures (North
1976) Other less frequently observed grass specxes are Western wheat grass (° Agropyron ‘
smithii), June grass ( Koelma cristata) and Sandberg bluegras_s.( Pba secunda). . |

Xerophytic ﬂowering'planis such as prickly pear (Opuntia polyfcantha) and cushion
cacti ( Mamillaria vivipara) are commonly found in small dense clusters on alluvial f an surfaces
and are only rarely fouhd on the valley floor. Small clumps of drought resislant shmbs such as
sagebrush ( Artemma cana) and pasture sagewort ( Artemisia frigida ) are seen, parucularly in

’the lower part of the valley near the Red Deer River. Sage appears to be closely related to old‘
meander scars and valley side gullies and pfobably reflects monster.condmons at these localities
(see C, Fig 1.7).

Throughout the badlands the vegetauon is dominated by grasses, shrubs and cacu thh
extremely rare, and lsolated cottonwood trees. However, dense cottonwood and wnllbw standSv
grow on lhevsandkﬂats-adJaoent to the Red Deer River. Consequently. where the study valley
joins the river the vegetation is lush and dense. The line, where the riverine vegetation stops -
coincides with the main entrenchment of the Reo Deer »Rivl:r and does not encroach up the

¥

main valley (Fig.1.2). o .

1.8 Research methodology

-]
§
L4

18.1 Fieldwork. LV e
l’rior to the f ielo su_flrey, aeﬁal ohotographs (;Eale 1:10 000) and selected enlérgements

of these (scale 1:1 660) provided the —basis forl detailed morphological mapping. Featulesl
| identified on the air photographs were confirmed in lee l'ield and lwé dietinct morphological
f ealuiec were mapped. Sites which were believed would best show the alluvial stratigraphy were:

h chosen and trenches were excavated; these’were .extended down to bedrock where posslble |
Estabhshmg the depth to bedrock was desu'able fustly to ptovxde 3 complete section of the
valley fill and, secondly. to verify. the results of seismic profxlmg camed out m the spring of

R
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- 1984 (Campbell unpub data). Site exeevation was by hand digging, or with the usc of a power
: jack hammer where exmsive mduratlon of the matenal occurred (Flg 1. 8) The exposed :
~ sections were logged in detaxl major sedimentologleal unlts disungulshed and samples taken for |

laboratory analysis. N |

A deutiled topographic survey of the field area, begun in 1984, was expanded in 1985. )
| : Surveymg allowed the reconstrucuon of longxtudmal profiles of the valley -and the arroyo to be
also measured to show changes ‘i‘; the, valley morphology and to help in the reconstructxon of
the alluvial chronology.‘Vaﬁatio;;; in' the arroyo form were established from withim&:hannel
cross-sections To ‘supplement this, a g’enera’l survey ’Qas carried. out‘ to_determine select
clevations. The elevations of'logged gcuons were measured so that the depth to bedrock and

© subsequently the bedrock proﬁle could be established, and to aid in the correlatmn of major
' sedunentary umts The gradtents of some alluvxal fans were also measured to help in the

. reconstrucuon of =i galley conﬁguratxons

i1.8.2 Aerial photographic interpretation. |
‘As well as using the air‘photographs for lnitial geomorphic mapping they were also used

- to help document morphological’ variau'ons in the agroyo which entrenches the main valley. The
: earhest air photographs avaxlable were from 1938 (1:15 800) and these together with air
photographs from: 1950 (1:40 000), 1961 (1 15 800) 1969 1: 12 "000), 1977 (1:10 000) and
1984 (1:10 000) provxded a 46 year record of changes in the valley. The photographs were
_ enlarged between four end stx'umes to allow a detailed study of the arroyo incision. Some

" difficulties were found when estimating the depth of incision because of shadows and the poor
quality of many photographs. | | .
‘ Sectxons of a numbeg, of photographs containing the lower poruon of the valley and the

' 'ad)aeent Red Deer River were enlarged toa common scale of 1:10 000. Thme were used to help
eelculate the lateral shift of"tm Red Deer River over this penod in order to determine the

P
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‘ possible effects thfs may have Had on the longitudinal profile of the ‘vfeliey Cha'nges in the
Jvalley prome would effect the gradient of tributary streams and could be a possible causative

factor in the Tecent period of a.rroyo incision—

O

1.8.3 Laboratory analysis. |
_ ° v \ - : . oi
* Because the alluvial deposits have.a similar source area, and due to similarities in L&\)’
 colour and texture, it is difficult to distinguish their. derivation‘ It was believed that grain-size

“analysis would provide as useful a means of identifying deposmonal modes and sources as any

other method Sammes taken from the logged sections were: ;' .

1, Air dried at _room temperature for 48 hours

2. Disaggregated using a mortar and pestle

. 3_. Colour determmed usmg a Munsell Soxl Colour Chart .

4, Passed through CanadxamStandard sieves from -1 phi to 4 phl at 0 5 phn mtervals.
Analysis of the silt/clay fractton of the samples was prevented by the high

montmonl}omte concentrauon of the deposrts which mh:bxted dxsperston and caused the

sedunents to flocculate

;.-

eemm: cseecrsmccene-

' A’ sample taken from the alluvzal fan deposxt at locauon 18a, was run through .
the laser sedigraph at Wagner Qilfield Manufactunng Ltd.. Although flocculation was
“prevented by the constant agitation of the sample the results tndmted that
considerable swelling of the material had ‘occurred during the process. Without
-extensive pre-treatment of the samples it would not be possible to obtain any
accurate measurement of the sxlt/clay content usmg any of the techniques available
to the reseercher : ‘



2.1Introduction | |
Wldespread valley entrenchmedt in the American southwest attracted s_ignificant

" interest amongst scientists at the turn of the century. Since then numerous studies on the causes
of arroyo cumng and filling have been carried out. These have been extens:vely discussed and
revxewed in the li;erature (e.g. Tuan, 1966; Cooke and Reeves, 1976; Graf 1983%: and no more

than a brief outline of the pertinent studies need be made here. ‘ N

' ; 22 Land-use changes | )

’ The comcxdence of Anglo- Amencan settlement and valley entrenchment in the
American southwest led early workers '(e.g. Dodge, 1902; Rich, 1911; Duce, 1918) to conclude
that land-use changes were the cause of accelemeed- erosion. Removal of vegetation and .
compacuon of the soil by grazing animals would reduce mﬁltranon and increase the potenual
for erosion. It seems unlikely that this has ‘been important in mel);ne;m badlands as better

and mere accessible grazmg land is abundant on the prairie surface, and it is more likely that

this would have been used in preference to _the" more hostile, poorly vegetated badlands.

2.3 Climatic change ) )
The recognition of fossil cut and fill eequenees (Bryan' 1925), which pre-date the
mtroducnon of lmstock and possxbly man into the southwestern states of Amenca led to the
~_ emergence of a second hypothesxs episodic erosion due to climatic change While there is |
generalagreement that changes in climate can result in accelerated erosion there is considerabie
dispute as to the efl‘ecte of such changes. | !
o : '.Hu"mingt'on (1?14). concluded that.a shift towards more humid conditions would result’
in valley incision, while infilling would occur during more arid periods. Bryan (1925;1940),
however, held the opposite view, with incision taking place during dry periods. The later

O vy .7

-t
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b theory was w:dely accepted for a number of reasons Firstly, it could be extended back into the

NY.

Quaternary record and, secondly. there was evxdence to suggest that there had been a shift
to!ylards dner condmons in the late 19th century wtlen the most reoent period of eroslon began
- As the length of instrumented climatic records grew, subtle shifts in the regional climatic
pattern were noticed, such as changes in rainfall intensity, and a number of . workers suggested
these rather,than global changes were résponsible for periods of valley cutting nnd filling
(Leopold 1951; Gooke 1974; Hereford, 1984)
There s still disagreement as to whether erosion occurs dunng arid or humid periods. It
" has been suggestedthatt accelerated erdslon coincides with the onset of more humid crnditions (
after a period of vdrolfght“}}.licl' ore vegetation has ll__ad"time to re-establish and that periods of

geomorphic activity are short-lived (Knox, 1972) (Fig. 2.1). Thi$ theory is bor“ne?“%ut to some

ektent by Bull's (1964) observations on erosion in fan deposits of Fresno County, Cfflll‘omia. '

He ‘docuxnented two periods of fan-head entrenchment which occurred between 1900 and 1945

and found that they coincided with periods of above-normal rainf: all,

2.4 Changes in the longit.udlnall;profile of the valley

Changes in the longitudinal prol'i»lemof a, ,valley canh have a considerable effect on.

‘whether it is aggradmg or undergomg erosion. These changes can occur in a number of\ wgs
including variations in the controlhng baselevel. Baselevel is the downward limit of 'chanl'lcl
incision or- the level below which a channel cannot erode. The term local baseleve! is used to
refer to a ‘level to which a portitt i 1 system grades (Leopold et al., 1964). If it is increased
the mouth of ‘the valley is ¢tow. - una stgradation will occur, while lowering the baselevel
increases the valley grudien TELC Oy . . AG1MON (Fig. 2.2)'. | |

- Where tributnry Stlearns enter mundering main streems shifts in the meander paue‘rn

have ‘the effect of lengthemng o1 shoqaening the tnbutary stream profile. In this event, the

- vprofxle of the Lnbutary stream is steepened or reduced musxng exther mcmon or aggradation in -

: uan-analogous fashion to a megative or positive change in baselevel (Fig. 2.3). The Red Deer

Ve
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River has undgrgone a 200 m shift in many of its meandém between 1880-1960 (McPherson,
1966) and evideneé from topographic maps and aerial pr;otographs shows that lateral channel
migmidn can be extremely rapid. Such changes will have had a considerable inpueno'e on the
profile and alluvial history of £he study valley. '

Oversteepening of. a valley profile and eventual incision of the fill can occur without
changes in baselevel. This occurs v?hen continual deposition of sediment gradually increases the
valley gradient until it reaches a point of instability and incision takes place. The transition
from one state of opegation to another marks the crossing of a threshold. Two types of
threshold exist (Schumm, 1973): | |
1. extrinsic thresholds which are exceeded due to changes in external variables such as clima.lc

or baselevel, and; i
2. intrinsi® thresholds, whcre‘ there is_ a change in thé system yet no change in exte‘mal.
variables. An example of this would be the long-leﬁn weathering of slope deposits and
eventual failure due to the gradual reduction in the strength of slope material (Cafson,

o)~

.

-

A special type of intrinsic threshold is a geomorphic threshold :

.a geomarp}uc threshold is one which is mherem in the man:er of landscape change
s itise threshold which is developed mtlun the landscape by changes in the morphology of the
. landform itself through time. It is the change in the landform itself that is most important
because unil it has evolved to a critical s;tuan'on ad justment or fallure'will not occur.” (Schumm,

1973). |
Tﬁe importance of thresholds in arroyo cutting ahd filling was first suggested by
Schumm and Ha_.dle'y (1957). They measured the longitudinal profile of gullied and. ungullied
» valleyﬁ in ﬂcw Mexico and Wyox'ning and found that gullying occurred on oversicepened
reaches of the valley floor. I:.;ter studia in Colorado reponed similar findings (Patton and
Schumm, 1975) and the relauonshxp has been f urther demonstrated under laboratory conditions

(Schumm 1977) In contrdlied studies of alluvial fan growth pncxpuauon was delivered to a.
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Original valley profile

. ' .
position; 2. Aggradation as a result of an
Incision due to a decrease in the baselevel.

1. Original baselevel
increase in the baselevel; 3.

Figure 2.2 The effects of baselevel change on alluvial filled: valleys
[ 4

1. 0ri§inal position of the river; 2. Higrétioh'of the river away from
the tributary valley, increasing its length and decrgmsing its gradient

causing aggradayion to occur; 3.°Migration of the ri towards the
tributary valley, decreasing the valley's length and increasing its

gradient causing incision to occur.

*
Figure 2.3 Effects of lateral shifting of a river on an alluvial filled valley

BN
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sedimem source area at a constant rate. Material was transported out or the sedlmem source
area and deposited on the flood plain as an alluvial fan. Repeated fan- head enuenchmem

_ occurred even though the varialtiles remained constant. Fan-head entrenchment."ss a result of
gradual oversteepening, leads to the crossing of a threshold lhherent in the system.

Figure 2.4 (modified from Schuxmh. 1977) illustsatee the concept of geomory;hic
thresholds wnthln an alluvml filled valley. The critical angle at which failure will occur and
erosion take plaoe is shown by line 1. Line 2 represents the decreasing smbihty of the valley
floor as sediment accumulation increases ge slope angle. Superimposed on this line are vertical
lines which represent the variability of valley floor stability in response to floods of_ dil'fereht
magnitude. When the valley floor is in a stable condition even high magnitude evehts will have
little effect on the system. As the valley ﬂoof stability \d'iminishes a major event may be
sufficient enough to cause the crossing of a threshold to take place e.g. Time A. Failure, ‘

- however, would have eventually occurred at time B without any major flood event
This theory would clearly explain many of the anomalies which have been reported in’
the hterature (e.g. Gregoty- 1917 Peterson, 1950). Gregory (1917) noted that although many .
| valleys in the American southwest, which had been ranched, incised in the late 1880's others did ;
.not. Also, some valleys which had never been used for grazing purposes were e;tensively_
dissected "He concluded that this evidence indicated that human land-use changes were not the
cause of accelerated erosion. While Gregory s ( 1917) conclusion ls valid, it would seem more
likely that thxs is an example of a geomorphic threshold Many I:he valleys that Gregory
n

investigated may have been at ‘or near a cnucal slope angle and incision would have occurred

regardless of whetﬁ’er cattle were mtroduced or not. Those valleys where ranching was practised
but did not suffer incision were probably in a more stable condition and would be unaffected by
such changes. |

The concept of thresholdsi has a considersble bearing on the study of arroyo cut_ll& ind
filling and the way in which such studies are approsched has changed. Rather than lqohing for

a single causal mechanism ins now realized that arroyo cutting andfillmg results from many
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: Figure 2.4 Thresholds within alluvial filled valleys (Modif ied from Schumm, 1977)
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factors. Coonequcntly. while valley incision may occur in response to a change in cumte. it
does not follow that climatic change causes incision. Furthermore, evidence suggests that more -
than one period of valley cuttlng and filling can occur during'an episode of net erosion. A
change in external variables is not reqmred to trigger each event. Periods of valley cutting and
filling have been a result of a complex mlponse to the initial period of incision (e.g. Patton and ‘
Schumm, 1975; Womack and Schumm, 1979). Thus, care should be taken when loterpretina the

 alluvial chxohology of an area and all aspects of the system should be investigated before any

conclusiofis are made.

2.5 aPrevtoos research in Dinosaur Provincial Par
| Geomorphlc meaxch in Dmosaur Pr vmcml Park has been predomlmntl;f prcoess
orientated and has only an mdxrect bearin on thxs study Campbell (1974) measured average
erosion rates of 0.4'cm%er annum fi nine 1 m’ expenment;l plots. Rocently. _research has
v_ focussed on the complex tionship between lithology and precipitau'on patterns on
geomorphic processes (Brydn et al. . 1978; Hodges and Bryan, 1982.). On asiother scale, surface
ge of water and sediment to the Red Deer River has becn mvestngated
(Campbell, 1981; Bryan and Campbell, 1980 1982).
Of greater relevance to this study is the research almed out by Faulkner (1970) and
Bryan et al {in press). Faulkner (1970) looked at gully evolution at Steveville, She mvesugated’
ten -small dxamage ba.stns two of which extended .into the upper pmne surface where no'
hoad water compeuuon occurs, and concluded that as the larger basms expanded they restncted "
‘the growth of smaller ones. If these observauons are correct it would follow that gulliu which
develop first, for ei/amplc along structural lines of weakness, would become dominant and'
control the development of basms which form later. Faulkr.ef ( 1970) also noted that the
hthology had a sxgmﬁmt mﬂucnce on the morpbology of the basin. However, as basing
~. extended back mt6 the prairie surface hthologml controis became less pronounced and the

¥ basin profile ﬂattened . - , ~
e v ) - .
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/ be expected in the development of small tnbutary valleys Thxs should be parttcularly true of

25

Although the: study area is located away f rom the prairie surface simﬂar“l’lndlngs wouldf

the small valleys which have developed by headward incision into the srde walls of the study )

‘ valley Side valleys which developed ftrst would dram largér areas and wauld reflect the control

of lithologteal factors- lees than those valleys which developed later.

~ The development of the Dinosaur badlands has- recently been dtscussed by Bryan et

v

: ,‘d (in press) who reconstructed major postglacial geomorphtc events tn the area. 'l'hey suggest

-that at approxtmately 15 000 B.P. a series of tnterconnecttng proglacral lakes were located o

the south and west of the area whrch drained eastwards along a series of sptllways as the ice

v retreated (Fig. 2.5). Tnbutary sprllways dramed into the mzun sptllway. the Red Deer Rtver
| which probably f ormed ice margmally | '

'I‘wo pertods’ of sptllway incision appear to have taken place sumlar to the development

of the Souns sptllway (Kehew 1982) The tmttal penod of mcrsron occurred over a wide area,

_wrth extensrve lateral scouring removmg glacral deposits and exposxng the underlytng Cretaceous '

w3

bedrock This is referred 10 as the broad valley stage Subsequent incision resulted in deep,

’narrow canyons ‘been’ cut mto ‘the newly exposed bedrock. A series of flat topped grassy

| "f-surfaces are found in the park and it is suggested that the two hnghest surfaces formed durtng

. U‘l
these two penods of planauon and incision by glacial meltwaters Remnants of the older

..surfaee (ca 685 m a.s. l ) are found in two groups which are over 3 km apart and it is believed -
that these formed dunng the tmtral 'broad valley stage mdtcatmg that the channel at this time -
_ must have been at least 3 km wrde Thts sptllway extended castwards across: the Park from, the -

Ltttle Sandhill Creek Jommg the Red Deer Rtver at Deadlodge Canyon l..ater dratnage occurred :

/ ‘_ through smaller trtbutary sptllways such as the Onetree Creek and the Little Sandhtll Creek
whtch drained east across the regron (Fig. 2. 5) Itis suggested that the main vallev in this study
repreeents an abandoned sprllway

: Subsequent valley developmenu shows a strong north south onentatron and possrbly

_ reflects the regtonal structure Dratnage from the Ltttle Sandhrll Creek was. captured by the

v

jh}‘

Sk
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‘Figure 2.5 Major spillway channels in the vicinity of Dinosaur Provincial Park (modified from

7
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Bryan et &l., in press)
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| southwafd extgnsion of‘one of these major tributaries and - consequently abandoned its old
“channel. Further geomorpﬁic developxﬁent within the badlands has been the result of internal

ﬂuvi_al %ctivity exhibiting more or less degrees of structural control.

4]



3. THE VALLEY MORPHOLOGY

3.1 Introduction
The morphology and alluvial deposnts of Lhe study area will be dnscussed in Chaplers 3
and 4. In order that the areas referred to can be easily located the field area has

' 4
into four sections on the basis of morphological variations. These areas are the uppg& mbutary

) (A -B, Fxg 3 1), the upper-valley (B -C, Fig. 3 1), the central valley (C -D, Fig. 3. 1) and the
lower valley (D -E; Fig. 3.1). ¢

| - A number of distinct morphological features are found throughout the Qudy‘ area. 'I'he
most promihent are: ‘ \ h
1. | An older, higher surfacg'iwhich stands 0.3t02.5m above the valley floor (Fig. 3.1);
2. A younger more extenslve surface (Fig 3. 1.) which forms the valley floor. ‘

Reoent incision ol' the valley t'loor has formed a maJor terrace in the mam valley In the

up utary, however the depth of incision is consxderably less and here the lower surf ace
f or!l

ol‘ the floodplam. To avoxd confusxon the lower surface will be referred to as the

valley floor regardless of its form.

3.'2’ ’fhe upper tribulary ’ ‘ .

The upper tributary trends WNW-ESE, ahd is approximately 900 m long. Its jopstream
end is characterized by steep. almost vertical side walls wiih extensive bedrock exposures (Fig.
3.2). As the valley widens.downstwam the .walls beeo_me less steep anda colluvium veneer‘
covers, many slopes. The va_lley width rahges from 30 m near its head to nearly 90 m where it
= enters the main valley (aee eross-sections 1 and 2, Fig..3.3). The tribhtary‘ floor ranges from
652 m a.s.l., where the first major tril;ulary enters the valley upstream of location 1 (Fig. 3.17).
t0 648 m a.s.l. where it ‘joine the main(j?alley. This gives an average gradient ol' 0.78". The valley
walls tise some 15-25 m above the valley floor. A number of side vaue'ys/d upper

tributary with those from the south generally draining small_drainage basins; for exampie the

”n

)
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Figure 3.1 Major geomorphic fatures in the study area
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Figure 3.2 View down the upper tributary sho§ving the steep valley walls and extensive bedrock

exposure
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experimental drainage basin described by Campbell (1980). bde valleys from the north are
- . } ¢ ‘

- much more limited in extent. This relationship will be discussed in section 3.6.
Only small remnants of the older surface are observed in the upper tributary, there
stand approxrmately 30- 50 cm above the valley floor. These remnants are covered by a well
developed prame brown soil, 20-30 cm thick, which supports a dense grass mat. Remnants are

most exrenswe unmedrately dowsdstream of major southern trlbutaries a relationship which’ ls

noted throughout the field area. Older alluvial fan deposits whrch form the upper surface are

generally small discreet fans. ln the upper reaches of the tributary many "of these form steeply .

angled features that would best be. termed taluvial cones. Where the t_rrbutary widens, more
extensiveb less steep forms are seen The width of the upper tributary has probably had a
. consrderable influehce over fan deposmon As it is very narrow materral ‘tends to ‘be removed
during storm ﬂoods and this has prevented fans from accurnulatmg This is seen today where
fan'deposits are preserved only where they are protected from scouring during flooding.

The lower surface" is covered by sandy fluvial deposits and has been slightly gullied.
Channel entrenchment is discontinuous, being greatest downstream of jntajor' side valley
tributaries but elsewhere having a poorly deflned braided pattern b(‘Fig. _3.4). .Recent,fan
deposits overlie the lower surface, but these are not extensive as sediment tends to be removed

. during periods of flood. |
-
3 3 The upper valley . \ . o ,. Q-
: The main valley cuts generally E-W across the badlands and is approximately 1900 m
long. ln this section the upper 450 m of the main valley will be discussed (B-C, Fig. 3.1). Two
tributary valleys enter the mam valley at its head; the upper tributary which has alreedy been
descnbed anr‘ a larger tri.hu.tary which enters the valley from the south, but is not included in
this study. The upper valley ranges ‘in width from 120 t0 150 m (see sections 2-5, Fig. 3.3) with
side walls rising 20 to 25 m above the valley floor. Past fluvial activity has largely removed
alluvial fan and colluvial deposits from the north side of this section of the main valley and as a’

@]
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result'a greater portion of bedrock is exposed here compared to the south side. The bedrock
erposures form steep valley walls on the north side of the valley, while on the. south side
~alluvial fans have produoed a more shbdued profile (Fig. 3.5). Fan deposits have been
‘ extensively truncate'd and now stand approxirrrately 1.m above the valley floor at an average
elevation of 6432 m.} The fans here do not tend to coalesce and generally form. smgular
features. In most cases their source area is no longer evident (Fig. 3.6). Because the fans have
been extensively truncated it was not possible to determine their exact gradients. However,
measurements of the fan remnants ihdieates that their shrfaoes graded at an angle of
approximately 4-6" (Table 3.1). . | e
The floor of the upper valley ranges from 644-641 m a.s.l; giving a gradieht of 034 It
is covered by fine grained fluvial dgposits and is rapidly being vegetated. The mam valley is
incised:by an arroyo .channel. The« arroyo is most decbly entrenched at the head of the upper
valley rwhere it is approximatel} 2 'm deep (Fig. 3.7). The depth of incision rapidly decreases .
down valley and at the junction c?(f%gr and central valley is less than a-metre deeo (Fig‘
3.7). The ei'royo has a classical form at the h&ad of the main valley with straight-sided walls
‘and a flat' sandy bottom (Frg 3.8). However as the channel depth decreases and width
-increases the form becomes less distinct. The gradient of the arroyo flooy_is 0.27 whxch is -
. slightly lees t.han[ Lhe gradient of the valley f'loor Although the arroyo-meanders elsewhere m
~ the main valley it has a relatively straight form‘in this section (Fig. 3.1). Al appgaximately 450-
m from the head | of the vailey a major 'b_edrock outcrop deflects .Lhe cha?elmf irst 90"
northwards and then 90 ° eastwards which results in a slight northerly shift in the arroyo
channel (Fig. 3.1). This shift is also evident in the form of the valley and suggests that bedrock
control was also.important in the past. ‘
Small low-angled alluvia! Tans have built out onto the valley floor. "I'hese are deposited

either from small side valleys that have been abie to incise down to the level of the main valley
floor, or have been deposrted as a result of entrenchment of older fan deposits and subsequent

w

~ ‘Based on the heights measured on the lower end of the truncated fans.



L 4

Figure 3.5,Downstream view of the upper valley. Notc:extcnsivc fan deposits from the south

side which subdue the valley profile . ' h\\

o L
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Figure 3.6 Alluvial fan which has built out into the upper valley. Thc sedirhent source area is

no longer evident as it

has been removed

L]
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rencwed aggradation (Fig. 3.9).
* ,
3.4 The central valley | - ' '
‘Below the lhlft in valley position there is 2 clunge in the overall valley morphology
The valley width increases from 200 to 270 m (see cross-sections 6 11 ihg 3.5) and extensive
‘fan depoeit.lon has produeed a more subdued cross-valley profile than in the upper section of .
the valley (Fig. 3.10). The valley crest is approximately 670 m a.s.l., some 30~nr abovetbe.
valley l'loor which. has a gradient here of 0.34". Bedrock expo;ﬁre is lumted to the upper slopes
where alluvial and colluvial deposits are thin. -~
Remnants of the upper surfaces m ”predominantly on the north side of the valley-
suggesting that deposition from the south was limifed in the past. Larger farr deposits
frequently ooalesoe and it is dxfflcult to duungmxh xndmdual £orms These fans have been

extenswely truncated und remmnts now stand between 60 120 cm above the valley f'loor Only .

., one fan profile couid be measured vnth any degree of accuracy and this had a gradient of 3 It

is clear; however, that these fans graded to an elevation 1-2 m h_rgher than the presem valley
floor. Gullying and renewed alluvial deposition has occurred wlth recent fan deposits coven’ng a
large uee of the lower surface (Figs. 3.1 and 3.9). Unhke the rest of the lewer surface these
areas are poorly vegemed whrch suggests that deposition is sull acuve

. The arroyo mcmon in the central valley is not as deeply incised as the upper valley,
bemg only 60-100 cm deep (Fxg 347 . Exeept l‘or a series of meenders at Lhe top of the cenmg

‘ It tends towards the south side of the valley but .is

vulley the u'royo channel rs strai

'&ﬂected northwards where a major tributary enters the valley from the south (C-D, Flg 3 1).

3.5‘l'le lower valley |

_ The lower valley ranges in width from about 270-400 m (see cross sections 11- 14 Frg ”
3.3). The average height ofthevalley floor is 635 m a.s.l. and the valley crest 663 m a.s.l.,

giving a relief of nearly 30 m. The valley is bordered by extensive flat-topped mesa surfaces

-
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. .

| Figure 3.8 Classiéa'l -arr_oyb channel form with steep sides and-a

¥

&
5
‘ i
SR

Figure 3.9-Renewed fan deposition as 4, result of truncation and gullying of older alluvial fans



parttcu—larly on its north side (Fxg 1 2) These have formed as a result o[ bedrock removal

above an iron cemented sandston/e bench ‘The removal ol' surf icial deposxts on the south stde of
the valley has resulted in extensive bedrock exposure in the lowest 300 0 400 m of the main

valley.

<

Remnants of the upper surface are most extensive in tlnspart of the valley, particularly

on the north side (Fig. 3.10). They stand 1.3 t0 2.5 m above the lower s’urfaee'. with variations

in beig_ht being a result of the extent of fan‘trunc:ation and the position of the fan in the valley.

Height dtrferences increase down Valley. The Vf'leld survey clearly shows that a third surface,

~ which stands about a metre below the upper surface, is present in the lowest valley- (see section
15, Fig.-3.3). It is ofify evident on the north side of the valléy and is extremely limited in
extent. Like the upper surface it is covered by a well developed prairie brown soil \vhich

supports a dense vegetauon mat.

Alluvral fans have been deposnted from small snde “valleys that have a ‘marked.

northvsouth onentauon Fans frequently coalesce and mdmdual forms are difficult o

dtstmgursh On the south srde of thevalley,older fan deposrts are more resmcted and extenstve

fans only burlt up where southerly tnbutartes enter the valley and conditions were smtable for ..

R

fan. buxldmg As rernnants of the older fan surf aces are more extensive in thlS part of the study

va.lley, n was possrble to make more accurate measurements of their gradxents Wthh range

between 2. 3 and 40 (Table 31). Many of the, cut banks 1ndtcate that extensxve erosion

occurred along meanders in the past and distinct meander f orms are observed in the'valley (Fig.

' The valley floor, is well vegetated exoept where fan deposi‘tion is active. lt has a slightly

steeper gradlent here, about 0 43 ° compared to the upper and central valley secuons\'l‘hts'

~ increase in gradxent ls reflected in the greater sxnuosrty of the arroyo ichannel wmeh has a

smuosrty ratio,* 1. 56 m thts sectmn and less than 1.2 elsewhem.m the valiey. The arroyo 1s quite-

variable in eharacter m)'ﬁus area but app‘ears to have a grea '

..................

~* The smuoslty ratio is the n fo between the channel len th and valley length Ir
the rauorsgreeterthanlS echanneltssatdto meandex; . o i

wrdth and depth than in the

3]
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eentral valley (Fig. 3.7'). The gradient of the arroyo is also slightly steeper than up valley, being
[0.32° compared to 0.27 upstream (Table 3.1 and Fig. 3.7). |

- : 4 o ‘ o

3.6 Lithological and structural controls _
The valley morphology has been consnderably influenced by lithological and structurz:l"tt
controls. The most notable feature in the study area is a 1-3 m thick band of iron cemented
sandstone at 660 m a.s.l.. Its highly indurated nature makes it extremely resistant to erosion-
and 1t forms a major structural bench wluch doxmnates the valley Much of the softer
shale dommated bedrock above this bench has been eroded and only isolated bedrock outcrops
are seen (Fig. 1.3). The underlying bedrock, however ts protected by the sandstone cap rock
and eros:on generally occurs along. nc:irth -south onentated tributaries. The marked orientation

Vo e

of these tnbutary valleys mdrcates ‘ pment along structural hnes of weakness. Babcock s

(1973) study of~ JOll‘l[ onentatlon acro‘ss"t;he ‘plains of southem Alberta‘(cited in Koster,.1984)
-shows a cornplex 'pattern which comprises of three orthogonal systems (Fig. 3’.11)‘: t

1. The major'system striking ca. 45" and 155‘ -that parallels both the structural undulations )

L

of the major Phanerozoic surfaces as well as the allgnment of the maxtmum/mxmmum

L}

horizontal stress wnth respect to the Rocky Mountam fold belt (S1/T1, Fig 3. 11)
2. A less prominent system stnkmg 005" and 95" which is parallel and perpendlcular to the
Sweetgrdss Axch (S2/T2, Fig. 311) |

3. A third set of unknown origin stnkes at 045 and 135° (S3/T3, Fig. 3.11).

Kaster (1984) demonstrated stausueally that the dramage ahgnment in Dinosaur Park showed a .

2.
pronounced parallehsm to the minimum compressi ; stress within the Alberta synclme and the

strike of the Sweetgrass Arch (see S1 and S2, Fig. 3.11). The latter is the dominant orientation -

in the"study area. -

The tributary valleys havean area no greater than 5000 m’. 'Ihey.enlarge by 'erosion of
&

the weak bedrock underlying. the iron cemented sandstone wlnch then forms an overhang (Fig.

3. 12) Eventually this collapses and a renewed cycle of (l)ead -cut erosion begms The eroded

-
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mat_erial is ‘usually deposited as small alluvial fans (Fig.’3.v6). Incision of thece depoelts has left ‘

truncated fans. 'stan&ing between 0.3 and 2.5 m above the valley Moor (Fig. 3.10). Because of

the extensive removal of the alluvial fans it is difficult to determine the relationship between

%

their size and the contributing area. Thistis further exacerbated by the fact that the sediment
source area for many of the fans no longer exists (Fig 3.6).

“ Observations suggest that Faulkner $ (1970) model of gully evolutron can be applted in
part to the development of the‘ north-south onenta.tecl tnbutanes. A clear relationship between
he‘adwar‘d'extension.and the long profile of the tributaries is seen; those that had been able to
extend furthest back iuto the the mesa-surface are less influenee‘dlby local structure, This is
ref'lected_in the longitudinal profiles which, as Faulkner (1970) noted, become less steep with

the ehmmatnon of structural control.

A second feature that has had a cousnderable influence on the valley morphology is

regional slope, which trends SW-NE. This is reflected in the regional dratnage pattern with
' nearly"90 per cent of drainage enters the study area. f rofn the south. Four major basins which
range from approximately 0.3 km? to 1.2 km?, drain into the area (Fig. 3'13) Unltke the

smaller north south orientated valleys these large drainage basins have 2 marked §W NE

orientation. Although later headward extension has been along a north-south trend (th. 3.13).
These major tributaries have all been able to incise down to the floor of the main valley and in
all -cases haye been :effected by the most tecent period of entrenchment. The pronounced
onentatton of these. valleys (thh later headward extension along a different orientation), and
the fact that they have been able to incise down to baselevel, suggest that they formed dunng
the early stages of badlands development Their onentatton is a result of regional slope control

Local and regional structural features have had a consxderable influence on -the

development of the valley morphology Most significant is the effect of mmg ratios of

discharge and sediment which will occur m dtfferent areas. As large dramage areas tend to have -

a greater potential for storage than smaller ones the sediment delivery ratio decreases as the
dramage basin size increases (Carson and Kzrkby. 1973). Major tributaries entering t7 study

VAl
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area will tend to have a low sediment delivery ratio in comparison to Asmall ones. Consequently
the potential for erosion will be greater in the klarge tributaries vlhich enter the study area from
the south and these will be able to adjust to changes, for example in base level, very rapidly.
Furthermore, high chscharge will remove sediment out of the system and alluvial fans do not
form. Smaller dramage basins such as the north south onentated tributary valley, whtch have
high sedxment dehvery rat:os. have legs abtlxty to erode and transport sediment out of the
system and alluvial f ans build up at the mouth of the basm |

This relatxonslup has been extremely important in the development of the valley
: morphology The conditions required for fan deposition are ev‘idently more favourable on the
north side ol' the valley In the past this afl'ected fluvial activity by forcmg the stream
.southwards across the vaUey thereby reducing the potential for fan deposmon at such localfties.
Only immediately downstream of major tributaries, where the past and present arroyo ‘is
deflected to the north of-the valley, have extensive fans been deposited' from the south (Fig.
3.1).-At these localities (e.g. locations 6 and 16, Fig. 3.1) sediment is removed _frotn the north
and fans build up .‘frorn the south side of the valley. Sediment lnput from northern valleys
dampens this effect downstream of southern tributaries, pushing the arroyo back across the

valley (Fig. 3.1).

3.7 The l)edrock proflle

'I'he underlyirig bedrock topography can be inferred from the seismic profiles. Seven
profiles were measured in the main valley in, 1984 and all indicate that the depth of fill is no
greater than 4-5 m throughout the valley (Fig. 3.14). Most of the shots v/ere from one upoer
_surface to another. These indicate that the bedrock profile across the valley is quite flat with
only sl&' tmdulations reﬂc:orded. As bedrock generally outcrops in' the valley walls it suggests
that prior to fan deposition the valley walls wei'e steep, similar to that observed in the upper
tributary. From this it can be suggested that the main valley bas a U-shaped profile with a flat
bottom and steep valley walls. The implications of this will be discussed in Chapter 6.

N
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4. THE ALLUVIAL CHRONOLOGY

41 introduction ,

Seismic profiling of the study area indicated tha; upto 4 m of alluvium fills the valley.
Twenty-nine sites where sectioned and logged (see Appendix A). s0 that major
sedimentological units could be identified and the‘ alluvial chronology established. Based on Lﬁe
degrec of éohwion. gra&n-size ditribution. texture and inpart colour and the morphological
expression of the deposits, the valley fil) can be broadly divided into two major types of
alluvium: a) alluvial fan deposits, and b) fluvial deposits. '

The alluvial fans are loc€lized ideposits whbsc shape approximates a segmgnt of acone,
They are dcposited from small ‘sidc valleys and grade out into the study valley at an énglc
between 2.3-6" (Table 3.1). Several distinct features characterize materials deposited in this
way. The most notable is the extremely cohesive nature of the deposits, which md.e them
imposSi_ble to dig withoutba' fack-hammer. Cohesion is believed to be a result on the high
sil/clay content in these deposits which frequently exceeds 50 per éent. The silt/clay content
dgcrcascs with proximity to the sediment source area and is compdrable to that of the course
fluvial sands at the fan apex. Iln such instances it was possible to distinguish the iwo types of
alluvium by the shape of individual particles; fluvially deposited sediments having a higher
- degree of roundness. Most of the fan deposits are very similar in colour and fall in the 5Y 7/2
'iigh; grey to SY 6/2 light oiive grey colour range.

Vesicular layering is a prominent feature of fan deposits. This is believed to be a result
ot: repeated wetting ind drying of the sediment, causing the rearrangment of particles and the .
formation of vesicles. The prescnoé of sili/clay is believed to be an inportant factor in this
phenomenon (Miller, 1971). Fan.debosits are frequently layered, indicating that sheet wash
deposition was inportant. Small scale ripples and cross-stratified beds were also observed within
fan dcpoéitS at a number of locatiens anid are believed to have formed during fluvial activity

over the fan surface.
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Fluviauy deposited materials are much more varied in nature, ranging from coase
bedload gnvels to clayey overbank fines. The majority falling in the medium- -coarse sand
range. Wjth the exception of finer grained material, fluvial deposits have litt.le or x(q cohesion
and consequently are easy to excavate. The sands can be divided into coarse and fine members.
The former tend to be massive with occasional ripples and cross-stratification. The latter on the
other hand are extensively rippled, cross-bedded and interbedded with thin layers of sheet wash .
deposits. Although sedimentary structures were nc;ted in most fluvial dcposits it was not
possibfe to make any"cox;clusions of the flow rczjmm under which sediments were deposited.
Thls area is, and probably was, characterized by ephemenral flow and vanauons between events
w1ll have been considerable. Consequently no long term patterns of flow conditions wnll be
recorded in The valley fill. "
4.2 The \;pper tributary

Two sites were excavated in the upper tributary (Fig. 3.1). These exposed most of the
valley fill but not deposits which form the upper surfacc.‘Deposits at both sites consi;t of
poorly consolidated fluvial material. At location 1 the vall;y fill was trenched down to bedrock,'
exposing a complex sequence of cut and fill deposits, 2.9 m‘mick (Fig. 4.1). These are made up
of fine to medium grained sands which vary in silt/clay content from 4.5 io 31 per cent. At the
base of the section a fine lag deposit, containing ironstone clasts approximately 1 to 2 cm in
diameter, overlies bedrock. °-

A less complex sequence of fine to medium grained sands overlying coarse bedload

gravels was exposed at locauon 2 (Fig. 4.2). These showed a fining‘up sequence and, at the top
of the fill, sediments with up to 50 per cent sxlt/clay content cpver the valley floor. Although
small scale ripples and cross-stratified beds are seen in 'the_ ds, these are much smaller than
those observed at location 1 which suggests they were deposited under lower energy flow
coﬁdit.idns. This may be due in part to the width of the valley. At location 1 the valley is only

35-40 m wide; this tends to restrict inovement of the channel and sediments are constantly
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reworked. F § \ ore, high discharge from a small tri;uury valley immediitely upstream of
location 1 will have contributed to the continual reworking of sediments, leaving a series of cut
and fill deposm As the valley' wxdens this process becomes less important and' deposition is
Seismtic profiling just” upstream of location 1 indicated that the fill should be .
npproximntely 1 to 1.2 m thick (Section 1, Fig. 3.14). This is considerably less. than that
sctually measured. The profile also inferred that the oon‘tact"‘ was horizontal. Because. this is a
bedrock contact it seems highiy improbable that such a regular surface would be formed. It is
more likely that this répresents the water table at this site and nol the bédrock contact. As these

scismic ‘profiles were measured early in the spring (of 1984) the water table will have been

recharged by snow-melt and it would be relatively high. Furt} rmore.as the valley is very

parts of the valley.
" »

~ narrow at this point the water table would be higher than in widq

5
t,l.a

4 3 The upper ulley
3to 9 'Fig. 3.1). Five sites

ce *wf;; ,_'pxts at locations 6 and
_Mtaon e::& angul;r fan
umlar sti‘atigraphy was also -
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Figure 4.3 The valley fill at location 6
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gmn -size distribution of the fan deposlts are beheved to be a result of the size of the sediment

source area and the position downfan of the section; location 6 havmg a larger sedrment source

" area and betng a more. proxrmal site. Distinct beds and small scale sedrmentary structures where

observed in the fan deposnts which mdxcate that fluvial actmty was rmportant over the fan
surfaoe 1n the past. (Flgs 4.6 and 4.7). Desplte drrferenoes in the thicknesses of the deposits
aurv,eymg of theae sxtes mdmte; that the onset of fan deposmon occurred when approxunately

1mofsandshadaccumulatedtoahexghtof640Smasl

At both sites the valley floor is covered by recent fqn material‘which.‘forms a well
def;ned inset fill. At location 6 (see A, Fig. 4.7) this is due to gullying@ renewed deposition
from an old fan deposit; at location 7 deposition is from a small Youthern tri'butary which has .
incised down to the level of the main valley t‘loor » | .

‘The valley. fill exposed at the other fxve loealmes ‘was - composed entirely of ﬂuvnal

& N
matenap Fine grained vesxcular sheer wash deposrts were observed at the surface of all the sites

~and are similar in appearance to deposxts exposed elsewhere in the valley Sediments of this type

‘also cover the floor of the upper tnbutary and it is believed that they were laxd down when the

upper tributary was in flood. Depbsnts in the mam valley.were probably laxd down under similar

condmons pnor to valley mcrsron

E

At loeetrons 4 and §. thc valley fill was exposed to the base of the arroyo. At both sites

"the flll conswts of thin  sheet wash deposrts mterbedded with fine to medrum grained sands |

'(Fxg 4, 8o.and 49). The latter are extenswely rippled and cross -bedded. chro

cross-stratification oecylrs in distinct beds which are parually eroded "by ad]acent and overlying ,

—sets (Fig. 4. 10) These structures are generally formed by the preservatron of lmguord ripples

. (Harmes and Fahnestf»ck 1965). Ripples of thrs type have formed on the floor of the arroyo.

Their amphtude is slrghdy greater than those preserved in the ftll and mdreates that flow
conditions in the yo attain hxgher flow velocrtres tba,n those reached during deposruon of
‘the upper section ::le valley fill. L

¢ o e
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Figure 4.6 Smail'scale sedimentary structures in the fan deposit at location 6
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Figure 4.8 Interbedded cross-stratified fluvia_l sands and sheet- wash deposits .exposed in the -

arroyo wall at location 4
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The 'plu at locations 3, 8 and 9 were trenched down to bedrock and show that the depth of fill
in this section of the valley is about 3 m. This supports the results of seismic profiling in this
area (se¢ sections 2 and 3, Fig. 3.14). Deposiis consist of fluvial material with vaiying
thicknesses of sheet wash deposits at the surface. Immediately upstream of location- 3 the
remains of a cottonwood tree were found 0.6 m below the surface ;)f the fill (Fig. 4.11). Tlns\' '5
gave a date of 315+/- 65 B.P. (S 2546), and indicates‘that sedunent accumulation was acuve
at thrs time. o
A distinct relationship between old and new deposits is observed at all sites and is best
preserved at location 9 (Fig. 4. 12) Here fluvial sands form an inset fill approximately 50 cm
thxck which truncates older Tluvial deposits. Deposrts exposed down the arroyo wall continue.
‘ Y.below the recent fill, indicating that the depth of incision by the arroyo has not been much
Jgreat_.er than at present. Considerable variations between the deposits exposed at locations 8 and
9 and location 3’ were observed. At the latter site, 2.9 m of sediment were exposed (Fig. 4.13).
The upper 2 m of the fill are similar tmrnateﬁals seen at locations 4 and § and consistwof
extensively rippled fme to rnedrum gramed sands mterbedded with sheet wash deposrts At the
base of the valley nu coarse structureless gray sands have been deposxted over a thin bed of
. poorly sorted bedload gravels which in turn overlre bedrock (Fig. 4.13)."In marked contrast the/
val;ey fill exposed at locations 8 and 9 consrsts of coarse fluvial sands overlytng bedload gravels®
(Figs. 4.12'and 4.14). Fine grained sheetrwash deposits are limited to the upper 20 to 30 cm of
the section. Small scale sedimentary structures are found throughout the sands wh_ichﬁi\ndicate
that deposition was under moderate flow conditions. o o _ |
(Asdiscussed sheet wash deposits are believed- to have been laid down when the valley
was in flood prror 10 arroyo mcrslon Drscharge into the upper valley from the upper and

southern tributaries would have ad across the valley floor The rncreased wrdth of the upper

T _,va'lley,together vmh the effect” BN megtmg wrll haye redumd the velocrty of



- Figure 4.11 Cotionwood log which gave a date of 315+/-65 B.P.(S-2546) found immediately 5

upstream of location 3
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Ngure 4.14 The valley fill at location 8
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The depth of fill belo%l the arroyo ﬂoor_ at location 3 is less than 1 m while at locations |
8and 9 it is about 2.5 m. Because the inset fill at location 9 is approximately 50 cm thick it
indicates thag the depth of incision at this site has been no greater than 1.3 m, compared to
about 2.2 m at location 3. The reason for this is not clear but variations in slope angle and
sediment type may be important. Little variation in the gradiént of the fill is found in the upper
valley whch would suggest that in this instance slope angle is not important.
The effect of 'sedi_n;ent type on the shape and form of alluvial channels has been _
. discussed by Schumm (1960). He noted that channels cut into coarse alluvium tend to have
high width/depth ratio, while those entrenched into fine alluvium have a low width/ depth
ratio. Grain-size analysis of the sediments which form the valley fill shows that the wash
surfaces have a silt/clay cont;nt greater than 50 per cent, compared to about 4-5 per cent for
the fluvially depositeﬁ coarse sands. Sheet Qash deposits are found at all the sites bui are far
more prominent at location 03 where the uppcf fill of fine graihed sediments is 2 m thick. Only
40-50 cm of simﬂar‘fi@ is found at the oth& ‘two locations. Becausc the arroyo has a low
widuv;iepth ratio.in th:?ﬁpcr valley compared to the channel shape at locations 8 and 9 (Fig.
3.7), it suggests that variations in sedimem type have resulted in di_ffcrences in the channel
forr.n. The relationship' between sediment type and incision in the upper valley indicates that
once the fill is entrenched down to the céa.rsc sands cnﬁcnchmcnt is effectively halted . The lac'k
Qf cohesion of the sands makes them suscepti/b@c to lateral rather than vertical erosion, and
consequently limits the depth of arroyo incision. It t-believed- that this may have been
important in the past and incision of the valley fill will never have been much greater than at

present.

4.4 The centrs’ valley‘

Q%g Deposits in the ocntrai'valley were invcstig;ted at six sites, four on the north side of the
valley and two on the souﬁx (Fig. 3.1). Atblomtion‘ll the arroyo has exposed an older channel
fill (Fig. 4.15).that is itself inset into an old fan deposit. The fill is composed of fine to
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Figure 4.15 The channel fill at location 11.(D. Evans is ‘pointing to the gravels shown in the

figure below). | ' o

.

Figure 4.16 Steeply dipping bedload gravels which fill the channel thalweg
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medtum gratned rippled and cross- strattfted sands with steeply dtpptng coarse sands and'

.tronstpne clasts up to 3 or 4 cm in diameter which ftll the channel thalweg (Fig. 4. 16) Small'
; lenses of fine bedload gravels are found th;eughout the section (Frg 4. 15) and record the
progressrve lnftlling of the channel As it mfrlled deposrts became fmer possrbly in response to_ ‘3—_ :

A 9.

" a decrease in the flow regrme Underlymg the flll on the upstreum side of the chaanel are coarse

' poorly consohdated sands These are sumlar m appearanee to sands found elsewhere in the

§

. vauey ‘ v. ‘ | .‘ R &:.

tl

The channel l‘tll is tnset agatnst an old fan deposnt and an ‘abrupt boundarx between the .

two deposrts is seen The surfact of the truncated fan stands about 1 m above the channel The
A

: deposxt mdrmtes that m the pa.st ﬂuvral actmty has beenoamng the south side of the vafley and' ;

;T 5,
was not deflected across valley unttl this locatxdn The present arroyo is del’lected to the porth

srde of the valley by bedrock outcroppmg at: loeatton 10 (th 3. 1)

All the other sxtes xn thx&sectron entrench the upper surface as well as the valley t'loor

. The ptts at locaerons 12 and 14 (th 3. 1) were dug down to bedrock the depth of fﬂl bemg 1 5+

' .and 2 3 m respectrvely The seismic prof ile of thxs section of the valley 1nd1cates that the depth o
_ v

of f'ill is. of the sa,me or'der as that exposed at ,thk two SIICS (see secnon 3, Frg 3. 14) and that in

the tmd valley there is: approxrmately 2 25m of r 1ll 'I'he exposed valley ml vanes between the

' two sites, deposits_ at locatron 12 bexng predommantly fan matenal wlnle those at locanon 14

e

- areﬂuvral

"lil.,_

. MR . K v
- . .
- . . R . y - .

ot Th; ptt at locatton 12 entrenched a truncated fan exposmg l m of coarse, cohesrve fan g

-"'matertal overlyrng go QO cm of mterbedded fine gramed fltmal sands and thtn beds of sheet :

S wash matenal.(th! 4. 17) lard down over bedrock (th 4 18) The ftll at thrs srte mdrcates that

'ji 'while accurhulatron ol‘ fluvral deposxts was predomment tn the wly stages of dcposmon

- 'matenal w&' bﬁr deposrted frorn sxr‘p valleys T‘he latter been pt’esérved as thlll sheet wash

/ |
Y

B

depostts Deposltion from side valleys .ater beeame much more unportant Gullyxng of the fan
S

surfaee has reeulted in renewed deposmon ’l'hrs pxoeess 1s strll acuve and a thm bed of flne .

RESN

2 -
gmned fan mateml eovers the valley floor (Frg 3 1) The valley fxll at locatlon 12 1s thmner 5



53

-

‘Prairie Qrown soil

'Coérsé; alluvial fan
~deposits

Interb dded fine_grained

TfluViaﬁ\sand'and sheet

‘wash deposits '
A

e ——————

Bedrch

. Figure4.17 The valley fill at location 12
- S IR - o

g I ey

" N . A - 0
. - - . . - RS ‘ . . to
: DA N ’ DR WA S . : : B
[} i ¥ . o S o o - R

\ " Figute .18 Close-up of_the bedrock contact at location 12 * - |

* . R S ZhINRN : i )

PR . . . e . v -



 than ‘would be!eXpected because of the close proximity of this site to the valley side. ‘ )
B The valley fill at locatton 14 (Fig. 4. 19) is composed almost enurely of fluvial deposrts ‘_ “"»
with aPt’m’ﬂﬂl&tely 30 cm of fan matenal overlatn by 20- 30 cm of soil at the top of gye section.
~ Below thts. is seen, 1.4, m of interbedded fluvial sands and< overbank clays. These, record
" fluctuations in the position of a past channel at this location. Migration ofthe channel was
probably in response to fluctuatrons in sedtment input into the valley at this site. Eventually the ,
fluvml deposrts were overtopped by the fan. At the base of the section an 80 cm 9f gravelly
. bedload overlies bedrock. In the stde wall of the trench a small inset chanhel ﬁeposxt was
observed (Fig. 4.20). Thrs cuts the upper '60-70 cm of the valley floor and is beheved to havc
been deposned more mently than the other sedtments exposed at this site. Beeause the deposits *
whrc underhe the channel are contrnuous within the trench it rndrcates that they are, the same -
@ mate i Consequently there has been httle removal of the oIder deposrts at thrs sxt; Thxs .

~ prov des some Morrgauon on the depth of incision and fill at this locauon

| 3 The fill at locations 13, 15, and 16 consrst’ of fan deposits overlytng unconsq@ed\

&

ﬂuvral sands These have all been subJected to varytng degrees of truncauon deposus af :

locauon 13 betng the least affected Here the upper 2 m of fill.are made up of fme gramed

1

coheswe fan deposrts thhm which are nymerous fine- gramed sheet wash deposnts ’I‘he latter

-

are srrmlar to the material whxch covers the surfaces ‘of reeent fans Fan deposrts are efje

nsrvely
nppled especmny in the mid section of the fill (Frg 4 21) Underlymg the fan are nppled and L
iammated unconsolidated sands approxrmately 80 cm thxck At the base of the secuon coarse
‘ bedload gravels become dominant and prevented fugther excavations. |
’ More than 2 m of fan matenal were ﬁpos\ye:ﬁat locatxon 15 A thin bed of sand, similar
in appearance to the loeal bedrock was: found in the deposxt and is beheved to be bedrock
' debns eroded t‘rom a nearby outcrop. that has become mcorporated in. the fan F luvral deposfm
E srmrhr 10 fhose exp&d at’ loeatxon 13 underhe fm | matenal Bere. Gram size analysts of -
.v sedlments from the two sxtes show thagpfan matenal is much coarsef at locanon 15, the more

o \
proxxmal site, havmg onlg 21. pcr cent sﬂt/clay content compared to over 50 per cent at loeatron

a0 O

v . Tk fiﬁ . . -~
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. Figure 4.20 Close-up of thechannel fill

»

“

-

L

o -

i

o

;o

-

!

. 7. L
. & \'.

’.. :.’,‘b 1-.} ‘ . ‘ . - »' . “ .
exposectm the side wall ofghe pit trenchedsat location -

a °



w L |
- Well ‘developed prairie
. brown soil* .
- d
e oy
‘ g Y 4 ' , &"‘J‘v
. !';;‘. 'X‘QI N T, “l
Ry *
M . v “i'

Fine grained, cohesive
alluvial fan_deposits.
Smalltscale ripples and
cross-bedding are
olserved i the upper
meter of the deposit C

- . N
q . . L)
. o ) : : ’
"'a "w"‘:- ) . ' L Lo

» _ . —
' -
'/ A N
o ) o
A N
- v , ]
. o+
[
I et ‘
. A T ’ ),’ * . L.
| . Unconsolidated, coarse, -
‘ . rippled fluvial sands ;

-

e aors TR
e Grave +TyApd1oad S :

. X 9
k -“ e ‘r‘ “'.. . . T ) ) . :
. . L .

Figure 4.21 The valley fill at location'13 | .
- ’ 9 ol e

R LR Con B
s . ¥aoL R -
AR ! ERRET SO - <73
< Bty P ’ ¥
- @ }5"1»
. Y

PR



‘,downfan it is underlain by fluvial deposus The nature of the: {agv‘_-"g

| smce the main per?'od of deposmon o ' . L

13 (Appendix C‘);; Fluvial deposits however. haVe a similar gram swe dxstributxon suggestmg

~that they are the same material (Appendxx B).

Deposlts at location 16 ‘have been extenslvely eroded exwmg the fan apex and the

underlying bedrock Because‘dhs site is qd;aeent to the. lowest wnstream tnbutary to enter
» e e M:‘ """a S R

three-dimensional section of the deposu At the apex fan' matenal overhes bedr @whﬂ@m ,“‘

,; consxdera%ly f rorn

gﬁ cbarse angular malenal at the apex to extensively rippled fine sands and silts at more dl§lal

sites (Fig. 4. 23) Underlying the t'an on the upstream side is about 60 cm of fluvial sands

'o@erlymg a thick deposlt of clays and silts. These have extenswe load structures at the base of

the section and.probably represgm matenal laid down during a long penod of pondmg pnor to.

thedeposmqr,msatthissxte B ' Lo R i

@ Wlth exoepnon of location: 11 the valley f lll at all the or.her snes in the cemral valley

_~ P

.- is very similar:: unconsohdated medmm eoarse gramed fluv1al sands overlam by fan deposns

' Recent deposits are extremely hmlted and are no greater than 60- 70 cm thlck ThlS clearly._' ,' .

indicates that m”m and infilling in Llns section Q W”e not been s:gmhcam .
» SR

"a b

_4.5'['helower valli “ _ A’W S B .

“The lmver valley is the largest of ‘the valley ‘ms studmd and prowded rﬂany e

' exeellent sites fomxposing the fill, Fifteen pns were entrenched in this area, the ma;onty on’,

‘:the nortb sxde of the valley where 38poslts are: best preserved (Flg 3.1). The v@ey fill varied

with locatic:z. Nme sltevcut through the upper as well as the Tower surface and exposed elther

fl%vml dep%lts or fan depos\ns overlymg fluvial sands The secnons exposed at loeanons 17 19 |
. 22 28, 24b 28, and029 fall into the latter eategory A srmilar straugraphy was ‘also exposed at.
_loceuons 18a and 18b bm fluvial sands have been deposited above as well as below the fan

.o
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Figure 4.22 Alluvial fan deposits exposed at location 16. Grain-size decreases from A 10 B

. o . O - 8!

a,

» Figure 4.23 Close-up of the small scale sedimentary structures .from the distal section of the
. . i ) . .- ) 5-\- ; ]
““fan shown above '

v
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material. u -~ _ .

. A oumber of sites, partcularly those at old meander scars,. exhibited a distinct
relauonslnp between deposits forming the up d. lower surfaces. This is best seen at

location 1‘7 (Fig. 4.24). Here recent deposits form an inset fill 60 to 70 cm tluck Fluvna 8

4’

~_which uterlie fan deposits in the upper surface contfnue beneam the inset fill, This md:cates

that the depth of maslon during the last period of entrenchmen; dxd not exceed the depth of
the present arroyo cut at ﬂ location. Thxs relauonslg was mo observed at location 22. At -

this site a large fan has been deposited from a southern aributary valley (Fig. 3.1). The
| mbutary valley has been able to incise down to baselevel%;odmg the mlddle part of the fan.
Later ﬂuvial activity has deposnted fxne ~gramed fluvial sands over the lower surf ace: These are
- charactenzed by small scale npples (Fxg 4.259 and sﬂxmema.ry structures similar to Lhose at

" location 17. Renewed fan deposition from the tnbuta.ry valley has occurred in recent ymrs
(Fxg 4 .26). Reoent alluvial actnhty f rom the tributary valley has deposned a small low angled

fan over the area.- The depth- of fill at this site is snmnlar to that at location17, and is exposed in

-the wall of the present arroyo, At locationfll (in the central valley) the channel flll is underlam

by coarse strucmreless sands slrmlar to those beneath the.fill at location 17. It is possibie that _

the cut and fill sequence observed at locatxons 1. 17 and 22 were formed at the same time, This

‘ provxdes valuable evndenqepn the past confxgurauon of the valley and gives some 1nd1cauon of

e

1 -

At looauon 19 approumately 80 cm of+ fan matenal overhes more than. 2 m ol‘

-the depth of mcxsxon during the penulnmate episode of erosion.

.unconsohdated sands Beeause of this sites proximity to the sedunent source area fan matenal is

T engular and coarse _grained wn.h less ‘than § per cent sdt/clay conxem l’-‘luvxal sands are medium
o to flne grained with small npples and cxoss bedded stmctures Fresh#y cleared surfaoes were

" rapidly covered by a wlme preupuate wlneh is possxbly sodxum that has leached out from the

2y

B At locauon 22b (F:g 3 1) a secuon was cut through a fan remnant on the south sxde of

Ny 'Vthe valley. As with other sites which trench the ugper surface, alluvml lan deposxtsﬁave been

.l".
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Figure 4.25 Close up of the fine graineds.cross-stratified fhavial deposits at location 22
o \ & ¥ .

‘e = ged M‘M"‘?"'” amd g ‘KAJ:A

o

‘

Figure 4.26 The inset AT at loauon 22 Note the recent fan dcposus (A) overlymg the fluvml
sands shown above (B) L ,, o

N
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deposited over fluvial sands. At the boundnry of the two deposltloml typel is a thick bed of
overbank clays Their presence suggests that a\ channel was foreul nvay from this loadon wnth
the onset of fan deposition. a % ‘ ,

- Deposits were exposed at ltwo sections at location 24 and agun sl\owed that considerable
variatiQns in deposluOn can occur at sites locat&l close to one another At loauon' 241 (Fig.
4.27) 1.4 m of fan material is overlmn by a well developed prairie brown soil. Fan deposus are
extremely cohesive, with small scale ripples throuahout Lhe secuon Underlymg the fan matenal

are coarse, unconsolidated fluvial ‘sa.nds At locauon 24b a greater thickness of fluvial material

is observed with less fan deposits 7vxdent In tlle lowest 200 m of the main valley two pits were

trenched. These were ad}aoent 1o« orle another at loermon 28 and 29. Deposits at goth:sites are
similar but were best exposed at locatxon 29 (an 4 29)a~Hene. very fine grained alluvial fan

material overlies ﬂuvnal sands. At the boundary beugeen the two sedrment types distinct

dewatering structures are observed in the sands which suggests they vﬂ're waterlogged when fan

C e

i

déposition commenced, - _ ) ' « “lay
Two sites were trenched at location 18 (adjacent to location 19, Fig. 3.1). Although the

'straugraphy Jds similar to other sites which trench the upper surfaoe, fine grained fluvial sands

have been d@posued over the fan material, a relauonslup not seen elsewhere in the valley. At
locauon, 18a (Fig. 4.28). a well deveIOped prairie brovm soil about 60 cm thick is underlain by
rippled fluvial sands. Thin shest wash_deposits ;Eﬁ?rbedded with the sands and qese
gradually become more dormnant unnl only fan tenal 1s observed Al the base of the ex'posed

section fluvial sands and fan mateml are mterbedded At loauon I8b a sumlar rxorlshrp.ns

Because of ‘the varying ge

v of deposrts consrderable vaga "'n in the uu gess Of ‘ X ,'was observed,Gram su.e :

analysxs of the fan deposus shOWs that more dxstal IOea_ ave a hrghel: &tcentage of

| suucuy material (Appeadix C); for example, depoms from l’oauon 15 (wluch is the most.
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Thick, wel]‘develqbed
prairie brown soil.
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Figure 4.29 The valley fill at location'18a -
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proxlmal site) have a stlt/clay content ol‘ less than\s per eent‘whrle depostts at location 28, the

,__mQSLdlxnl site, have nearly 75 per cent stlt/clay materral ( Appendrx C) Samples taken from
“the older fluvial deposits (usually found uriderlying the alluvral fans) were also analyzed. The
gram size dist.ﬂbuuon shows oonstderable srmrlannes between_all sites wrth Msrts fallrng in .

" the medium to coarse sand range. The silt/clay content was less than ll per oent in all the

samples and in many eases no greater than 5 per cent. (Appendtx B) Nearly all the samples fall

s

- in to the hght ‘brownish gray to light gray oﬁ the Munsell soil colour classll'icatron R
Desplte the’ general snmrlantres between these sites, there are quite considerable
variations in “the mode of deposition. However these drfl'erences are usually due to local

o mﬂuenws.and_too much importance should not be attnbuted to this srtuatron Thxs fact is also

e

" the eases of lacations 18a 18b 24a and 24b. At both sites- the two trenches were no more than/
0m apart. yet consrderable drfferences were seén (Appendix A). Tlns clearly. demonstratcs
ghat variations in the mode of deposition abe due to local influences.

Fan deposits are generally found_at a_similar height in the f‘ill at adjacent"‘sites. At
locations 17 18 and 19, h'owever, depositlon was out of phase. with fan deposition occurring
later at location 17 than‘ ;{ locations 13 and 19. This is believed to be a result of variations in

)

the amount of sedunent input into the valley All these sites are tmmedrately downsiream of the
last major tnbutary to enter the study area (th 3 1). The arroyo is, and probably was,
" deflected across to the north side of the valley by the tnbutary allowing fan deposrts to
accumulate on the south srde Although sediment has probably been deposrted from northern
tnbutary valleys it was insufficient to counteract—the effects of sedrment tnput from the south
sxd'e of the valley. Consequently, while fan deposits accumulated on the south side, fluvial
matenal was deposlted on the north 'I'he sedtment source area for the southern fan depcsrts,
appears to have been very lumted and 00 longer evident. With the loss of sedrment input
from the south, deposruon from the north was sufftcrent t0 fi orce the arroyo southwards across |

, the valley. This allowed fan depostts to aecumulate on the north side of the valleys. Eventually
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the fan deposits at lomuon 18 were overtopped by fluvial deposits. Tlus slte is the only one in
'the valley where this - relauonshtp is seen’ md clearly mdleates that loeal factors can have a
sxgmf icant effect on deposmonal processes |

Two sectrons were cut through the rmddle terrace (found in the lower valley only) at
loentians_zl and 25 A well developed prame brown soll 40-50 cm thick covers the sands at both
- srtes 'I'he soil is best developed at these srtes and locatron 18 and this is- probably due to the fact
"{" that it has developed bn unconsohdated fluvral matenal rather than on the mdurated alluvial
}-fan deposxts The ftll at both sites is composed enurely of fluvral depostts Several dtstmct

fhonzons can be observed in the deposrts at locatmn 21 (th 4 30) However analysrs mdlcates
v .A‘that they all have a srrmlar gram size. Small sedtmentary structures are found throughout the
fill but are best seen ‘at the base of the zecuon (Fig. 4.31). At the base of the section bedload
gravels prevented f urther excavations.

At locatxon 25 a 1\65 m- section was exposed Thrs was again formed prtmanly of
coarse fluvxal deposus The upper 1. 35 m ‘of sands are extenswely nppled and cross-bedded and
are shghtly finer: gramed than the underlying sands Throughout the upper part of the fill ate
thin clays which resemble depbsits . which form on’ the surface of scour pools in the present
arroyo Itis suggested that these formed under similar condmons m the past The coarse fluvial
'-sands which are found at about 1.35 m in depth are similar to the sands whxch underlie the fan
deposits elsewhere in the valley and their grain4size distribution sugges’ts .that they are a similar
}eposu It was not possxb*reach bedrock at either of these sites. However. it is possnble to
estimate that “the depth of fxll at location 25 is in the order of 3.7 m. This is- based on the depth
to bedrock at locauon\ZQ k(not yet dlgcussed) which was treriched immediately in front of this
site. " ‘ ‘ | _ ' '} |
‘ Deposrts at locations 26 and 27 (Fxg 3.1) consist. enttrely of fluvial materials 2 2 m
t.hqu This ‘again agrees with the results of seismic profrhng in the valley whtch mdtcated that
the depth of valley fill was between 2 and 2.5 m. Both sites have small rnset channel depostts in.
B the upper part of the fill. However, it is not possible to-determine whether they pertain to the

= .
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" Figure 4.30 The valley fill at location 21 B
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Figure 4.31 Close-up of the sedxmcntary strucfures observed at the base of the section at

~
~

location 21 .
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same period of deposition. ’rhe trench at location 26 cuts across an oid abandoned meinder
sar. A channel, about 115 m deep. is clearly inset into the mam valley fill. The fill matefial is
 formed of fine to medium grained sands at the base with #fity/clay deposits in the upper part of
. the fill. The finer material dips gently towards the centre of the channel and was probably:
depomed under low energy conditions. The entire fill has been covered by a fine gramed
poorly mdurat_ed deposit which was probably laid down after the meander was abandoned.
" During periods of high discharge flood waters would spill into gbi scar and f; inesu would settle
out of suspension. Two sections were logged in the trench, one down the f ront wall and the
other down the sxde wall. The latter exposed the main valley fill which has not been truncated
by t.he channel fxll The sediments are composed entirely of coarse sands with small beds of
bedload gravels Bedload gravels at 1.15 m down the profi ile are truncated by the channel f l“ in
the front wall of the prt At the base of the secuon a thin lag gravel overlies bedrock

Coarse fluvml deposns are found at location 27, whrch was entrenched down an old’
llcut bank Reoent material has formed an inset fill at the upper surface ’of the pit. The sands
forming the main fill are coarse grained with small ironstone clasts throughout. At the top.of
the section 30 ¢cm of fme fluvial sands overlie coarse sands whrch are nearly 1.7 m thicl. Small
- sedimentary structures are seen thhm the sands and are simifar to those found elsewhere in the
valley. At the.base of the section a thick lag deposrt of ironstone gravels overlies bedrock.

At local.ion 20 a pit was trenched throuah ane of the recent fan deposits. Like older fan
f orrns the fan material is extremely oohecive below. the immediate surface and a jack-hammer
was requrred for digging (Flg 1.8). The upper surfaoe is covered by bedded fine granned |
material approxrmately 30 cm thick the main fan deposn below thrs are Tine gramed sands
interbedded thb thin alluvnl fan deposits. At about 110 cm depth are poorly sorted bedload -
gravels and cdarse fluyial sands. The pmcnce of tlnn fan deposits in the upper sands indicates
tha;deposition from the side vatiey was actlve dnring the la,st period of valley filling. ltﬁs

Ats. Qﬂy ‘when the valley is deeply mcrsed wrll these beds be preeerved and an alluvial

5
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Figure 4.32 The valley fill at location 20

]

Figure 4.33 Close-up of the recent fan deposits in the upper part of the fill at location 20
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fan formed. This suggests that fan accupulation at this location has occurred since the most

recent period of valley eomnchment.

4.6 The valley fill
("’W
the basis of the logged sections, seismic profiles and valley morphology The valley. -
B 4nd alllmal fan deposxts. In Figure 4.34, 24 of the logged

hts and positions in the main valley This provndcs

further mformauon for reconstructing the alluvial chronology N

“The bedrock profile of tire valley can be inferred from the seismic profiles (Fig. 3.14).
The results of fhe survey were verified to some extent by the logged sections whxch indicated
whether seismically determined depths to bedrock were correct. The depth of fill in thc upper
valley is about 3 m while in the lower valley it is- from about 2-2.5 m. The longitudinal bedrock
prof;ile can be estimated from this and it descends fronl 639.5 m to 629 m with a gradient of
0.33'(Fig. 4.35). At the mouth of the valley the pl‘Oflle appwrs to be somcwhat
over- steepened Thxs may be an"attempt by the systcm to attain grade wnth the Red Doer River.

Overlying bedrock are poorly consolidated fluvial deposits. Thesc generally cons:st of
bedload gravels and sands which exhibit a fining up sequence (Appendix A). The gravols are
formed predominantly of ironstone'. though occasional erran'cs are found. Thele does hot
appeu to be a trend towards a greater thickness of gravels at any particular part of the vallcy
Analysis of thm sediments shows that they have a similar gxaxn size ( Appendix B) colour,
and texture wlncll suggests they are the same deposit. The fluvial doposnts accumulated to :

approximately 1 m in the upper valley (to 640.5 m a.s.l.) and 4-5 m in the lower valley (to

634.5 m 251 ). The considerable varigtion in the thickness of the deposits may be due 0 a

number of factors Fxmly. the last maJor mbutary to enter the study area drains a consi *_.able
area and will have oontnbuted a large amount of sediment to the fower valley. This may-have
been too great for the system to mnsport oausmg deposition. Secondly, the main valley ent_e_rs
the Red Deer River at an almost 90 * angle, which will have COnsiderably reduced the velocity of v'
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fow through the valley, resulting in depod,ﬁogl. The accumulation of thick deposits in the lower
valley indicates that the valley was grading to a higher, level than prevbluly The fuvial
* deposits are directly oveciain by alluvial fans. A distinct boundary between the 194 depositional
types can be observed in the valley fil. From this it was possibie to determined that the valley
slope prior to fan deposition was approximately 0.20"’ (Table 3.1 and Fig. 4.35) which is
considerably less than at present. It is not possible, however, to determine for how long Nuvial
deposits accumulated. |
Overlying the fluvial deposits are fine grained, cohesive alluvial fan deposits. These
deposits vary in thickness but in general are thickest in the upper valley (Fig. :1.34). This may

be due to a number of factors. Firstly .‘ the profile of the valley prior to fan dcposiu‘c;n was very

. gcnde compared to the present valley profile (Fig. 4.35), with the height of the fill, lower

compared to the present, in the upper valley and Sigher in the lower valley. (Fig. 4.34). &{e
main valléy acts as the local baselevel control for the side valleys there would be a‘grut T
tendency for side valley izicisiorn in the up}:er reaches of the study area compa;ed ‘to the lower
valley. Furthermore, because the valley is much narrower in the upper valiey material deposited
from the side ;'alleys tends to build upwards rather than spread out over the valley floor, as
seen in the lower valley. |

The fan deposits have been truncatéd and now form the upper surface which is found
throughout the study area. Establishing the height of the remnants by surveying allows som. |
étimhte of the valley profile after dépo_sition 6f the fans. The upper surface ranm from 643 to
634 m to give an average gradient of 0.27. This is considerably less than the present valley
gradient (Tﬁblc 3.1). As the fans are covered by loés it mdmtes that ~fam deposition had ceased
at or before the time of in_put at 5 400+/- 800 B.P. The nature of this episode of incision is
difficult 1o determine as a surface 1 m btz the upper susface is present in the lower valley
(possible reasons far this wil be discussed in Chaptet 6). The depth of incision, however, can.
be determined at a nuinbet of sites, apedﬂly at ‘thu;w'here older mucnals underlie recent
deposits; for example at location 17. The depth of incision is believed to be iy the order of 3 to
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A

4m Aslouleovmt,heuppeundmiddlemrfmit indiatuthatmcinontookpheebefores

400 B.P. .

Afunhorpeﬁodofdoptddonoecurnd Thedueofiuonmunotknown but based
on a date from s eottonwood log 0.6 m below the top of ‘the fill it is possible to conclude uut
‘u;muuon was sl active about 3oo B.P. The deposis laid down are fluvia although
considerably finer grained than earlier fluvul deposits. Depocinon appears to have been greater
in the upper valley with up to 2 m of fine und.s and sheet wash surfawf being observed here.
Elsewhere the infill appeafs, g be more in the order of 0.6-1.0 m. Overlying this surface are
small, recent alluvial fans. The fill at location 20 suggests that deposiuon of thin, cxuemely
fine grained alluvial fan depoms occurred during the hst period of valley infill. This, together
with the fige gnined nature of the fluvial sediments, suggms. that depogition was .during less
humid conditions than earlier episodes of fluvial deposition ahd that there were periods of little
flow in the valley when thin fan deposits could build up. It was not until the most recent period
of valley incision that greater thicknesses of fan material could-accumulate. Recent incision has
m since about 300 B.P. and will be discussed in greater detail in Chapter 5.

Fxfogn the valley fill and morphology at least three cpxsoda 6!‘ incision and two periods
. of valley infilling can be d;cumented:' S
1. Incision of the bedrock valley.

2. Vall_ey infilling v;ith deposition of coarse fluvial sands and then widespread alluvial fan
build-up. ‘

3. Re-incisioﬁ of the valley fill and the formation of a high terrace (the middle terrace in the
lower valley may have been formed during this erosional episode)30-250 cin above the
present valiey floar. | |

4. Valley infilling with fine grained fluvial deposits.

5. Renewed incision in the last 100-300 years.
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5. RECENT CHANGES IN THE STUDY AREA |

v
.

B,

5.1 lntrohcmn :

Aerial photosraphs of Dmosaur Provincial h?k are available {rom 1938 and provide 3
46 year record of events within the study area. These document a complex history of changes in
the extent and oonﬂmnuon of the arroyo channel during this time. The poor quality of early -
photographs, as well as shadows on many of Ufm made it difficult to determine the depth of
incision. However, a close relationship between vegetation and arroyo incision was observed and
provided some means of determining whether a channel was present. *

In the American sﬁ{xmm valley entrenchment usually causes a dramatic reducuc;n in
. the vegetation cover due to lowering of the water table. In the Dinosaur badhqd s the reverse is
seen. In the upper tpbutary a poorly bmded channel trayerses the valley and during major
storm -events the valley floor is flooded. This eansu constant erosion and reworking of
sedunent and it is difficult for yegetau'on to get utablished. When the valley floor is incised
~ storm runoff is channc’lled”i"nto. the gully and dogg not flow over the entire valley ﬂgqr. thus
allowing vegetation to grow. Furthermore, as the depth of incision in the study area is no
greater than 1-2 m (considerably less than that recorded in much of the American southwest)
the water table is not lower§d substantially during incision-and conditions are more favourable
fo‘r‘:egetation growth. Cons,équently during periods of arroyo incision vegetation flourishes on
the valley floor. --

There are several classifications used to describe stream forms and morphologies. The
most suitable for thisstudy is that outlined by Schumm (1967), who categorized streams on the
basis of theiy degree of sinuosity, (Fig. 5.1) and Brice (1974) who defined meanders based on
théir form. In Sch~nm's (1967) classification channels range from tortuous to stmshx mth
thosc that have a sinuosity greater than 1.5 bemg termed meandering.

9%
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~ Figure 5.1 Classification of alluvial stream patierns (modified from Schumm, 1963)



5.2 The arroyo form:1938 ‘ /

Arroyo incision is apparent throughout th%entire study area in 1938 (Figs. 5.2 and

5.3). The arroyo is highly contorted with a sinuof ty‘ of 1.87 and would be termed irregular o
’.tortuous by Schumm 'S (1967) classification. ?( varnety of meander forms are observed rangmg
from srmple symmetrical, sxmple asymrr/rémcal to compound asymmemcal (using Bnce s
(1974) classification of meander vmorph?l‘ogy). There is a general increase in meander size down
valley whieh is probably due to the/,lﬁess‘resirjcted naturg of the valley and the greater slope

J , o ‘
angle. Meander amplitudes up to /100 m and wavelengths up to 200 m are measured and in

general the ratio of meander mmhtude to wavelength is 1:2. The vortex of the meanders in o

,(

most cases pomts downstream Vegetauon is observed m the lower valley and at the boundary
o .of the upp_er and central valley but is scant elsewh_ere (Fig. 5.3). The aerial photographs
indicate rhat the deptl'f/'of' arroyo incision is greatest at those locations where the veg\c‘tatioo
.~ cover is most densm At other sites the arroyo is less distinct (F:g 5.3), and suggests that some
aggradanon is f{umng and that the arroyo does not have a continuous form.
/o

5.3 The r}rroyo form:1950 _

'/T/Qo weli-defined channel can be identifiea from the 1950 air photographs (Figs. 5.2 and‘ |
'5 4) /mdxcatmg that a penod of arroyo filling occurred betweencfi938 and 1950, Only in those
localmes where a well defined cha.nnel was observed on the 1938 anr photographs can a f amt

channel scar be seen (Fig. 5.4) on the 1950 photographs. In the lower 300 1o 400“‘ of the main

valley a wide sandy (?) channel can beiobserved. However, it is not. possible to determine the
- depth of incision. Vegetation is sparse and.only small clumps of sage are observed in the lower
valley. This suggests .t'hm there is no si‘gnif icant incision and dischargé is washing and depositing

sediment over the entire valley floor.



96

$861 PUE 8£61 Us9m19q W0 0ko1Ie Y1 Ul SUONBLIBA 7°C ousw_w.



97

<. 1001 AajfeA AINTI AP I3A0 Bulysem st JjoUns 1EQ

o

$15988ns Yoiym .u&wum s1 :O.JSDWU> *poAIasqo 3¢ uvd [uueyd psuijop O:. A(V >0=Q> .uO?O— 05
. ' SN . . .

Jo uondadxa Y1 YIM “(000 OT:1 9[e35) 0S61 “,uﬂn {pmis 31 jo ydei3oioyd v_ato<. ¢ amsig

. , *I3A0D UONEIABIA I[N

S1 213y1 210ym ‘() L3[Iea [R1IUDD _oE u vu:_ 9P |[3M ST 10U SI [2UUERYD 3y1 YSnoyie *pastoul

st A]eA 3]0um a1 ‘910N “(000 O1:1 31e35) 8g61:LaIR Lpmis ay Jo ydei8oloyd jeuay ¢°¢ iy

ﬂ

-




54Thearroyoforml961 » T e

' A perrod of renewed incision occurred after 1950 and a well det‘ med channel is apparent
" throughout much of the valley on the 1961 air photographs (Figs. 5.2 and 5.5). The
entrenchment is clear xn the lower and most of the cettral valley and a drstinct kmckpomt
occurred at the head of the incision (Fig. 5.5). Upstream’ of the knickpoint the channel was less
defined (Fig. 5.5), The arroyo follows a similar path to that of 1938, but changes in the
meander form are noted with a skght reductron in the amplmrde and a correspondrng mcrease
in meander wavelength at several locatrons Only one rnajor change in the arroyo f orm lS hoted
| as a result st meander cut- -of . In 1938 several highly trregular rneender forrns entrenched the
- lower valw and the largest of these was\not re-activated during re-incision. On the 1950
' photognphs ,:t appears’ that the meander had already been cut off and discharge had been along
a relatlvely strarght path which suggests that channel?band{rment occurred prior to 1950. A
slxght reductron in the smuosrty of the arroyo is apparent because\of this and other factors
Meanders are erther sunple asyrnmetrlml or compound asymmetncal thed\atter bemg f ound rn

the central and lower valley only Vegetanon on the valley floor is restrrcted to areas\below the

T~

\.

- arroyo knickpoint.

5 5 The arroyo form: 1969
~Major changes in the arroyo confi tguratron occurred as a result of meander cut- off

between 1961 ‘and 1969. This resulted in a considerable decrease in channe_l sinuosity to 13

(Figs. 5. 2 and 5.6) and the channel would be described as transitional using Schurnm's' (1967)

classrfteauon “The amphtude of -all meander forms ‘'was- considerably reduced and this rs _
partrcularly noticeabie for a series of meanders at location A (Fig. S. 7 These have been g
reduoed in amplitude frorn approxrma’tely 80 m to 35 m. There was little increase in meander
‘wavelength, however, and the ratro ot‘ meander wavelength to amphtude is 1:4. Meanders have
generally reached a stmple asymmetncal form (Fig. 5.2). Upstream migration of the ltmckpomt

. has occurred-at an average rate of 50 m per annum (Fig. 5.8) with over 410 m of incision since
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o 1961 to give an average rate of approximately 50 m per annum. Above the lﬁnickpoini a less
defined channel is observed and approximately 100 m above the\knickpoim the channel loses ifs
definition and the system becomes braided (Fig. 5.6)- Bmdmg ctfnunues into the upper reaches
of the upper and southern tributaries where a more defined cl;mnel is observed and clearly

y»

. indicates that the arroyo has a discontinuous form at this time.
(‘5.6‘The arroyo form:1977 ‘ L C—
There is little change in the -arroyo between 1969 and 1977 although some slight
mod@auon of the meanders has occurred (ans‘ $.2.and 5 9) and channel smuosuy is lowest
at thxs point. chkpomt mxgranon between 1969 and 1977 was at an average rate of 35 m per
annum (Fig. 5.'8) whnch ls slightly less than in the period 1961 to 1969. This suggests that ghere. :
was less activity in the valley dﬁﬁng this penod The chahnels which incised the upper and
southern tributaries in 1969 have infilled and only & poorly defined cha:inel scar is seen.

Vegetau'on is rapidly colonizing those areas that have been 'r—ecently mcxsed (Fig. 59).

5.7 The arroyo forne:l984'

~ An incregse in channel sinuosity to 1.38 occurred ‘be'tween 1977 and_ 1984.. This is mainly
the result of r;leander growth, particularly in the lower valley, and the mcreased comblex;ty ofa
number of meander forms (Figs. 5.2 and 5.10). The basic form of the channel has remained
sirhilar to that of 1977, but extensive knickpoint migration has occurred during this time with
. over 480 m of incision since 1977. This gives an av’erage rate of upst_ream migration of nearly 80
'm per annum which is considerabiy greater than that recorded in the previous 8 years. This_
‘would probably increase the sediment load transported by the arroyo at this time, with

ooncommnt cb"m in the arroyo form. Vegetauon is found Lhroughout the valley exoept in ~

', those areas not mcxsed or those that have been recently incised..
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5.8 Changes i the arvoyo between 1938 and 1984
In Figure 5.7 ax\e arroyo is shown in its relative position in the valley for each of the

years dlscumd This clégrly depicts those areas where major changes in the arroyo have
occurred. The overall form of the channel has remained stable and m;ny of the .slight
differences in the channel ﬁqlitjon shown in Figure 5.7 probably reflect distortions when the
aerial photographs were enlarged and problems in picking out the main channel thalweg on
some photographs. Nev}enhel&i;. between 1938 and 1977 there was a considerable reduction in
meander amplitude with, in some instances, a compbndigg ‘in?cwa,se in meancier wavelength.
This resulted in a decrease in sinuosity from 1.87 to 1.26 during this period .-This is mainly due
to meander cut-off ( see B,C,and D, Fig. 5.7) and u; other cases both meander cut-off and
channel migration axe respox;siblq (see A Fig. 5.7). While all 'the meanders bavg cl\angqﬂ their |
fprm they have tended to maintain their 'position in the valley and no downstreamn migration
has o;:cuned (Fié. 5.7). A slight increase in the amplitude of a number of meanders occurred
between 197‘} a;ld 1984 (Fig. 5.7) with a corresponding increase in channe! sinuosity from 1.26
t0 1.38. As discussed. this may be due to changes in the sedifht load carried by the arroyo.
This would be.a result of increased sediment input as the aﬁofo migrated upstream and
tributaries were rejuvenated. However, a numbér of other factors could be the cause of changes
' in the arroyo fbrm_. o -

 The cause of changes in the size and form of meanders has been extensively discussed
(e.g. Leopold and Wolman, 1957; Dury, 1964). The first person to suggest that there was a
relationship between meander dimensions andh}dratﬂié%#iables was Jefferson (1901). He
concluded that t.he width of the meandler belt was a function of ‘stream width and that the
greatest amount of erosion was achieved in pen ; of flood. Subsequent studies have developed |
and improved upon this mod\el.’lgglis (1949) found‘that meander dim‘ensfons generally seemed
dependent on the square root of discharge. 'I;hi_s was rcitcra_ted by Leopold et al. (1964) apd

4
[} \

Dury (1964). \

\
\\
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" Laboratory uperlmenu by Leopold and Wolman (1957) concluded that there was a strons
tehtlonshlp between menndex width and disclnme the width controlling wavelength Later
" investigation by Carlstone (1965) showed that the dominant discharges in the modification of
meander wavelength were those nnging between the highest mont.hly discharge for a given river
nndthcmanlnnmldhchnm Ghertmdiu(e.g Frid » 1945) have shown that while
meander wavelength increases with increased dischargg there is also a relat%onship between
meander wavelength and slope. The greater the slope angle the greater the meanher wavelength.
"The effect of sediment on meander forms has been discussed by Schumm (1967, 1977).
He concluded that those rivers which transpotted a high percentage of their total sediment load
as, sand lﬁd gravel had a greater meander wavelength than those that had a high silt/glay per
cent. This relationship has also been shown in laboratory experiments (Khan 1971), with high
percentages of coarsé"bedlmd material. With an increase in channel width and gradient
meander width ixiau:es and depth decreases. With the addition of Maolinite up to a
concentration of 3 per cent, and a reduction in the ooarse material, there was an increase in
sinuosity and the channel became narrower and deeper. .

All of thae studies have been carried out with respect to perenniﬁi‘tivers. Difficulties in
the study of ephemeral rivers have led to their being neglected nqb only one study pertaining to
uroyo mundenng is found in the literature (Leighly, 1936) Thxs study was a little more th'
a descnpuon oﬂ the meander forms recogmz.ed in arroyos of New Mexico. Lexghly (1936),
howevet. did conclude that there would be consndcrable changes in the form of the arroyo in
the early stages of arroyo incision, because of rapid changs in sedxment load carried.
Furthermore, he noled that mmder patterns in arroyo channels tended to have an irregular
form. |

Variations in the meander form could be due to ch;xiga in slope, discharge, and

~ sediment input or a oombimtioh of these pammetexs The channel sinuosity is greatest in the
lower valley where the valley slope is steepest, which suggests that there is a relationship
between the two factors. ‘ . s
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A strong relatonslfip between discharge and sediment input into the valley and erro&o
form ‘has been noted (see Chapter 3). At those points where major tributaries enter mc study

L 4

area the arroyo is derlected across the valley (Fig. 3. 1) Similarly, alluvial fan depoemon into
the velley has been shown to influence the erroyo position, panfcululy in the put when large
fans were deposited. Present fan deposition in thqﬂv‘elley is limited to small fans which overlie

the valley floor (Fig. 3.1). Despite their small size these fans do affect the position of the
arroyo as é:n be clearly. observed from the air photographs. From these it,can be seen that
periods of active allovietion have:pot been continual nor has deposition been synchronous
throughout the valley. In 1938 a series of meanders were observed at location A (Fig. 5.7). By
1961, when renewed incision had taken place in the valley, the meanders showed some signs of
migration and cut- off This occurred in the downstream meander first and by 1969 the
remarmng forms hed been considerably reduced in size. Sediment mput particularly from
gumed alluvral fans\?s evndcnt from a number of localities on the north side of the valley This
has pushed the arroyo channel to the south side of the valley Although there has been a recent
increase in vegetation, sediment input is presently bemg mamwned and is probably preventing
the stream from rex,urning to it soutt{ern position In 1938 (Fig. 5.3) sediment input from the
south side of the valley occurred at locauon C (Fré" 5 7) and a ‘well-defined meander can be
observed cutting across the valley and represenung a very complex M&r form (Fig. 5.3).
Fan deposition was from a small side valley. By 1961 fan deposition was not as acrive and the
meender had.been abandoned. A sligtrt increase in the amplitude of ‘;.he meander is recorded
between 1977 and 1984 with a corresponding increase m fan acuvnty at this site.

While the relauansl'np between specrfxc locetmns of sediment input and meander form
generally appears to be very important, at some sites there appears to be no such relafionship
and “meander cut-off has occurred despite the lack of sediment input. Between,l%l and 19¢°
two meander forms were abandoned. Lerghly (1936) concluded that shortly after incision there
would be a dramatic change in thé arroyo form and meander abandonment would’oecur asa
repultofanincreeseinthcsedimentloadofthechannel.ﬂeeoncludedthatLhisincreuein
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i _‘ sedunent load would occur: beeause of vegetation loss. In the Dmosaur badlands vegetatron
cover mcreases when mcrsxon occurs and consequently sedrment yield dunng runoff would be ‘

” reduced.. Howev.er. an tncreas_e rn,sedrment load would: take place by valley mcrsron and the
:I‘ ir‘?cision I'ol' trlbutary“ fvalleys which’would have a considerable effect on the arroyo form and
»v posstble result in meander cut-off. PR o “ |
A second factor that is of consrderable rmportancc in the valley is. the effect of local
bedrock controls As drSCussed the valley is very narroy, and this restrrcts movement and -
mrgratron of channels in the valley This is demonstréated at “the -junction of the upper and :

,central valley where the arroyo is deﬂected 90 ° north then 90" south by local bedrock outcrops.

Down valley thrs mfluence is also, noted and ma_ny of the meander f orr_ns are due to deﬂectlon S

~ ‘atthese points of more resistant character.

‘5.9 The recent arroy,o history ' ‘. o e
- The date of arroyo incision is not known. However, depo'sition was active in the valley

. untrl at least 315 +/ 65 B.P. based ona date from a cottonwood log buned Im below the lower

o surface upstream of lomtloﬁ ES’ (th 4.6). The dynamrc nature of the Valley 1s clearly

| vdernonstrated by the air photographs with a perrod of mﬁllu‘lg and two penods of valley :
lncrsron being documented 'l‘hxs mdrcates that periods of valley incision are multiple events m

the study area, a fmdmg whlch is duplicated by other studles which haye mvestrgated periods of

- recent mcrslon in alluvral filled valleys (e.g. Bom and thter 1970 Womack and- Schumm |

977)- Schurnm (1973) terrned this complex response Thrs relatxonshrp was reported by
- Schurnm and Parker (1973) who descnbed the effect of baselevel lowermg on valley incision in

-laboratory expenments They noted that after the baselevel was lowered - ‘incision ol‘ the valley k

‘- occurred leavmg the’ valley floor: as a terrace (Frg 5. 11a) Erosion and channel adJustment 10

\\.-—\

the )nualsed gradxent began at the rnouth of the valley and moved progressrvely upstream
3 erodins pmgouﬁy deposrted alluvrum (th 5. llb) As thc channel mcrsed further upstream '

G

’reJuvenatron of tnbutarles oocurred wrth a subsequent increase in sedrrnent transport by the
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mam channel Ulumately aggradauon takes plaoe in the newly mcxsed channel (Fig. §. llc) As

the tnbutary adjusts to the new baselevel sedunent avaxlabrhty drOps and renewed lncrsron

&roq‘gurs formmg a lower terrace surface (Fig. 5.11d). The decrease in sediment load is

o

punctuated by a number of small pulses (Parker 1976). The second stage of mcrsron is a result
of decreased sediment load and the shift from a braided t0.a more defined channel of low width
depth ratio and 'higher' erosive capabilities (Schumm, 1979).
.. Evldence of episodic erosion in the field has beev§ed by Womack and Schumm
ed

(1977). They described the development of a series of unpa' and discontinuous terfaces in

Douglas Cre* ¢ - 'orado These formed in a major period of arroyo cutting which postdates

European s7vierse  in the area at about 1900 A D Entrenchment was both rapid and episodic
with numerou: =fosional and depositional events observed. Traditionally, each of these events
would be atu"ibuted to cll_anges in external facrors. However, Womaclﬁ and Schumm (1977)

concluded that the discontinuous and unpaired nature of the terrace would argue against this.

They concluded that this was an example of episodic erosion in response to an initial period of

entrenchment in the early 1900's as a result of overgraaihg in the valley since the 1880's. Large

quantities of sediment entered Douglas Creek f rom tributaries as they were rejuvenated. This

&

would -periodi’eally \or‘)erwhelm the system and aggradation would occur. Eventually
everéteepening of these deposits wpuld trigger local erosion. Similar findings were aiso reported
by Born and Ritter (1970) who mapped 6 majorbﬂights of terraees which had formed in the
lower Truckee River in response to a single drop in baselevel of Pyramid Lake, Nevada.

It is not possible to determine the cause of the recent episode of erosion in the

ﬁihosaﬁﬁadlands. Field surveying, however, indicates that the current valley gradient is °

higher than vany that can be measured for the paSt valley configurations. As there have been no
major climatic changes or decreases in baselevel it is believed that a gxadual increase in the

valley gradxent by sedrrnent accumulauon resulted in the crossmg of a threshold and incision.

The muse of valley filling between 1938 and 1950 is also unknown Itis possxble that

aggradatron as & result of mcreased se_drment input into the valley by fme reju_ygpauon of
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A. Valley before base level lowering.

B. After base level lowering, channel;
incision forms bedrock terrace.
Eros%on will widen channel.

Braided Channel

C. As sedimeht yields incredse an
alluvial fill is deposited and the
channel braids.

D. As sediment yields decrease the
channel incises ‘into the recently
deposited alluvium forming a low
alluvial terrace.

Figure 5.11 Idealized diagram of complex response in.an alluvial filled valley (modified from
1Schhnnn_and Pa;kcr.1973)‘ | | |
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tributary valléys overwhelmed the system and caused aggradation to occur. The air photographs
do sdggst that aggradation was already taking place in the valley in 1938 and that the arroyo

A ]

had infiiled by 1950. N | A
The most recent period of incision beéan after 1950: The raie of knickpoint migration is
variable between the time periods studied. I n‘civsion rﬁay have been m response to an increase in
sediment input"‘with a gradual increase in valley gradiem.‘ similar t; that seen by Womack and
Schumm _(1979)_ in Douglas Creck;- Colorado. This resulted in local oversteepening ai;d the
béx@dence'o’f a th:és‘hold. A second Possible cause is sug.geswdb. The air photographs shov) that
there has been considerable lateral migration in the Red Deer River since 1938 (Fig. 5.12). This
shift has been towards the valley .th_crcby reducing its overall lenglth. This rédu;tion has been in _
. the order of 70'm and_oc;urred between 1938 and 1961 during the period of Arenewed‘- incision.
| This shift caused a change in the valley gradient from'0.36 to 0.38" over a very short p;riod and_
would be equal to a drop in baselevel of about 60 cm. ‘Alth,c?ugh thié may not secmﬂvcn./
,_ ‘“significant, if Ll;e valle); was i_n a very unstable position slight changes such aé this could be
sufficient to reaﬁtivéte arrg&o incision. At other times when the valley was more stable - this

would probably have no effect on the valley.
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. secuons valley morphology and sexsm:c profiles. At least three penods of mcxsxon @wo L

oo : Q
. T ‘ ‘ ’ . H )
o 6. DISCUSSION AND CONCLUSIONS o
6.1.Dhcussion , _
The alluvial chronology of the study area has been reconstructed using the logged
penpds of valley infilling are in. evndence The cause of each epxsode 1s debatable and of the

posmble causes of arroyo cuttmg and fxllmg discussed in the luerature two may be. apphcable to :

-this area: the effects of a) climatic change; b) ad;ustmenle in the longitudingl profile of the

' Vaﬂcy . . . ‘17

© o

-

6.1.1 First episode of incision »
Incision of the study valley will have been controlled by the Red beer vaer into which
1t,,flows Air ,photographs mdmte that the Red Deer aner has a valley-in-valley form, similar

to that observed by Kehew (1982) for the Souns spillway. Bryan et al. (in press) .have suggested

v that this was due to an mmal episode of widespread erosion in what they term the 'broad valley

stage', with a later penod of deep incision. lnclsnon not only occurred in the Red Deer Valley
bul in tributary spnllways such a‘s_the Little Sandhill creek and Onet_ree Creek (Fig. 2.5). It is
believed that the study valley vvas formed durixlg'the period of deep incision and acted as a
spillway draining Weters from the south ‘of the park. This hypothesis is bome'-‘out by the “
U- shaped bedrock profile ‘of the study valley (which can be inferred from the seismic prof 1les E

ang bedrock outcrops), whnch 1is similar to other splllways in the region (see Stage 1, Fig. 6. 1)

This together with the amount of sed1ment wluch has been eroded from Lhe valley, suggests

formanon under extremely high flow condmons These- conditions may have been attained ’
during the sudden catestroplnc drammg of pro glacxal lakes in the vicinity of the presem park_‘

location.
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?;6 l 2 Flrst aggradational episode '
A period of aggradation took place af lc; the valley was incxsed. Deposus generally show
7 a fuung up sequence from fluvially deposited gravels and sands to fmc gramed fan deposits
(sec Stages 2 and 3, Fig. 6.1). This change in the style of s_edxmentauon suggests that there was

a considerable reduction in flow. conditions during Lhis.episodc of sediment accumulau‘on The

coarse nature .of the fluvial deposits indicates deposmon undcr higher ﬂow regimes than at

b? ””

presem ‘ | . o .
Several workers (e.g. Harris and Pip, 1973; Emerson, 1983; Pennock, 1984) have
s’uggeste.d that thea.u.nmedlate postglacial climate was much wetter than at present.
Consequently, flow coridithions'in'_thc. study arca’v would have bceﬁ grealer.ﬁ{urlhcmor»c. the
amount of runoff generated would have been considgrably greater prior to ldcss input into the
arc@.‘Measuremen'ts of the amouint runoff ratio, in the experimenlal drainage basin, show that
undex; present climatic conditions the badlands have a runoff coefficient of approximately 30
per.cent (Campbell, 1986). This is despite the fact that ov.cg\'a third of the drainage basin is.
loess éovered. which has a considerable capacity to absorb water and does not generate runoff
even under the mést intense rair;”evcnts. Cohscqently. a considerable area of the basih dbcs not
contribute funoff "to the system. In the early stages of badlands development, prior to loess
ifxput (at approximately S 400 B.P. Alpha-2074), there would have been a very hiﬁ&‘f&c;n}ay
of ‘bedrock outcropping throughout the area and a highcr runoff coefficient would be eibccted’:
Additionally,. if the climate was wetter and possibly cooler than at present there would have
been less potential for == s ««: by evaporation and a greafer potential for runoff. This
. may havé been suffici=n' ©  «iu+ -ue flow conditions required to transport coarsé sands and
gravels. It is also possoie aat discharge from ihc Hpro-glaci:al lake wa§ an additional source of ’

~fluvial input in thc immecizle peiaiaecal period. | 0

s | The ﬂuvxal dcposus fme upwards from gravelly bedload to medium coarse ﬂuvnal sands

at most of the sites studxed While Lms «change in t.hc grain-size dxsmbuuon may bc a rcsult of -

dcposmon by a mcandcrmg stream it is believed that this was not the case in thxs instarce.
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There are several reasons for this. Firstly, the coarse nature of the fluvial deposits will have
pervented &mnnet stabﬂity_. causing constant channel migration and -reworking of the
| sediments. This'will have resulte‘d‘ in the formation of erosional and deposiﬁenal feauires No

such fcatures were. observed in the fill, and in fact deposns tended to be uniform within tbe

trenches Secondly, had t.here been oonstant channel mxgrauon a series of small fmmg up

sequences would be expected not just one. Thus it is concluded that the decrease in the
 grain-size of the fluvial deposits was due to a decrease in flow events ihrough the étudy valley.

This may have been due to the lpss of lake discharge or a shift towards a more arid climate. In

vie\‘; of tbev fact that fine grained alluvial fan deposits overlie the.sands, the latter case is the
- more vprobab!e. Furthermore, there is considerable evidence to suggest that e*treme arid

cenditions prevailed in-the mid- Holocene. The date of this event varies f romostudy to study and

ranges from 9 000 to 6 000 B.P. in central Alberta (Schweger et al. , 1981). 7 900“to 5180 B.P.

in the nghwood River basin (Pennock 1984) and 8 500 to5 500 B. P. in- Jasper Natonal Park
(Kcamey and Luckman, 1981). But thhout better datmg control only tentauve conclus:ons can
be made J
It is believed that this shift towards more arid conditions was ideal for the
accumulation of alluvial fan deposits. Although material iwas probably deposited from valley
side tributaries before the onset of arid conditions, it will have been washed away during
frequent flow: eventsi. With the‘reductioﬁ in such events -alluvial fans could accumulate. The
onset of agid conditions in central Alberta is believed to be at approximatel_y 8 000-9 000 BP
 (Schweger ¢ al., (1981), and was probably at a similar time in southern Alberta, it is possible
| to suggest that the onset of alluvial fan deposition in the Dinpseur badlands was around 9 000 ‘
B.P. | | | | |
All\ivial fan 4cposits arebgencrally fine grained and extremely cohesive. Sr&il scale‘

sedunentary structures were observed in many of the deposits and are beheved to be the result
_of past fluvial actmty over the fan surface. At a number of lcmhues fan deposits are

interbedded vmh ﬂuvml sands while at other sites there is an abmpt contact between the two

-
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depositional types. As the former case was “generally observed at a more distal site it does
luggest that there was some inter-digitating of fan and fluvial. sediments during the initial
stages of faix deposition. The more abrupt boundary found at other sites may be a function of
the position downfan of the section or an indication that at certain sites deposition.was more
abrupt. The presence of load structures in thr; the sands at the contact of alluvial and fluvial
deﬁosits at location 28 (Fig. 4.28) does suggest that the onset of fan deposition was very rapid.

Although it was not poséible to measure the fan gradients accurately, it is fairly evident
that they graded to a height 2-3 m above»the pfesent valley floor. This is especially true in the
lower valley where truncated fan remains stand 2-3 m above the valley floor. This suggests- that
the v;lley graded to a higher baselevel in the past. Aggradation in the Red Deer River is
believed to have occurred in the immediate postglacfal period. The cause of aggradation is m;t _
known, but Tt has been suggested that it was due to isostatic rebound or an increase in the
‘water-level to the northeast (David, 1964). A major period of aggradation has also been
recorded in At;xc South Saskatchewan River (into which _thé Red Deer River flows) and this
pfobably controlled operations in the Red Deer River (McPhérson. 1968), and conséquently the
study area. \

" The amount of aggradation in the Red Decr River is vériat;le, with up to 50 m of
sediment aécumulatf;)n (McPherson, 1§68). In the vicinity of Dinosaur Park the amount of
aggradation was considerably less than this, with approximately 15 m of sediment
aécumulation. An extensive tcrrac§ area bu;,bind where the Park headquarters currently stands
(Fig.. 1..1) possibly relates to this pcriod~ of aggradation. The hdéht of this terrace is
approximately 637 m a.s;l.. similar to the height to which the study valley gradeq in the past.
The available evigienix suggests that the first period of aggradation in the study area was in
‘response to an increase in the Baseléyel of f‘xevRed Deer River. It is not known for how long
this period of aggradation continued. Howcver.. the presence of loess material on the upper fan
surfaces indicated that deposition had ceased before 5 400 B. P.
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A period of incision followed the accumulation of fan deposits (see Stase 4\% 6.1).

It is difficult to determine the exact nature of this cxos:onal episode, because of the presence of :
a second surface approximately 1 m below the upper surface in the lower valley, The formation
of this wmée is dlf ficult to explain, but a number of possibl_e mecl;anisms may be suggested.

With the onset of valley incision large amounts of sadiment would be removed from the
valley. This wx;‘my have been too great for the Red Deer Riyer to remove and aggradation
occurred at the mouth of the valley. The resultant inérm\'qg in baselevel causing valley
aggradation. Experiments on the effects of increased basélevel oﬁ‘a\ual_ey system have shown
| that the effects do not tend to extend far up valley (Leopold and Bull 1979) Therefore if
there had been an increase in baselevel the effects would probably only be seen in the lowest
pan of the study area.

'I‘he second terrace could also be a r&sult of two successive periods of incision- an initial
period cutting thc txpper tcrra;e. with{ later mcision forming the middle terrace. l,t is possible
* that its pménce in the lower valley is a result of changes in sediment type. It is belicﬁd that

coarse fluvial sands at the base of the fill in the Uppér“valley have had a limiting effect on
, incision. In the lower yiiley similar sands are found at a much higher position in tﬁe fill, at
approximately the same height as the middle terrace (Figs. 4.34 and 4.3?). It is possible that
ihwc deposits had a similar effect in the past inhibiting further douﬁiward incision when the
sands were reached. This multLd in lateral rather than vertical erosion and the formation of a
terrace. As the system had to reach a state grade incisibn of the sands eventually occofted. In
the upper parts of the valley where these sands are lt;wer in the fill, and alluvial deposits are
thicker, downward incision could 90ntinue and the middle tcrraég\would. not bc' formed. ‘
A third possiBlity is that there was an episode of incision followed by dggradation and
then a fun.txer‘/period of incision- the two erosional episodes being totilly unrelated. The fact -
that the middle terrace is only present in the lower valley suggests that this is not the case but

without more evidence on the relationship of the deposits it is not possible to make any definite |
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conclusions. It is possible to conclude, however, that the two terrace were formed prior to loess ”
input at 5 400 B.P.

“The depth of incision can not be determined in the upper valley bht. as previously
discussed, it is believed that the presence of coarse fluvial sands at the base of the present
:i;royo has had a considerable effect by prevéming vertical incision from ocEfming.'lf this is
the case today it was probably the case in the past and consequentl.y the depth of incision was
probably ﬁo greater than at present. In the lower valley there is more evidence to suggest that
the depth of incision was in the order 6f that currently found in the lowe;' valley. At locations
14, 17, 22 and possibly location 11, older deposits are found underiying more recently dcposited
sediments. This séqugnce is particularly well preserved at ‘l‘ocz‘nion 13 and indicates that the
depth of incision was similar to the present depth 'of incision.‘Als the valley floor was higher at

this time it is estimated that betwqcfn 2.5 and 4 m of incision oc;urred during the second
| crosioﬁal episode. The cause of incisic;n is difficult to determine. 'fhc gradient‘ of the vglley at
that time wa$ 0.27 (lFig. 4.33), which is considerably less than at present. As the arr;y"o\which. '
presently entrenches the valley has a gradient either the same or gruter‘ than this (Table 1.3) it
Suggests that the valiey was in a very stablc condition at this time and incision was not due to
-the crossing of a geomorphic thresholci. Evidence suggests that there was a deterioration in the
climate at abbut 4 000-5000 B.P., to conditions which are wetter than at present. The onset of
- wetter condiu'pns after an extended period of drought will probgbly l‘i}ave increased l-hc potential
for erosion. While it is possible that this resulted in valley cutting :n the badlgnds it is more
likely that incision'in the Red Deer Rivef kpossibly as a direct result of climatic changé) cauged
incision in the study area to take blace. It is not possiblg t§ determine the date of this period of
this erosional episode, but based on climatic conditions in Alberta it is suggested that incision

took place at appr~~mately 5 000-6 000 B.P.
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6 1.4 Second aundltlml episode

A leeond pétiod of esgndltlon followed incision (see sme 5, Fig 6.1): Deponu are |
considerably flngr with abundant sheet wash deposits in the upper surl'aces. Recent deposits
appear to be thiélest in the upper valley where over 2 m of sediment have accumulated. In the
lower valley it is more difficult to determine the amount of sedimentation but it i bélieved to :
be in the order of a-metre. As discussed this is believed to be due to a rapid deceleration in flow
when it leaves tbe confines of the tributary valleys. This results in deposition whicb is gl'eatest
in the upper valley. The deposits are fine grained and the sedimentary structures indicate that
deposition was under lower flow regimes than are presently attained in the arroyo: It should be
‘pointed out, however, that this does not necessarily mean there is greater water thrqnglh ‘the -
present system. The arroyo has the effect of channelling discharge and greater flow velocities
can be reached with less actual flow. was still active in the valley at approximately 3154—'/‘653
P. (5-2546) based on 4 date obtamed ona cottonwood log 60 cm.below the valley floor. The ’

 cause of this aggradational eplsode is not known. T .

6.1.5 Third episode of incision ‘

. The most reoent period of incision has occurred within the last 100-300 years (see Stage
6, Fig. 6.1)‘. At least two Episodes of erosion can be documented whicb indicates that eroéional
episodes are not singular events. There hnve been/no significant changes in baselevel over the
past few hundred years which indicates that is is not the cause-of this episode. The valley
gradient today is at the steepest recorded alnd,it is possible that this current erosional episode is
the result of the exmdenoe of a threshold without any ch?mge in external variables and is an
example of an intrinsic threshold The most recent erosxonal episode took place between 1950
- and 1961 dunng this ume there has been no climatic change or changes in baselevel Air
~photognphs show that there was considerable lateral shifting in the Red Deer’ Rlver at thxs
time. The cause of the shift wnot known but MePberson (1966) reported that there had been

up to 200 m of lateral movement in, some parts of the river valley between 1889 and 1960 In .

.

o
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this area the shift in the river resulted in the main hneydeaudn;inlength byebbut?dm' ‘
this is equivuent to . baselevel chmge of about 60-70 cm. If the valley was in an unsuble
eondxtion this shift could have been sufficient to cause an episode of erosion in recent yem
The available evidence indicates that no major erosional episodee occurred in the v_elley _
between the period of incision prior to 5 400 B.P. and the most recent period oferosion‘. Reeent
deposition in the valley has been very rapid with 0.6 m of sediment accumulation in the upper
valley in the last 300 years. This is based on a date obtained on a cgttonwood tree found
upstream of location 3. The deposits above and below this log are the same and it plausable to
<

suggest that deposition was at a similar rate. If this was the case it hat taken approximately

600-800 years for the deposits to accumulate. Thus between the lasl'episodo-of erosion (prior to -

"5 400 B. P ) and the onset of deposluon there was a period of about 4 000-5 000 years where

there is no evndexge of valley cutung and ﬁlhng m the study area. This does seemohnghly
unlikely, especially in view of the fact that the wet period which covers much of this time wh
punctuated by periods of prolonged droughl (Pennock, 1984) If this was Lhe case eplsodes of
enhanced geomorphic activity would. be expécted (Flg 2. 1) and mdwd were seen in the
nghwood basin in southeestem “Alberta (Pennocl:, 1984). In view of this it seems highly .
unlikely that there has bee/n no agtivity in the Dinosaur badlands and it"is suggested thaj the
evidence is either hot preserved or‘ Lhe similarity of deposils“ make it “u?p\ossibl.e to distipguish

these episodes.

6.2 Conclusions : .

’ g
PN e s s g, gﬁ)

The badlands formed durmg the final stages of deglaciation when pro-glacial lakes to

<

the south and west drained across the area. lncxsnon was in two phases, wnh initial wndecpreed

_ erosion removing Pleistocene deposits and later ihcision cutting deep U-shaped valleys into the

undexlymg Cretaoeous bedrock The study valley is bebeved to have formed during the second

. stage of mcxsion ‘



l Followmg rrtgmon sands and graVels accumulated in the valley Deposruon was rmually

under a hlgh flow regrme Wthh later decreased thh a correspondmg decrease in the gram size o

of depostts The transruon from gravel to sand deposruon was, possnbly a result of the loss of

‘lake drscharge A sluft towards more arid condmons at approxxmately 9 000 B. P resulted in

\ wrdespread alluvral fan’ deposrtion throughout the ‘study area. Aggradauon m the study valley |
| ‘was due to an increase in the baselevel of the Red Déer vaer ' ‘

1ncrsnon of the valley occurred prior to loess input at § 400 B.P. This resulted in the‘f‘
formauon of an upper surface wh;ch stands 0. 3 to 2.5 m above the .valley floor A second
surface 1 m below the upper surface‘sw‘nch is only present in the lower valley, is also believed
to have: formed durmg this’ erosronal eplsode Incrsron of the valley frll was m response to
mcrston in the Red Deer River.. _ | '

Subsequent aggradatton resulted in fine grained fluvral deposrts accumulaung These
deposrts are rnost are thrclrest m the upper valley whare-over 2 m of matertal has accumulated o
S 'Aggradauon was sull active in the valley at 315+/- 65 B.P. (S 2546) Using. tlns date it is
| possrble to suugest that the recent valley fill has been deposrted over the last 600 800 years

| . Recent valley mcrsxon has occurred vnthrn the last 300 years No maJor changes in
clxg;ate or baselevel have taken place dunng tlus ume The valley gradrent 1s presently at the "
steepest recorded in the valley history and 1t is’ belreved that gradually steepenmg of the valley
has resulted in. the exwedence of a geornorpl'uc threshold causmg incision to occur. The most -
recent penod of mcrston has occurred smce 1950. This is beheved to have resulted from the o

rapxd lateral rntgrauon of the Red Deer Rrver towards the valley thereby shortenmg 1ts length

and mcreasmg 1ts gradient suf fi rcrently enough to reactivate mcrsron

T A.\l



References | ,

" Babcock; E. A., 1973 Regxonal jointing . in southem Alberta, Canadian Joiurnal of Earzh

Sctences v. 10 1769-1781.

‘_Beaty C. B 1975 Coulec ahgnmem and wind in southern Alberta Geologlcal Soclery of

Amertca Bulleun v. 86 119-128.

" Beaty, C. B, 1976. Land s of Southern Alberta -A RegxonaI Geomorphology Umversny of.

Lethbndge Productio ices, 95pp.

Berg, T.E. and McPherson R.A., 1973, Surflcxal Geology of Medicine Hat, Alberta Research
Council, Map NTS 72L. ‘ ‘

Born, S.M. and Ritter, D.F., 1970 Modern terrace developmem near Pyramld Lake Nevada,
and its geologic unpllcauons Geologtcal Association of Amerlca Bulletin- 81 . 1233 1242,
Brice, J. C., 1974. Evolution of meander loops. Geologlcal Society of Amertca Bulletin v, 85

581- 586 v

‘Bryan, K., 1925, Date of channel trenchmg (arroyo cutting) in the arid southdvpst Sc:ence v.

62, no. 1605 338-344.

Bryan K., 1940. Erosion in the valleys of the southwest. New Mexico Quarterly, 10, 227- 232

 Bryan, R. B. and Campbell, 1. A., 1980. Sedxmcnt entrainment and transport durmg local

rainstorms in the Stevevnlle Badlands Albenta, Catena , 7, 51-65.

'Bryan R. B. and Campbell 1. A., 1982. Surface flow and erosnonal proceses in semiarid -
mesoscale channels and dramage basins, in Recent Developments: in the Explanation and
Predlcuon of Erosion and Sediment Y illd, IAHS publication no, 137

Bryan R B Campbell, I. A. and Yair, A., Postglamal geomorphic devclopmcm of the
Dinosaur Provmcxal Park Badlands, Alberta, Canadian Journal of Earth Sciences in press.

4Bryan R. B "Imeson, A. C. and Campbell, I. 1984. Solute ‘relcasc .ahd sediment

entrainment on mxcrocatchments in the Dmosaur Provmcxal Park badlands, Albcrla
€anadian Journal of Hydralogy. 7 79- 106 .
Bryan, R. B Yair, A’and Hodges ‘W, K 1978. Factors controllmg the initiation of runolT
. and ing in Dinosaur Provincial Paxk badlands Alberta, Canada. Zeashrtﬁ ﬁlr_
Geo phologte, Supplement Band, 29,.151-168. - : : .

Bull Ww. B 1964. History and causes of channel trenchmg in Westcm Fresno county,
Cahfomla Amencan Journal of Science, v. 262, 249-258.

~Campbell, I. A, 1970. Erosion rates in thc Stevcvxlle Badlands Albcrta The Canadtan

Geographer, 14 202-216.

Campbell, I. A., 1974. Measurement of - erosion on badlands surfaoes Zeltschriﬁ ﬁlr
‘ Geomorphologw Supplementband 21 122-137. :

;
/
/



124

" Campbell, I. A., 1981. Spaual and temporal vanauonds in erosion measurements, in Erosion

a_gé ’Sgdtmem transport measurements (Proccedmgs of the. Florence Symposium, June
1AHS Publication , 133, 447-156. . ” _

_Campbeu I. A., 1986. Infiltration characteristics of badlands surfaces and storm runoff
 Proceedings, /nternational Conference on .infi tration develapment and appl:cauons
‘Honolulu, Hawaii. ‘

Campb‘cll I. A Seismic prof’ iling of -a section of the Dinosaur badlands. Unpubh'shed data.

Carlstone, C. W., 1964. The relationship of free meander geometry to stréam discharge and its -
geomorphic 1mplxcauons American Journal of Science, v.263, 864-885.

Carson, M. A., 1971, Apphcauon of the concept of threshold Slopes to the Laramie Mountains,
Wyoming, Institwe of British Geographers Special’ Publication, 3, 31-47.

" Carson, M.A. and Kirkby, MJ 1973. Hillslope Form and Pioce'ss.\ Cambridge University
Press, 475pp. ) .

Cooke, R. U., 1974. The rainfall context of arroyo initiation in southern Anzona Zeitshrifi fur
Geomorpholdg:e Supplement Band 21,63-75.

Cooke, R. U. and Reeves, R. W., 1976 Arroyos and Environmental Change in the American
Soulhwe.s‘l Oxford, Clarendon Press 213pp.

David, P. P., 1964. Sur ficial Geology and Groundwater Resources of the Prelate Area 72K,
Saska:chewan Unpublished Ph.D. thesis, McGill Umversxty o

| Dodge, R. E., 1902. Arroyo fo‘rmauon. Science n. s., v. 15, 746

"Dodson, P., 1971. Sedimentology and taphonomy of the Oldman Formation (Cax‘npénian)
Dinosaur Provincial Park, Alberta (Canada). Palaeogeography, Palaeoclimatology and
Palaececology, v. 10, 21-74.

Duce, J. T‘ 1918. .;I'he‘effeCLS of cattle on the erosion of canydn bottoms. Science , V. 47?
450 452 ‘ B . o ‘

Dury G H., 1964, Prmcxples of underfit streams, Umted States Geolog:ca/ Survey Prafessxonal
Paper 462-A. S

Emcrson D., 1983. Late-glacial molluscs f rom the Cooking Lake Moraine, Alberta Canada.
Canadlan Journal of Earth Sciences, v. 20, 160-162.

Envu’onmcm Canada, 1982. Canadian Climatic Normals Temperatures 1951-1980, v.2,
Downsvxew Ontario. B : -

Envuonmem Canada, 1982 Canadian Clmxauc Normals Precipitation 1951-1980, v.3,
 Downsview, Ontario. '

Faulkner. ‘P. H.,-1970. Aspeci; of Channel and Ba&in Marpology in the Steveville Badlanda, .
Alberta, Unpublished M. Sc. thesis, Department of Geography, University of Alberta.

Folinsbee, R. E., Baadsgaard, H., Cumming, G. L., Nascimbene, J. and Shafiqualiah, M.,

P



o128

1965%Late Cretawous radiometric dates from the Cypress Hill of western Canada, in Zzll
R. L.(ed), Cypress Hills Plateau Guidebook, Part 1, 15th Annual Field Conference.
Alberta Society of Petroleum Geologists, 162-174.

* Friedkin, J. F 1945. 4 Laboratory Study of Meandermg in Alluvial Rivers. Vlcksburg.
Mississippi : U S. Waterways Expenment Stauon

PO

"
Graf, W. L., 1983. The arroyo problem palaeohydrology and palaeohydra%{m the short
term, in Gregory. K. J. (ed) Background to Palaeohydrology leey. New'York, 279-302.

Gregory, H. E., 1917. Geology of the Navajo County a reconnaissance of parts of ‘Arizona,
New Mexxco and Utah. United States Geolog:cal Survey Pra fessional Papers 93.

Harris, S. A. and Pxp, E., 1973. Molluscs as mdlcators of late and. post-glacial chmauc hlstory
of Albena Canadian Joumal of Zoology, 51, 209-215.

Harty, K M., 1984, The Geomorp)uc Role of Snow in a Badlands Water.&ed Unpubhshed M
Sc. thesis, University of Alberta.

Hereford, R., ‘1984 Climate and kephemeral stream processes: Twentieth- centtxry
geomorphology ahd alluvial stratigraphy of the Little Colorado River, Anzona Geologica!
_ Association of America, Bulletin, v.95, 654-668. ' ‘

Hodges, W. K. and Bryan, R. B., 1982 "“The mﬂuence of material behaviour on runoff |

initiation in the Dinosaur badlands Canada, in Bryan, R. B. and Yair, A. (eds )Badlands
Geomorphologyand Pipmg Geo Books, Norwich, 13-46.

nqngton 'E., 1914. The Climatic F actors as Illuszrazed in Arid, Amertca Carnegxe lnstxtute
Wasbmgton Publication 192. ' .

Inghs C.C., 1949, The Behavior and Control of Rivers and Canals Res Pubhcauon Poona
(India), 2 vols

Jefferson, M. S. W., 1902.. Limiting width of meander belts, National Geograplucal Magaztne .
Az 13(10) 375- 384

Kearney, M. S. and Luckxnan B. H., 1980. Evidence for Late WxSconsm bEarly Holoeene
' climatic/vegetational changes in Jasper National Park, Alberta, in Mahoney, W. C. (ed)
Quaternary Palaeoclimates, Geobooks, Norwich. ,

Kehew, A. E., 1982. Catastrophlc flood hypothesis for the origin of the Souris Splllway
Saskatchewan and North Dakota, Geologtca! Soczety of America, Bulleun v. 93,
1051 1058.

‘Khan H. R 1971. Laborazory Study of Rlver Morphology, Unpubltshed Ph D dxssertanon
Colorado State University.

Knox J.C., 1972 Valley alluviation in southwestern Wisconsin, Annals of lhe Association of

Amertcan Geographers, 62, 401- 410 , o ‘ l\/
~ Koster, E.H., 1984. Sedlmemalogy of a Foreland Caaswl Plaut. Upper Cretdteous Judith River

Formauon at Dimosaur Provmcw! Park, 1984 Fteldtnp Gmdebook Canadnan Society of
Petroleum Geologxsts '



126

-

Leighly, J.., 1936. Meandering arroyos of the dry southwest, Geographical Review, 26, 270-282.

Leopold L. B., 1951. Rainfall frequency an aspect of climatic variation, Transactious of the
American Geophyslcal Uglon 32, 347-357.

~ Leopold, L B. and Bull, W. B., 1979. Baselevel aggradation and grade Proceedmgs of the
American Philosophical Soclezy. 123(3) 186-202. '

Leopold L. B. and Wolman M. G., 1957. River channel patterns -braided, meandermg and
straight, United Sta:es Geological Survey Professional Paper 282-B .

Leopold, L. B., Wolman M. G. and Miller, J. P., 1964. Fluvial Processes in Geamorphology.
 W.H, Freeman San Francisco, 522 pp ,

. McPherson, H. J., 1966. Morphology and- Fluvial Processes of the Lower Red Deer River
Valley. Unpubhshed Ph. D thesis, McGill Umversrty, 149 pp.

McPherson H J., 1968. Historical development of the Lower Red Deer Valley, Alberta, The
Canadian Geographer 12, 227-240. .

Miller, D. E., 1971. Formauon of vesicular structure in soil.v Soil Science Society of America,
Proceedings 35, 635-637. _ ‘ o

North, M. E. A., 1976 A plant Geography of Alberta, The University of Alberta, Studres in
Geography, Monograph 2

" Parker, R. S, 1976 Expenmental Study of Dramage Systen Evoluuon Unpubhshed report,
Colorado State University. _

Patton P.C. and Schuffim, S. A 1975 Gully erosion, northwestem Colorado A threshold
phenomenon. Geology, 3 88- 90

Pennock, D. J., 1984. Soil Landscape Evolution in the Highwood River Basin - South Alberta,
g Unpubhshed Ph. D. thesis, Queen's University, Kingston, 297pp. ’

Peterson H. V., 1950. The problem of gullymg in- western valleys, in Trask P. P., (ed)
- Applied Sedimenzology Wiley, New York 407-434, _

Rich, J. L., 1911. Recent stream trenching in the semiarid poruon of southwestern New
Mexico, a result of removal of vegetauon cover, American Journal of Science, 4, v. 32 '
237-245. _ _

Schumm, S. A., 1960. The shape of alluvial channels in relation to sedrment type, United States
Geologu:al Survey Pro fesstonal Paper 252-B , 30 PP

| Schumm S. A., 1963. Sinuosity of alluvral rivers on the Great Plams Geologzcal Society of -
: Amerlca, Bulletm 74, 1089-1100. :

~ Schumm, S.A., 1967. Meander wavelength of alluvxal tivers, Scxence v.157; 1549 1550.
Schumm 'S, A 1973. Geomorphic thresholds and complex response of drainage systems, in

Morisawa, M (ed) Flrmal Geomorhology, State University of New York, Binghampton,
- 299-310. -



‘ Schumm S.A., 1977, The Fluvial System, Wiley, New York, 388 pP.

127

0

Schumm, S. A., 1979 Geomorphic thresholds the concept and its applications, Transactions cy’ '
“the Insttuae of British Geographers, v. 4, no. 4 485- 515

/

Schumm, S. A and Hadley, R. F., 1957 Arroyos and the semiarid cycle of erosion, American
Journal of Sctence. v. 22§, 161- 174 - ,

Schumm, S. A. and Parker, R. S., 1973. Implications of complex response of dramage systems
for Quaternary alluvial straugraphy. Nature, 243, 99- 100 , Jos

Schweger, C., Habgood, T. and Hickman, M.. 1981. Late-glacial Holocene climatic changes in
Alberta, in Leggett. R. R. and Kotylall, 'J. T. (eds), The Impact of Climatic Fluctuaiions
on Alberta Resource and Environment, Proceedings, workshop and annual meeting, Alberta
Climatological Association, Atmospheric Environment Services Western Regxon
Environment<Canada, Edmonton Alberta. Report No. WAES. 1- 18 47 59. '

Stalker A., MacS., 1961. Buried valleys in central and southem Alberta Geologlcal Survey of
' Canada Paper 60-32

Steick, C.R., 1967. The record of the rocks, in Hardy, W. G., (ed). Alberta- A Natural
Hiszory, Evergreen Press, 21-57. .

"

Tuan, T F., 1966. New Mexican gullies: a critical review and some recent obsevauons Annals.

ofthe Assoczatlon of American Geographers, 56, 573-591.

f' Womack, W. R. and Schumm, S. A., 1977 Terraces of Douglas Creek, northwestem'
Colorado:an example of eprsodrc erosion, Geology, v. 5, 72- 76 ,



?

Appendix A. The logged sections from the study area -



L N | 129

“'l'nn'

e
il
|}|'|'|'|‘|'|Ill'l{l}l}m'
n!u,l. oAt

||ﬂ|ﬂﬂﬂ||l
}"'I::':,l .:i:

R i
i
(A

b
IWHN

i il
i

‘-HHH
‘%W%|ﬂ

i
i
il

i

L S
HHHHHHHHHIHHHHHHHHHH
A
ﬂVﬁﬂ%lWWWWﬂ%%ﬁ%ﬁWWW%H

il n'|'| i
it un i
Wit

N ) u|'|‘ -
! il
' T

100
Cm
0

FLUVIAL SAKDS
OVEREANA FINES

bEDROCR

o
-
[
~
«
<
-
"
'
v
3
o
I3
~
o
z
<
a
-
-
o
o
-

JCuT AND FiLt SEQUENCES

TJIN FLUVIAL SANDS
f BLOLOAD GRAVELS

1N

B

. \\.
2%,

o

1

»

FRAIRIE BROWN 301
ENDURATED PRAIRIE
BROWN $OIL
ALLUVIAL FAN
DLPOSITS

FriuviaL pLeosiTs

——
—

@




RATIFIED

=
&

RIPPLED AND (£DSS-ST

=] FLUVIAL SANDS -

A
MWMWM

i INNII!U!!INIIN!HUIIIIII(IHIIUUUUNUllﬂﬂlUIU

W;'H:me . '} ‘ i
#Wﬂmhjujmm

PRAIRIE BROWN SOIL E&g;

r
I ‘WWWWWWWWWNWMWMWWWW“immemwwf
e

)

s |||
i

; AR
e
NnnuumMMWM;_w

umW

NWWMWWM
WWMHWMM&IW%
Attty MﬁNMM

l'l i
i

IN FLUVIAL SANDS

S CUT AND FiLL SEQUENCLS

(5P as
oy
A

INDURATED PRAIRIE

BROWMN SOIL

Sy
b —
—

gsncu WASH DEPOSITS % OVERBANK FIRLS

BEDLOAD CRAVILS

Ga8s
SKe

ALLUVIAL FAN
PEPOSITS

BEOROCK

B
Y
S5

e

i

. '{FLuviaL DEPOSITS

130



131

e
SRS

i
S
[T 24

AT a5 24
MNMMNMNM@MWWWWW~ 3
B AR

“”“””WNNNHHWNW:~_,_ o

T
R
.H%MWWW@NMM&MM%MW*géi

19

’

i
N#HMMM#%h
W@Wuﬁﬂ#ﬁum

A
MHMMﬁﬂM%MﬂMMMﬁ%
’MMMWNHWM%MWWH'

18AA

CUT AND FiLL SEQUENCES
W IM FLUVIAL SANDS
OVERRANK FINLS

BLDADCK

=]
.
-
-
-
&
-
"
"
"
w
=
-
-
o
x
<
a
-
-
&
o
«

ST FLUVIAL SANDS

& _"‘_ BEDLOAD CRAVELS

A
el
Lo

i

OIS
-

ke

e 58

i )

"“”“hWWWW
L

;

Wth

W - e

17

R ‘3¢ﬁ?
s =4 A
o g3 ||“]||

INDURATED PRAIRIE
3

BROWMA SOIL

3
-
2
5%
-
Z5
< o

S leLuvial pevostrs

;‘%&énun( BROWM SOIL
AN
E—
=3

22553 sweet wRsH DLFOSITS

=
TE]
e

=
e
e

[ e

ks
:

3

e



. - 132

e

Il

29

i

%00
Cm

°
1
o
-
-
= —
-
< [
« -
- o
b =
' -
3 -
o - v
= wx o=
—n x 4
a -
oz = -]
3 o< ]
" -~ - 2
o o> b 2
- L i: . o b5
- 1 ot E
g3 e 2 s
s
= ox - -
o« - o -
v ‘oyd

Fe

CRL
E.c(a?'
&
=
SHEET WASH DEPDSITS % OVERBANK FIKLS

-

o = -
» = =
-] x 3
o
g > o 2 &
' —a xe -
= zg %
< E Sa >
g g 2 3
~ - o Poy
TITIT ‘-
i I .

I I ENRMEN)

AR

1 VeVl

v ....;}i:.}.’}, amy
» i pr ]
§ ‘q" n‘{’: \*Fni
A ;t'N e




. Appendix B. Representative grain size-distribution curves from the coarse fluvial sands
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Appendix C. Representative grain-size distribution curves from the alluvial fan deposits'
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