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INTRODUCTION

Glacial geology. like meny other disciplines in geology, has undergone
rapid and important changes in concepts and procedures during the past
15 years. The results of investigations during this period have been
as important to glacial geology as plate tectonic theory has been to
other disciplines in geoiogy. With this as background, the field trip
has a number of objectives:

1. To review current concepts in glacial sedimentation. Only fif-
teen years ago there was but a rudimentary understanding of
the actual precesses of till sedimentation. Recent studies on
existing glaciers have provided us with important new concepts
of the many ways in which till-Tlike sediments {(diamictons) can
be deposited in the glacial environment. Consequently, on the
field trip we would Tike to review these new concepts.

2. To show how these new concepts of glacial sedimeniation can
be applied to the deposits of the Des Moines Lobe in Iowa.

3. To point out the implications of this new understanding of glacial
sedimentation te the classification of glacial landforms.

4, To see changes in both glacial Tandforms and sedimentation along
a2 single moraine or ice-marginal position, the Algona Moraine
in Iowa.

FIELD TRIP PLAN

The field trip can be divided into two paris. Part 1 is a review of
current concepts in glacial sedimentation and their application to glacial
deposits on the Des Meines Lobe. The best field locations to do this

are at Stops 1 and 2, Weaver Construction Company's Alden and Dows Quarries,
Unfortunately, these two stops are located a long way from the Algona
Moraine. Nonetheless, they are excellent Tocalities to show the properties
and sedimentary structures indicative of different glacial sedimentation
processes, The perspective gained from these two stops will be very

helpful later as we traverse the Algona Moraine area where we will be
Vimited to locking at cores and reiatively small exposures.

Part 11, which includes Stops 3 threough 7, is a traverse along the Algona
Moraine from Wesley through to the lLake Mills, Iows area, Along the



way we will view changes in topography along the "moraine,"” and at select
Tocations we will Took at cores and outcrops, noting the nature of glacial
sedimentation in these areas. By day's end we will ses that there is

a dramatic change in topography aiong this "moraine," and that this change
is the result of changes in glacial sedimentation which took place along
the former ice front.

It is hoped that this field trip will give you an idea of the complexity
of the glacial environment, as well as an idea of the complexity of areal
variations in glacial sedimentation and processes on the Des Moines Lobe.
Perhaps you will also realize that classic maps of moraines in the Midwest
tell you virtually nothing about either the Tandscape or the glacial
sediments along the moraine fronts. Neither do they give any indication
of regional variations in glacial sedimentation.

PART 1. CURRENT CONCEPTS IN TILL SEDIMENTATICN
AND THEIR APPLICATION TO DEPOSITS OF THE DES MOINES LOBE

This section consists of 1) a brief Titerature review of the processes
of ti11 deposition: and 2} a discussion for Stops 1 and 2, stops where
it will be demonstrated how recent studies on the processes of glacial
sedimentation can be applied to the deposits of the Des Meines Lobe.

Ti11 Sedimentation

Tit1-Tike materials are the dominant component of most upland landforms
on the Des Moines Lobe. Until recently, the processes by which i1l
deposition takes place were poorly understood. Recent studies, particu-
tarly in the past two decades, have concentrated on the factors which
affect the occurrence and mechanics of glacial processes. Although our
understanding of glacial depositional processes is far from complete,
many major aspects are now satisfactorily understood.

It has long been recognized that till-like deposits may form by deposi-
tion in two grossly different environments: subglacially, beneath the
ice, and supragiacially, at the upper surface of the ice (figure 1).
Until! recently, however, there was only a rudimentary understanding of
hoth the depositional processes in these twp environments and the sedi-
mentological character and sequence of the ti11-Tike materials which
resulted. We now recognize that till-1ike deposits {diamictons} can

be genetically differentiated on the basis of properiies inherited from
the depositional processes. Tables 1 and 2, for instance, designate
the type and properties for till-iike sediments deposited by various
processes from land-based glaciers as recognized respectively by Bouiton
{1976) and Lawson {1979}.

Till-dominated glacial landforms are obviously built up as a resuit of
glacial deposition through time. When trying to understand the genesis
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Figure 1. Dreimanis' genetic classification of tills and their relation-
ship to glacial debris in transport (after Dreimanis, 1975).

of various glacial landforms it is thus extremely critical that one un-
derstand til? sedimentational processes., The following sections provide
a brief summary from recent studies on ti17 depositicnal processes in
the subglacial and supraglacial environments.

Subglacial Sedimentation

Subglacially-deposited £i11 has classically been called ifodgement till.
it is now recognized that till may be deposited subglacially by three
different processes: Jodgementi, regelaticn melt-out, and basal melt-
out, rather than by just a single process of lodgement.

Lodgement is largely a mechanical process whereby frictional forces be-
tween & particle in traction and the bed become greater than the trac-
tion exerted by the moving ice, and the particle becomes “Todged" or
deposited on the bed. BouTton {1974, 1375} provides a comprehensive
theoretical treatment of lodgement including an analysis of the various
factors involved (particle size, ice velocity, normal stress between

the particle and the bed, etc.) and their influence on the kind and rate
of subglacial processes taking place. Lodgement is probably most impor-
tant for clast size particies, as opposed to matrix size particles, be-
cause these larger particlesare capable of generating greater frictional
forces relative to the tractive forces of the dce.
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Particles within the basal ice may also be deposited during regelation
melt-out. Where ice is at the pressure melting point and siiding over
the bed, debris may be passively deposited by meit-out during the melting
portion of the regelation process. This process is probably effective
primarily for smaller sized debris, particularily the matrix size materials
which dominate Midwestern tills. The Timitation for the size of debris
deposited by this process is related to the size of the obstructions
ca$sing regelation melting and the thickness of the regelation water

Film.

Basal melt-out is the name given to material melted out from the basal

ice by geotherma? heat and the heat produced by glacier movement {de-
formation and siiding, where siiding is taking place). In many glacier
situations, these two heat sources are sufficient to melt out till on

the order of 1-3 cm in thickness annually {(Boulton, 197C; Mickelson,

1973; Sugden and John, 1976). There is still some confusion exactly
under what conditions basal melt-out occurs. Basal melt-out is certainly
important in stagrant-ice conditions (figure 2} or where debris-rich

ice has stagnated in hollows on the glacier bed, being overridden by
cleaner, active ice. However, strict basal meit-out may be rare at the
interface beiween the bed and actively moving ice which is at the pressure
melting point. The reason for this is that the available heat may pro-
mote enhanced melting by regelation rather than by basal melt-cut on

the bed as a whole (i.e., meliing may be concentrated at obstacles on

the bed, rather than uniform melting over the whole bed). However, at
nresent there is still a great need to understand the relationship between
regelation melt-out and basal melt-cut at the base of active ice at the
pressure melting point.

1t shouid be noted that of the three subgiaciai depesitional processes,
Jodgement and regelation occur primarily particle by particle {or in

some instances, small agaregates of particles). Basal melt-out, however,
may include deposition of sizeable aggregates, such as Tenses of till

or other sediments in the jce, such as stratified sand, gravel or silt
{Lawson, 1979).

Subglacial depositional processes may inherit fabric largely from the
parent ice (Boulton, 1971, 1976; Lawson, 1979) with only partial re-
orientation as the interstitial dce melts out. Since subglacially de-
posited tills are depesited beneath jce loads, they often become over-
consolidated (in the geotechnical sense) and consequently have relatively
high density. Subglacially~deposited tills may contain lTenses of melt-
water deposits. These deposits may originate as: 1} meiiwaler deposits
eroded by the jce and subseguently deposited with the ti11; or 2) melt-
water deposits in subglacial or englacial channels, 1In general, however,
meltwater deposits volumetricaliy constitute only low proportions of
subglacially-deposited sediments in active ice situations.

Dreimanis (1876} gives the generic name "basal ti11" to £ills deposited
subglacially {figure 1}. Basal til11 is a useful term because it is no%
always possible to determine which depositional process may have taken

place, and used in this sense, the term recognizes or impiies that there
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Figure 2. Melt-out till sequences in supraglacial and subglacial situa-
tions, showing the age relationships of the layers added (from
Sugden and John, 1976, p. 221}.

may be more than one process of subglacial till deposition. More detailed
discussions of subglacial sedimentation cccur in Boulton (1972, 1976),
Dreimanis (1976), Goldthwait (1971), Lawson (1979}, Mickelson (1973),

and Sugden and John (1576).

Supragiacial Sedimentation

Sedimentation in the supraglacial environment may be extremely complex
{figure 3). More extensive discussions of sedimentation in the supra-
glacial environment can be found in Boulton {1972, 1976), Lawson {1979},
Sugden and Jdohn (1976), and references cited in these publications.

Supraglacial sediments may consist of three basic types: 1) supraglacial
melt-out ti11 (Figure 2}, which largely inherits its properties from

the parent ice; 2) resedimented deposits {Lawson, 1979} or flow till
(Hartshorn, 1958; Boulton, 1972), which consist of deposits which have

been subject to flow. reworking and resedimentation on and/or next to

the ice surface, and which derive their sedimentologic properties from

the resedimentation processes; many of these deposits are ti11-Tike {diamic-
tons) in appearance; and 3) supraglacial meitwater deposits, which repre-
sent resorted deposits in supraglacial channels and pools.

Supraglacial sedimentation begins quite simply with the melt~out of debris
from the ice. In continental ice sheets, this debris originates either

as basally-derived debris which, as a result of ice dynamics, has been
transporied up £o an englacial or supragiacial position or may simply

be debris-rich basal or englacial ice which has become exposed near the
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Figure 3. Schematic déagrams,iglustratihg the complexity of sedimenta-
tion in the supraglacial envirenment (from Boulton, 1972).

terminus as the ice surface is lowered by abilation, The heat for this
supraglacial melt-out is supplied ultimately by solar radiation, but
other factors, such as heat from meltwater streams and ponds, etc., may
contribute to the meiting. Since the debris in the ice is generally
pooriy-sorted, passive melt-out of the debris may result in a till-like
deposit. After the debris has been melted out, a number of options may
occur depending on the local conditions. In the simplest case, the ma-
terial may simply be let down with virtually no disturbance. Till deposit-
ed in this manner is probably the true supraglacial melt-out ti11 {Sugden
and John, 1976}. Alternatively, fines may be removed by meltwater on

the ice surface, jeaving a coarse-textured, poorly-sorted lag. This

is the simplistic concept of ablation £i11, as used for many years by
Flint, {1957, 1971; see figure 4). 1In both of the above cases, the
material was simply let down as the underlying ice melted out.

The supraglacial debris may just as well have been subject to flow and
resedimentation as described by Boulton {1872} and Lawson {197%9). Lawson's
study is the most comprehensive to date and will be used to briefly il-
fustrate the resedimentaiion processes which may occur in the supraglacial
environment., Till-1ike deposits may result from the Tollowing resedimenta-
tion processes:
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1957, p. 121. A. Basal drift in transport Todges over bed-
rock to form lodgment tii11. B. Later, thin ice near the
glacier margin wastes away beneath a cover of superglacial
drift, from which trickling waier has removed the finer parti-
cles, AbTation till is being deposited from basal zone of
jce. €. Postglacial condition. The supergiacial drift forms
thin layer of ablation 111 over the Todgment till.

Sediment flow: deposits resuiting from the flow of supraglacial
sediments. Both BouTton (1972, 1876) and Lawson (1979} recognize
that there are several different flow types which differ in

the mode of flow and in the properties of the resulting sediments
{Tables 1 and 2).

Ice sTope colluvium: deposits formed when debris melts out
onto & sleping ice surface and accumulates at the base of the
siope. These deposits may be transitional to melt-out till
in some situations.

Siope colluvium: deposits formed when supraglacial sediments
collapse by spall off a steep ice wall.



4. Stump deposits: deposits formed when supragiacial material is
subjected to slumping.

Supraglacial meltwater sediments are deposited in meltwater streams and
ponds on the glacier surface. The texture of the meltwater deposits

is largely a function of the particle sizes available for transport and
the sorting which has taken place.

The supraglacial environment, in contrast to the subglacial environment,

is one in which meltwater may play an important part. Certainly, the
notential for meltwater activity is great. The effect of the meltwater

is three-fold: 1) it may promote mass wasting of supraglacial sediments

by various processes of sediment flow or slumping; 2) it may physically
alter the constituency of till-1ike deposits by flow, winnowing, etc.;

and 3) it may result in the complete veworking with the subsequent sedimen-
tation of supraglacial fluvial and lacustrine sediments,

In addition to these singie processes of sedimentation it should be real-
ized that the supraglacial environment is a dynamic one: near the terminus
considerabie amounts of debris may be released ocut onto the ice surface

as the ice melts downward, Both differential melting and collapse (the
latter resulting from the collapse or undercutting of sub- supra- or
englacial meltwater channels) cause the supraglacial surface to be an

ever changing one. Debris subject at one period to flow, may later be
subject to several periods of resedimentation before all of the under-
lying ice melts out. Supraglacial chamnels or ponds may in turn be drained
suddeniy by the collapse of adjacent or underlying ice, or clogged by

the influx of sediment flows or slumps from adjacent higher slopes. Conse-
quently, supraglacial sediments commonly consist of resedimented tili-

Tike materials interbedded with meltwater daposits. The till-Tike ma-
terials commonly show evidence for flow or some degree of reworking by
meltwater but this need not always be the case. The supraglacial sedi-
ment assembiage may also show evidence for some sort of collapse or flow.
Consequentiy, the sediment sequence and character of supraglaciaily-
deposited sediments may differ recognizably from subglacially-deposited
sediments.

Stop 1. Alden Section

Weaver Construction Company Quarry; described section located on the
south side of U.S. Highway 20 in the NE4, of the NWi, of the NW} of sec.
20, T. 89N., R. 21W., Hardin Co. Elevation 1150 feet {350 m). The Alden
Section is in & moderate reljef "minor moraine" area, with local modifi-
cation by stream dissection.

Ohjectives: There are three primary objectives at this stop;
i. Examine the character of the basal ti11 of the Des Moines Lobe:
a. HNote the uniformity in morphology and texture of the basal

ti11 both vertically and laterally. The ti1l is almost
devoid of any interbedded stratified deposits.
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Figure 5. Stratigraphy, particle-size and bulk density data for the
Alden Section.
b. HNote that the only exception to this uniformity is at
the bottom of the ti11 where the Tocal substrate (loess)
has been incorporated into the Tower 0.2 m of the %ill.
2. Note the stratigraphic setting of the Des Moines Lobe deposits;
i.e., the basal till lies on Wisconsinan Toess and older Quater-~
nary sediments, not bedrock.
3. Look at the nature of Late-WNisconsinan (post~glacial) and Holo~

cene changes to the landsurface demonstrated by the presence
of stone Tines and thin overlying hillslope sediments.
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The stratigraphy of the Alden Section, as originally described and sampied
in 1976 by George Hallberg of the lowa Geological Survey, is shown in
figure 5. The accompanying mineralogy data for this section is given

in Table 3. In brief the section is comprised of about 12 m of Late
Wisconsinan basal ti11 of the Des Moines Lobe which overlies about 1.5

m of Wisconsinan Toess. The loess in turn overlies a well-developed
paleoso]l developed in pre-Wisconsinan sediments resting on Mississippian
age underburden.

The principal features of basal till of the Des Moines Lobe in Iowa

are itlustrated at this section. The basal til] contains virtuaily no
interbedded meltwater deposits within it. It is also dense and very
uniform in its textural, wmineralcgical, and morphological properties
throughout the exposure (figure 5, Table 3). The uniformity found for

the basal £i11 at this exposure is also found regionally {figure 6, Table
4y, Thus, although t1171 as a sediment is poorly sorted, in certain glacial
settings, such as here in Iowa, its matrix texture and composition can

be remarkably uniform with a relatively narrow range of values for each
property. This is of great practical value to us as it allows us to

map different til1 units as rock stratigraphic units. Previous studies

of the lithologic characteristics of tills in Iowa include Van Zant (1974},
Hallberg (1980) and Hallberg, ed. (1980).

Mineralogically, a conspicuous feature of the till of the Des Moines
Lobe is the presence of clasts of Upper Cretaceous shale (Table 3). These
clasts can readily be seen in the till at this cutcrop.

The only major exception to the remarkablie uniformity of the basal till
occurs in a zone Tocated at the bottom of the tiil. The Towermost 0.3

m (1-2 feet) of the basal ti11 is enriched in silt content as sHown on
figure 5. There is a gradational change upward in particle-size distribu-
tion from till which is high in silt content (near the loess contact)

to the uniform £il1 texture typical of the basal ti11 both at this site
and regionally. Zones of this type are common in the basal +ill; only
infreguently have a few small, discrete block inclusions of loess been
discernible in the £i11. Generally it appears that loess has been incor-
porated and dispersed throughout the ©i11 matrix, and that these locallye
derived materials have been progressively diluted upward in the section.
This dilution may Tikely be caused by repeated regelation at the base

of the ice. Kemmis (1981} hypothesizes that such zones in the lower
increments of basal till are related to erosion-transporiaticn-depesi-
tion resulting from recurrent regelation in the basal ice as it moved
over an uniithified sediment bed (in this case loess). Where these
zones occur, local substrate materials, such as the loess, may have been
eroded particle-by-particie during regelation freezing, diluting the
normal, farther~travelled debris load. Thus with time the character

of the basal till would change: initially, local materials, such as

the loess, would dominate the composition of the ti11 matrix, but pro-
gressively these local materials would form Tower and lower proportions
of the matrix materials as more of the local substrate became covered

up. Finally, after the local source was complietely covered up, the farther-
travelled, better homogenized material would constitute the til! matrix.
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Mineraiogy data, Alden Section.

Table 3
Clay Minerzlogy Sand-Fraction Lithology
% %
Herizon
Depths or
Mist .} fone Ex, I11. K+ LR Sk,  Y.X. §.-F.  T.%.
LATE-WISCONSIRAN {Cary}
DOWS FORMATION
Alden Member {bzsal ©iil)

7.4 {(£.0) oy ) 17 11
3.4 {11.8) B 65 22 i3 34 & 4z &8 58
.0 {16.5} RU 70 ig 17
5.6 {21.5) MUY 7115 13 27 1z 4 52 55
7.3 {26.0} Mg 74 14 i3
5.6 {729.5) Mgl 13 20 15 31 10 4% 50 58
16.7 {35.0) MY 64 24 i?
11.3 (37.0} MLEJH £0 24 14 28 5 39 57 61
.7 {38.5} ML &5 1 15 30 & 38 57 B4
11.¢ {38.9) Myau v 24 13

WISCONSTNAN

Loess undiff,

12.6 {3e.5) 1AL 58 28 14
12.2 {40.0} M gz 24 14
12.5 (41.0} MU &3 24 13
13.3 {43.5) MU 70 23 5

PRE-FLLINGIAN

. WOLF CREEK FORMATION
Tii1 Undiff. {Hickory Hilis Ti11 Mem?)

15.4 {53.5} MRIU 61 12 24
5.6 81,1 MRJU a7 17 21 31 1 34 54 55
Ex. - expandable ciay minerals T.0. - total carbonate grains
117, - J1ddte Sh. ~ shalsg
K+0 - Kaolinite pius chlorite T.5. - total sedimentary graing
9.-F. - quertz-feldspar T.X. - total crysiailine greins

The upper part of the basal till at this site and elsewhere has been
subject to late Wisconsinan {“post glacial") and Holocene slope develop-
ment and possibly some minor eclian activity. Across the high points

on the landscape surficial sediments, commonly 15-20 cm (6-8 inches)
thick, overlie a stone iine. Downslope, the stone Tine grades into a
thicker zone of pebbles and cobblies in minor drainageways, and the over-
Tying sediments may thicken to approximately 1 m {3 feet). It is impor-
tant to recognize that these sediments are related to the post-glacial,
subaerial modification which these Tandforms have undergone, and that
they should not be confused with supraglacial sediments.

At this stop we should also note the relationship of the Des Mcines Lobe

depcsits to the underlying strata. Beneath the basal till in the describ-
ed section, a weak A/C soil profile occurved at the ftop of the Wisconsinan

13
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Figure 6. Textural values for basal till of the east-central Des Moines
L.obe area.

Toess. The A-horizon in the Toess was 15-25 cm (6-10 inches) thick,

and was leached of carbonates. The leaching extended 5-8 cm (2-3 inches)
into the underliying C-horizon. At the contact between the 111 and the
paleosol several broken Togs occurred. Four different log fragments

have been identified: 2 were larch and 2 were spruce (Larix undiff.,

and Picea undiff., Dr. Dwight Bensend, Dept. of Forestry, lowa State
University, and Dr. Frances B. King, I1Tinois State Museum, ners, comm.),.
One of these itogs from the contact was radiocarbon dated at 14,380 =

180 RCYBP {1-9765). This dates the advance of the Des Moines Lobe ice

in this area.

The Toess in turn overiies a strongly deveioped paleosol formed in Pre-
Wisconsinan sediments and tili. This ti11 is correlated with the Woif
Creek Formation of Pre-I1linoian age (Haliberg, 1980) and overiies Mis-
sissippian bedrock.

Since the original sampling 1in 1576, the guarry operation has expanded
significantiy, and the face of the Quaternary deposits has been moved
more than 30 m (100 feet}. The Wisconsinan section is still very similar
to that described {figure 5}, However, beneath the loess the paleosol
which occurs is now seen to be developed in fine-textured pre-Wisconsinan
alluvial sediments which in turn overlie bedrock. Note that across the
quarry, the basal tiil of the Des Moines Lobe does not Tie on bedrock

but on oider Quaternary sediments. Thus, In analyzing the sub-Des Moines
Lobe surface, one camnot deal with djust the bedrock surface. In fact,
since only a very smail percentage of the Des Moines Lobe deposits in

14



Tzhle 4. Surmary mineralogic data for basal i1 of the east-central Des
Moines Lobe area.

CLAY WINERALOGY - %
n = 84

T Ex. I, Kt

Aiden Member - basal tili

mean £9 1 12
s.d. 4 3 3
range 56-78 14-26 8-18

SAND-FRACTION LITWOLOGIES - 2

C/5
(ratic) T.C. Sh. T.5. G.~-F. T.X.
Alden Member - basal 17
n o= 62
mean 3.8 27 14 47 50 58
5.4, 8.3 3 g 8 2]
range 3.8~NoD 19-33 1-28 24-72 28-68 28-75
MATRIX CARBONATES - ¥
C/G Cal. bol. 7.C.
Alden Member - basal till
n = 38
mean .28 3.5 12.3 15.8
s.¢. 0.13 1.4 2.4 2.8
range G.11-0.43 3.6-5.2 5.5-15.8 £.1-19.2
KEY

£x. - expandable clay
117, - 41lite
f+C ~kaclinite pius chiorite

/0 - calcite/doiomite vatio

T.C. - total carbonate

Sh - shala

T.5. - total sedimentary grains

Q.-F. - quartz-feldspar grains

T.X.-total crystalline graing (§.-F. plus ignacus and metamorphic)

Cal. - caicite

Dol.-delomite

MATRIX CARBONATES determined using Chittick apparatus after methods of
Waliter and Haiiberg, 1980

Iowa rest on bedrock, one must be extremely cautious in using the con-
figuration of the bedrock topography as the basis for inferring the flow
reqgime of the Des Moines Lobe jce.

Stop 2. Dows Quarry Section

Weaver Construction Company Quarry located on the west side of the gravel
road in the NE: of the 5E4, sec. 30, 7. 91N., R. 22W., Frankiin Co. Eleva-
tion 1160 feet (353 m}. The Dows Quarry Section is on the flank of the
high-retief Altamont I ridge compliex.

Objectives: There are several items which we want to observe and empha-
size at this site:

15



1. The nature of the supraglacial sediments. At this site we can
observe a number of features indicative of deposition in the
supraglacial environment.

2. The contrast between the supraglacial sediment sequence and
the dense, uniform basal till.

3. The nature of "block inclusions® which occur dn basal till.
Biock dnclusions are hlocks of tocal substrate which have been
eroded and deposited intact within the basal tiil.

4. One of the subglacial deformational structures, slickensides,
which have developed in a paleosel that occurs just beneath
the basal 111 of the Des Moines Lobe deposits.

5. The stratigraphic relationship between the Des Moines Lobe de-
posits and the underlying materials. This site, as at Stop
1, consists of Des Moines Lobe deposits which overlie a complex
sequence of older Quaternary sediments, not bedrock.

In brief, the sequence at this location consists of approximately 13 m
(40 feet) of Des Moines Lobe deposits {Dows Formation} of which the upper
8 m (25 feet) consists of supraglacialiy-deposited tills, diamictons,

and associated meltwater deposits (Morgan Member) while the Tower 5 m

(15 feet) consist of basal ti11 {Alden Member; figure 7). The Des Moines
Lobe deposits stratigraphically overlie an older Wisconginan till, the
"Tazewell" ti11 (figure 8), which in turn cverijes a well-developed palec-
sol developed in pre-Wisconsinan sediments that rest on a third {111

of Pre-11tinoian age {figure 9}. The combined thickness of the pre-
Wisconsinan sediments and the third ti17 in the seguence is approximately
Em (15 feet) across the section. These units in turn rest on Mississip-
pian age limestone.

The Des Moines Lobe deposits at this site consist of a thick seguence

of supraglacially-deposited sediments over basal tiil. This section
exposes one of the best sequences of supragiacial sediments in the state.
A nuymber of features indicative of supraglacial sedimentation are present
in¢luding interbedded tili-like sediments and meltwater deposits which
show various structiures indicative of collapse of adjacent and underlying
ice. The described section includes 8 m (25.0 feet) of supragiacial
sediments which include a transition upward from melt-out ti11 {figure

2} to deformed sediment flows (ti11-1ike deposits) and interbedded melt-
water deposits. The scenario envisaged for the deposition of these supra-
giacial sediments is shown on figure 3.

The supraglacial sediments are variable in texture and in thickness across
the section. The great variability in the supraglacial sediments across
the section makes sampling difficult. To preszent the section and data

for documentation we have simply sampied one vertical section as an example
of the variability present {figure 7). The variability in texture for

the supraglacially-deposited diamictons is reiated to ressdimentation
processes {flow, slump, meltwater reworking, etc.) which can take place

16



in the supragliacial environment {figure 3; Lawson, 1978}. The matrix
texture of supraglacially-deposited tiil-1ike sediments is highly vari-
able {figure 10}, in sharp contrast to the uniform matrix texture of

the basal til11. Although one would always 1ike to be able to recon-
struct the exact sequence of events that have occurred at a site, this
may not always be possible in a sequence of supraglacially-deposited
sediments, even when they are as well or convincingly exposed as at this
section. The reascon for this is because of the dynamic nature of the
supraglacial environment. This mixture of til1-1ike sediments and melf-
water deposits has likely been subjected to more than one period of post-
depositional flow and collapse as the underlying ice melted out, obscuring
the record. The result of these multiple pericds of deformation would

be to produce a chaotic mixtiure of till-1ike sediments and meltwater
deposits. For dnstance while the boundaries of one till flow might be
easy to recognize, if subsequent flow or collapse involves only a por-
tion of that flow. reconstructing the sequence of events becomes signifi-
cantly more difficult. Imagine what the difficulty becomes if paris

of this flow were subject to several such deformational events.

This section provides one of the principal correlation sections beiween
landforms and sediments on the Des Moines Lobe. Thick supraglacial sedi-
ments tend to cccur in the hummocky, high relief areas. The Dows Quarry
Section in this case is located on the back side of a hummocky, high
relief ridge system, the Altamont I Moraine, which is part of the eastern,
lateral ice-marginal position of the Altamont Moraine. We will see a
similar setting of thick supraglacial sediments, but in a core, along

the Tateral portion of the Algona Moraine, Stop 6.

The supraglacial deposits at this site overlie typical basal €£i11, till
which is dense (Tabie 5} and uniform in composition (Table 6, figure
7) and has essentially no interbedded meltwater deposits: a strong con-
trast to the overlying supragiacial sediments, The basal till at the
described section (figure 7) is 5 m (16.5 feet) thick. This is about
the thickest area of basal til1l in the exposure. In other places across
the exposure, the basal tiil may thin to as little as 0.5-1.0 m (2-3
feet). Two pieces of spruce wood from the Tower 0.8 m of the basal til]
?ave been)dated at 13,525 + 95 RCYBP (Beta-1076) and 13,400 + 130 RCYRP
D1C-1651).

The Des Moines Lobe deposits at this site overlie either an sarijer Wis-
consinan till, presently correlated as the "Tazeweil" ti1l1, or where

the Tazewell ti11 has been truncated they overlie a paleosol, the Yar-
mouth-Sangamon Palepsol, developed in pre-Wisconsipan sediments. The
Tazewell 111 is oxidized {vellowish brown color) over much of the ex-
posure, and as a consequence, the abrupt contact with the unoxidized
{dark greenish gray) basal ti11 of the overlying Dows Formation is pro-
nounced, The Tazewell 111 is truncated at the very north end of the
Dows Quarry exposure, Elsewhere, the ti11 varies from 1-3 m (2-9 feet)
in thickness and is comprised primarily of basal ti11.

Correlation of the Tazewell ti11 is based on the Tithology and shysical
features of the till, radiccarbon dating, and relative stratigraphic

17
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SUPERGLACIAL SEDIMENTS
{Mergan Mamber}

Summngey, Supergtacial fil
snd digmicizns aniy:
T : L1

104 0 THord diamictuns
8 = Sorted sedimenis
14| 52 a4 EHIO

a VAVAN
/7-\:7%(\/ Vi

ViV i sl

Figure 10. Textural data for supraglacially-deposited sediments in the
east-central Des Moines Lobe area. Contrast the wide range
of textural vaiues for the supraglacial till-1ike sediments
{denoted by the symbol D on the diagram) with the narrow
range of values for basal £i11 {figure 6}.

position., The "Tazewell" ti11 at this site is Toam textured, but, in
contrast to the Des Moines Lobe basal till, the silt content is greater
than the sand content (figure 8). The clay mineralogy shows a high ex-
pandabie content with i11ite slightly higher than kaolinite, and the
matrix carbonate data show a relatively high total carbonate content

anda /D vratio betweern 0.3 and 0.4 (Table 7). These Tithologic data
contrast with data for Pre-ITlinoian age tills in east-central Iowa {(Hall-
berg, 1980; Hallberg, Wollenhaupt and Wickham, 1980}, but are very similar
to data on the "Tazewell ti11" 1in northwest Iowa {Hallberg and G.A. Miller,
unpubiished data}. 1In outcrop, the Tazewell £i11 also has physical fea-
tures different from those typically found for Pre-I1lincian age tills

in the area. It does not have the pervasive jointing often found in

the Pre~I1Tlincian tiils, and what joints are present lack the strong
secondary alteration found along joints in Pre-IiTincian age tills in
Iowa., The Tazewell ti11, although oxidized across most of the section,

is not oxidized to the bright yellowish-brown and reddish brown colors
typically found for the Pre-I1linoian age tills. One discrepancy be-
twean this til1l and typical "Tazewell" £i11, however, is in the content

of shale clasts. The "Tazewell” ti11 at this site contains only about

2% Cretacecus shale clasts in the 4-1 inch pebble fraction. Cretaceous
shale clasts in the "Tazeweli" £1171 of northwest Iowa are much more con-
spicuous and occur in higher percentages (Van Zant, 1574). Even so,

we tentatively correlate this t1i11 with the "Tazewell" til11.



Table 5.

Moines Lobe deposits at Dows Quarry.

Buik

g/ce

Density data for subglacially and supragiaciaily deposited Des

Void
Density ratic

e

Muisturs
Content

Saturation

Supraglacial deposits - {Morgan Member) - oxidized and unleached mottled - oxidized

1.69

1.85
1.7%
1.67

.71

Tili Bed?

1.83
1.77
1.85
2.00
.79

1.73

1.8%
1,91

0.57

0.43
0.52
0,59
0.55

0.45
0.4%
G.43
0.32
£.48
0.53

£.43

0.32

iz

14

10
16
il

10.

il

15

.2

.2

.4

.4
.8
0

.8

R4

54

67

81
5%
73
83
58
54

and unleached

Ti1i-1ike, with interbedded sands;
Near Fabric $ite.

Tili-1ike
Silty-diamicton

Tit1-Tike

mottled-axidized; moitied-reduced o mottled-unsxidized and unleached.

Tili, near

Fabric

S5ite

ME-MUU £111

17 U - MU Biock within MRY

T 2.3

MRU ti17 with silty inclusions overiying
next two samples:

Ti1l Bed? or Basal il

73
&8

Mg il

MUY 2131

Basal 4111 deposits (Alden Member 2171 umoxidized and unleached uniform 111

2.0
1.98
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Table 6. C{lay mineralogy data for the Des Moines Lobe deposits at Dows Quarry.

Clay Mineraiogy

A

Horizon
Denih or .
ME{fE. ) Zone Ex it K+

LATE WISCONSINAN (Cary)

DOWS FORMATION
Morgan Member (supraglacial deposits)

4,7 {15.5) (B 58 26 18
5.3 {17.5) oy 6é 23 13
6.1 (20.0} uw 56 22 12
5.6 (21L.8) i} 64 18 i8
7.2 {(23.5) g 64 24 12
Alden Member (basal {11}
7.6 {25.0) 1] 66 26 14
9.1 (36.0; U 70 i8 12
6.7 (35.0} Uy 61 21 18
11.0 {36.0; it 67 8 15
11.9 {3%.0) Udd o7 20 13
2.5 {41.9; (WA 69 19 12

Small wood fragments, painstakingly separated from the base of the Taze-
well till at this site by George Hallberg, were radiocarbon dated at
25,390 % 1380 RCYBP {Beta-1764;. This date is somewhat older than the
20,000 RCYBP dates reported by Ruhe (1969) for the Tazewell till in north-

western Iowa.

At the north end of the exposure "block inclusions” are present within
the Tazewelil £i11. They consist of blocks of underiying subsirate which
have been eroded and deposited intact within the basal ti11. The bhlock
inclusion which we will see is a block of the underlying paleosel. The
color and texture contrast between the gleyed paleosol and the oxidized
basal t£111 of the Tazewell till is pronounced, making these block inclu~-

sions easy to recognize.

The Tazewell ti11 rests on a paleosc]l developed in pre-Wisconsinan sediments
that in turn rest on a Pre-Illinoian age tiil. Where the Tazewell tiil

is truncated the Des Moines Lobe deposits rest on the truncated paleocsol.
The total thickness of the pre-Wisconsinan sediments and the Pre-Itlincian
age till is approximately 5 m {15 feet) across the section. The Pre-
ITTinoian ti11 is poorly exposed over most of the exposure. It is pro-
bably thickest at the north end of the quarry, reaching thicknesses of

a few feet. To the south it appears to thin while the overlying sediments
thicken to comprise nearly a1l of this interval. Based on mineralogic
data, the ti11 correlates with the Pre-Iltincian age Wolf Creek Formation
described by Hallberg (1980}.
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Table 7. Clay and carbonate mineralogy of the “Tazewell" ti1] at the Dows
Quarry Section.

Clay Mineralogy

Horizon
or

Zone Ex. Iii. K+C
RJu 6l i9 20
Raul 65 18 17
gJu 58 17 15

Matrix Carbonate
A

£/b Cal. boi. T.0.
0.41 5.3 13.0 i8.3
.41 5.7 13.8 19.6
$.37 5.3 14.2 18.5
0.38 6.1 16.1 22.2
0.40 5.8 14.5 20.3

At the north end of the quarry exposure the paleosol in the pre-Wiscon-
sinan sediments has been partially truncated and is directly overlain

by the basdal till of the Des Moines Lobe deposits. The truncated paleo-
sol has been strongly deformed by the overriding ice of the Des Moines
Lobe and exhibits well-expressed slickensides on large shear faces of
varying orientation, This is & good exposure tc see these features re-
sulting from subglacial deformation of unlithified sediments.
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PART II. THE ALGONA MORAINE AND VICINITY

The second part of the field trip will examine a variety of different
landscapes and materials in the vicirity of the Algona Moraine (figure
11): 1) glacial lake sediments overlying Des Mcines Lobe til11 in front
of the Algona Moraine {Stop 3); 2) the sediments and landscape features
of the frontal portion of the Algona Moraine {Stop 4); 3} the sediment
sequence and landscape features of the lateral portion of the Algona
Moraine (Stops 5 and 6); and 4) the sediment sequence in a former supra-
glacial lake in part of the Bemis-Altamont Moraine Complex adjaceni to
the Tateral portion of the Algona Moraine (Stop 7).

Step 3. Corwith Core 2, Glacial Lake Jones

Core taken from the west side of lowa Route 17 in the SE}, NEi, SE} sec.
36, 7. 95N., R. 26W., Kossuth Co. Elevation 1177 feet {359 m). The Cor-
with Core 2 site is located in a very low relief, multi-leveled area

in front of the Algona Moraine.

Soil survey investigations over the past few years have revealed that
glaciolacustrine sediments are present over surprisingly large areas

on the Des Moines Lobe. The objective of this stop is to view a core

of these sediments from a site that is part of an extensive glaciolacus-
trine area (250 to 500 km®) just in front of the Algona Moraine.

The Corwith Core 2 site, originally sampled in November, 1879, consisted
of over 5.5 feet (1.7 m) of glaciolacustrine sediments overlying till
(figure 12}. The glaciclacustrine sediments are dominantly fine-grained
{s11t Toam, silty clay Toam and loam textured). In other cores in this
area, fine-grained sediments dominate the upper part of the glaciolacus-
trine sequence, while the base of the sequence consists of stratified
sands, and in some cases, fine gravels, interbedded with fine-grained
sediments.

The Corwith Core 2 site Ties in an area which we are presently informally
referring to as Glacial Lake Jones. A great deal of work remains to

be dons on Glacial Lake Jones: what is its extent, what variations are
there in sediment types and thicknesses, what was the corigin of the lske
{or lakes}? Because of the Targe area involved, Glacial Lake Jones would
be a good arsa for a Ph.U. dissertation involving sedimentology and Qua-
ternary geology, although portions of the area might be seiected for

a detailed Master’s thesis.
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At present we have a poor understanding of Glacial Lake Jones. The lake
sediments display a distinctive air photo pattern, which is of great
assistance in mapping their disiribution. There alsc seem to be the
classic relations of outwash fans and valley trains leading out into
the “lake" area. However, there are a number of problems remaining to
which there are no simple answers: 1) how does the lake area relate
to the East Fork of the Des Moines River which cuts deeply through the
lake area; and 2) how does one explain that the Take sediments extend
up over low ridges which are higher than %117 Tandscapes to the south
{(i.e., what constituted the southern margin of the Take basin}? This
area promises to be one for interesting research in the future,

A final note about the name: Glacial Lake Jones is named for Bob Jones,
party leader in charge of the U.S.D.A. Soil Conservation Service soil
survey of Kossuth, Hancock, and Winnebago Counties., Bob has devoted

his career to mapping soils in Iowa. Although his job has not been one
that would bring widespread recognition, he has done a fine job, estab-
1ishing several important new soil series, training many young men as
s011 scientists, and has been eager to show us geological problems which
he has encountered during his investigations. Glacial Lake Jones is

one of those probiems.

Stop 4. The Frontal Margin of the Algona Moraine, Wesiey, Iowa

Cores taken from the west side of Iows Route 17 in the SEi, SEi, NE}
sec. 36, T. 96N., R. 27W., Kossuth Co. Elevation 1260 feet (384 m).
The Wesgley cores are Tocated on a Tow relief area just behind the crest
of the Algona Moraine.

In the short drive from Stop 3 we have itraversed up over the frontal
margin of the Algona Moraine. Note the character of the Algona Moraine
here, It is marked by a steep, non-hummocky front over 100 feet {30

m) high, with a well-defined crest which drops down 20 to 30 feet (5

te 9 m) to a different, low-relief landscape (figure 13}. The moraine
boundaries shown on figure 13 differ from those classicaliy given for
the Algona Moraine (see Ruhe, 1969} which extended the moraine nearly
a1l the way to Minnesota. The boundaries shown on figure 13 are mapped,
however, using criteria for moraines generally applied elsewhere in ths
Midwest. The character of the Algona Moraine seen here is the same seen
all along the frontal margin of the Algona Moraine from the junction

of the moraine with the West Fork of the Des Moines River in Palo Alto
Co. on the west to near Crystal lLake northeast of here: 2 steep, pro-
minent front with a well-defined crest 1 to 3 miles (1.5 to 4.5 kin) wide.
This ridge marks the fermer ice mergin, the Algona End Moraine. We will
cross the Algona Moraine again near Hutchins, Iowa on our way to the
naxt stop, and then skirt along the front of the moraine, noting very
Tittle change from what we have seen here until we come near Crysial
Lake,
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Figure 14 shows the sediment sequence in Wesley Core 1. Glaciolacus-
trine sediments 7.3 feet (2.2 m} thick cverlie a thick sequence of uni-
form loam till. The glaciclacustrine sediments are not extensive in
this area, and according to Bob Jones, this is one of the few known sites
behind this part of the Algona Moraine where the sediments have been
found., Wesley Core 2, taken approximately 100 feet south of Core 1,
differs somewhat in that the surficial sediments are thinner {2.5 feet
or 0.8 m}, and the til1 from 8.5 to 13 Ffeet {2.6 to 4 m) contains numer-
ous lTaminations and thin lenses of stratified silt and sand. The 311
se?uence at this site appears to be dominantly basal ti1l and melt-out
titi.

There are three cutcrops in the city of Algona just behind the moraine
front {figure 15}, which we will not be able to see today because of

time Timitations. At these sites thick sequences of uniform basal til}
can also be seen (figure 16}, similar to the till sequence shown in
Wesiey Core 1. At this stage of investigations on the Des Moines Lobe

it appears that sedimentation aleng the frontal margin of the Algona
Moraine was by active ice with deposition of lodgement and melt-out tills
dominant.

Textural and mineralogical data for Algona Sites 1 and 2 {figure 16,
Table 8) show that the basal til11 there differs from the basal till farther
south in the east-central portion of the Des Moines Lobe (figure 6, Table
4}, The textural data at Algona, for example, fall at the very edge

of the range of values for basal till in the east-central portion of

the Tobe. The sand fraction 1ithologies are dramatically different,

with very high mean shale values at Algona {47%) compared to values in
the east-central Des Moines Lobe area (14%). At present, there is a
great need for textural and mineralogical sampling of deep cores in the
north-central Des Moines Lobe area. When such data become available,

we may be able to determine whether the 1ithological values of the Algona
sites represent part of a systematic focies change in the composition

of basal tills on the Des Moines Lobe or whether the basal till of the
Algona advance is lithologically distinctand perhaps represents a dis-
tinct rock-stratigraphic unit,

Step 5. A Kame Comprié?ag Part of the
Algona Moraine Compliex Near Crystal Lake

A sand and gravel pit located in the NWi, SWi, NEX sec. 27, T. 97N.,
R. 25W., Hancock Co. Elevetion 1290 feet (393 m}. The site is located
on a prominent knob on & hummocky, high-relief ridge constituting part
of the lateral margin of the Algona Moraine.

The map for the Crystal Lake area {figure 17} shows a dramatic change
in topography from that found along the frontal margin (figure 13;.

The Algona Moraine from here northward extends in a roughly N-NE direc-
tion (figure 11}. The "moraine” here 1s not comprised by a single, narrow,
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Table 8. Textural and mineralogic data for sites Algona 1 and 2,

MATRIX TEXTURE -9

N=28
Sand Silt Clay
meEarn 41.5 36.6 21.9
5.d., 3.0 5.3 2.6
range 36.2-44.3 31.1-44.2 18.6-24.6
SAND FRACTION LITHCLOGY ~ %
N=3
c/D
{ratio) T.C. Sh. T.S. Q.-F. T.X.
mean 0.98 30 47 78 22.0 22.3
s.d. 0.61 5.5 5.4 2.1 1.7 2.1

range  0.50 - 1.67 24-37 40-52 76-80 20-23  20-24

MATRIX CARBONATES - %

N = 8
¢/ cal. Dol. T.C.
nean 0.27 3.5 12.7 16.3
s.d. 0.7 9.0 1.1 1.3
range  .16-.36 2.7-4.3 11.4-14.7 14.7-19.0

prominent, non-hummocky ridge as we saw along the frontal portion of

the moraine, but by a broad belt of high relief hummocks., At this and
the following step we want to see that not only is there a change in
topography, but there is also & basic change in glacial sedimentation

as well. Whereas the frontal portion of the moraine at Algona and Wesley
is dominated by basal ti11, the Tateral portions of the moraine from
here northward are dominated by supraglacial sediments. This stop wil}
be a brief cne. It is a good place for photos of the hummocky, high
relief topography which constitutes this part of the moraine and to see
the coarse sand and grave! deposits in a kame-Tike knob which constitutes
part of the "moraine™ front hare.
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Stop 6. Cores in the Algena Moraine Complex Near Crystal Lake

Cores from sites Tocated in the NWi, NEX, sec. 15, T. 97N., R. 25W. {Cores
1 and 2, figure 17) and the SWi, SWi, SE%, sec. 10, T. 97N., R. 25M.,

Core 3, figure 17) Hancock Co. Elevations: Core 1, 1784 feet {391

m}; Core 2, 1264 feet {385 m}; and Core 3, 1293 feet {(3%4 m). The core
sites are on varijous knobs in the hummocky, high relief areas constitut-
ing the lTateral margin of the Algona Morzine.

These three cores, only superficially Togged during drilling, exemplify
the kind of variations cne can find in relatively short distances in

this area. Core 1 {figure 18) consisted of just over 3 feet {1 m) of
tili-derived sediments (probabiy hill-slope sediments) over 11+ feet
{3.3+m} of till-Tike sediments (diamictons). The diamicions appear

to be mostly loam-textured. They appear %o be stratified in the sense
that there are subtle variations in particle size distribution, most
naotably in the pebble size fraction. There are virtually no sorted sands,
gravels, or silts in the core except for a thin interval between the
depths of § and 9.2 feet {2.7 to 2.75 m).

Core 2 is only & feet (1.8 m) deep. The drilling rig was stopped on
something, possibly a boulder. We tried other sites within a few feet
of this hole, and every time we were stopped at the same depith. The
sediments consisted of diamictons interbedded with numercus sand lenses.
Dc these sediments remind vou of the upper part of the section at Dows
Quarry?

Core 3 consisted of about 9 feet (2.7 m} of bedded diamictons and sand
{(figure 19) overlying about & feet (1.8 m) of stratified sands. The
bedding and the presence of appreciable amounts of melitwater deposits

are more indicative of supraglacial sedimentation and Tocally stagnant
ice. This sequence contrasts with the uniform ti11 and dominantly achive
ice, subglacial depesition which probably tcok place along the frontal
margin of the moraine.

Stop 7. The Lake Miils Section

& roadcut Tocated in the SEL, SWi, SWi sec. 16, T. QON., K. 234W., Winne-
bago Co. Elevation: 1300 feet {396 m}.

The Lake Mi1ls Section is located right in the heart of the high relief
hummocky area, dominated by thick supraglacial sediments, which comprise
the Altamont-Bemis{?) Moraine Compliex {figure 20;. The section is Tocated
at a road cut through the fiat, plateau-Tike top of a broad, high relief
hummock, A vensar of glaciolacustrine sediments occurs along the top

of the "plateau,” but is absent on the sidesiobes which are composed

of £i11-1ike sediments. The glaciclacustrine sediments are bedded in

the Tower part and there is 2 general Tining upward seguence {figure

21). The base of the glaciclacustrine sediments is undulating and marked
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by a gravel lag on top of till-Tike sediments of the Morgan Member. The
grave! lag is succeeded upward by thinly bedded sands. At the sampied
section, the bedded sands are overlain by apparently massive "sitts"”

which contain small, discontinuous, contorted lenses of sand. This inter-
val, which is less than 2 feet {0.6 m} thick, is overlain by apparently
massive, fine-grained glaciolacustrine sediments which contains the modern
soil profile in the top, and is as heavy-textured as clay in places {figure
21). The tili-like sediments underlying the glaciolacustrine deposits

are variable in texture {figure 21}, contain occasional sand lenses,

and in the core there was noticeable variations in pebble content in

the ti11 with depth. Some intervals of the "{i11" or "diamicton® contained
very abundant pebbles, other intervals had few pebbles, while still others
had moderate, “normal” concentrations of pebbles.

The interpretation for this section is shown on figure 22. The till-

1ike sediments are interpreted to have been deposited supraglacially.

The glacioTacustrine sediments are also interpreted to have been deposited
supraglaciaily in ice-walled or ice-floored lakes {figure 22).

Fine-grained ice-walled or ice-floored giaciolacustrine deposits such

as exposed at this stop occur extensively in circular or crudely rounded
flat-topped knobs or "pliasteaus" throughout this part of the Altamont-
Bemis(7?) Moraine Complex, and can be distinguished on soil maps. These
ice-contact deposits in lowa have received little study fo date, but

they would be a fine thesis topic. Work could be done on the distribution
of the deposits, their sedimentology, variations in thickness, texture,
lake bottom topography, etc.
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EPTLOGUE

We have seen in our traverse along the Algona Moraine that there has
been a change in both topography and in the character of the glacial
deposits along the moraine front. This suggests that there were dis-
tinctly different sedimentational environments along a single ice margin.
What would cause such differences? Are there any analogies which can

be made between existing glaciers and the Des Moines Lobe during the
Algona advance? The sedimentational patterns along the Algona Moraine
are similar to those of many valley glaciers. At the time of the Algona
advance the Des Mocines Lobe appears to have been moving as a Tobe down

a broad trough {cover illustration). This type of flow would have been
characterized by higher velocity, active ice along the axis of the lobe
and much slower moving, nearly stagnani ice along the lateral margins.
In addition, ice flow along the Tateral margins would be upslope, pro-
moting compressive flow in the glacier and causing the basally-derived
debris to be carried up intc englacial and supraglacial positions where
it would most likely be deposited supraglacially. In contrast, along
the axis of the Tobe, fiow would be down the regional slope, there would
be 1ittle compressive flow, and depesition would largely be subglacial.

An aim of geomorphology, rightly or wrongly, has always been that land-
form names convey both something about the Tand form and about the ma-
terials or origin of the landform. In the case of the Algona Moraine,
the term "moraine” clearly fails fo convey these two messages. The ferwm
“moraine” certainly should remain in the literature as a term for ice-
marginal drift deposits. In the future, however, let us nope that more
effort will be made in designating what Kind of glacial sedimentation
took place along various ice margins, or moraines., As it stands now,
ciassic moraine maps of the Midwest tell nothing of the sedimentational
conditions which occurred along those ice margins, and they provide no
information on the important differences in sedimentation which ook
place regionaliy.

For the last few miles of the field trip we have traversed a broad ares
composed of hummocky, high-relief landforms comprised dominantly of supra-
glacial sediments. These landforms occur in no definite arrangement.
Previous authors have subdivided the area into areas of Bemis, Altamont
and Algona Moraines. At best these subdivisions were simple guesses.

At this time it seems more fruitful to this author that the area be desig-
nated as a "moraine complex" where extensive supragiacial sedimentation.
took place over a broad belt at or near a former ice margin., Further
sotith, where the broad beli narrows down and distinct, continucus ridges
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develop which can be traced around the Tobe to the classic Bemis and
Altamont Moraines, it seems worthwhile to delineate these as separate
moraines.

The Altamont-Bemis(?) "Moraine Compliex" may have resulted because slow
moving, neariy stagnant glacial ice was continuously present in the north-
eastern portion of the Des Moines Lobe in Iowa {(remember, this was a
period of only 1,000 to 2,000 years!) while farther south there were
greater osciliations of the ice front.

Over the field trip we have reviewed the complexity of sedimentation

in the glacial environment and its application to deposits on the Des
Moines Lobe. I hope the field trip has been an interesting introducticn
to you of the patterns in glacial sedimentation on the Des Moines Lobe
which we are now beginning to comprehend.
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