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the various potential deposit types within a single aggregate potential mapping unit.

INTRODUCTION
The availability of aggregate sources near markets is critical to building and maintaining this country’s infrastructure, and in Of course, areas where aggregate mining is currently active, or has occurred historically, indicate a certain amount of future Lake Agassiz (Fig. 3) formed south of the retreating glacier that was present in the Red River Valley at the end of the Ice Deposit Size [Deposit Size]: Scores range from 1 (smaller deposits) to 3 (larger deposits) and are based on field observations
controlling costs of construction projects, many of which are publicly funded. Aggregate consumption in the Fargo-Moorhead potential, a fact well known to local aggregate producers and landowners. For this reason, an inventory of past and “current” Age, resulting in deposition of thick silts and clays present in the western part of Clay County. The various levels of Lake and geologic inference. Units with potential for and/or containing generally small deposits were assigned a score of 1. Units
market, which includes all of Clay County, is approximately 12 to 13 tons per capita (Squires, 1996). Even though aggregate aggregate mining was assembled. During the mapping of geologic materials using aerial photographs, the locations of gravel Agassiz are recorded as beach ridges and wave-cut scarps in the eastern part of Clay County and adjacent areas. In places, with potential for and/or containing medium sized deposits were assigned a score of 2. Units with potential for and/or containing
consumption is driven by our entire society, few people purchase raw aggregate products directly, and are therefore not well pits were recorded. The aerial photographs used in this study were acquired, for the most part, in April and early May, 1991. waves and shoreline currents deposited sand and gravel in beach ridges, and in other places eroded preexisting sediments into large deposits were assigned a score of 3.
informed about the issues surrounding aggregate production. A few of the frames available for the study area date from early spring, 1992. Gravel pits visible on these photos, and large scarps. The physical properties of the beach sediments are dependant upon the type of previously deposited sediments upon
enough to map, were delineated on 7.5 minute topographic maps and are shown on the map as polygons. which the waves and currents were striking, and therefore have a variable composition. In general, beach deposits have a low Overburden Thickness [Overburden Thickness]: Scores range from 1 (thicker overburden) to 3 (thinner overburden) and are
Recent geologic processes have resulted in an uneven distribution of materials suitable for use as aggregate, as the situation percentage of coarse gravel and limited overburden. based on Mn/DOT data, field observations and geologic inference. Units with a variable overburden thickness, which is locally
in the Red River valley so readily demonstrates. The larger communities in the Red River valley lie in a region where aggregate In addition to these gravel pits, three other classes of gravel pits are displayed on the map, small pits visible on the NAPP excessive, were assigned a score of 1. Units with a few feet of overburden were assigned a score of 2. Units with minimal
sources are virtually absent, resulting in a situation where aggregate is commonly transported 25 to 40 miles, or more. The photos, pits shown on the published topographic maps, and pits that have opened since the early 1990’s. Gravel pits that were overburden were assigned a score of 3.
cost of transporting aggregate this distance adds significantly to the total cost of this essential resource. Therefore, there is visible on the aerial photographs, but were too small to map as polygons were mapped on 7.5 minute topographic maps as points.
an economic advantage to communities that have readily available local sources of aggregate for present needs, as well as These points represent small gravel pits opened since the topographic maps were published. Most of the topographic maps used Probability [Probability]: Scores range from 1 (lower probability) to 3 (higher probability) and are based on the degree of
future generation’s needs. for this study date from 1965 and 1966 and were prepared from aerial photographs taken in 1963. A few quadrangles in the k/\ current and historic aggregate resource development, confidence of map unit delineation, and availability of supporting
southern part of the county were prepared from aerial photographs taken in 1972 and 1977. Gravel pits mapped on the published subsurface data (primarily well log density). Prior to ranking the geologic map units, it was apparent that within the
Across the country, aggregate resource development is becoming increasingly more difficult due to conflict with other land 7.5 minute topographic maps which occur outside the gravel pits mapped as polygons were digitized and are grouped with the above @ Figure 3. Location of Glacial Lake Agassiz outwash units mapped (Type 0), historic and existing gravel pits were somewhat clustered. Also, the distribution of
uses, especially near expanding urban areas. Furthermore, other types of land use controls also result in conflicts with mentioned pits for display on the map. Through the course of field work for this project (June - September, 1995), several ] available well logs was not uniform. Based upon this information, the outwash unit was subdivided into two units (0-1
aggregate mining. Examples of land-use controls that restrict or prohibit aggregate resource development include parks, gravel pits that have opened since 1991 were noted and are also shown on the map with point symbols. Some of these pits are now @ ’ and 0-2), as was the collapsed outwash unit (0-3 and 0-4). Units with a lower probability of containing economic
wetland protection, zoning regulations, cultural and historic resource sites, and other environmental issues, such as quite large. aggregate deposits were assigned a score of 1. Units with an intermediate probability of containing economic aggregate
preservation of natural communities. With the above mentioned issues in mind, the 1984 Minnesota legislature passed a law i deposits were assigned a score of 2. Units with a higher probability of containing economic aggregate deposits were
(M.S. 84.94, Aggregate Planning and Protection) which mandates that the DNR, in cooperation with the state geological survey Upon completion of a preliminary geologic map of the study area, approximately 20 days were spent in the field checking the lglax[mum limits of assigned a score of 3.
. . . L : . . ; ) o . . . : acial Lake Agassiz
and state department of transportation, conduct a program to map potential aggregate resources, and provide this information to preliminary map and describing the sediments encountered, primarily in gravel pits. The preliminary map was then revised where '
local governments to assist them in making land use decisions. This map was prepared to fulfil this obligation. The following necessary, while examining aerial photographs for a second time. | In order to portray these scores in a form in which the various geologic map units may be compared, the results are presented
paragraphs describe the methodology used in preparing the Aggregate Resource Potential Map of Eastern Clay County, Minnesota : [ Present-day water on a stacked bar graph (Fig. 4). Graphing these five geologic factors aided in the grouping of the 10 geologic units into
(Plate 1), and provide supplementary information for users of this map. The audience is assumed to be local governmental . . i three aggregate potential categories, high potential, moderate potential, and slight potential. While Figure 4 appears complex,
officials and the aggregate industry. The location of the mapped area is shown in Figure 1. Table 1. Summary of Mn/DOT Aggregate Source Information Presented on Pit Sheets g‘f‘&;g;‘ig’gj%f’caﬁon it is presented in order to provide the advanced user of this map a visual means of comparing the differences between

GEOLOGIC SOURCE COARSE LARA | LARB | LARC [% SHALE|% SHALE| % IRON | OVER-
Figure 1. Location of Eastern Clay County, Minnesota MAP UNIT NUMBER| N' |GRAVEL’| SAND’ | FINES' |% LOSS |% LOSS | % LOSS (4 SIEVE] SAND’ | OXIDES |BURDEN’ , ______________________
ia Ll 293 | 914 | 832 7 02 08 02 1 Table 2. Scores of Aggregate Potential Economic Ranking
% i 14036 49 2l ] 1Ll 11 . o o o . . Criteria for each Geologic Map Unit AGGREGATE POTENTIAL
B-1 14027 77 32.1 34.0 315 22.1 23.8 0.0 0.0 16 Another geologic factor contributing to the characteristics of aggregate deposits is the original source of the rock materials RANKING CRITERIA
A B-1 14061 | 52 339 | 416 | 263 0.7 0.7 05 13 eroded by the glaciers. During the last Ice Age, western Minnesota was covered at different times by glaciers originating Geologic Economic Ranking Criteria Type In the form
1 > o2 | 33 s | 397 | 264 ” in areas to the northeast and in areas to the northwest. The glacial advances from the northeast occurred earlier. MapUnit | Shale Gravel | Deposit Size| Overburden | Probability | Cum. Score g(r;:)tferga TD‘gggription
j ' ' ' ' Northeastern-source sediments contain a suite of durable rocks derived from the Canadian Shield in northeastern Minnesota B-1 ” > ] 3 3 »
B-1 14048 | 4 359 | 411 | 296 0.2 0.3 0.3 1 and adjacent Ontario in addition to appreciable amounts of carbonate rocks (limestone and dolomite). This factor is important Shale
j‘ B-1 14011 9 42.1 33.4 24.5 1 to the aggregate producer, because the northeastern-source aggregate deposits yield products with low percentages of deleterious B2 : 1 1 ° : d S\s’ﬁ%f?n?gfﬂﬁ g? tsshglren(c()JSsh-a:eo(f;o?'SO/o)
~_ AVERAGE' 339 | 389 | 272 | 221 | 25.3 0.3 0.5 0.3 1.2 rock fragments. Aggregates with low percentages of deleterious rock fragments are required in the production of concrete B-3 y y 2 J J g 1- Abundant shale (>1%)
Fargo ¢/Moorhead e By = e p— . = products. Furthermore, these northeastern-source sediments locally contain abundant gravel-sized rock fragments, another 0-1 1 3 2 2 3 11
. | | | | desirable property of aggregate deposits. 0-2 1 1 1 2 2 7 gr-allllimh ercentage of coarse gravel (30-60%)
B-3 14053 | 25 | 283 | 337 | 400 | 236 | 243 0.4 0.6 0.3 12 2-High Bercentage ot fina gra%el (30-60%)
AVERAGE 23.3 305 | 47.3 | 23.6 24.3 0.4 0.6 0.3 1.4 The glaciers that advanced into the area from the northwest traversed parts of the Canadian Shield, in addition to soft 03 ! S 3 2 3 12 1- Low percentage of gravel (<30%)
- N\ 0-1 14071 | 47 204 | 275 | 491 | 9274 935 94 10 98 sedimentary bedrock and unconsolidated fine-grained sediments. The northwestern-source deposits, therefore contain 0-4 ! 8 8 2 2 1 Deposit Size
T TTTI1 ! o1 i | sn | e | s | oo | oes o e . B appreciable amounts of soft rock fragments, most notably siliceous shale, and also contain lower percentages of gravel-sized I-1 1 3 1 2 2 g 3 - Larger deposits
’ i ' ' ' ' ' ' ' ' ' rock fragments relative to local northeastern-source deposits. Furthermore, the northwestern-source glacial advances have 12 ] 3 ; ; ; . 2 - Moderately sized deposits
0-1 14072 | 26 390 | 264 | 346 | 2/.8 2.4 2.6 1.2 2.2 generally buried the northeastern-source sediments in Clay County. However, there are several northeastern-source aggregate 1- Smaller deposits
0-1 14026 | 64 413 | 322 | 250 247 | 248 1.6 2.1 0.6 2.8 deposits that are mined in the region and these generally occur in areas where post-depositional erosion, either by waves or 20 3 3 3 1 1 [ Overburden
0-1 14023 | 12 28 | 293 | 324 14 streams, has removed some of the overburden. 3 - Minimal/thin overburden
2 - Moderate overburden thickness
0-1 14062 | 139 43.0 34.4 24.3 23.9 23.9 1.0 0.9 05 2.4 1 - Thicker overburden
METHODOLOGY AVERARE e Figure 4. Cumulative Scores of Aggregate Potential Economic Ranking Frouaniity
. 3 - Higher probability that the unit contains
This map was prepared using techniques that are widely used to prepare surficial geologic maps in areas affected by glaciation i 14001 3 332 308 22.6 18.8 203 0.7 1.7 0.6 ﬁRITERItA USEDJOI I.NLE?.PR:.I; Aﬁ:REGATE P?I:.NTI,[AI& follows: t of the relati bability that Criteria for each Geologic Map Unit, Grouped by Aggregate Potential Map Unit ec%non?io aggregate.qeposits .
during the Ice Ages. Beginning with a general understanding of the distribution and types of sediments present in the region, 0-3 14015 | 26 37.7 | 385 | 161 4.3 ggrregat e;o enitlaxili‘ ;;?hin oriv 2 p;eroszno i ';Stuh V. %S ?] r?]wg' ta”raf]i‘ﬁment ?lti le re lé:i”;le L::]’Oda rl;y né:j a/:i ht 2- 'C”ggmr?g'gggrf’g?nﬁgt:“t%ghgmee“ggits
a preliminary geologic map legend was formulated. Since the purpose of this map is to assess aggregate resource potential, 0-3 14046 6 454 | 36.1 30.7 275 0.7 2.4 0.2 2.6 aTﬁ% Zizeessrilﬁ;ﬁ dgess r?ot impl\ftﬁateevirsjvﬁere e\llvi?hir?a gaif/eneznit t?leie Oexiast ecor?o?ﬁig ang:Sate %eoos(i]tse Ia:uertﬁermzrg ' o Slight Moderate High 1- Lower probability thach[hegunit coFr)1tains
most attention was given to those geologic units that may host aggregate deposits, and little time was spent studying geologic 0-3 14045 | 21 466 | 475 | 148 99 6 18 91 05 17 2 te is used in a wid f applicati S f1h licati . ific t f material ’ Potential Potential Potential economic aggregate deposits
units that have limited potential as sources of aggregate. ggregate is used in a wide range of applications. Some of these applications require very specific types of materials, some 9
AVERAGE 40.7 38.2 21.1 18.8 23.5 1.1 2.1 0.4 2.9 of which simply can not be produced from certain deposits. This is a very important point, since not all aggregate is suitable 2 1 wh%re ?T(];ggetz ngesirable
Various sources of subsurface information and publicly available data on aggregate deposits were obtained and organized prior -1 14057 | 14 396 | 400 | 204 for all end uses. % 1=least desirable
to the start of mapping. These data include the County Well Index (Minnesota Geological Survey, 1993) and data included on -2 in Till Unit 14012 3 13.9 40.4 45.7 3.1 0.0 0.2 9.7 In an attemot to produce an aqareqate potential man that is most useful to the non-geolodist. while simultaneously providin E
Mn/DOT gravel pit sheets. The County Well Index is a computer database containing well driller’s logs of geologic materials -2 in Till Unit 14021 33 319 98.8 18.3 998 935 59 38 0.8 5.8 Hemptiop f detail. th g9 Ig ep ' map dinto f | geolog b donthei y % lat g 2
encountered while drilling wells in addition to the field-verified location of each well. The well log information was used to N a certom amount o otal , the geologic map units were groupe Into our genera cotegorles ased on the mterpreto re ative 3 9 GEOLOGIC MAP UNITS
substantiate geologic interpretations, especially the occurrence of buried deposits. The aggregate data received from Mn/DOT -2 in Till Unit 14049 3 33.3 30.6 17.1 1.0 17 0.1 14 plotentlol fgr thlese L;nl’[.S to clontaln oclono(rjmc aggreg.e(ljte dgpoTsrll’Fs. Obviously, hlfstorlc and currentla?grego(’;e prod:Jctlonlls . B-1 - Major beach ridge
include test hole logs, sieve analyses and the results of quality tests performed on aggregate samples collected through auger -2 in Tillw Unit | 14058 | 16 523 | 351 | 316 2.2 6.4 1.0 1.8 ?S? ?n ”I]t :jcatlon Ot lmllne(zjra %ot(?r;tlat 1” ) wasrtt:onts] edre | IS assessnrwentto daggrel%ate protenltla dcon5| (rerf]looly Q;O ogic B-2 -- Minor beach ridge
drilling programs. The data presented on the pit sheets were summarized (Table 1) and used to characterize the physical l-2in Tillw Unit | 14042 | 9 529 | 294 | 394 0.8 o?ncnf[Jr oSIs o Cﬁe: SnZ%nlir;]cgo diesf[J ange tch%tzo;ri];lomgpk eltr:s IZ\:E;?hponfthﬂIa%% ; gznestri?;(t)isoln" Zlécp o:is:[ da ;v el(ovgnmeer?t 'C% sto o-ru 5 0- B-3 -- Beach deposits not in ridges
properties of known aggregate deposits in Clay County (Fig. 2). AVERAGE 36.7 32.9 30.4 928 23.5 9.1 3.0 0.5 6.4 e ’ : ’ ) ’ B3 02 2 B2 |1 B1 01 03 04 So 0-1 -- Outwash (sand and gravel)
guantitative assessment of economic value. These factors are beyond the scope of this study. , , 0-2 -- Outwash (sand)
So 14069 | 24 | 283 | 269 | 142 | 237 0.0 0.1 0.1 2.3 Geologic Map Unit (from Plates Il and i) g-s aréd to-4 - CoIIaptsed ﬂutmshth t
] ] o The first step in assessing aggregate potential was to consider the geologic characteristics pertinent to aggregate deposit Aqareqate potential economic ranking criteria tvpe: 0 -- oubaqueous outwash of Northeastern
Figure 2. Locations of Mn/DOT Aggregate Sources Summarized in Table 1 zo 11370 23 . :6'9 13: Zj; 3? 32 3? = gvaluation. These factors are: 1) the overall grain-size distribution of the sediments, or more specifically the percentage &gera\?el I Deposit Sizg :ﬁrobability [ Toverburden T Shale Provenance |
0 08 | 3 36.6 3.3 : : : : : 3.9 of gravel present; 2) the percentage of deleterious rock fragments present, primarily the percent shale present; 3) the :; - :ggggmgg% gggm:gg ggpgg:gg
S0 14067 | 48 | 416 | 219 | 268 | 248 0.1 04 0.2 3.1 general size of known and potential deposits; 4) general overburden thickness; 5) the probability of finding an economic Agaregate potential mapping units (from Plates 11, 11, 1V): buried POSIES
oj4047 Examplo of the So 14050 14 42.0 34.2 37.4 21.1 21.5 0.1 0.1 0.0 1.3 deposit wjthio a given unit; and 6) the presence of wetlands. The order in which these factors are listed is unrelated to [dsight  [IModerate 1 High
9068 aqgory Distribution of estholes S0 14010 | 10 | 424 | 320 | 234 | 207 0.0 0.0 0.0 1.3 their relative importance.
14067
113;3' *14041 2 14039 16 434 289 19.1 19.9 219 0.0 01 0.2 1.2 Within the Clay County area, deposits containing abundant gravel-sized material are generally more highly sought after than
“14030 *14022 S0 14051 40 446 | 395 185 | 220 | 204 0.1 0.1 0.0 1.3 those deposits consisting of primarily sand. Furthermore, deposits containing both coarse (+ 4 mesh) and fine (4 to 10 mesh)
14o7o--1;1649°44 So 14059 42 46.9 35.2 23.2 22.8 23.0 0.1 0.3 0.3 1.6 gravel have more utility than those containing primarily fine gravel. The percentage of deleterious rock fragments present in Those geologic units inferred to have limited potential for aggregate resource development were not scored and are shown
So 14054 | 51 513 | 320 | 379 | 221 | 234 0.2 0.3 0.3 14 aggregate is critical to producing certain products, especially concrete products. In the Clay County area, the most pervasive separately on the map as limited potential. Examples of geologic map units within the study area that have limited potential
2050 s - e - . P A S -~ —_ 0 0 p o deleterious component is shale. Obviously, a Iarger deposit is more desirable lthan a smaller deposit. UtiIizati.oo of larger for aggregate resources include s.illt deposited in Lake Agassiz, mapped io the far wes?ern part of the study area, and glacial
1101y 14008 ' ' ' ' ' ' ' ' ' ' deposits results in development of fewer gravel pits, but ones that are longer lived, thereby focusing gravel mining. Also, till, some of which has been modified by stream processes and wave action, mapped in the eastern part of the study area.
S0 14019 8 o88 | 338 | 192 0.3 1.6 the cost of developing larger deposits is amortized over longer periods of time. Overburden thickness is often the critical
[Tzl See. 16 So 14020 3 59.4 27.4 13.2 0.1 0.0 0.0 1.7 factor in assessing the economic viability of an aggregate deposit. In general, more overburden can be economically removed Wetlands: Areas classified as wetlands on the National Wetlands Inventory (U.S. Fish and Wildlife Service, 1992) are displayed
1::’3:6 V5 AVERAGE s | 318 | 237 | 227 | 223 | 52 | 0.1 0.2 0.1 1.9 from thicker deposits than from thinner ones. Of course, there is an upper limit to the amount of overburden that can be on the map in order to show areas where aggregate resource development may be hindered by saturated soil conditions. As
1402 ,, Ry Atypical Deposits stripped from gven the thickest potenf[ial dopos!ts. The probability of findilng a doposit within a.given map unit is based . mentioned obove, no regulatory aspects of wetlands are implied, although they may exist. Determination of any conflict
foeer e14085 14049 14012 : on both the confidence of the map unit delineation (based in part on the distribution of supporting data and part on confidence that may exist between wetland occurrence and aggregate mining usually requires site-specific wetland delineation.
*14p62 o Eampleofthe Buried Outwash | 14064 | 50 175 | 429 | 396 24.9 2.1 14 0.4 2.7 of the geologic model) and the homogeneity of the geologic sediments. Proximity of wetlands to potential aggregate deposits
Source 14061 Buried Outwash | 14065 25 32.1 43.3 24.5 22.9 1.2 1.2 0.2 1.9 is considered a geologic factor only because aggregate resource development within and near wetlands is more difficult from
*14054 | Buried Outwash | 14063 | 33 982 | 411 | 307 95 4 26 17 0.6 95 an engineering standpoint than situations where no wetlands are present. The specific regulatory factors (the Wetlands
E— By > oy = T e Conservation Act for example) associated with impacting wetlands are not considered. ACKNOWLEDGMENTS
* 14021 ' ' ' : The landowners and aggregate producers in Clay County deserve thanks for allowing access to their properties during the
“14027 Beachin Tillw | 14041 | 40 393 | 344 | 262 1.5 The next step in the assessment of aggregate potential was to assign an arbitrary score to each geologic unit for each of the course of this study. Without this access, the quality of the map would have been compromised. A great deal was also
% Reworked So? | 14044 8 375 46.4 16.1 22.3 2.0 1.0 0.1 14 above mentioned geologic factors. While these scores are arbitrary, they reflect the relative ranking of the geologic map learned about the occurrence of aggregate and the local aggregate industry through discussions with landowners and
*14053 Notes: ‘Number of estholes within the aggregate source unit for e.ach geologic factor considored important in aggregate depooit assossroent. For some of.tho geologic factors, aggregate producers. Special thanks (in no .porlticular order) to Dan Ames (Ames Sand and Gravel and Ready Mix), Bruce .
— yla00t | " “Average percent retained on #10 sieve (>2 mm) quantitative data exist to support this ranking process. For others, this ranking is based on geologic inference and Squires and Roy Sanders (CAMAS - Kost Division), Ray Zemple and Bob Bakkum (Northern Improvement Co.), Dave Asplin
14052-“"4134'061- ""11‘;42057 1015 14046 T137N R45W Sec. 28 “Average percent passing #10 sieve (2 mm) and retained on #40 sieve (0.425 mm) qualitative field observations. The results of this scoring process are shown in Table 2 and the methodology is outlined below. (Asplin Sand and Gravel), and Jack Cousins (Clay County Engineer). Mike Kamnikar and Geof George (Mn/DOT Aggregate
:Average percent passing #40 sieve (<0.425 mm) Office) and the Minnesota Geological Survey are acknowledged for providing data that were so important to preparing this
sﬁxg;ggg Bg;ggm gﬂglg :2 ;“:nsd'i‘r’gcftﬁ‘r’]“on Percent Deleterious Rock Fragments [Shale on Table 2 and Figure4]: Scores range from 1 (higher percent deleterious) to 3 map. My supervisor, Dennis Martin served as a sounding board for many of the ideas presented on this map. Amy Griffin
Note: For any given aggregate source shown, there are between 3 and 139 testholes and 5 to 175 samples. "Average overburden thickness in feet (lower percent deleterious) and are based on a combination of Mn/DOT data and qualitative field observations. Units with an (DNR-Minerals) is acknowledged for her efforts in digitizing several of the included data layers. Finally, Renee Johnson
There can be zero to multiple samples for any given testhole. "Simple mean of all samples from source. Number of samples ranges from 5 to 175. average percent shale greater than 1% (Mn/DOT data) and where field observations showed shale to be common to abundant (DNR-Minerals) deserves special credit for the computer and database aspects of this project as well as the map production.
were assigned a score of 1. Units with an average percent shale between 0.5 and 1 % (Mn/DOT data) and where field
A commonly used approach to mapping glacial sediments is referred to as the landsystems approach (Eyles, 1983). This technique f[)hbasr? ngtgon(s,\fg/%ef ;;;:l)”;]n;(\),:/Jr?;?eof];:|Za$%§g$\?aet?;r\:\;egﬁ§vﬁlg r;?t?]:rsvcgrresor;gl.l l;rr::osu\r,]vtlého?g;e\lllzragf s%zrlze:g:ehnatl?lvl(ffes
relies on the principle that depositional glacial landforms are composed of a predictable range of sediments, some with greater DESCRIPTION OF AGGREGATE-BEARING SEDIMENTS L d e of 3 y ’ REFERENCES
potential to contain aggregate deposits than others. Color infrared aerial photographs (NAPP, 1991, 1992) were examined The geologic sediments that are utilized as aggregate sources in Clay County can be categorized into two general groups based on assigned a score of 5. Evies. N.. 1983, Glacial qeoloav: A landsvst b Glacial aeoloav: An introduction 1 . d earth
stereoscopically for the 15 quadrangles (U.S. Geological Survey 7.5 minute series) in the eastern half of Clay County and genesis. Those deposited by glacial meltwaters and others concentrated by shoreline processes in Glacial Lake Agassiz. Glacial Percent gravel [Gravel]: Scores range from 1 (lower percent gravel) to 3 (higher percent gravel) and are based primarily on 30|e3r/1t?:ts Eergarﬁonaslrzsgeggf%o paq_;ﬂés eMS approach, flacial geology- A Introduction for engineers and ear
landform genesis was interpreted. In addition to landform expression, tonal contrasts displayed on the aerial photographs meltwater deposits are further subdivided into outwash and ice-contact stratified sediments . Both types of meltwater Mn/DOT data. Units wi.th an average low percentage of gravel (generally less than 30%) were assigned a score of 1. Units B Minnes,ota Geological Su,rvey 1953' Couoty Well Index for Clay County, Minnesota, 1706 records
reveal information about the drainage characteristics, hence sedimentary composition of near-surface sediments. These tonal deposits contain a wide range of sediment types, ranging from coarse gravel to silt. In general, ice-contact stratified with an averaoe high percentage of gravel (30 to 60%), where the gravel fraction is predominantly fine gravel (4 to 1'0 mesh) - Squires, Bruce, 1996 Presen:[ation :[o the Lake Agassiz beach ridges stéering comrr;ittee March 2'8 1996
contrasts are especially marked on infrared photography acquired in the early spring, as were the NAPP products. In addition sediments are more likely to be heterogeneous. In other words, these deposits more likely contain interbedded clay, silt and were assigned a score of 2. Units with an average higr; percentage of gravel (30 to 60%), containing abundant coarse - US Fis,h and \;Vildlifé Service, 1992, National wetlands inventory of Minnesota, scale 1_2’4 000 ’ '
to information inferred from depositional landforms and tonal contrasts, erosional landforms were mapped. Certain types of oversize materials. Conversely, outwash deposits are generally more uniform in composition. Both types of meltwater deposits ravel (+ 4 mesh) were asoi ned a score of 3 ’ o ’ ’ ’ R
aggregate deposits in Clay County occur buried beneath younger, non-aggregate bearing sediments. Areas where post-depositional occur at the surface and in buried positions in Clay County. gravel {+ g :
erosion has removed some of this younger sediment have higher potential to host aggregate deposits.
© 1997, State of Minnesota, Department of Natural Resources Plate Il -- Aggregate Resources, North Half, Eastern Clay County, Minnesota, Map at a scale of 1:50,000.

Plate Ill -- Aggregate Resources, South Half, Eastern Clay County, Minnesota, Map at a scale of 1:50,000.
Plate IV -- Aggregate Resources, Eastern Glay Gounty, Minnesota, Map at a scale of 1:100,000.




