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FIGURE 1.—Butler County sand and gravel production for the
years 1950 to 1984 (Ohio Department of Industrial Relations, 1951 -
1982, and Division of Geological Survey, 1983-1985).

ABSTRACT

The remaining 6.9 billion tons of sand and gravel
resources in Butler County will be adequate to meet the
future demands for this commodity for years to come if
population- and industrial-growth projections prove accu-
rate. Laboratory analyses indicate that the major portion of
the mineable resource will assure a good supply of high-
quality coarse and fine aggregates for Butler County and
surrounding areas.

INTRODUCTION

Resources of sand and gravel are important for
the expansion of today'’s rapidly growing and chang-
ing society. Large volumes of sand and gravel are
essential for (I) the continuing expansion and main-
tenance of Ohio’s transportation network, (2) the
construction of dams, and (3) projected remodelling
and new construction projects in the building

trades. Southwestern Ohio is fortunate that large rivers and their tributaries. The lakes persisted until 73
quantities of glacially derived sands and gravels the ice retreated from the drainage basin or they 20
occur within the drainage area of the Great Miami overtopped a divide and established a new outlet po
River. This resource extends from its northern limit around the ice. Other lakes formed when large g
in Logan County southward to the confluence of the volumes of outwash filled the primary stream chan-

Great Miami and Ohio Rivers in southern Hamilton

imately 6 miles east-southeast of Hamilton. The
other area, in northwestern Butler County, is lo-
cated within and adjacent to the village of Darrtown
in Milford Township. The sands and gravels inter-
preted to lie beneath less than 25 feet of till in
Union, Fairfield, and Milford Townships make up 3
percent of the total resource for the county.

In two areas of eastern Butler County, lake de-
posits overlie thick deposits of outwash sand and
gravel. One area lies south and southeast of Middle-
town and the other area is east of Hamilton. The
lake deposits are thinly laminated silts and clays
from a few feet to 25 feet thick. The distribution of
the lake deposits overlying sand and gravel in Butler
County is related to the glacial history of the area
and the effect of multiple glaciations on the pre-
glacial and glacial drainage patterns in Ohio and
adjacent states. The lakes formed when advancing
or retreating ice blocked the valleys of north-flowing

nels to elevations well above the floors of the
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County. Through Logan, Champaign, Clark, and tributary stream valleys, causing streamflow to back

34 ).O.
Greene Counties the major portion of the resource UP in the tributary valleys. The sands and gravels 7
lies within the Mad River and Buck Creek valleys. Which occur beneath less than 25 feet of lake 794
South of Greene County through Montgomery, deposits make up 8 percent of the total resource for

Warren, Butler, and Hamilton Counties the resource
lies primarily in the valleys of the Great Miami River
and its principal tributaries. The Butler County sand
and gravel resource inventory is one of a series of
county reports intended to define the quality, quan-
tity, and distribution of the sand and gravel re-
sources in Ohio.

Butler County, located in extreme southwestern
Ohio, lies midway between the cities of Cincinnati
in Hamilton County and Dayton in Montgomery
County. The county is rural in nature, but there is
some heavy industry in the metropolitan areas of
Hamilton and Middletown. In 1984 Butler County
was third in the state in the production of sand and
gravel, with only Hamilton and Franklin Counties
reporting larger volumes. Prior to 1959, production
of sand and gravel in Butler County averaged approx-
imately 1.3 million tons per year (fig. 1). Between
1958 and 1979, residential and commercial build-
ing and the completion of Ohio’s interstate-highway
network pushed production of sand and gravel in
the county to a yearly average of approximately 3
million tons, with a peak production of about 4
million tons in 1973. It is likely that production will
remain in the range of 2 million tons per year for the
remainder of the century, based upon an upturn in
the economy and census figures which project a
moderate population growth of 20 percent through
%%%%ear 2005 (Ohio Department of Development,

)t

In Butler County a large portion of the sand and
gravel resource occurs in terraces along major
drainage routes. Because the terrace levels are
above the highest historical flood levels and provide
good foundation conditions, they are valuable sites
for industrial and urban development. Easily acces-
sible sand and gravel resources, available for many
years for production of construction aggregate and
base and fill materials, are no longer available
because of the pressures brought about by land-use
competition and accompanying zoning regulations.
In order to make the best use of the remaining
extractable resource, it is in the best interest of the
citizens that municipal authorities and planners
have available detailed maps and reports, such as
this report for Butler County, which define the
quality, quantity, and distribution of all nonrenew-
able mineral resources.

GEOLOGICAL OCCURRENCE

The land surface of Butler County is covered
almost entirely by unconsolidated glacial materials
of the most recent glaciation, the Wisconsinan.
Evidence of previous glaciations in the region has
been substantiated by deposits interpreted to be of
Kansan and lllinoian age in Hamilton County and of
Nebraskan, Kansan, and lllinoian age in northern
Kentucky and southeastern Indiana. However, de-
posits of Nebraskan and Kansan age have yet to be
verified at the surface or in the subsurface in Butler
County. These early glaciations played key roles in
the modification of the preglacial and interglacial
drainage patterns in Ohio and in the establishment
and evolution of the present-day drainage system.
The lobate pattern of the Wisconsinan end moraines
across Ohio (Goldthwait and others, 1961) indicates
the ice sheet advanced across the state in several
distinct lobes. The Hartwell Moraine is the southern
boundary of the Miami lobe and marks the southern-
most position of the Wisconsinan ice sheet approx-
imately 20,000 years ago. Butler County, in extreme
southwestern Ohio, lies within the Miami lobe just
north of the Hartwell Moraine.

Glacial features which dominate the Butler Coun-
ty landscape are thought to be the result of pro-
cesses associated with the retreat of the Wiscon-
sinan ice sheet from Ohio. Except for a few scattered
bedrock outcrops along stream or road cuts, Butler
County is blanketed by unconsolidated materials
deposited by glacial ice or running water. Glacial
and postglacial features which dominate the Butler
County landscape are: (1) end moraines, (2) ground
moraine, (3) kames and eskers, (4) outwash ter-
races, (5) lake deposits, and (6) modern alluvium
(floodplain deposits).

The ground moraine and end moraines in Butler
County extend generally in an east-west band
across the county from the Ohio-Indiana border on
the west to the Butler-Warren County line on the
east. The morainic materials are composed primar-
ily of till, which is a heterogeneous mixture of clay,
silt, sand, pebbles, and boulders deposited directly
by the glaciers.

the county.

Outwash deposits underlying alluvium in Butler
County are an important part of the sand and gravel
resources of Butler County. This resource occupies
river and stream valleys where modern floodplains
have intrenched into the valley-train deposits. The
alluvial deposits themselves, which consist of strati-
fied fine sands, silts, and clays, are not generally
considered as sources for large deposits of sand and
gravel but have been mapped because some allu-
vium (river wash) has been mined locally and used
for coarse and fine aggregate. In Butler County the
alluvium overlying outwash ranges in thickness
from a few feet to more than 25 feet. For purposes
of this report, only outwash deposits overlain by less
than 25 feet of alluvium have been included in the
resource inventory.

Because floodplains are subject to periodic flood-
ing, the competition for land use is not as intense as
in other gravel-producing areas, so sand and gravel
operators may experience more favorable rulings by
local zoning boards for development of resources
within the floodplains. Therefore, the floodplains
appear to offer the greatest potential for future sand
and gravel operations in Butler County. Approxi-
mately 30 percent of the total resource of sand and
gravel in Butler County lies within the floodplains of
the county.

RESOURCES

The distribution of the sand and gravel resources
of Butler County, differentiated by type of deposit, is
shown on the accompanying map. For mapping
purposes kames and eskers have been mapped
together and outwash includes both outwash-plain
and valley-train deposits. The resource categories
used in the sand and gravel inventory are defined
below:

Measured resources include all sands and grav-
els within a specific deposit that is within a ¥2-mile
radius of a control point. Control points are locations
where information on the thickness of the sand and
gravel resource has been determined from (1) a
measured stratigraphic section, (2) logs from water
wells that have penetrated the deposit, or (3) verbal
communications from pit or dragline operators. The
thickness data are used to estimate the thickness of
each mapped unit. Where there are multiple control
points within a single deposit the average of the
combined data is taken as the thickness of the unit.

Indicated resources are sands and gravels asso-
ciated with and contiguous with measured re-
sources but which occur farther than 2 mile from a
control point. An indicated resource is assumed to
have the same thickness as the associated contig-
uous measured deposit. Where an indicated re-
source is bounded by more than one measured
resource, the thicknesses of the measured re-
sources are averaged to define the thickness of the
indicated resource.

Inferred resources are those sand and gravel
deposits which are not contiguous with a related
measured resource but which are interpreted to
exist from analysis of aerial photographs or soil
surveys. Thicknesses of inferred resources are esti-
mated from topographic relief or the thickness of
nearby measured or indicated resources of similar
types.

The distribution of the sand and gravel resources
of Butler County as shown on the map was deter-
mined from analysis of data derived from field
examination, air-photo interpretation, soil surveys,
and water-well logs. The 7%-minute (1:24,000)
series of quadrangle maps was used as the mapping
base for compiling field, water-well, and soil data. In
each township the thickness of sand and gravel in
each resource category was estimated from water-
well-log and measured-section data. The estimated
thickness and the number of acres within each
resource category provided the data needed to calcu-
late the tonnage-per-township volume estimates
(table 1). The tonnages shown in table 1 represent
an estimate of the portion of the original resource of
sand and gravel deposited in Butler County which
now occurs at the surface or beneath a thin (less
than 25 feet) veneer of till, lake deposits, or alluvium
and in no way reflect the quantities of sand and
gravel currently available for extraction. Previously
extracted sand and gravel and the amount of the
resource lost to production because of zoning regula-
tions and residential and industrial expansion have
not been taken into consideration in the tonnage
calculations.
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of the ice sheet when a balance between forward should not be used as a substitute for the detailed )(DO
movement and melting was reached or when mov- site-specific investigations necessary to determine Qgg
ing ice and debris were thrust and stacked upon the potential of an area as a site for a commercial %
stagnant ice along the ice front. When such condi- s$and and gravel operation. However, fairly reliable o
tions persisted at one position for a long period of thickness data are available from the water-well 0
time, materials incorporated within the ice accumu- logs and measured sections included in the report. o 0
lated as a hummocky ridge at the front of the ety
?T:gl?aller:e Itr(])pggl]:alle):\ycr(')lgenstyo:l?ye sn;m{c%%';yvee ’t]'?e' ANR VSIS OF MATERIALS TABLE 1.—Estimated sand and gravel resources, Butler County TABLE 3.—Pebble counts o

Seventy samples of sand and gravel weighing 15

ground-moraine surface.

il

“ A . i Rock type
Ground moraine is similar in composition to end to 2|0 _pmfmds e?Ch Weret COHGC&ed f?" Iaﬁoratt(_)ry Sand and gravel resourcei;t:ns) 5 E L vp - - st
moraine but forms a nearly flat to hummocky sur- analysis from stream cuts, road cuts, all active % : ; Outwash underlying utwash underlying Kames andieskars Sample| Igneous and " eleterious
face of moderate relief. Generally the tills of the gr?_‘/el pltg. gndd mozt seml-act_|v|e, lr:iternyttenﬂy; Township Outwash Outwash underlying <25 feet of till feet of lake deposits feet of alluvium Total no. | metamorphic | Carbonate sandstorie sitetons Chert Ironstone Shale Clay clasts
round moraine are thinner than the tills which active, and abandoned commercial sand and grave Measured Indicated Inferred Measured Indicated Inferred Measured Indicated Measured Indicated Measured Indicated | Inferred = - = itl 5 i B el ol %
?’nake up end moraine. Ground moraine forms when Ppits in Butler County. Letter designations following oty P (tounmti % JCoupt h Colnty % Count) % hSoHD ool : -
materials picked up and enclosed in ice are plas- location numbers indicate multiple samples taken Eairfield 780,666,600 | 144,279,000 68,294,900 | 350,997,500 | 195,001,100 | 20,570,300 | 23,837,100 1,583,646,500 3 3 3.0 9 | 919 4 4.0 1 1.0 102 | 99.9
teiedan th% Lo Sl?rface during glacialacvancesor  Tomitlis face of 8 pit o1 SiBekpilo saniples diedged el sgg'g?i'ggg gg'g%'?gg - 220,941,000 | 102,217,400 gg'gli'égg 1?1"2‘4213'%% 1 %gé'gig'ggg 1; H 18'3 18}3 gg-g ; ?‘3 1 10 1 10 ]g,g }88‘1
are dropped to the ground as the ice melts during from different elevations below the waterolevel in tfbfg:’t'; 17404.400 3/804.100 2,823,600 "622.900 S 12'423.300 | 13.734.200 "“34'812/500 15 g 50 aa || Gio ! o 100 | 100.0
glacial recessions. Lhe pit. All sa mplle;ti_were gvenbdrned att1sC_)es : eflcr>‘ra |24 Madison 523,613,900 | 99,642,400 67,464,200 | 36,376,500 727,097,000 20 5 2.9 94 | 912 2 20 1 10 1 10 | 103 | 1001 Clay
. : : v s
. Because of the high clay and silt content, glacial Purl?/l p:lor t|o spli .mgtin NSU %e?JUg" S'I ; Serigs Milford 108,809,200 | 120,778,600 | 32,673,300 | 49,244,600 | 10,031,900 21,908,900 | 109,552,100 452,998,600 20| 4. 29| 83 lesg 4 | a0 | 1 10 [ 1.0 2 |20 | 100 (1000
tills are not considered to be good sources of sand SiS. Vlaterial passing the No. o U.5. Sievi Morgan 15,608,900 2,115,600 | 1,277,300 45,803,300 | 45,417,800 110,222,900 24 8 8.0 92 | 92.0 100 | 100.0 760 77 1 181 183 184 185 186
and gravel. Therefore, areas of end and ground Wwas sieved on a Ro-Tap mechanical shaker for 15 Oxford 35,153,800 | 40,817,900 29,192,400 | 70,001,800 175,165,900 | o9 e | & | Bs 1 1.0 102 |100.0 _ 80
ine i minutes. Material retained on the No. 5 U.S. Sieve Reily 19,609,000 | 20,691,200 33,421,400 | 56,574,600 130,296,200 ol e e & | el oA 3.9 101 |100.1 20 — Water-well or measured-section number 777 = : = a7
moraine in Butler County are not shown on the 912231800 Sand O ;
i i d f 10 minut Si o Ross 451,513,600 | 76,491,100 | 4,924,500 279,067,800 | 100,234,800 ,231, 36 14 13.8 83 | 813 4 3.9 1 1.0 102 | 100.0 -~ C o4
resource map. Series was hand sieved for up to 10 minutes. Sieve el o7} :
i i are given in table 2. . Clai 116,193,000 | 77,124,200 ,789, _ 7 | 87.0 3.0 2 20 3 3.0 100 | 100.0 o : : 4
Oty mallpogiien i ihe sl aicaailEat ey L L - i B 436.020:800 103'627'100 2,785,400 | 23,171,700 | 54,382,500 | 61,079,800 | 44,678,600 | 138,887,400 1,791,800 | 3,666,400 | 5,597,900 505,700 | 923,500 | 367,459,200 o 2 20 34 . 1 1.0 100 |100.0 (20ls —Depth in feet to unit contact
Count d by k d esker deposits To determine the percentage of constituent rock Union 26,020,800 .967,700 ,785, 171, ,382, 56 5 5.0 94.0
ounty Is covere y Kame and esker posits. > 5 Wayne 86,174.100 | 47.899.900 1,714,500 | 23,694,500 322,300 169,805,300 74 8 Tl 93 | 894 3 2.9 104 | 100.0 Gravel
Kames are hills composed predominantly of coarse, types represented in the gravels, approximately 100 S e i Ll e R e o i e 165 | 1002 - _ _
stratified water-laid sands and gravels. In Butler pebbles 1 to 2 inches in diameter were collected at TOTAL | 3,222,137,300 | 790,243,600 | 41,660,500 | 75,579,700 | 64,414,400 | 61,079,800 | 266,242,500 | 309,399,700 | 1,150,137,500 | 913,054,400 | 26,168,200 ,665, ; ,945,706, 82 11 110 a2 | 820 5 50 2 0 100 | 1000 Sample interval (measured sections only;
County, kames rise from a few feet to 50 feet above ?r%:'; aorid:gs?re;’;:gegzt:g?\zrgziic\i/es;%pigggtil?:g:?vlsl ol el e e - . 103 | 1000 asterisk indicates stockpile sample)
the land surface. Kamos form whan codice Iate, i brok d 28 s eo 8 oo D 2 72 105 |100.0 Water table (measured sections only; information
rials are carried by meltwaters into holes in the Ppits). These samples were washed, broken, an 100 2 19 | 100 | 95.2 2 1.9 1 1.0 g0 oo not available for all sections)
surface of the ice sheet or at fracture intersections €xamined under a binocular microscope to deter- 111 1 1;.8 gg gg.g g g.g % %8 ; o o ieod
in the ice. Kame terraces form when tongues of Mine the rock type of each. The percentage of 113 8 : : g : o e
glacial ice extend down deep valleys. As the ice Cconstituent rock types at the selected sites is shown 124 5 | 49| 92 |eme | ¢ |87 2 12 105 | 1000 imestone
tongue retreats from the valley, coarse debris incor-  in table 3. : : e e L 100 | 1000
porated within the ice is carried by meltwaters from The stone-count and sieve-analysis data show 129 | 15 |1a5| 79 | 767 | & | 58 1 10 | 2 19 103 | 999
the ice tongue to the margins of the valleys to form that most of the sand and gravel resource of Butler 163 7 7.0 90 | 89.1 3 3.0 1 1.0 101 | 100.1 | '(Manmade Iand
kames or kame terraces. In Butler County kames are  County is suitable for many types of construction TABLE 2.—Results of sieve analyses 167 | 8 | 72| o5 |ess5l 5 | as 2 ias | 1 os 11 | 99.9
present 1 mile southeast of Hamilton in secs. 27, mat_erl_als.hThGe coml\ﬁpsu!oRq and tltlexturedofhthle de- i 171 6 6.0 92 | 91.0 % %8 } }'8 . i 18(1) }88.8 1 .
28, 33, and 34, Fairfield Township, and secs. 21 and  Posits in the Great Miami River valley and the lower — . —— _ 173 8 80 | 85 | 850 : _ . . 19 194
22, Union Township. e reaches of Indian, Four Mile, and Seven Mile Creeks Grain size (% retained) Grain size (% retained) };}g 18 g_; 18% gg_g g Z% 1 0.9 } 8.3 ; o Hé gg:g
Eskers are similar in composition to kames but show that with a minimum of preparation the mate- ASTM scale ASTM scale ' : ‘ : e
are elongate ridges, which in Butler County rise rials can meet specifications for use In concrete, = e }gg g g_g gg gg,g % %8 1 1.0 1 e
from a few feet to 10 feet abovef the land surfac?. ggg;esﬁgetérrtilglr;aré2gg;ﬁ?at1§eefrcr>;(f:lée:|li)rl‘e {):é/elr::)%rg; Lo ol S Silt 1%? Gravel Sand Silt i B s 2 | 972 3 30 2 20 101 | 1000
Eskers form by the deposition of coarse materials ’ s e cobbles cobbles
carried by meltwaters through tunnels in the base reaches of the secondary drainages are composed PR
of the iceYOne esker has bee?\ interpreted to extend predominantly of boulders and cobbles of local Wentuwonin scalo el bl
northwest-southeast across secs. 4 and 34, Union  Ordovician limestone and would require some wash- Boulders e e Silt Boulders tco°€;f$ N Fat Silt
Township. Approximately 1 percent of the sand and  ing and crushing in order to meet specifications for and Pabblos. | Granules [IOXE IMEIETE RIR e, | and and Pebbles | Granules | oared | “sand | very finesand | and
gravel resource of Butler County lies within kames most construction aggregate. o cobbles - clay et cobbles o y L
ta
and eskers. o 2 no.
The largest resource of sand and gravel in Butler CONCLUSIONS . . = = = = = - . . s = o gg
County lies within glacial outwash deposits, which o _ D o 5] s P 2 2% 2% = o 2| B 8 X 9 2% 8% 2% 0% Measired sactions
consist of sequences of well-graded, stratified Much of the 6.9 billion tons of resource of sand 8% 3@ £5 | 8% %% = 5E 5E | 3£ | 8% g 38 58 22 2¢€ = SE 3';5 SE _ oo o B
sands, gravels, cobbles, and some boulders. Out- and gravel in Butler County is lost to production gg og ﬁ,S = BS a5 @i 25 2% 3E 3 gE os 3 s 25 o s %2 wg BASE COMPILED FROM THE FOLLOWING 7%-MINUTE U.S. ’,::22 \é\;esstt(;)f ttheeGr;?ttMi;aanr:}'Ri:xeerru:aessmhi'r?thfse{?:vn;'en et Survey.
wash occurs in two morphologic types—outwash because of urban and industrial sprawl. However, 28 22 | 3%® oc = 35 39 88 | 28| g® 28 el 5 | Bs 35 30 59 Wi oie . 2o | I GEOLOGICAL SURVEY TOPOGRAPHIC QUADRANGLE MAPS Lrdliie based o iho G s L e nes
plains and valley trains. Outwash-plain deposits in  this resource inventory indicates that deposits not “’,5 e s oe s "o B2 s e 2 S »5 »S (Zh] 2e »s w_g a2 D= e s B established by private subdivision of the Symmes Purchase 33
Butler County are more or less restricted to the already lost to urbanization are sufficient to meet S SE e %o P “uo So sl aE =53 3§ 26 | 4 ¥ %o ‘gg 23 D'§ Gio College C 1974) Millville (1970)
broad, nearly flat upland areas of the county. During  the needs of the county and surrounding areas for a B b e o= SR TE | 26 ae ) Be ) S 59 | 23 | 3¥ | 25| 29 | 22| 23 | 83| 8 | 28 FRat (ﬁ’rg%e{)( Monroe (1974) .
advances and retreats of the glaciers, sands and long period of time if population-growth projections o Yo | L5 03 ?g IS o5 S0 | 96 3> ©d P $% Es o5 gg 38 Sg gm mg Glondale (1982) Oxford (1974) VERTICAL SCALE ]
gravels incorporated within the thin, rapidly melting  are correct. Because much of the remaining extract- {0 el gs ¥R B = 83 28 8§ S5 58 of | og e o5 & 33 38 | 88 V2 Greenhills (1981) Reily (1970) A 57
ice front were deposited in thin fans or coalescing  able fesomrce oxists 9 il aees aE TG Tne 5 o - = = : g ' g f‘,'g 2 o = e S ‘S ‘S Hamilton (1974) Shandon (1981) 10,000-foot grid based on Ohio coordinate system, south zone Water-well logs Measured sections -o'-Q
fans across the upland surfaces as outwash plains, floodplains of the major stream valleys, develop- i = Harrison (1981) Trenton (1981) g 2,
and the finer silts and clays were washed away. ment of the resource should not experience the Mason (1981) West Elkton (1961) 0-0 00 KLY /52
Outwash-plain deposits in Butler County, because intense land-use competition so evident on the 3 e | g 118 | 188 6.2 43 0.3 70 | 1001 20C 95 421 4.0 103 | 177 12.1 33 0.1 10 | 1001 Middletown (1981) ] 8 'O Mg
of the mode of deposition, have thicknesses ranging outwash terraces in the metropolitan and industrial JA 405 35 107 | 216 16.7 4.8 0.2 20 |1000 90D 39.4 349 116 | 239 11.9 5.0 0.3 43 |[100.1 bl og
from a few feet to 20 feet and have little lateral areas of the county. The texture and composition of 7B 47.6 41 }lg :13:53; }g.czi g.g 8.% 83 }88.} ggg i g;g %(2) 1(5).; 1113.2 g.g ;% 8.c1> (2).? 188.513 : L E)""? -
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preted as outwash-plain deposits in the moraine- deposits will be good sources for high-quality ok e I T I | 6_.
g regates. 18 375 | 44 17.8 | 27.0 5.0 32 0.3 48 [1000|| 95 57.5 104 6.0 22.4 2.8 0.0 i : 2
cowered upland greas of thotcolinny Rowe ap: been. ddgicy 19 90 | 352 | 34 115 | 244 12.0 34 0.1 1.0 |100.0 || 100 68.1 2.9 90 | 135 34 1.8 0.1 1.1 99.9 Rale
mapped. ; I ﬁ 130 || 338 96 | 36 [ 02 | 57 11000l 110 396 | 4.4 133 /| 726 59 l1a2 | 03 | 95 | 998 B — ) : e
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sand and gravel in Butler County. They occur as a : e 23 37.3 || 2.7 104 | 251 7.9 8l6E [0/ 722 1l 997 (81913 6212 | 35 9.8 | 143 6.1 29 |l O 1.7 | 1000 , -
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coarse glacial debris were discharged into valleys i ; 5 99.0 DATUM IS MEAN SEA LEVEL
leading away from the ice front. As the ice front REFERENCES CITED ggg ggg gcz) }(5)3 g%% }gg 3‘.:2 8? 8% 1333 }%3,? ggg g:; }%3 }?451 Zg 1.0 8:0 03 | 999 Lo e 128 129 179 182 192 193
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