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- THE GEOLOGICAL DISTRIBUTION OF HIGHWAY BASE COURSE
MATERIAL AND AGGREGATE IN FLORIDA

By
Robert O, Vernonl |
INTRODUCTION
The Florida Staﬁe Road Depart.merit's philosophy of road build-
ing includes the purpose of using any rock materials in the area through
which the road passes, provided these materials will meet or can be
made to meet the specifiéations of use, This general philosophy also
inclp.des planning to have the cutsbalance the fills with hauls being made
as short as Possible.
Failure of the road bed as a result of freezing and thawing is not
a particularlydistressing problem in Florida, but, because of our heavy
rainfall over short periods of time the saturation by water and resulting
failures ‘t;y flow does present some difficulty. Soft clays and organic
muds, mucks and peats occupy shallow sinkhole depressions through the
State, and are preSent in large numbers along the coastal lowlands.
These soft sediment-filled sinks are exca.vated where they are inter-
sected by roads and are refilled by sand, which is compacted, If the

sinks are excessively deep, piling or bridging may be used.

1Director, Florida Geological Survey, Tallahassee.

1



For sfat; ro.adé, , é.base course of several accepted'rﬁaterials
is placed uéon the grade and sections cut into the native sediments,
The thickness of the base course varies from 6 to 10 inches when com-
 pacted, depending upon the amount of the road traffic. Upon this base

course, pavements of concrete with silica gravel and sand, and with
stone.and sand as.aggregates can be .cons,txu.ctéd. Bituminous mixes
‘require a prime and a tack Vcoat upon fhe. base course followed by the
bituminous pavemeni:, which may consist of 1) various sand-asphalt
mixes>, both hot and cold, using silica sand, stone screening, slag
screening, or shell; 2) asphaltic .concrete binder course followed by a

surface course, using both stone or slag and the fine aggregates above.
- BASE COURSE MATERTIALS

Several mineralmaterials have been used for base-course ma-
terials in Florida., These must be porous and permeablle, uniform or
easily ma{ie so.by mixing with other sediments, and must be easily
worked intq a smoo’;h, firm surface free of pits and pockets.

Base-course material should show no téndency, to air slake or
undergo rapid chemical change when weathered. Limestone must be
uniformly graded from the largest pieces down to dust, and of a stated
chemical content, Hard, lumpy, and flinty pieces are allowed up to a
percentage Whére their presence prevents the forming of a smooth sur-

face. The presence of trash and other foreign matter is not tolerated.
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The plasticity: index,vthé vo,lume of watér in percent necessa;y to
change tl.me rock fromits plasticlimit to where the crushed rock matrix
will_deform and flow, is closely. contr‘olled and is notallowed to exceed
10 percent.

Materials' near the road right-of-wayare desirable not only for

the ease of handling, but also. because of low cost. The widespread

occurrence or soft, granular limestones in Florida (frontispiece) pro-
vide convenience pits along many roads. Centers of production near
Ocala, Williston and Miami can ship these materials at low cost to
most of the State. Only in the Panhandle area is a sand-clay base
commonly used, elsewhere limestone, marl or shell is specified.

Limestone, the primary material for road~base courses, is sold
for about a dollar per ton F.O.B. at the plant. More than 4 million
tons are used annually for this purpose. Sand-clay base course is
similar inprice, butthe depositsare limited and becomingincreasingly
hard to find.

Limestone, sand-clay mixes, shell, marl and, where the traffic
load permits, local rockbases maybe used. These are 1isted approxi-
matelyintheir order of preference. Of the limestones, the Ocala group
is the best available material. It is, as mined, more than 95 percent
carbonate and is clean, uniform, smooth working and easily handled.
Dampnes_s rarely disturbs the road bed because the Ocala has an ex~

cellent porosity and permeability. The granularity of the limestone
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a.llows the disking of the base course, and the soluble organic-calcite
forms a smooth compacted upper surface withlittle werttuing. The stone
is clean, eavsiiy dressed and paverhent materials can be easily and
firmly placed upon it.

A group of limestones of upper Eocene age called the Ocala
- group and -'i-n-c-iudi'ng the ‘Crystal River, the Williston and Inglis forma-
'tion_s, crops out along the crest of the Qcala uplift along the tier of
counties of the westernpeninsula from Suwannee southward to He rnando.
These limestones are extensively mined in the Ocala and Williston
areas and elsewhere in adjacent counties, where paved roads cross
the outcrop. These limestones also crop out in Holmes, Washington
and Jackson counties, put no attempt to utilize these as base course
has been successful. A reserve of some 3 trillion cubic yards is pre-
sent in the Ocala-Williston district and 15 billion yards in Holmes,
Washington and Jackson counties.

Younger Oliéocene and Miocene sediments, the Suwannee lime-
stone and the Tampa formation, have been utilized under the term
'""Ocala limerock, " but the plasticity index is usually too high for
these to be used except when mined and combined with the limestones
of the Ocala group. The Oligocene and Miocene limestones lie gener-
ally around the outcrop of the Ocala group in counties ﬁat adjoin the
Ocala area. A recent test ofdolomitic limestone of the Tampa forma-

tion or Suwannee limestone, exposed in Jefferson County, indicates




fhaf this rock might be utilized for base course,

M1am1 limestone as used by the State Road Department includes
all lime'stone mined below the 28th degree parallel, but for the most
part is Miami oolite of Pleistocene age. Thése' limestones are allowed
~to have a minimum of carbonate of 85 percent, a plasticity index ﬁ_ot
greater than 6 .pe,rvcent.‘and‘ aliquid 1imi.tb.e.10\x}, 35 percent. Hard pieces
offer some difficulty in obtaining a smooth upper surface. About 16
billion cubic yards of Miami limestone is present in the‘ southern pen-
insula of which only a portionis available for mining. Because of large
land developments the area available for mining is becoming increas-
ingly smaller.

Shell base- course must be clam or oyster‘ shell, but steamed
shell cannot be used. Acimixtures of other mineral materials having a
bearing weight of 30 pounds per square inch is permitted as a shell
stabilized base. Oyster shells are dredged from deposits aécumulated
in bays,‘ bars and oécasionally_ from large Indian shell mounds, One
difficulty inusing shells for base course is the re.quirement to wetheav-
ily, and more often than limestone, to secure a smooth, firm surface.

Broken and whole shells make up 80 to 90 pefcent of the beach
ridge along the Atlantic coast and to a limited degree the beach and
ridge sediments along the Manatee, Sarasota, and Charlotte County
coast. These shells. are loosely to firmly indurated and except for a

limited local use as a base course or road surface, the material is



.ex';nployed for other more valuable sﬁructurdl uses,

- Marl base mustbe either a shell marl that is uncemented or so
indurated that it can be blasted in the pit and crushed by rolling on the
:;-oa.d. The plasticity index mustnotéxceed eight percent. Marl occurs
rather commonly along the coastal ;areas' of the Peninsulaat veleva‘tions
generally below 25 feet and rather generally along the d‘eei) stream-

cuts of Holmes, Washington, Walton and Okaloosa counties,
AGGREGATE

Course aggregate is a scarce item in Florida., The State Road
Department permits the use of silica gravel, stone or furnace slag.
For use in Florida roads, silica gravel must be clean, tough, durable,
quartz. The loss in aLos Angeles abrasiontest cannotexceed 45 per-
cent and the dry-rodded weight per cl:ubic foot must exceed 95 pounds.
Stone must be clean, sound, durable rock that, when subjected to the
- Lios Angeles gbrasion test, the loss shall not exceed 40 percent. Slag
must be clean, tough, durable pieces of air-cooled, blast furnace slag,
reasonably uniformin density and quality, containing not morethan 1.5
percent of sulphur. The dry-rodded weight shall exceed 70 pounds per
cubic foot and abrasion loss shall not exceed 40 percent. Slag cannot
be used for portland cement concrete,

Fine aggregate for concrete shall be hard, strong, durable,

reasonably well-graded, uncoated grains of quartz, reasonably free of
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extraneous substances, However, natural sand, stone screenings, slag
screeninés, or combinations of these, provided they meet the abr_as‘ion
requirements and are clean, tough,-angular grains free from clay,
loam and other foreign matter, may be used 1n asphaltic concrete 01;
binder course,

Hard, dgnsg limestone is the only coarse aggregate produced
in any abun&ance in Florida. Indurated thin-bedded limestone of thvve
Miocene—Tampabformation and Oligocene-Suwannee limestone is mined
in Suwannee, Hernando and Lee counties and more than 3 millidn tons
are used annually at a cost of $1.00 to $3.25 per ton F.O.B. cars at
the plant, The harder seams and .beds of limestone mined along the
outcrop in Broward and Dade counties are screened from that sold for
base course and are used as aggregate, To a very minor percent this
separation is also made from the Ocala limerock.

Slag is shipped into Florida from the Birmingham district at a
cost of $1.75 to $1.95 per ton F, O, B. cars at the plant. The freight
rate makes Florida stone competitive. About 1.2 milliontons of silica
gravel is produced from.dredgings in the Flint River. Minor deposits
are known to occur in northern Escambia and Santa Rosa counties and
in southwestJackson County, but most of the silica gravelused in port-
land cement concrete is produced from these limited resources.

Insofar as fine aggregates are -concerned, fine to coarée quartz

sand 1s widely distributed over the State. Almost any road built in
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Florida crosses suitable quantities of clear, sharp sand. However,
because stone and slag are required as coarse aggregates it is some-
times more convenient and cheaper to use slag and stone screenings -

as vﬁne aggregate, or to combine these with locally produced quartz,




PETROLOGY OF CONCRETE AGGREGATE |
By
Bryant M‘a.ther1
It was my pleasure to p-articipate in the program of the 1956
Symposium, On that occasion I remarked that the fract that it was then
the 7th'Symposium onGeology as Applié‘d toHighway Engineering should
signify that there was no longer any need to advocate as new the use of
geological knowledge and techniques in connection with highwéy engi-
neering. Much of what I had to say in 1956 concerned aggregates for
portla{d- cement coﬁcrete and some of the things I said then will be re- |
peated here.
Formanyyears aggregates were defined as 'the inert materials
such as sand, crushed stone, and similar particles, "' which together

with cement and water compose concrete, Ifone examines the still val-

uable Treatise on Concrete, Plain and Reinforced by F. W. Taylor and

Sanford E. Thompson, which was in its third edition in 1916, or the

fifth edition of Johnson's Materials of Construction, which appeared in

1919, one finds no reference either to the concept that aggregateis,

can be, or should be other than inert, or to the suggestionthat samples

Civil Engineer (Concrete Research); Chief, Special Investigations
Branch, Concrete Division, U. S. Army Engineer Waterways Experi-
ment Station, Jackson, Mississippi.
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of ma,terial_si proposed for use as aggregate should be examined by a
geologist or petrograpﬁer. The first record that we have been able to
locate of the employmentof a petrographer indescribing and classify-
ing concrete aggregatesis areportpublishedin May 1915 inthe Bullétin
of the AIME by C. W. Tomlinson entitled "Metilod of Making Mineral-
ogical Analysis of Sand.!'" This report describes a method that he de-
| veloped under the direction of Prof, M. O, Withey and Prof. A. N.
Winchell at the University of Wisconsin. Tomlinson's procedure con-
sisted of separating a sand sample weighing about 300 g into four size
ranges by the use of sieves, separating each sieve fraction into four
specific gravity classes by the use of heavy liquids, and then examin-~
ing and counting the particles of each class in each size range using a
hand lens or microscope and computing weighted average composition.
: vWe do not have information as to what, if any, specific engvineering
utilization was made of the information developed from Tomlinson's
work,

The literature contains; Ijelatively few references prior to 1930
relating to specific geological and petrographic iniornriatibn on aggre-
gates that was used directly in ez;xgineeririg. Taylor and Thompson's
treatise cited the work by Feret published in France in 1897 on the
effect of the presence of mica in sand on the tensile and compressive
strengths of mortar., They also cite additional work by W. N. Willis

in 1907 where weighed quanﬁties of mica were added to standard Ottawa
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~sands thé.t were thenused in me.xking mortars from which tensile-strength
test spec'imens were molded. It was indicated that the tensile strength
dropped off as the mica content increased but it was also shown that
this was caused alzﬁost entirely by an increase in the amount of water -
required for mixing rather than due to any specific physical or chemical
characteristic of the mica particles as such. Thediscussion concludes
with the interesting and cryptic statement, "Black micawith adifferent
crystalline form is not injurious to mortar.'" So far as I know, this
question has not been subsequently exafnined.

In the 1920's G. F. Laughlin was called upon to participate in
an investig-ation of the £ailure of certain concrete in service that was
suspected of having resulted from the use .as aggregate of material
having constituents with undesirable properties. He found that the ag-
gregate was altered anorthosite and found that it contained considerable
quantities of the zeolite, laumontite, which éharacteristically loses
water and disintegrates when exposed to air. He was able to establish
a correlation between deterioration of concrete and the use therein of
aggregates‘containing significant quantities oflaumontite, He continued
his interest inconcrete aggregates and wrote on various aspects of the
question, This work stimulated several engineers connected with high-~
way departments and other concrete-using agencies to send to him sam-
plesof aggregates associated with unsatisfactory service from concrete

or associated with suspicious test results. His study ofthese samples,






