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HAILE QUARRIES FIELDGUIDE
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Beginning in the very late nineteenth century commercial mining has been
conducted northeast of Newberry, Alachua County, Florida. Here, phosphate was first
exploited from accumulated sediments in sinkholes and channels eroded into
limestone. However, these small-scale deposits eventually became unprofitable to
excavate. Just over 60 years ago, a shift to mining the regions vast, near-surface,
deposits of limestone began. As numerous quarries in the vicinity were excavated they
collectively became known as the Haile Quarries or Haile Complex (Figure 1), named

after the now defunct town of Haile.

In the area today, limestone is mined to a depth of about 70 feet, extending well
below the local water table. First, the upper three to five feet of vegetation, dirt, clay,
and rock are cleared with large bulldozers and backhoes, exposing the top of the
limestone. Often miners encounter numerous, large, dirt and clay-filled solution
features that must be removed prior to excavating the nearly pure Ocala Limestone.
The rock is then excavated another 18 to 20 feet, with large backhoes, to just above the
water table. Using a combination of blasting and draglines (see cover page) another 40
to 45 feet of limestone is mined, underwater, and then dumped in long, high, piles for
drying and crushing. The crushed limestone is later sold primarily as road base and for

use in Portland Cement.

The Ocala Limestone is a relatively pure carbonate (90% to 95%) limestone that
was deposited in a shallow, marine environment. The thickness of the unit in Florida’s

central peninsula is typically less than 90 feet. The age of the Ocala Limestone is late



Figure 1. Google Earth Satellite image of the area northeast of Newberry, Alachua
County, Florida showing numerous limestone excavations informally known as
the Haile Quarries.



Eocene or about 35 million years old. This geologic age is based on correlation using
macro-invertebrates and microfossils with well-dated rocks of the middle and western
Gulf Coastal Plain. In the Haile Quarries, exposed in section, is a portion of the upper
Ocala Limestone, formerly named the Crystal River Formation. Additionally, in spoil
piles dredged from below the water table, limestone derived from the lower Ocala
Limestone, formerly known as the Williston and Inglis Formations, is observed (see
Figure 2 for historical summary of stratigraphy) and on the tops of some hills and in
some sinkholes residual silicified (chert) cobbles and boulders of the lower Oligocene
Suwannee Limestone are found. The Suwannee Limestone here is considered
overburden and not mined commercially; although sometimes it is sold as decorative
landscaping stone. The Ocala Limestone is richly fossiliferous and produces most of
the fossil invertebrates from the Haile quarries; an exception being numerous small sea
biscuits (Rhyncholampas gouldii) derived from the residual lower Oligocene Suwannee
Limestone.

Invertebrates from the Ocala Limestone whose skeletons originally consisted of
aragonite are typically preserved as internal or external molds. This includes most
corals and mollusks (snails and clams). Corals preserved in this manner in the Haile
Quarries are not very diverse but include Astrocoenia incrustans (Plate 1), Caulastrea
portoriensis (Plate 1), Cyathoseris eocenica, Alveopora chiapanecae, and holdfasts of
alcyonarian sea fans (Plate 1). Some of the more common moldic mollusks are the
bivalves Plicatula filamentosa (Plate 6), Eufistulana ocalana (Plate 6), Lithophaga
palmerae (Plate 5), Botula (Plate 6), and Crassatella and gastropods Xenophora (Plate
3), Eovasum (Plate 2), Laevella floridana (Plate 2), Cypraedia fenestralis (Plate 4),
Seraphs belemnitus, Voluticella levensis (Plate 3), Caricella obsoleta (Plate 3), and
Conus palmerae (Plate 4). Several of the rarest mollusk molds found here are the
gastropods Pterynotus rogersi (Plate 2), Distorsio jacksonensis (Plate 4), Phalium
(Plate 4), Agaronia inglisia (Plate 4), and the medium to large cephalopod Aturia
alabamensis (Plate 7). Oftentimes individual chamber infillings (bottom Plate 7) are

found and mistaken for vertebrae.
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Figure 2. Historical summary of stratigraphic usage of the Ocala Limestone in
Florida (modified from Oyen and Portell, 2001).




Ocala Limestone invertebrates whose skeletons were originally calcite typically
preserve as body fossils. These include the super abundant single-celled foraminifera
(Nummulites and Lepidocyclina), bryozoans (moss animals), oysters such as Hyotissa
podagrina and Nayadina ocalensis (both Plate 5), the thorny oyster Spondylus, scallops
such as Amusium ocalanum (Plate 5), arthropods (mainly crabs), and echinoderms.

One of the most spectacular species of calcitic-shelled invertebrate commonly
encountered in the Haile Quarries is the fossil mud crab Ocalina floridana (Plate 9);
numerous complete specimens have been found. The fossils of Ocalina and many
other crabs, Palaeocarpilius brodkorbi (Plate 8), Calappilia brooksi (Plate 8),
Montezumella microporosa (Plate 8), and Lophoranina (Plate 8) are preserved either a
dark blue or brown color, and so, are relatively easy to find in the white to grey or light
tan Ocala Limestone.

Over twenty species of echinoderms (sea biscuits, sea urchins, sand dollars, and
sea stars) are known from the Haile Quarries. Among the most common is the sea
biscuit Oligopygus haldemani (Plate 13), sand dollars Neolaganum durhami (Plate 13)
and Weisbordella cubae (Plate 13), and sea urchin Phyllacanthus mortoni (Plate 10), all
from the upper Ocala Limestone. Dredged from the lower Ocala Limestone, sea
biscuits Eupatagus antillarum (Florida’s long proposed state fossil) and Oligopygus
phelani (both Plate 13) are sometimes encountered as is the sand dollar Periarchus
floridanus (Plate 12). The largest and rarest sea biscuit in the upper Ocala Limestone
is Amblypygus americanus (Plate 11) while the smallest, Fibularia vaughani (Plate 10),
occurs throughout the unit. Isolated, individual ossicles of sea stars are also commonly
encountered but very difficult to identify to family or genus. However one, very rare,
specimen composed of numerous ossicles still in articulation was discovered in the
Haile Quarries, Oyenaster oblidus (Plate 10).

Additionally, ichno or trace fossils are commonly encountered in the Haile
Quarries. The most abundant being Lithoplasion ocalae (Plate 1) and Entobia, both are
considered as evidence of sponges.

Vertebrates from the Ocala Limestone in the Haile Quarries include marine fish
and sharks, most commonly shark teeth such as Carcharocles "auriculatus”, ray mouth

plates, and porcupine fish jaws. The grooved, round spine or rostrum of



Cylindracanthus, a possible relative of the swordfish, has also been found, as well as,
remains of rare primitive sea cows, extinct archaeocete whales (such as Zygorhiza),
crocodiles, and sea snakes (Pterosphenus). Like the crabs, the dark-colored vertebrate
fossils tend to stand out against the light-colored Ocala Limestone and therefore are
easily spotted when present.

As mentioned above, the Ocala Limestone in this area has thousands of solution
features (caves, sinkholes, and fissures) from dissolution caused by acidic
groundwater. This process has been on-going ever since the state emerged above sea
level in the Oligocene; about 30 million years ago. Continental sediments containing
vertebrate remains often accumulated in these solution features. Bones and teeth are
rapidly buried, protected from erosion, and the chances of mineralization by ground

water are relatively good in such environments.

The sediments that filled the sinkholes and fissures in northern Florida are rarely
exposed through natural processes. Human excavations, either by mining or
construction, are necessary to bring them to light. Thus, when the first small-scale
phosphate mines in the vicinity of Haile were being excavated fossil bones began to be
discovered. The first vertebrate fossils reported from the region were by George
Gaylord Simpson in 1930. Scientific publications on vertebrate fossils from Haile
Quarries then began to regularly appear in the early 1950s. This early work was
primarily by University of Florida (UF) paleontologists Walter Auffenberg and Pierce
Brodkorb, or their students. Since then, several generations of UF faculty, staff, and
students have collected vertebrate fossils at Haile Quarries, and there is no end in
sight.  Currently, there is on-going research dealing with ground sloths, tapirs,

armadillos, turtles, etc. from Haile 7G; a site we will briefly visit during this fieldtrip.

Most of the fossiliferous fissure and sinkhole sediments in the Haile region
(about 66%) are late Pleistocene in age, probably dating 10 to 25 thousand years old.
They are usually filled with rust-colored sand. Their fossils are mostly small mammals
(rodents, rabbits, bats, shrews, and moles), reptiles, and amphibians. Fossil birds,

commonly thought of as rare, are at times quite abundant in some sinkhole/fissure



deposits of this age; one site contained 71 species. Among the larger mammals of the

time, frequent finds include deer, bison, peccary, llama, one-toed horse, and mammoth.

The second most common age for Haile vertebrate sites is late Miocene (about
16%), approximately eight million years old. Geologically, these frequently contain
abundant phosphatic gravel and sand. Marine and estuarine fossils are most common,
including bony fish (tarpon, drum, and gar), sharks (Carcharocles, Isurus, Hemipristis,
and Carcharhinus), dugongs, and at one site abundant skeletons of the long-snouted
crocodile Gavialosuchus americanus. Terrestrial species are also present, especially
land tortoises, three-toed horses (Cormohipparion, Neohipparion, Nannippus,
Calippus), giraffe-camels, llama-like camels, rhinos, tapirs, and the large dog Epicyon
validus. Many well-preserved bird fossils of a large anhinga and a cormorant have also

been collected from one deposit.

Although not found as frequent as late Pleistocene or Miocene sites, some of the
largest and most important Haile sites (those producing most of the articulated
skeletons from this region) are early Pleistocene (2.5 to 1 million years old). The
majority of in-fills of this age have abundant clay, or alternating layers of clay and sand,
mixed the limestone rubble and boulders. The latter represent collapses of sinkhole or
cave walls. In contrast to the late Pleistocene sites, there is a strong aquatic influence
to these faunas. It is usually an exclusively freshwater component, unlike the primarily
marine nature of the Miocene sites. Among the typical freshwater species are bony fish
(catfish, sunfish, bowfin, etc.), a wide variety of frogs and salamanders, water snakes,
turtles (snapping, softshell, and cooter/slider), and alligators.

Biochronologically, the land mammals separate early Pleistocene Haile sites into
two groups, one ranging in age from about 2.5 to 1.75 million years old (Blancan
mammal age) and the other from about 1.75 to 1 million years old (Irvingtonian
mammal age). Blancan faunas like Haile 15A and Haile 7G are characterized by
species such as the sloths Megalonyx leptostomus (Plate 14), the peccary Platygonus
bicalcaratus, the tapir Tapirus lundeliusi (Plate 15), the beaver Castor californicus (Plate
14), primitive members of the cotton rat group like Sigmodon medius (Plate 15) and

Sigmodon minor, and the bat Myotis (Plate 15). A significant extinction event separates



the Blancan from the Irvingtonian in Florida, with a loss of at least 20 species, including
all of those just listed. Irvingtonian faunas such as Haile 16A and Haile 21A would
instead have Megalonyx wheatleyi, Platygonus vetus, Tapirus haysii, and Sigmodon
libitinus.

The carnivores of the early Pleistocene include saber-toothed cats (Smilodon
gracilis and Xenosmilus hodsonae), wolves (Canis armbrusteri), and bears (Arctodus
pristinus). The oldest species of vampire bat (Desmodus archaeodaptes), an extinct
condor (Aizenogyps toomeyae), an extinct eagle (Amplibuteo concordatus) related to
the solitary eagle of South America, and the only records of the ringed kingfisher

(Megaceryle torquata) from eastern North America also came from these deposits.

Notes: 1) Fossil invertebrate images in Plates 1-13 are all at natural size (1.0x) except
on Plate 9 (UF 112330) which is 0.75x. Fossil vertebrate images in Plates 14-15 are
each accompanied by scales. 2) In Plates 2-4 and 6, in order to facilitate identification
of the moldic specimens, we employed Room Temperature Vulcanizing (RTV) silicone
rubber de-aerated in a vacuum chamber and poured into the external molds. Once the
rubber sets, the “peels” were removed to provide an exact replica of the shells of the
once-living mollusks. 3) Sean Roberts (FLMNH) assisted with digital photography
using a Sony DSC-R1 (10.3 megapixel resolution) and cover design. 4) For more
information about UF specimens figured herein please see our web site

(www.flmnh.ufl.edu/invertpaleo/).



Plate 1

UF 5232 Caulastrea portoriensis
Coryell in Coryell & Ohlsen, 1929

UF 9001 Lithoplaision ocalae
Diblin et al., 1991




UF 105935 Eovasum sp.

UF 71286 Pterynotus rogersi
Portell & Vokes, 1997

UF 105919 Laevella floridana
Palmer in Richards & Palmer, 1953
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Plate 3

UF 112546 Voluticella levensis
Palmer in Richards & Palmer, 1953

UF 66685 Caricella obsoleta
Palmer in Richards & Palmer, 1953




Plate 4

UF 5232 Agaronia inglisia UF 105970 Cypraedia fenestralis
Palmer in Richards & Palmer, 1953 Conrad, 1854

UF 108858 Conus palmerae UF 66735 Distorsio jacksonensis
Hendricks & Portell, 2008 (Meyer, 1885)

UF 134598 Phalium sp.
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Plate 5

UF 20305 Hyoti dagri
UF 43650 Lithophaga palmerae (D:IC; :fggas;;o agrina

Krumm & Jones, 1993

UF 68679 Nayadina ocalensis
(MacNeil, 1934)

UF 58062 Amusium ocalanum Dall, 1898
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UF 127490 Eufistulana ocalana
(Dall, 1898)

UF 111654 Plicatula filamentosa
Conrad,1833
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Aturia alabamensis
Morton, 1834

UF 19812




UF 114368 Palaeocarpilius brodkorbi
Lewis & Ross, 1965

UF 13349 Calappilia brooksi
Ross & Scolaro, 1964
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UF 107150 Montezumella microporosa
Portell & Collins, 2002

UF 67098 Lophoranina sp. aff. L. georgiana
(Rathbun, 1935)

Plate 8




UF 32725 Ocalina floridana
Rathbun, 1929

UF 105902
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Plate 10

UF 50000 Oyenaster oblidus
Blake & Portell, 2009

UF 162656 Phyllacanthus mortoni UF 170030 Fibularia vaughani
(Conrad, 1850) (Twitchell, 1915)
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Plate 11

UF 3297 Amblypygus americanus
Michelin, 1858




Plate 12

UF 13097 Periarchus floridanus
Fischer, 1951




Plate 13

UF 12721 Eupatagus antillarum
(Cotteau, 1875)

UF 13026 Neolaganum durhami UF 32927 Weisbordella cubae
Cooke, 1959 (Weisbord, 1934)

UF 64401 Oligopygus haldemani UF 1645 Oligopygus phelani
(Conrad, 1850) Kier, 1967
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Plate 14

UF 225200 Castor californicus

UF 223806 Megalonyx leptostomus




Plate 15

UF 234416 Myotis sp.

UF 234418 Sigmodon medius

UF 224680 Tapirus lundeliusi
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