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PRESIDENTS MESSAGE
Well as another year comes to an end, | want to wish all members a Happy Holiday Season!

In this newsletter there is an article by one of our newer members, Courtney Cameron. She has travelled
to Italy recently and has shared her experience with us in her condensed article written for AIPG. Please
enjoy the article and if you or someone you know has a written article that they would like to share, please
feel free to provide it to the newsletter committee. We should feel proud of our work and share it with
others as it is part of the SEGS mission to “encourage interactive technical presentations”.

As for activities, SEGS sponsored four field trips again this year. Those trips were well attended and
enjoyed. If you know of locales that would be of interest and would allow a large group to visit, please
make it known to an Executive Committee member so that a trip can be considered.

All of us that have enjoyed the field trips, pre-trip technical presentations, comradery, and specimen
collecting, encourage you to view our SEGS.org website photo gallery. We are certainly not professional
photographers, but the joy we experience on our trips is obvious. Most will admit that some of our best
specimens come from rock shops, but those that have been out, know that collecting specimens is much
more fun. Our specimens include memorable and priceless provenance. Consider that SEGS members
have connections that facilitate access to private properties and mines that very few people have an
opportunity to experience. Please join us for your professional development, comradery, and fun.

NEW BOARD MEMBERS ELECTION

It is that time of the year to finalize a ballot for election of persons to fill the open officer positions.
Nominating Committee as well as the Executive Board officers implore all members to consider taking an
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active role in SEGS either as an officer or participating on a committee you have a nominee in mind, please
contact an officer for further information

Also, there are a number of positions open on our various committees. If you are interested in serving on
one of these committees please contact one of the Executive Board members or a committee chairperson.

Remember, this is your organization with no restraints from any other governing entity therefore, the path
we take as an organization depends on the members. So consider providing your input to make SEGS the
organization you want it to be.

SEGS DUES REMINDER

The SEGS continues to organize and lead topical, informative, and fun field trips that have been very well
received by the participants. So consider paying your dues for 2018 as soon as you can so that we can
continue to put on the field trips. We anticipate four trips throughout the year for 2018 including a great
opportunity to visit Cuba for a geological overview of the island that has been off limits to Americans for
years. Due to the high attendance for the trips we have had to limit participants to members only. So, pay
your dues and enjoy great geological outings.

SEGS STUDENT RESEARCH/FIELD WORK GRANT OPPORTUNITY

SEGS is very enthusiastic about awarding UF PhD graduate student Derrick Vaughn our 2017 Student
Research/Field Work Grant. Mr. Vaughn provided a compelling summary of his project regarding carbon
sequestration by mangroves and marshes on Florida’s Gulf and Atlantic coasts in response to climate
change. His application was accompanied by an excellent letter of recommendation from UF Professor
Thomas S. Bianchi. Mr. Vaughn is awarded $2,000, plus free SEGS membership through 2018.

Again for 2018, The Southeastern Geological Society (SEGS) is pleased to announce a competition for
student research/field work grant awards. The purpose of the awards is to promote greater understanding
of Southeastern U.S. geology through student research and/or field work. Grants are available on an
application merit basis to any student, undergraduate or graduate, enrolled at any accredited University.

or College in Florida, Georgia, or Alabama. If you have in mind or know of a geosciences student that
would be interested in the award, please encourage them to apply or contact an Executive Committee
member for assistance. Application forms can be found on SEGS website: www.SEGS.org
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RECAP OF THE SEGS CARTERSVILLE MINING DISTRICT
AND STONE MOUNTAIN, GEORGIA TRIP
3-4 NOVEMBER 2017

On 3-4 November 2017, the Southeastern Geological Society headed once again for Georgia, to the
Cartersville Mining District, the Tellus Museum, and the Stone Mountain pluton. About 10 SEGS members
were joined by 10 students from Northwest Florida State College (Jon Bryan’s Physical Geology class).

We began our events on Friday evening (3 Nov) with dinner at Johnny Mitchell's Smokehouse in
Cartersville, followed by a presentation by New Riverside Ochre mining geologist, Stan Bearden. Stan
spoke on the geology of the Carterville Mining District (CMD). Uniquely situated at the juncture of the
Valley and Ridge, Blue Ridge, and Piedmont provinces of the Southern Appalachian Mountains (and
bounded by several major fault systems), the CMD has been the source of a variety of economic minerals
for more than 175 years. The CMD is the oldest continuously mined district in the southeastern United
States. Ores include gold, iron, manganese oxides, specular hematite, graphite, barite, and several
varieties of the mineraloid, limonite, including ochre (goethite) and umber (a Mn-rich limonite). New
Riverside has quarried ochre and barite from the CMD continuously since 1911. Barite is a high-density
(S.G. = 4.5) sulfate mineral (BaSO,) with an amazing variety of industrial applications (see articles in the
field guide when it is posted on the SEGS website).

On Saturday morning, Stan took us to the New Riverside barite mine in Emerson, Georgia, where we got
an overview of the deep residuum from which the barite is harvested, and collected all the barite we could
carry, along with other associated minerals such pyrolusite (MnO,) and jasperoid. After the New Riverside
mine, we headed about 15 minutes north on I-75 to the Tellus Museum, new home for famous Weinman
Mineral Gallery, as well as some spectacular fossil displays. Tellus is without question a must see. Not just
another local museum, the exhibits and campus are second to none. The Weinman mineral collection
alone is worth the trip. A careful study of this exhibit would almost be a complete course in mineralogy!

After our traditional boxed Subway lunch, we then headed approximately 45 minutes to 1-hour south to the
East Quarry of Stone Mountain, Georgia, where this granite was harvested for many years, primarily for
ornamental building stone. Here we saw fantastic evidence of the magmatic history of this pluton, including
igneous flow banding, aplite dikes, and biotite-gneiss xenoliths derived from the Appalachian Piedmont
country rock. Stone Mountain is also a classic study in rock weathering. It is an exfoliation dome, and
exhibits extensive chemical and biological weathering products. Along with several other plutons in the
region, Stone Mountain was intruded in the Late Paleozoic, during the Appalachian Orogeny and assembly
of Pangaea. The trip concluded with a ride on the ski-lift to the top of the mountain, and a hike down the
western face.
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RECAP OF THE MARTIN MARIETTA QUARRY, JUNCTION CITY, GEORGIA, JUNE 17, 2017

On June 16 to 17, SEGS hosted a field trip to the Martin Marietta Junction City, Georgia, quarry. The event
began with a Friday night taco buffet dinner at the Blackbird Café in Woodbury, Georgia, followed by a brief
business meeting, which included a discussion of the prospects of a future trip to Cuba (currently only in
the exploration stage). After a miscellaneous specimen-ID quiz, with Lake Wales fulgurites for all
participants, compliments of Marc Hurst and Andy Lawn, guest speaker, Dr. Clinton Barineau, of Columbus
State University, presented a brief lecture on the geology of the Southern Appalachians. Emphasis was
given to the Uchee Belt, the southernmost exposure of the Piedmont, and location of the Junction City
Quarry. The Martin Marietta Junction City Quarry, and the nearby Heath Quarry, are both mining a
granodioritic gneiss in the Uchee Belt, a Gondwanan or peri-Gondwanan terrane. Clint Barineau also led
our memorable 7 November 2015 fall line excursion (Barineau, 2015). Thank you, Clint, for once again
contributing to an SEGS fieldtrip!

On Saturday morning, fifteen SEGS members assembled in Manchester, Georgia, to convoy to the quarry.
Plant manager, Edward Rose, gave us a briefing on the quarry, including its history and operations.
Interestingly, being the southern-most exposure of granitic rock in the Appalachians, the operation is
uniquely situated to service the crushed stone market in Florida—the quarry’s primary customer. Most of
the rock is used in construction (e.g., asphalt) and railroad ballast. CSX Corporation has track around the
guarry, and routinely hauls more than 300 hopper cars full of crushed stone to the Sunshine State.

After a couple of hours at the quarry, the group departed south toward Cusseta, Georgia for a Subway
lunch, then proceeded to a Hichitee Creek fossil site north of Lumpkin. Here, in a creek below the bridge,
SEGS members got their feet wet while collecting Late Cretaceous (Campanian) Blufftown Formation
fossils. This site had an abundance of the large, index fossil oyster, Exogyra ponderosa, as well as the
smaller jingle shell, Anomia argentaria. These two bivalves are well preserved because of their calcitic
mineralogy. Other molluscs were present but poorly preserved (because of their aragonitic shells),
including fragmentary ammonite debris (showing the typical, mother-of-pearl aragonite).

After fossil collecting in Hichitee Creek, and dodging a little rain, some participants started home to Florida,
but nine returned to Manchester to collect a peculiar, flexible sandstone called itacolumite along a freshly
exposed hillside cut for a new railroad bed. This unit is the Hollis Quartzite of uncertain age (Late
Precambrian to early Paleozoic). A recent review of itacolumite, including the Georgia material, can be
found in Kerbey (2011).

On Sunday, three SEGS members enjoyed a stop at Providence Canyon State Park, “The Little Grand
Canyon of the Southeast” is located about 6.5 miles west of Lumpkin. This remarkable erosional feature
formed as a tributary to the Chattahoochee River, and has cut through 150 feet of multicolored sand layers
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of (primarily) the Late Cretaceous-age, kaolin-rich Providence Sand. Surprisingly, this canyon did not exist
in the early 1800’s. Poor farming practices accentuated erosion, which, once having removed the clay-rich,
resistant cap (Paleocene-age Clayton Formation), the friable Providence sands were easily removed and
erosional gullies rapidly deepened. At Providence Canyon, SEGS members Andy Lawn, Demetri Leventis,
and Ralph Craig collected specimens of hematite with botryoidal texture, and even found an iron-rich
fulgurite!

Special thanks go to SEGS member Bill Rollins for suggesting this trip, and setting up our contacts to
access the quarry, and to Andy Lawn for taking care of logistical details.

References

e Barineau, C, 2015, A Field Guide to the Geology of the Coastal Plain Unconformity: Eastern
Alabama-Western Georgia. Southeastern Geological Society Guidebook No. 65.

o Kerbey, HC, 2011, Itacolumite, flexible sandstone and flexible quartzite — a review. Proceedings of
the Geologists’ Association 122:16-24.

e Steltenpohl, MG, (ed.), 2005, Southernmost Appalachian Terranes, Alabama and Georgia. Field
Trip Guidebook for the Geological Society of America Southeastern Section Meeting. Published by
the Alabama Geological Society

Martin Marietta Junction City granite quarry 6.17.17
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RECAP OF THE SEGS-FAPG VIRGINIA KEY DEEP WELL, MARCH 31 - APRIL 1, 2017

The SEGS and Florida Association of Professional Geologists (FAPG) jointly hosted a field trip to observe
drilling and coring operations, and learn about deep Florida geology and hydrogeology during installation of
a large wastewater injection well on Virginia Key, east of Miami Florida. We’re grateful to the Miami-Dade
Water and Sewer Department, coordinated through Virginia Walsh, PhD, P.G., for providing this unique
opportunity and site access.

On Friday, March 31, 2017, FAPG and SEGS held a brief business meeting with Legislative update,
followed by a technical presentation titled “Cenozoic and Late Mesozoic Geology and Hydrogeology of a
10,000 foot Exploratory Well, Virginia Key, Florida” by Ms. Walsh and Mr. Ed Rectenwald, P.G. Twenty
three attendees met Saturday morning, April 1, 2017, at the Virginia Key Central District Waste Water
Treatment Plant for an overview of the geology, hydrogeology and deep well drilling operations by onsite
geologist Ed Rectenwald, P.G., USGS field personnel, and Youngquist Brothers, Inc., drilling company.
Attendees enjoyed seeing the deepest geologic cores collected in the State and touring the large drilling rig
that produces cores from 10,000 feet below land surface! The project team discussed characteristics of the
deep specimens, hydrogeology, geophysical logging methods, and rig components and capabilities.

SEGS GOING INTERNATIONAL ?7??

Registration for the 18-23 March 2018 SEGS field trip to Cuba is now OPEN! We are working with
Holbrook Travel of Gainesville, which is the travel company used by the Florida Museum of Natural History
for most of their trips/expeditions. To register, go their website:

A non-refundable, $200.00 deposit will be required.

We have a group booking (not a private charter) for flights departing from, and returning to, Tampa. These
are listed in the chart below. In other words, we will all be on the same flight to Cuba, and on the same
flight returning from Cuba. Our departure is from Tampa International Airport, and we return to TIA as well.
Confirmed cost for group air is: $295.00 per person The cost for the round trip flight is in addition to the
cost of the trip through Holbrook Travel. Questions can be sent to Jon Bryan (bryanj@nwfsc.edu), or to
Holbrook Travel (see Laurie and Lisa e-mail addresses below).

Laurie McLaughlin

Vice President | Holbrook Travel

Address: 3540 NW 13th Street | Gainesville, FL 32609
Tel: 800.451.7111 x311 | local: 352.377.7111
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Email: laurie@holbrooktravel.com
Web: holbrooktravel.com | blog.holbrooktravel.com
facebook | twitter | pinterest | instagram | youtube

Questions Regarding Travel Ban

In addition, there have been some questions concerning the recent “travel ban” of Americans traveling to
Cuba issued by the federal government. At this time we are proceeding with our plans to Cuba. Every
individual will have to determine what they are comfortable with. The advisory can be found at the link
below

Subject: State Department Travel warning for Cuba:
https://travel.state.gov/content/passports/en/alertswarnings/cuba-travel-warning.html .

This warning was originally issued at the end of September and we have looked into the
warnings. In fact Andrea Holbrook (Holbrook Travel) was in Havana for a travel conference
when it was released. She met with members of the tourism industry and an embassy
person and based on her being there in person she decided that we would not cancel our
trips to Cuba. Actually we have not cancelled any of our trips and have people there
now. Although we cannot 100% guarantee anything, we don’t feel the need for
concern. The warning can be concerning if you are not familiar with Cuba and what has
been going on but | feel that there is also a bit of politics behind the announcement. It is
very politically motived and the embassy staff there were removed were not happy and
wanted to stay in Cuba. If there is an emergency we will be able to offer the same services
that we do in other countries and the embassy staff that is there also be able to assist.

At the end of the day all we can do is allow people to decide for themselves what they feel
is best because although we are not concerned with these issues and feel the risk of
anything similar happening to our travelers is low, we cannot make guarantees. If you
have any other questions or concerns please do not hesitate to ask.
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GEOLOGIC ADVENTURES IN TRIESTE, ITALY
Cortney Cameron, cortney.cameron@gmail.com
Excerpted from an article published in AIPG’s The Professional Geologist.

This June, | had the privilege of embarking on a research internship at the University of Trieste in
northeastern Italy in the pursuit of my master's degree at North Carolina Central University. Virtually
surrounded by active faults, Italy’s high seismic activity (on dramatic display this past August, October, and
January) has fostered world-class expertise at the University of Trieste’s Department of Mathematics and
Geosciences. My department tapped this knowledge for collaboration in modelling seismic hazard for the
Watts Bar Nuclear Power Plant in the understudied eastern Tennessee seismic zone. Those results are
forthcoming in conference abstracts; for now, my task is to attempt to do justice, in limited space, to other
highlights of the trip.

The geological history of Trieste and the region at large is every bit as fascinating as the human history,
which, per H. heidelbergensis fossils, could reach back as far as 400,000 years. The name Trieste seems
to stem from Tergeste, an ancient Indo-European word for “market.” Evidence of human habitation appears
about 2000 BC, and the Romans conquered the area around 177 BC; a few Roman artefacts still exist,
including an amphitheater. Perennial tourist favorites include the Castle Miramare (once home of the short-
lived and ill-fated Emperor Maximilian of Mexico) and its nature reserve, as well the Piazza Unita d'ltalia,
the largest open square facing a sea. The unique rocks of the Karst and the vegetation they support give
rise to local culinary specialties such as the much-recommended wines like vitovska, malvasia, and
terrano.

Regarding the karst, Trieste’s Civico Orto Botanico offers an excellent introduction to the region’s
distinctive geological history. This public garden, which is free to visit, includes a Geopaleontological Route
featuring the area’s characteristic rocks with explanatory placards alongside the park’s vibrant flowers. The
numerically ordered placards walk the visitor from the past to the near-present, watching in the rocks as the
region transforms from an ancient carbonate platform into modern Trieste (Fig. 1).

As explained in the park, the word karst derives from the Indo-European word kar or karra meaning “rock,”
adopted into English to describe the landscape typical of carbonate regions. The Classical Karst proper
refers to a limestone plateau covering 170 mi? across northeastern Italy and southwestern Slovenia. One
hundred million years ago, the Karst lay at a balmy 30 degrees latitude as a large undersea carbonate
platform (today the Karst is at the much less reef-friendly latitude of 45 degrees north). The limestones
range in age from 140 Ma to 47 Ma and are capped by flysch, a marine sedimentary sequence of
sandstone and marl, laid down 47 to 40 Ma ago as the ongoing Alpine orogeny threw sediments into the
sea. Now an eroded anticline trending northwest-southeast, the plateau emerged from the waters about 20
Ma ago.

The carbonates of the Karst support many interesting caves and other hydrological phenomena hidden
within the belly of the Karst. With a central cavern measuring 350 by 215 by 430 ft, the aptly named Grotta
Gigante claims fame as the second largest cave in the world open to tourists (Fig. 2). The 10 million year

Southeastern Geological Society Newsletter, Fall 2017, Page 8


mailto:cortney.cameron@gmail.com

= SEGS

" Southeastern Geological Society
-, A member of the AAPG and GCAGS

old cave was first explored in 1840 by a spelunker hoping to find a water source at its bottom, but, alas, the
river that carved the cave had left it 3 million years prior. This elusive “disappearing” Timavo River enters
the ground near the mountains and exits near the sea, its underground course through the carbonates of
the Karst Plateau still largely a mystery.

Around two-thirds of the water in the Timavo stems from infiltration of precipitation through the carbonate
rocks, to which the Grotta Gigante’s magnificent speleothems testify. The water becomes acidic as it
travels through the soil, dissolving carbonate minerals and carrying them in solution; as the water falls into
the cave, the carbonates crystallize out. Studies in the cave show that its towering stalagmites, platy in
shape due to their formation from the splashing of falling water drops, grow upwards from the ground at
about 1 mm every 20 years. The stalactites, which hang from the ceiling, sport a more circular appearance
as raindrops swirl down and around them. Although the limestone is originally white, the water, carrying
iron leached from clay above, adds a red color.

The cave’s size, constant temperature, and relative isolation from outside noise sources make it ideal for
certain scientific instruments. It hosts two 330 ft pendula, thought to be the longest in the world, that
measure the tiniest movements—fractions of a millimeter—of Earth's crust that result from solar and lunar
tides and snow loads.

While the caves play coy, the Dolomite mountains which lend their name to the mineral, dominate the
landscape for miles, otherworldly in their majesty as they seemingly spring suddenly from the earth.
Indeed, the highlight of my experience in Italy was hiking around the Tre Cime di Lavaredo, three
distinctive tower-like peaks glorying over a nature park named after them (Fig. 3). | won’t belabor the park’s
beauty, leaving photographs to attempt it, even if they, too, fall short of that task, but | do want to mention
that the park, which witnessed the World War 1 front between Austria and Italy, provides a solemn
testimony to the intersection of geology and warfare. Soldiers carved gun ports in the steep mountain walls
and dug trenches and caves in the carbonate bedrock, all easily visible on a standard hike around the park
(Fig. 3). Other war uses of the geology included tunneling and the use of explosions to trigger fatal rock
slides.

At a personal level, the trip directly preceded a move from North Carolina to Florida, so | like to think of the
journey forward in time from the old and weathered Appalachians—rewinding back to the younger and
more imposing Dolomites—then rewinding a bit more to the even younger carbonates of Florida. In other
words, Florida represents what the Dolomites might have looked like before being crushed upwards by
tectonics, and the Dolomites represent what the Appalachians might have looked like before the ravages of
time and erosion softened their once-angled peaks. And | was actually born in Florida, so I've truly come
full circle!
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Figure 1. A) Rocks of the Karst Plateau as displayed at the Civico Orto Botanico in Trieste; see text for description. B) Map of
Karst Plateau with cross section. Redrawn from the Civico Orto Botanico. C) Depositional environments of rocks shown in A.
Redrawn from the Civico Orto Botanico. See The Professional Geologist July-August-September 2017 issue for descriptions.
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Figure 3. From top left to bottom right: Tre Cime di Lavaredo; entrance of trench/cave; Cortney inside the cave; gun port; exit of
trench/cave.
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LEGISLATIVE UPDATE
As of November 27, 2017

HB 741 Professional Geology: by Rep. Tom Goodson (R-Merritt Island) Revises membership & rulemaking
authority of the Board of Professional Geologists; revises geologist-in-training registration requirements;
revises documents that require the signature, date, & seal of professional geologists; revises applicant
requirements for licensure by endorsement; provides requirements for licensure renewal; prohibits
submission of documents for public record by certain persons in order to maintain exemption; exempts
certain persons practicing professional geology from specified requirements. The bill was filed late and will
be assigned committee references by the Speakers office in the next several days. The Senate bill is still
in bill drafting and pending assignment of bill number and committee references.

Highlights Professional geology statute created in 1987 to bring state practice criteria consistent with
American Institute of Professional Geologists (AIPG).

Revises fees for application, examination, certificate of authorizations, late renewal, initial licensure and
license renewal for review and approval by the Board of Professional Geology in conjunction with DPBR
administrators so program administration by DBPR is fully supported by the licensed professionals.

Revises practice of geology definitions consistent with the National Association of State Boards of Geology
(ASBOG)

Establishes continuing education requirement for license renewal consistent with other Florida licensed
design professionals.

Clarifies definition of persons and activities exempted by licensure."

HB 15/SB 526 - Deregulation of Professions and Occupations by (Rep. Halsey Beshears R-Monticello)
(Sen. Jeff Brandes R-St. Petersburg) Removes regulations on specified DBPR professions; revises certain
requirements for barbers, nail specialists, business organizations that provide architecture services and
interior design, landscape architects, & geologists. The House bill passed out of the House Commerce
Committee two weeks ago on a party-line vote, and this week the Senate bill was referenced to four
committees, but to be scheduled for a hearing. — No Change

HB 741 Professional Geology: by Rep. Tom Goodson (R-Merritt Island) Revises membership & rulemaking
authority of the Board of Professional Geologists; revises geologist-in-training registration requirements;

revises documents that require the signature, date, & seal of professional geologists; revises applicant
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requirements for licensure by endorsement; provides requirements for licensure renewal; prohibits
submission of documents for public record by certain persons in order to maintain exemption; exempts
certain persons practicing professional geology from specified requirements. The bill was filed late and will
be assigned committee references by the Speakers office in the next several days. The Senate bill is still
in bill drafting and pending assignment of bill number and committee references.

Governor’'s Proposed 2018-19 Budget

Gov. Rick Scott on Tuesday called for a record-high state budget of $87.4 billion for next year, an election
year that offers him one last chance to recast spending priorities before leaving office. It is by far the
largest budget Scott has proposed since the Republican governor took office seven years ago. His
proposal is certain to undergo major change when the annual legislative session begins Jan. 9.

Entering his last year in office and coveting a seat in the U.S. Senate, Scott has proposed a spending plan
that includes: $220 million money for environmental programs, $53 million to combat the opioid epidemic,
$4,000 pay raises for starting state troopers, cuts in driver’s license fees, and $50 million more for
improvements to state parks, which he called a record.

Citing “record” state tax revenues, Scott built his budget on a rosy assessment of Florida’s finances that
stands in stark contrast to the one presented by the Legislature’s top economist.

“A looming problem remains,” state economist Amy Baker writes in the current version of the state’s long-
range financial outlook, noting that the costs of state programs paid for with recurring revenue, mostly from
the 6 percent statewide sales tax, exceed the amount of projected money available for 2020 and 2021 to
pay for the state’s critical and high priority needs. “This indicates that a structural imbalance is occurring,”
Baker noted. Baker has warned legislators that the costs of Hurricane Irma will place additional strain on
the state’s finances.

Phil Leary, AICP - FAPG Lobbyist

See the FAPG POST OFFICE BOX 1636 TALLAHASSEE FLORIDA 32302 www.fapg.org or contact
the President of FAPG, Anne Murray.
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SANDFEST

SEGS has been contacted by The International Sand Collectors Society to notify, advertise and seek
volunteers for the upcoming “SANDFEST” in Jacksonville and the Executive Committee has been briefed
on the event. Visit the website for more information and as more information regarding SEGS participation
is determined, members will be notified with the particulars.

ISCS SandFest 2018
September 20, 21, 22, 23, 24
Jacksonville, Florida

The Jacksonville Gem and Mineral Society will be hosting the
2018 International Sand Collectors Society Conference

Visit http://sandfest.sigmabookstore.com/ for more information

The Southeastern Geological Society (SEGS) is a hon-profit group of avocational and
professional geologists dedicated to advancement of the geological sciences.
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