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A GeMS-compliant framework for layering geologic map data in the Fall Zone of Virginia
By Jennie Latane (Virginia Department of Energy)

This talk describes a method for handling GeMS compliance in a 1:24,000-scale GeMS conversion
where the original map contains several layers of markedly different geologic materials. The talk
uses the Chesterfield quadrangle in central Virginia (Carter and others, 2010) as a case study to
consider one approach to representing a three-dimensional relationship within a GeMS
geodatabase.

Chesterfield quadrangle straddles the Fall Zone and depicts crystalline Piedmont bedrock, Coastal
Plain sediments, and modern surficial deposits. This area of the state represents the feathered
edge of the Coastal Plain, where it is possible to see both contacts between Coastal Plain units, as
well as contacts between underlying hard rock. Different approaches to surficial mapping also
meet here, where geologists must differentiate between localized, process-based surficial deposits
and laterally extensive, but still unconsolidated Coastal Plain sediments. The original mappers
traced concealed crystalline bedrock contacts underneath of Coastal Plain terraces and traced
Coastal Plain contacts underneath of recent surficial deposits. The resulting deliverable in 2010
was a layered PDF with the capability to turn on and off three surfaces representing surficial,
Coastal Plain, and crystalline bedrock surfaces.

These slides examine the adjustments to GeMS made to accommodate that structure and honor
the original mapping. In this approach, ContactsAndFaults and MapUnitPolys are both duplicated
and given a suffix to differentiate them: “_Bedrock” and “_CoastalPlain”. Each package of
ContactsAndFaults and MapUnitPolys creates one topological surface. A final standard
MapUnitOverlayPolys feature class creates the third, surficial layer. To comply with topological
rules, MapUnitPolys_CoastalPlain must contain a “dummy” polygon representing the crystalline
bedrock underneath. This dummy unit, “Bedrock” must be added to the DescriptionOfMapUnits
table. Although this approach successfully passes GeMS validation and “bakes in” the original PDF
deliverable structure to the database, the process may be more appropriate on a map-by-map
basis than when attempting to compile maps at a smaller scale or across a region or state.



A GEMS-COMPLIANT FRAMEWORK FOR LAYERING
GEOLOGIC MAP DATA'IN THE FALL ZONE OF VIRGINIA

Using a “three-tiered system’ to
accommodate overlapping units in a
GeMS conversion

Jennie Latane




CHESTERFIELD QUADRANGLE

Mapping in the Fall Zone
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« The “feathered edge” of the
Coastal Plain — contacts are
visible in drainages, borehole

*Carter M.W., Bondurant, A.K., and Berquist, C.R., 2010, Geologic map of the Chesterfield
quadrangle, Virginia: Virginia Department of Mines, Minerals and Energy, Division of
Geology and Mineral Resources Open File Report 10-06, Map Scale 1:24,000.
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GEOLOGIC MAP OF THE TIMBERVILLE QUADRANGLE, VIRGINIA DESCRIPTION OF MAP UNITS
MATTHEW L HEL . RANDALL C. ORNDORFF, and DAVID A, HHUBBARD
itional data from Eugene K. Rader
2018

SURFICIAL DEPOSITS

with

- Modified lnd - Area of i andvor [l relted to si piment or
mining,

[ Ameril deposis Eilacens) - C its consist of
sill, sand, granules, cobbles, and boulders. The composition, color, prain size,

rounding. and sorting of these deposits are variable. Streams that drain terraces
and Fans contain material it is reworked from older deposiis.  Flood-plain
deposils consisi of averbank deposiis of clay, sili, sand, and minor cobbles
within active flood plains. Arcas underdain by these deposits are subject 1o
frequent flooding. Up to approximately 10 fect (3 meters) thick.

Colluvial depasit to Pleistacenc) - angular blocks,
boulders, and smaller fragments of quanz sundstone and orihoquarteite on
moderate slopes. Weathered clasts of other bedrock muy also be present. Soil is
typically thin and contains abundant rock fragments, Deposits oceur as Ml in
dip streams. Small or widespeead colluvial
s are not shown. A single large boulder within a
n A-2 yielded a '"Be cosmogenic exposure age of
7 ka (Helkr and otlrs, 2015). Up to approximalely 20 fect (6 meiers)

SURFICIAL DEPOSITS

From 1:7,500,000-scale surficial
map of USA (Hunt, 1984):

l—l Alluvial and eolluvial deposits (Holocene to Pleistocene) - Boulders and
cobbles of quartz sundstone and orthoquartzite in a tan o brown loam o sandy
loam mairix. Weathered clasts of olher bedrock may also be present. Some
eposits contain large orlhexquartzite or quartz sandstone blocks. Deposits oceur
in active stream valleys drining slopes underlain by quante sandstone and
onthoquartzite.  Probably deposited by both alluvial and colluvial processes,
including hypercencentraied and debris flows. A single laree boulder within an
alluvial-colluvial deposit at location A-1 yiclded a "Be cosmogenic exposure
age of 1289 + 11.9 ka (Heller and others, 2015: Tuble 1), Up 0 approximatcly

20 fioet (6 meters) thick,

[0 gt depasits (Holocene 1o Pleistacene) — Unconsalidared clay, silt

sand, granules, and cobbles. Cobbles are mostly quariz sandsione and

erthoquarzite with lesser amounts of other sedimentary rock. Deposits arc

clast-supported in a brown 10 tan loam 10 loamy sand malrix. Terrace deposits

oceur along the Shenandouh River up to 60 fect (18 meters) above the active

flood plain. nd are typically not disseciod by sircams and ol modified by karst

il processes, Areas underlain by these deposits are subject 1o
Nooding. Up o approximately 20 foet (6 meters) thick.

II' Young fan and associated deposits (Holocene to Pleistocenc) ~ Boulders and

cobbles of quartz sundston and onthoquartzite in 4 tn 1 brown loam 1o sandy
maurix, Weathered clasts of oihicr bedrock may also be present. Some fams
n large ortboguartzite and/or quans sandstone blocks. Deposits ocenr
adjacent to or at the base of active drainages and arc typically not dissected or
‘modificd by colluvial processes. The edges of these deposits may be modified
by modern alluvial processes. Up to approximately 20 feet (6 meters) fhick

* Most surficial deposits are
composed of poorly consolidated
clay, silt, sand, or gravel-sized
particles

lIl Intermediate-age fan and associated deposits (Holocene to Pleistocenc) -
Boulders and cobbles of quartz sindstone and onhoquirtzite in  tan 1o
red-brown clay leam to sandy loam matrix. Weathered clasts of other bedrock

may alsa be present. Some fans contain lante orthoquartzite or quartz sandsione

blocks. Deposits occur as fans up to 20 feet (6 meters) above the base of active

drainages, and may be dissected by sireams and modified by coll

On the cast flank of Litle North Mountain, some deposits may be rennant and
discontinuous. Up 1o approximately 20 feel (6 meters) thick

ONd fan and associated deposits (Pleistocene) — Boulders and cobbles of
quartz sandstone and orthoquartite in 4 brown to red-brown loam to clay leam
malrix. Some clasts may be highly weathered. Some fans contain large
orthoquartzite of quartz. sandstone blocks.  Deposits occur as dissected and
remnaAt fans up 10 $0 foct (24 metces) above the base of active drainages, and
are extensively modified by colluvial processes. Two large boulders within fin
deposits at locations A-3 and A4 yiclded a “Be cosmogenic cxposurc ages of
183.2 = 16,8 and 352.3 + 34 ka, respectively (Heller and athers, 2015; Figure &;
Tuble 1. Up to approimately 20 feet (6 meters) thick

i terrace depasits ( - .

II' sand, granules, and cobbles,  Cobbles are mosily quartz sandsione and
orithoquarizite with lesser amounis of oiher sedimeniary rock  Deposils are
elust-supported in 4 brown to red-brown chay loam to loam matrix; clay content
and red color increase with clevation above tiver level. Due to (he partial
weathering of some deposits. cobbles commanty form a cap at land surface, and
arc inierlayered with finc-grained sediments al depth.  These deposits occur
from 60 10 100 feet (1§ 10 30 meters) above the current flood plain, are
moderacly dissceted by sireams, and may be modificd by karst or colluvial
processes. Up 1o approximately 20 fect (6 meters) thick

« Particles are produced chiefly by
erosion

Old terrace depasits (Pleistocene o Pliocened?)) — Unconsolidated clay, sili
sand, granules, and cobbles.  Cobbles are mostly quantz sandstone and
enlioquarile wilh minoe amounts of other sedimentary rock. Deposiis are
clast-supported in  red-brown 10 red loam to clay loam nuarix; clay content and
red color increase with clevation bove river level  Due 10 the parial
‘weathering of these deposits, cobbles form 4 cap at land surface: they may be
imerlayerod with. fine-grained scdiments a1 depih. These deposits oceur more
theany 100 feet (30 meters) above the current fload plain, are highly dissected by
nd may be modificd by karsi or col processes.  Up 1o
y 200 feet (6 meters) thick.

« Transported and deposited by
water, wind, or ice, but can also be
partly formed by in-situ
weathering of bedrock

Publication 186 by Heller and others, 2018
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ROCK LAYERS, PDF LAYERS

GEOLOGIC MAP OF THE CHESTERFIELD QUADR. * ‘#-=

MARK W. CARTER, AMY K. BONDURANT, AND C.R. BERQUIS" QocContacts-Buact
2010 QTec Contocts - Approximate
e QTac Contacts - Inferred
G3 Contacts - Exact
G3 Contacts - Approximate
G3 Contacts - Inferred

G2 Contacts - Exact

G2 Contacts - Approximate

G2 Contocts - Inferred

Yorktown Contacts - Exact
Yorktown Contacts - Approximate
Yorktown Contacts - Inferred

G1 Contacts - Exact

G1 Contacts - Approximate

G1 Contacts - Inferred

Miocene Contacts - Exact
Miocene Contacts - Inferred
Foults - Exact

Faults - Approximote

Foults - Inferred

Pre-Conversion




PRE-CONVERSION QUESTIONS

« Are the “Coastal Plain” units ‘'map’ or ‘surficial’ units?

« How do we honor the overlapping contacts of the original
map?
« Can we embed the layered PDF functionality into the

database? Can we do it in a way that's easy to understand and

access??

Pre-Conversion Q




MODIFYING GEMS



DATABASE STRUCTURE

Map Layers

Crystalline Bedrock

Chesterfield.gdb

CrossSectionA

CrossSectionB

GeologicMap
CartographicLines

|-~ ContactsAndFaults_Bedrock |
ContactsAndFaults_BedrockAnno

|-~ ContactsAndFaults_CoastalPlain|
GenericPoints

=2 MapUnitOverlayPolys
MapUnitOverlayPolysAnno

(>J MapUnitPolys Bedrock

‘IE MapUnitPolys_CoastalPlain \
MapUnitPolysAnno
OrientationPoints

DataSources

DescriptionOfMapUnits

GeoMaterialDict
Glossary

Modifying GeMS
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CHANGES WITHIN THE DATA

DescriptionOfMap Units,
MapUnitPolys_CoastalPlain

‘MapUnit| Name FullName Age HierarchyKey Label Symbol |GeoMaterial
SURFICIAL UNITS a1
ml Modified Land madiied land Plelsiocene 1o Holocene a1-01 mi 322 “Made” or human-engineerad land
‘Ga Alluvium |alluviim | Pleistacene % Holacene 0102 [@a a0 Alluvial sediment
ch Camalina Bay Caralina bay Plelslocene i Holacane a1-03 @b transparant | Alluvial sediment
QTac Quatemary-Terlary Alluvlal and Colluwial Walley Fill |Qualemar)-'l‘erlary alluvial and calluxlal valley il Pliacene bo Pledstocens a1-04 |E|T.hc T Debris flows, landslides, and ather locallzed mass-
mavement sediment
COASTAL PLAIN UNITS a2
Tga Law-Level Tertary Gravels |iowevel Tertiary gravels | Pliacene 0z [Tga |40 Alluvial sediment, meslly coarsegrained
Ta2 Mid-Level Terlary Gravels rild-kevel Tertiary gravels Pllacene 0202 Tge |41 Alluvial sedimenl, maslly coarse-grained
Teu Upper Chesapeake Group Sand and Gravel | Upper Chesapeaks Group sand and gravel Pliacene 0203 | Tew 1] Alluvial sediment, mostly fine-gralined
Tt High-Level Tertlary Gravels high-level Tertlary gravels Miocens io Pllacene 02-04 Tal 143 Alluvial sedimenl, maslly coarse-grained
| T Lawer Chesapeake Group Clayey it |Lower Chesapeakes Group ciayey sit | Miocena 0205 [Te 43 Maring sediment, mcsty fne-grained
CATACLASTIC ROCKS Qa3
IMIH Slicifed Cataclasie |sl||-:iled cataciaslie | Mesozole 0301 |_}I1 242 Clasiic sadimentary rock
IGNEDUS INTRUSIVE ROCKS 04
Jd Diabase | dlabase Jurasslc 0401 |Ja EE] Coarse-gralned, malic-compasiion INrUsive Igneous rock
HNEWARK SUPERGROUR as
Tms Newark Supergroup, Undivided | Mewark Supergroup, undivded Triassk 0501 |*ns 320 Sedmentary rack
IGNEDQUS INTRUSNE ROCKS a5
| PETERSEURG GRANITE I | 0641 |
Pzpg Subliomarphie Granite subklamomnle phase of the Petarsburg Granite Pennsyivanian to Missizsipplan |06-01-01 |pa 101 Fina-gralned, falslc-compagition Intrusive Ignaous rock
'Pzpp Parphyric Granie ]purprwrﬂlc graniie phase af the Petersburg Granlie l Pennsylvanian io Mississipplan |06-01-02 | 2] 33 Coarse-grained, Telsk-composiion Inrusive |gnecus rock
Pzpt Failated Granile tallated gramie phasa of fe Pelersbuny Granite Penmsyivanian to Mississioalan | 06-01-03 et 200 Coarse-gralned, Telsle-zomgasifan IMrUsive laneous rock
PZp Layered Granlie Gnelss |3y erad graniie gnekss phase of e Petersburg Granite | Pennsyiwanian to Mississkbplan | 06-01-04 L 2 Coarse-grained, feksic-compasidon Imrusive Igneous rock

MapUnit FullName GeoMaterial

Bedrock Bedrock Bedrock-derived residuum Transparent Rock

Modifying GeMS Q




LIST OF MAP UNITS

CHANGES WI] e

Modified Land

Alluvinum

DescrlptlonOfMapl _____ CodiaBy | |
M a p U ni t Po Iys_c oa! Quatemary-Tertiary Alluvial and Colluvial Valley Fill

COASTAL PLAIN UNITS
‘MapUnit| Name FullName Low-Level Tertiary Gravels
SURFICIAL UNITS T ; s
II'I1I Modified Land madHified land Mid-Level TEI'.'IHI_’;" Gravels
aa Alluvium alluvim Teu Upper Chesapeake Group Sand and Gravel
o) caralina Bay Carslina bay
QTac Quatemary-Terlary Alluvial and Colkial Valley Fill | Quatemary-Teria High-Level Tertiary Gravels
| COASTAL PLAIN UMITS I.ﬂ"ﬁ"ﬂ C]:I.Elpﬂkt 'GIEUP 'C].B}T‘}" Sllt
Tga Low-Lewel Tertlary Gravels I bl Tartiary
Tg2 Mid-Level Terfary Gravels rlic-bevel Tertdary
Teu Upper Chesapeake Group Sand and Gravel Upper Chesapeal
Tai High-Level Terlary Gravels nigh-level Teriary
T Lower Chesapeake Graup Clayey St Lower Chesapeal
CATACLASTIC ROCKS
IMI!] Slicined Cataclasite gllicidad catacias!
IGHNEQUS INTRUSIVE ROCKS
Jd Dlanase diabase
NEWARK SUPERGROUP
Tms Mewark Supengroup, Undivided Newark Supergra
IGNESUSE INTRUSNE ROCKS
PETERSEURG GRAMITE
[Fzpg Subiiomarphiz Granite subldlomomnic pl
Pzpp Parphyric Granie parphyrilc granit
Pzpl Fallabed Granie fallated granfe pr
Fzp Layered Graniiz Gness Jayered graniie gt

Coastal Plain topblogical surface.
Gray represents ‘bedrock’.

MapUnit
Bedrock Bedrock Bedr:

r e

Modifying GeMS



LESSONS LEARNED

« Database structure does accommodate
layer-ability.

« Coastal Plain units are acknowledged as
“true” map units and are treated as such
by GeMS validation.

* Probably less effective for compilation.

« Separation between “surficial” and “Coastal Plain”
units will vary by author.

« Not effective at the statewide scale.

« More labor intensive, depending on
starting condition of data.




THANK YOU

CONTACT THE PRESENTER:

Special thanks to Matt Heller, Anne Witt, and

Jennie Latane Marcie Occhi.

GIS Specialist This work was prepared in cooperation with the

Virginia Department of Energy United States Geological Survey under the National
.434'.459'3322 - Cooperative  Geologic Mapping Program -
jennie.latane@energy.virginia.gov STATEMAP Award G22AC00568.
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