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preparing the image for digitizing 
The preliminary map downloaded from the 
New Mexico Bureau of Geology and Mineral 
Resources was an Adobe Acrobat Document.  
This was exported and georeferenced for 
digitizing.

Creation of Digital Geologic Data for Pecos National Historical Park
Examples of steps taken to combine a collection of shapefiles and a scanned image to produce a seamless 
digital geologic geodatabase covering Pecos National Historical Park.
Authors: Andrea Croskrey and Georgia Hybels

Combining the data
one personal geodatabase After the data from 
the Preliminary Geologic Map of the Glorieta Quad-
rangle was digitized and the shapefiles of the Prelimi-
nary Geologic Map of the Pecos Quadrangle were 
loaded into the GRI GDB data model, features from 
the sources were loaded into a new dataset created for 
the combined data.  This new dataset named “peco” 
was in a personal geodatabase named “peco_geology.
mdb” and had the following feature classes: 

Alteration and Metamorphic Feature Points •	
(pecoamp)
Geologic Attitude and Observation Localities •	
(pecoatd)
Folds (pecofld)•	
Faults (pecoflt)•	
 Geologic Line Features (pecoglf)•	
Geologic Units (pecoglg)•	
Geologic Contacts (pecoglga)•	
Geologic Point Features (pecogpf)•	
Mine Area Features (pecomaf)•	
Mine Area Feature Boundaries (pecomafa)•	
Mine Feature Lines (pecomfl)•	
Mine Point Features (pecomin)•	
Geologic Cross Section Lines (pecosec)•	
Map Symbology (pecosym)•	

Two ancillary tables were populated with source map 
citations (pecomap) and a compiled list of geologic 
units present on both source maps (pecounit).  The 
Geologic Unit Information Table sorts the units from 
youngest to oldest and provides information such as 
major lithology, age, and other geologic lexicon associ-
ated with the formation.

Creating a geodatabase from an image (Glorieta Quad)
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Assess source data Shapefiles of the Pre-
liminary Geologic Map of the Pecos Quad-
rangle received from the New Mexico Bureau 
of Geology and Mineral Resources (NMB-
GMR) were parsed out into Geologic Re-
source Inventory (GRI) feature classes.  These 
feature classes belonged to an ArcGIS 9.3 
personal geodatabase and complied with the 
GRI Geology-GIS Geodatabase Data Model 
version 2.1. Features from the NMBGMR 
geo_line_arc.shp were loaded into the follow-
ing corresponding GRI GDB Feature Classes: 
Geologic Cross Section Lines, Folds, Faults, 
and Geologic Contacts.  Points from geo_
point_point.shp were data loaded into Geo-
logic Attitude Localities and Map Symbology 
features classes.  Finally, the geo_poly_poly.
shp features were transferred to the Geologic 
Units feature class.

Creating a geodatabase from shapefiles (Pecos Quad)

Geologic Resource Inventory

Final products

The homepage of the NPS Data Store.  
Search variables can be selected from 
the drop down menus on the left and 
include: Data Type (Online Data, Meta-
data, Inventory, Monitoring etc.), NPS 
Unit, and Category (Geology, Biology, 
Fire etc.). 

Contact the author to correct data  
Since the maps used for this project were 
preliminary maps in draft version, some in-
consistencies and in-
complete data were 
discovered.  Some 
of the discrepancies 
involved sorting out 
the symbols that were 
used in the draft ver-
sion and what they 
were representing.

creating attribution Once all the fea-
tures were captured, the attribution tables 
built from the Geologic Resource Inventory 
data model needed to be populated.  Fields 
like ‘Positional Accuracy’ could be complet-
ed by observing the symbol used such as a 
dashed line representing contacts that are ap-
proximately located.

Notes created from working with the map author to clar-
ify the intentions of symbols used to represent point fea-
tures on the Glorieta Quadrangle

Screen captures of the source image and at-
trutions derived from the source image such 
as a positional accuracy of approximate and 
a label of “Aqua Sarca Fault Zone’.

GRI gdb on the nps datastore Once 
the data for the two source was created, con-
verted, combined and reviewed, the final 
geodatabase in the NPS GRI data model will 
be posted to the NPS Datastore.  The NPS  
Data Store manages and shares data gener-
ated by the Nature Resource Program Center 
and Servicewide GIS Program and provised 
a mechanism for searching and downloading 
data. http://science.nature.nps.gov/nrdata/in-
dex.cfm

gis data of glorieta for the nmbgmr 
Another product created from this project the 
benefits the New Mexico Bureau of Geology 
& Mineral Resources is GIS files for the Glo-
rieta Quadrangle.  The NMBGMR can then 
convert these files to their data model to pro-
duce data and maps that will be publishable 
on their website.

Ancillary Geologic Map Elements document with re-
vised cross sections The Ancillary Geologic Map Elements 
Document is created to provide access to map elements such as 
crosssections and symbole descriptions that don’t readily lead 
themselves to representation in feature classes.  It is currently pro-
vided as an Adobe Acrobat Document (pdf) which is downloaded 
with the  GIS files. The cross sections available on the Preliminary 
Geologic Maps of the Glorieta and Pecos Quadrangles were just in 
draft format.  Therefore, contracted Prisma Light Studio to com-
plete a final draft of the cross section using unit colors that match 
the NPS data. Additionally, these cross section files were sent to 
the NMBGMR for revision and use with their files.

The upper cross section is one of the 
draft cross section from the Preliminary 
Geologic Map of the Glorieta Quadran-
gle.  The lower cross section is the final 
draft version used in the Ancillary Geo-
logic Map Elements Document.

CAPTURING ADDITIONAL GEOLOGIC FEA-
TURES AND REVISING FEATURE ATTRIBU-
TION Once all the source shapefile features 
were loaded into the GRI GDB Feature Class-
es, the source image was reviewed for features 
missing from the source shapefiles.  The fol-
lowing GRI GDB Feature Classes were added 
to digitize the missing point features: Geolog-
ic Point Features and Mine Point Features.

Quality control was performed and additions/
corrections were made to the source data in-
cluding rotating strike and dip symbols to 
match the source image and adding fault/fold 
names to the GRI GDB attribute table.

The Geologic Resource Inventory
As part of the NPS Inventory and Monitoring 
Program, the Geologic Resource Inventory 
(GRI) aims to raise awareness about geology 
and the role geologic features and processes 
for natural resource managers and staff, park 
planners, interpreters, researchers, and other 
NPS personnel.

So far, the GRI team, working closely with 
the Colorado State University Earth Science 
Department and a variety of other partners, 
has scoped 234 of the 270 natural area parks, 
completed digital datasets for 143 of the 270 
parks, and has written reports for 50 of the 
270 parks. These products are designed to 
enhance stewardship of park resources by 

providing valuable information about geo-
logic formations, hazards, and links between 
geology and other natural resources.

All the GRI products are available on the GRI 
products web site 
(http://www.nature.
nps.gov/geology/in-
ventory/gre_publica-
tions. Digital geologic 
maps are posted on 
the NPS Data store 
(http://science.nature.
nps.gov/nrdata).

Geologic Data for Pecos NHP
The GRI scoping meeting for Pecos NHP was 
held March of 2006 and included attendees 
from the NPS and the New Mexico Bureau 
of Geology and Mineral Resources (NMBG-

MR).  The participants evaluated 
the extent and quality of exist-
ing geologic maps and discussed 
park-specific geologic resource 
management issues.   A geologic 
mapping plan was put in place 
and it was decided that the NM-
BGMR’s Preliminary Geologic 
Map of the Glorieta 7.5-minute 
Quadrangle and the Prelimi-
nary Geologic Map of the Pecos 
7.5-minute Quadrangle were the 
most recent geologic mapping at 

the largest scale available for the area. There-
fore, these two quadrangles were utilized to 
create the GRI Geology Geodatabase for Pe-
cos NHP.

The NMBGMR agreed to supply the GRI 
with the digital shapefiles for the Pecos Quad-
rangle. Since no GIS data were available from 
the NMBGMR for the Glorieta Quadrangle, 
the GRI decided to digitize the Adobe Acro-
bat version of the map. Additionally, the GRI 
would provide the NMBGMR a copy of the 
Digital Geologic Map of Pecos National His-
torical Park and Vicinity, New Mexico upon 
its completion.

edgematching Since two different source 
geologic maps were used to cover the ex-
tent of Pecos National Historical Park (Pecos 
NHP), matching features across the western 
boundary of the Glorieta quadrangle and the 
eastern boundary of the Pecos quadrangle 
took some consideration.  First the GIS data 
was finished for the Pecos quadrangle and 
was utilized during digitizing of the Glorieta 
quadrangle to insure no slivers or gaps existed 
between the two maps.  When georeferenced 
locations of features on either side of the map 
boundary were within 12.192m (horizontal 
accuracy for 1:24,000) of each other, the fea-
tures were snapped together.  Line features 
whose offset exceeded horizontal accuracy 
were not snapped together and submitted to 
the NMBGMR for editing.   The edits were 
then returned and the GRI GDB data for 
Pecos NHP was updated with the resolved 
boundary offsets.  Despite this effort, not all 
discrepancies could be resolved and were left 
with the offset.

A “concrete lined spring” point 
feature, missing from the source 
data, which was digitized to the 
Geologic Point feature class The “Fairview Lode Mine” point 

feature, missing from the source 
data, which was digitized to a 
Mine Point feature class

The fold name “Pecos Pueblo An-
ticline” was added to the Fold 
feature class since it weren’t in 
the source GIS data.

The red segment of fault shows where the 
fault and a geologic contact feature share 
coincidence. Segments of line features such 
as this were identified while validating the 
topology.  The SUBTYPE could then be ed-
ited to preserve this relationship.

Attribute table information from geo_line_arc.shp and how it loaded 
into the GRI geology geodatabase

NMBGMR 
Shapefiles

geo_line_arc.shp

geo_line_tic.shp

geo_point_point.shp

geo_point_tic.shp

geo_poly_arc.shp

geo_poly_label.shp

geo_poly_poly.shp

geo_poly_tic.shp

GRI GDB Feature Classes

Geologic Attitude Localities

Map Symbology

Geologic Cross Section Lines

Geologic Units

Faults

Geologic Contacts

Mine Area Features

Mine Area Contacta

Folds

GRI GDB Feature Classes

Geologic Point Features

Mine Point Features

The Geologic Point and Mine 
Point Feature classes were added 
for springs and mines not in the 
source GIS.

The GRI Geology Geodatabase for Pecos 
National Historical Park.  The topology pre-
serves feature relationships. The 14 feature 
classes capture all the geologic features 
from both the Pecos and Glorieta quad-
rangles. The final tables retain source map 
citations and geologic unit information.

The map boundary between the Glo-
rieta (west side) and Pecos (east side) 
quadrangles runs through the mid-
dle unit of Pecos NHP (green poly-
gon).  The picture on the left shows 
edge-matching edits by the NMB-
GMR.  The image on the right shows 
the NPS GIS data after incorporating 
the edits.

The map on top shows the Preliminary Geologic Map of the 
Glorieta Quadrangle as a .pdf currently available on the NM-
BGMR website.  The map to the right displays the GIS data 
with all the printed map features digitized and parsed into 
the appropriate feature classes and the drafted cross sec-
tions.
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LITHOLOGIC UNITS 

IGNEOUS ROCKS 

 Ts Sill/laccolith:  probably fine grained diorite.  Thickness unknown.
(((My sample of this rock unit was inadvertently thrown out of the prep lab – I will need 
to return here in May and resample --  A.L.))) 

Td Dike:  Pigeonite microdiorite:  Dark gray, very fine grained, salt and 
pepper appearing mixture of plagioclase, pigeonite, biotite, and opaque grains in a 
glass groundmass. Weathers dark brown or grayish brown and stands as wall-like 
ramparts.  Longer dikes in map view comprise right echelon overlapping 
segments varying from 200 to 1200 ft in length and up to 18 ft thick.   

SEDIMENTARY ROCKS 

QUATERNARY
Qa Alluvium:   Cobbles, sand, silt, and clay transported by seasonal flooding 
or in active channels.  Coarser clasts are dominated by quartz and granitic 
material. 

Qca Colluvium/alluvium:  Sand, silt and clay in abandoned stream channels, 
flood plains, and lower valley slopes.

Qt Terrace gravel:  Rounded pebbles and cobbles of Precambrian granite,  
commonly containing abundant epidote, granite pegmatite, muscovite and biotite 
schist, and Phanerozoic chert and sandstone in a sand or silt matrix. Terraces 
generally lie 20 to 40 ft above valley floors.

Qc: Colluvium:  Unconsolidated sand, silt and clay deposits along upper hill 
slopes or broad, flat hill crests.  A few feet in maximum thickness.      

Qp: Pediment deposits:  cobble, pebble, sand and silt deposits lying upon 
remnants of an extensive surface cut to a former channel level of Galisteo Creek.  
Thickness generally less that 10 ft 

----------  u  ------------- 
Qta Ancha Formation:  Buff to moderate orange pink and grayish pink, 

generally poorly sorted and poorly consolidated beds of sand, gravel and 
cobbles.  Derived from Precambrian granitic and metamorphic and 
Paleozoic sedimentary terrains in the Sangre de Cristo Mountains. 
Strongly cemented by caliche near Lamy. Thickness To 60 ft.  

----------  u  ------------ 

QT?? Ancha or Tesuque channel:   Calcite  cemented (20% to 95%) arkose or 
arkosic limestone overlain by medium to very coarse grained arkosic sand and red 
silt.  Contains numerous rod-shaped zones of caliche-cemented arkose, probably 
formed by precipitation from groundwater.      

----------  u  -------------- 

TERTIARY  (Oligocene) 
Te Espinaso Volcanics:  Buff, grayish purple and reddish brown beds of 
agglomerate, tuff, and volcaniclastic sandstone of intermediate composition and 
of alluvial fan and laharic origin.  Source areas are the Cerrillos Hills and Ortiz 
Mountains intrusive centers.  Conformable with underlying Galisteo Formation. 
Comprises approximately 1100 ft maximum thickness in quadrangle.   

TERTIARY  (Late Paleocene -- Eocene)

Note:  Two subdivisions of this unit are possible:  The traditional one would require a 
three-fold subdivision of the Galisteo Fm into Upper, Middle and Lower units.   The 
recent separation of the lower portion as the Diamond Tail Formation (Lucas et al., 1997) 
allows an alternative of Upper and Lower Galisteo and Diamond Tail Formation.  What 
is the preference of the Bureau? 

Tg Galisteo Formation:
Tgu Upper unit:  Tan to white, massively bedded, friable, well sorted, cross 
bedded sandstone and interbeds of red, rose, tan, and gray-green mudstone.  
Contains silicified logs to 4 feet diameter and 30 ft lengths.     Thickness 346 ft in
uranium drill hole #2-4 and 425 ft in drill hole 1-35.   
Tgm Middle unit: ((or Tgl Lower unit)).  Alternating pink to red colored beds 
of arkosic sandstone, siltstone, and mudstone with extensive lenses of 
conglomerate.  The conglomerate beds contain rounded cobbles and pebbles of 
Precambrian granite and schist and Paleozoic sedimentary rocks in which the 
relative percentage of  Precambrian clasts increases upward through the section.  
Thickness approximately 3,500 ft. 

Tgl Lower unit. ((or Tdt  Diamond Tail Formation))  Variegated sandstone, 
conglomerate, mudstone and local limestone beds.  Sandstone beds are massive, 
friable, usually cross bedded and composed of medium- to coarse-grained, 
subrounded, poorly sorted quartz and lesser chert.  Kaolin, limonite, or calcite 
commonly constitute the matrix.   Colors are tan, brown, orange, pink, red and 
white.  Mudstones are gray to red in color and poorly exposed.  A thin, basal 
conglomeratic zone containing brightly colored chert is commonly present. At 
Lamy the section in dominantly sandstone:  Stone from a quarry on the south side 
of Cerro Colorado was used to construct St Michels Cathedral in Santa Fe.
Maximum thickness approximately 1000 ft.   

 -----------  u  ---------- 

CRETACEOUS

Mesaverde Group 
Kmv Point Lookout Sandstone?:  Dark brown to olive,  fine- to medium- 
grained, massive bedded sandstone and fossiliferous brown mudstone containing 
calcite-cemented  concretions.  Greater than 50 ft thick in a single exposure east 
of  Cerro Colorado.

Mancos Group? 
Kn Niobrara Formation: Approximately the lower one-half consists of  
medium-gray calcareous shale which weathers olive-brown.  Contains beds of 
fine grained sandstone to one foot thickness.  The upper one-half contains 
alternating beds of fine-grained sandstone, sandy shale, shale and calcareous 
shale.  Beds are usually less than 6 inches in thickness and shale constitutes more 
than 50% of the total. Poorly exposed, mostly in arroyos.  Thickness 1,500 ft?? 

Kns Sandstone member: Light yellowish gray, even bedded, fine-grained 
sandstone and interbedded shale     Base lies approximately 300 ft above lower 
contact of formation.   Thickness approximately 100 ft. 

Km Kc Carlisle Shale:  Dark gray to black, laminated shale.  Weathers to yellow-
brown color. Poorly exposed.  The Juana Lopez Member is used as a mapping top 
for this formation, but an unknown thickness of this shale lies above the Juana 
Lopez.   Thickness __  ft. 

Kcj Juana Lopez Member:  Brown-gray platy, fossiliferous, arenaceous,
crystalline limestone and calcareous gray shale and gray shale.  Limestone is 
commonly composed of needle-like fragments of  Inoceramus shells.  Ratio of 
carbonate to sand varies greatly along strike.  Thickness ((18 ??   300-400??)) ft.   

Kg Greenhorn Limestone: Alternating beds of dark gray argillaceous micrite 
and medium- to dark-gray calcareous shale.   Beds are usually less than 1.5 ft 
thick. Weathers light-gray and forms a low ridge.  Imprints of Inoceramus
labiatus are common as are foraminifera.   Thickness 49 ft.     

Kgr Graneros Shale.  Tan, gray, and black, calcareous shale and thin lenses of 
fine-grained, calcareously cemented, tan and brown sandstone.  Alternations of 
gray and brown shale and sandstone give outcrops in arroyos banded appearance.
A zone of calcareous concretions to 3 ft diameter is present in the basal portion. 
Thickness at the south end of Galisteo Lowlands in Ojo Hedionda Quadrangle is 
183 ft.  The Tres Hermanos Sandstone member (23 ft thick) begins 83 feet above 
basal contact.

Kd Dakota Formation:   Tan to orange-brown, fine- to medium-grained 
quartz arenite and carbonaceous shale.    Gray shale and highly carbonaceous 
black shale are interbedded with thin lenses of tan sandstone, commonly 
containing fragments of coal.  Thickness is 96 ft (outcrop) to 210 ft in uranium 
exploration drill holes RD-3 and RD-4. 

---------------  u  ------------------------- 
JURASSIC

Jm Morrison Formation:  Variegated shale, tan and light red-brown 
sandstone and lenses of tan and white pebble conglomerate.  Sandstone is fine 
grained, subangular to subrounded quartz and minor chert and feldspar.  Bedding 
is platy to massive and cross beds are common.  Green, gray and maroon 
mudstone and interbedded tan sandstone are common in the upper portion of the 
section although a persistent, white kaolin-bearing sandstone underlies the upper 
contact.   Thickness (((800 ft thick???))) 

San Raphael Group

Jt Todilto Formation:  Light grayish-brown limestone: laminated and  
crenulated with fetid odor on fresh surface.  Overlain by thin bedded, dark-gray 
limestone containing red jasper nodules.  Thickness ((40-50 ft:   Booth)).   

Je Entrada Formation:   Buff,  cross-bedded, quartz arenite.  Extremely 
friable.  Thickness approximately 100 ft.   

The following units are not exposed or only partially exposed in the quadrangle.
Thicknesses are taken from a log of the Trans-Ocean, McKee #1 well and from Booth 
(1977) for the area north of Lamy.  Descriptions of the unit are from Booth (1977) and 
Bachman (1979).  Some units combined in cross sections.   

TRIASSIC
Chinle Group ((Dockum Group??)) 

Tr:: Undifferented:  Red-orange, dark brown, purplish gray and green, thick 
bedded mudstone, buff to dark red brown, cross bedded sandstone and limestone 
pebble conglomerate.     

Not exposed within quadrangle but shown on geologic sections: 

PERMIAN

Pb Bernal Formation:  Yellowish gray to reddish purple sandstone and 
siltstone and brown limestone pebble conglomerate.  50 to 110 ft thick.  

Psa San Andres Limestone:  Medium to light gray, fine grained, fetid 
limestone and interbedded calcareous sandstone.    16 to 40 ft.  

Pg Glorieta Sandstone:   Medium to light gray, medium to fine grained, well 
sorted sandstone.  65 to 110 ft. 

Py Yeso Formation:   Medium reddish brown to red mudstone, siltstone, fine 
grained sandstone and pale greenish purple limestone.  70 to 140 ft. 

Psc Sangre de Cristo Formation:  Medium brown to dark reddish brown 
mudstone and buff to dark brown, conglomeratic arkose.  300 to 3,000 ft thick in 
the Canoncito area north of Lamy along Tijeras-Canoncito accommodation zone.   

PENNSYLVANIAN
 I Pm Madera Formation:  Gray to light brown, thick bedded limestone, gray 
to brown calcareous sandstone and buff and dark brown fossiliferous arkose.   820 ft.   

Ms Sandia Formation:   Buff to brown sandstone, interbedded gray shale and 
argillaceous limestone.   160 ft.  

Mt Terrero Formation:  Buff to dark brown, thick bedded, coarse grained 
limestone breccia in calcareous arkose matrix.  30 ft.  

PRECAMBRIAN BASEMENT: Proterozoic granite and mica schist.

and Shari Kelley 

INCORPORATING TOPOLOGICAL 
RULES The GRI GDB Data Model in-
cludes topological rules to maintain 
data integrity within and between fea-
ture classes. These rules establish co-
incidence between geologic contacts, 
faults and mine area feature boundaries 
that was not reported in the attribution 
of the source shapefiles.  This coinci-
dence between features was preserved 
by updating the subtype field for the 
GRI GDB faults, geologic contacts, and 
mine area feature boundaries.

National Park Service
U.S. Department of the Interior

Digital Geologic Map of Pecos National Historical Park, New Mexico

Pecos National Historical Park
New Mexico
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Pueblo and mission ruins northeast of Glorieta Mesa in Pecos Na-
tional Historical Park.  From this angle, what was the alcove of 
the church alter can be seen.
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“Pecos preserves 12,000 years of history including the ancient 
pueblo of Pecos, Colonial Missions, Santa Fe Trail sites, 20th cen-
tury ranch history of Forked Lightning Ranch, and the site of the 
Civil War Battle of Glorieta Pass.

For several centuries the Upper Pecos Valley has been one of 
those rare places where the impact of geography on human ex-
perience is strikingly clear.”  taken from Pecos NHP’s homepage: 
http://www.nps.gov/peco/
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