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Geologic Resources Inventory Map Document

Upper Delaware Scenic and
Recreational River,

New York and Pennsylvania

Document to Accompany 
Digital Geologic-GIS Data

upde_geology.pdf

Version: 9/16/2019

This document has been developed to accompany the digital geologic-GIS data developed by the
Geologic Resources Inventory (GRI) program for Upper Delaware Scenic and Recreational River, New
York and Pennsylvania (UPDE).

Attempts have been made to reproduce all aspects of the original source products, including the
geologic units and their descriptions, geologic cross sections, the geologic report, references and all
other pertinent images and information contained in the original publication.

This document contains the following information:

1) About the NPS Geologic Resources Inventory Program – A brief summary of the Geologic
Resources Inventory (GRI) Program and its products. Included are web links to the GRI GIS data
model, and to the GRI products page where digital geologic-GIS datasets, scoping reports and
geology reports are available for download. In addition, web links to the NPS Data Store and GRI
program home page, as well as contact information for the GRI coordinator, are also present.

2) GRI Digital Maps and Source Map Citations – A listing of all GRI digital geologic-GIS maps
produced for this project along with sources used in their completion. In addition, a brief explanation of
how each source map was used is provided.

3) Map Unit List – A listing of all geologic map units present on maps for this project, generally listed
from youngest to oldest.

4) Map Unit Descriptions – Descriptions for all geologic map units. If a unit is present on multiple
source maps the unit is listed with its source geologic unit symbol, unit name and unit age followed
by the unit's description for each source map.

5) Geologic Cross Sections – Geologic cross section graphics with source geologic cross section
abbreviations.

6) Ancillary Source Map Information – Additional source map information presented by source map.
For each source map this may include a stratigraphic column, index map, map legend and/or map
notes.
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7) GRI Digital Data Credits – GRI digital geologic-GIS data and ancillary map information document
production credits.

For information about using GRI digital geologic-GIS data contact:

Stephanie O'Meara
Geologist/GIS Specialist/Data Manager
Colorado State University Research Associate, Cooperator to the National Park Service
Fort Collins, CO 80523
phone: (970) 491-6655
e-mail: stephanie.omeara@colostate.edu

mailto:stephanie.omeara@colostate.edu
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About the NPS Geologic Resources Inventory Program

Background

Recognizing the interrelationships between the physical (geology, air, and water) and biological (plants
and animals) components of the earth is vital to understanding, managing, and protecting natural
resources. The Geologic Resources Inventory (GRI) helps make this connection by providing information
on the role of geology and geologic resource management in parks.

Geologic resources for management consideration include both the processes that act upon the Earth
and the features formed as a result of these processes. Geologic processes include: erosion and
sedimentation; seismic, volcanic, and geothermal activity; glaciation, rockfalls, landslides, and shoreline
change. Geologic features include mountains, canyons, natural arches and bridges, minerals, rocks,
fossils, cave and karst systems, beaches, dunes, glaciers, volcanoes, and faults.
 
The Geologic Resources Inventory aims to raise awareness of geology and the role it plays in the
environment, and to provide natural resource managers and staff, park planners, interpreters,
researchers, and other NPS personnel with information that can help them make informed management
decisions. 

The GRI team, working closely with the Colorado State University (CSU) Department of Geosciences
and a variety of other partners, provides more than 270 parks with a geologic scoping meeting, digital
geologic-GIS map data, and a park-specific geologic report.
 

Products

Scoping Meetings: These park-specific meetings bring together local geologic experts and park staff to
inventory and review available geologic data and discuss geologic resource management issues. A
summary document is prepared for each meeting that identifies a plan to provide digital map data for the
park.

Digital Geologic Maps: Digital geologic maps reproduce all aspects of traditional paper maps,
including notes, legend, and cross sections. Bedrock, surficial, and special purpose maps such as
coastal or geologic hazard maps may be used by the GRI to create digital Geographic Information
Systems (GIS) data and meet park needs. These digital GIS data allow geologic information to be easily
viewed and analyzed in conjunction with a wide range of other resource management information data.

For detailed information regarding GIS parameters such as data attribute field definitions, attribute field
codes, value definitions, and rules that govern relationships found in the data, refer to the NPS Geology-
GIS Data Model document available at: http://science.nature.nps.gov/im/inventory/geology/
GeologyGISDataModel.cfm

Geologic Reports: Park-specific geologic reports identify geologic resource management issues as
well as features and processes that are important to park ecosystems. In addition, these reports present
a brief geologic history of the park and address specific properties of geologic units present in the park.

For a complete listing of Geologic Resource Inventory products and direct links to the download site visit
the GRI publications webpage: http://go.nps.gov/gri_products

GRI geologic-GIS data is also available online at the NPS Data Store Search Application: http://irma.
nps.gov/App/Reference/Search. To find GRI data for a specific park or parks select the appropriate park

http://science.nature.nps.gov/im/inventory/geology/GeologyGISDataModel.cfm
http://science.nature.nps.gov/im/inventory/geology/GeologyGISDataModel.cfm
http://go.nps.gov/gri_products
http://irma.nps.gov/App/Reference/Search
http://irma.nps.gov/App/Reference/Search
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(s), enter “GRI” as a Search Text term, and then select the Search Button.

For more information about the Geologic Resources Inventory Program visit the GRI webpage: https://
www.nps.gov/subjects/geology/gri.htm, or contact:

Jason Kenworthy
Inventory Coordinator
National Park Service Geologic Resources Division
P.O. Box 25287
Denver, CO 80225-0287
phone: (303) 987-6923
fax: (303) 987-6792
email: Jason_Kenworthy@nps.gov

The Geologic Resources Inventory (GRI) program is funded by the National Park Service (NPS) Inventory
and Monitoring (I&M) Division.

https://www.nps.gov/subjects/geology/gri.htm
https://www.nps.gov/subjects/geology/gri.htm
mailto:Jason_Kenworthy@nps.gov
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GRI Digital Maps and Source Map Citations

The GRI digital geologic-GIS maps for Upper Delaware Scenic and Recreational River, New York and
Pennsylvania (UPDE):

Digital Surficial Geologic-GIS Map of Upper Delaware Scenic and Recreational River, New
York and Pennsylvania (GRI MapCode UPDE)

-Compilation of all sources list below.

Digital Surficial Geologic-GIS Map of the New York Portion of Upper Delaware Scenic and
Recreational River, New York (GRI MapCode UDNY)

-Digital geologic-GIS dataset data of the New York  portion of the Upper Delaware Scenic and
Recreational River.

Digital Geologic-GIS Map of Portions of Pike County, Pennsylvania (GRI MapCode PICO)

-Stand-alone digital geologic-GIS dataset of showing both bedrock and surficial geologic data
for the north half of Pike County.

The following map and data sources were used in the production of the above maps:

Pennsylvania Geologic Survey 7.5 Minute Surficial Geology Data and Maps - These datasets were used
in their entirety for the compiled Upper Delaware GIS dataset. The extent of these maps is shown as
magenta cross-hatch pattern on the Index and Location Map page below.

Braun, D. D., 2008, Surficial Geology of the Aldenville 7.5-Minute Quadrangle, Wayne County,
Pennsylvania: Pennsylvania Geological Survey, 4th ser., Open-File Report OFSM 08–09.0, 15 p., 1
map, scale 1:24,000 (Aldenville Quadrangle). (GRI Source Map ID 74569).

Braun, D. D., 2008, Surficial Geology of the Damascus 7.5-Minute Quadrangle, Wayne County,
Pennsylvania: Pennsylvania Geological Survey, 4th ser., Open-File Report OFSM 08–15.0, 14 p., 1
map, scale 1:24,000 (Damascus Quadrangle). (GRI Source Map ID 74567).

Braun, D. D., 2008, Surficial Geology of the Galilee 7.5-Minute Quadrangle, Wayne County,
Pennsylvania: Pennsylvania Geological Survey, 4th ser., Open-File Report OFSM 08–10.0, 15 p., 1
map, scale 1:24,000 (Galilee Quadrangle). (GRI Source Map ID 74568).

Braun, D. D., 2011, Surficial Geology of the Hancock 7.5-Minute Quadrangle, Wayne County,
Pennsylvania, and Broome County, New York: Pennsylvania Geological Survey, 4th ser., Open-File
Report OFSM 11–02.0, 13 p., 1 map, scale 1:24,000 (Hancock Quadrangle). (GRI Source Map ID
74563).

Braun, D. D., 2011, Surficial Geology of the Hawley 7.5-Minute Quadrangle, Wayne County,
Pennsylvania: Pennsylvania Geological Survey, Open-File Report OFSM 06-13.0, scale 1:24,000 (
Hawley Quadrangle). (GRI Source Map ID 74575).

Braun, D. D., 2008, Surficial Geology of the Honesdale 7.5-Minute Quadrangle, Wayne County,
Pennsylvania: Pennsylvania Geological Survey, 4th ser., Open-File Report OFSM 08–04.0, 15 p., 1
map, scale 1:24,000 (Honesdale Quadrangle). (GRI Source Map ID 74573).

Braun, D. D., 2010, Surficial Geology of the Lake Como 7.5-Minute Quadrangle, Wayne County,
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Pennsylvania, and Delaware County, New York: Pennsylvania Geological Survey, 4th ser., Open-File
Report OFSM 10–07.0, 13 p., 1 map, scale 1:24,000 (Lake Como Quadrangle). (GRI Source Map ID
74566).

Braun, D. D., 2011, Surficial Geology of the Long Eddy and Callicoon 7.5-Minute Quadrangles,
Wayne County, Pennsylvania: Pennsylvania Geological Survey, 4th ser., Open-File Report OFSM
11–01.0, 13 p., 1 map, scale 1:24,000 (Long Eddy and Callicoon Quadrangles). (GRI Source Map ID
74564).

Braun, D. D., 2008, Surficial Geology of the Wayne County portion of the Narrowsburg 7.5-Minute
Quadrangle, Wayne County, Pennsylvania: Pennsylvania Geological Survey, 4th ser., Open-File
Report OFSM 08–06.0, 14 p., 1 map, scale 1:24,000 (Narrowsburg Quadrangle). (GRI Source Map
ID 74571).

Braun, D. D., 2010, Surficial Geology of the Orson 7.5-Minute Quadrangle, Susquehanna and
Wayne Counties, Pennsylvania: Pennsylvania Geological Survey, 4th ser., Open-File Report OFSM
10–06.0, 12 p., 1 map, scale 1:24,000 (Orson Quadrangle). (GRI Source Map ID 75682).

Braun, D. D., 2006, Surficial Geology of the Starrucca 7.5-Minute Quadrangle, Wayne and
Susquehanna Counties, Pennsylvania: Pennsylvania Geological Survey, 4th ser., Open-File Report
OFSM 06–05.0, 15 p., 1 map, scale 1:24,000 (Starrucca Quadrangle). (GRI Source Map ID 74429).

Braun, D. D., 2008, Surficial Geology of the Wayne County portion of the White Mills 7.5-Minute
Quadrangle, Wayne County, Pennsylvania: Pennsylvania Geological Survey, 4th ser., Open-File
Report OFSM 08–05.0, 15 p., 1 map, scale 1:24,000 (White Mills Quadrangle). (GRI Source Map ID
74572).

Pennsylvania Geological Survey County Geologic Maps - Only a portion of these maps were used
(roughly the northern half) -- the extent used is shown in green hatch pattern on the Index and Location
Map page below.  Only the surficial maps below were used in the compiled Upper Delaware GIS data.
The stand-alone Pike County GIS data contains both bedrock and surficial data from the maps below. 
Only well location points were captured from the water resource report listed below.

Sevon, W.D., Berg, Thomas M., and Schultz, Lane D., 1989, Geology and Mineral Resources of
Pike County, Pennsylvania: Pennsylvania Geological Survey, County Report 52, 141p., plate 1
(Bedrock Geologic Map), scale 1:50,000 (Pike County Geology and Mineral Resources, Bedrock
Geologic Map). (GRI Source Map ID 4459).

Sevon, W.D., Berg, Thomas M., Schultz, Lane D., and Crowl, George H., 1989, Geology and
Mineral Resources of Pike County, Pennsylvania; Pennsylvania Geological Survey, County Report C
52, 141p., plate 2 (Surficial Geologic Map), scale 1:50,000 (Pike County Geology and Mineral
Resources, Surficial Geologic Map). (GRI Source Map ID 4794).

Davis, Drew K., 1989, Groundwater Resources of Pike County, Pennsylvania: Pennsylvania
Geological Survey, Water Resource Report 65, 63 p., plate 1 (Bedrock Geologic Map), scale
1:50,000 (Pike County Groundwater Resources, Bedrock Geologic Map). (GRI Source Map ID 4456
).

Davis, Drew K., 1989, Groundwater Resources of Pike County, Pennsylvania: Pennsylvania
Geological Survey, 4th ser., Water Resource Report 65, 63 p., plate 2 (Surficial Geologic Map),
scale 1:50,000 (Pike County Groundwater Resources, Surficial Geologic Map). (GRI Source Map ID
5779).
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New York State Geological Survey 1:24,000 Scale Digital Data - The New York State Geologic Survey
was contracted by the GRI to produce surficial geologic map data for the 7.5 minute quadrangles in New
York bordering Upper Delaware Scenic and Recreational River. The extent of these maps, delivered in
two phases, is shown as red cross-hatch and blue hatch patterns on the Index and Location Map page
below. 

Kowzlowski, A. L., 2017, Surficial Geology of the New York Portion of Upper Delaware Scenic and
Recreational River and Vicinity, New York (Northern 7.5' quadrangles): New York State Geological
Survey, unpublished data and map, scale 1:24,000 (New York Upper Delaware River). (GRI Source
Map ID 76117).

Leone, James et al., 2019, Surficial Geology of the New York Portion of Upper Delaware Scenic and
Recreational River and Vicinity, New York (Southern 7.5' quadrangles): New York State Geological
Survey, unpublished data and map, scale 1:24,000 (New York Upper Delaware River). (GRI Source
Map ID 76289).

USGS National Hydrography Dataset - The Delaware River was extracted from this dataset and merged
with digital geologic-GIS data used for this project.

U.S. Geological Survey, 2018, USGS National Hydrography Dataset Best Resolution (NHD) for
Hydrologic Unit (HU) 8: U.S. Geological Survey, scale 1:24,000 (National Hydrography Dataset). (
GRI Source Map ID 76278).

Additional information pertaining to each source map is also presented in the GRI Source Map
Information (UPDEMAP) table included with the GRI geologic-GIS data.
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Index and Location Map

The follow index map displays the extent of the GRI digital geologic-GIS datasets produced for Upper
Delaware Scenic and Recreational River.  The park's extent (as of September, 2019) is displayed in
green. Source maps used for the project are shown in varying cross-hatch colors as follows: the extent
of the Pennsylvania Geologic Survey 7.5 Minute Surficial Geology source maps are shown in magenta,
the extent of Pennsylvania Geologic Survey county geologic source maps are shown in green, and the
extent of New York 1:24,000 scale source maps are shown in red (Kowzlowski, 2017) and blue (Leone,
2019). The GRI digital geologic-GIS map extents cover the following 7.5 minute quadrangles in
Pennsylvania and New York: Starrucca, Hancock, Fishs Eddy, Orson, Lake Como, Long Eddy,
Callicoon, Aldenville, Galilee, Damascus, Honesdale, While Mills, Narrowsburg, Eldred, Hawley,
Rowland, Shohola, Pond Eddy and Port Jervis North. 

W orld Terrain Reference - Sources: Esri, Garmin, USGS, NPS
W orld Terrain Base - Sources: Esri, USGS, NOAA
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The following location map displays the extent of the GRI digital geologic-GIS data (shown in green).

National Geographic W orld Map - National Geographic, Esri, Garmin, 
HERE, UNEP-WCMC, USGS, NASA, ESA, METI, NRCAN, GEBCO, NOAA, increment P Corp.

Graphics by James Chappell (Colorado State University).
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Map Unit List

The surficial and bedrock geologic units present in the digital geologic-GIS data produced for Upper
Delaware Scenic and Recreational River, New York and Pennsylvania (UPDE) are listed below. Units are
listed with their assigned unit symbol and unit name (e.g., Qd - Mine Dump).  Units are listed from
youngest to oldest. No description for water is provided.  Information about each geologic unit is also
presented in the  GRI Geologic Unit Information (UPDEUNIT) table included with the GRI geologic-GIS
data.  Some source unit symbols, names and/or ages may have been changed in this document and in
the GRI digital geologic-GIS data.  This was done if a unit was considered to be the same unit as one or
more units on other source maps used for this project, and these unit symbols, names and/or ages
differed.  In this case a single unit symbol and name, and the unit's now recognized age, was adopted. 
Unit symbols, names and/or ages in a unit descriptions, or on a correlation of map units or other source
map figure were not edited.  If a unit symbol, name or age was changed by the GRI the unit's source
map symbol, name and/or age appears with the unit's source map description.

Cenozoic Era

Quaternary Period
Qd - Mine Dump
Qcf - Cut and fill
Qf - Fill
Qrg - Rock and/or gravel pit
Qa - Alluvium
Qat - Alluvial terrace
Qaf - Alluvial fan
Qp - Peat bog
Qdc - Diamict colluvium
Qw - Wetland
Qs - Stratified sand
Qwo - Wisconsinan outwash
Qbc - Boulder colluvium
Qwic - Wisconsinan ice-contact stratified drift
Qokt - Olean kame terrace
Qdcs - Diamicton (clast supported)
Qwt - Wisconsinan till
Qwtb - Wisconsinan bouldery till

Paleozoic Era

PZbr - Sandstone and shale bedrock

Devonian Period
Dcl - Catskill Formation, Lackawaxen Member
Dcdr - Catskill Formation, Delaware River Member
Dct - Catskill Formation, Towamensing Member
Dtm - Trimmers Rock Formation, Millrift Member
Dtsb - Trimmers Rock Formation, Sloat Brook Member
Dmn - Mahantango Formation
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Map Unit Descriptions

Descriptions of all geologic map units, generally listed from youngest to oldest, are presented below.  In
order to reduce repetitive text, units descriptions, from the 7.5 minute Pennsylvania Geologic Survey
maps by Braun, D. D., where similar on multiple maps, have been condensed into one description. 
Slight differences between unit descriptions were ignored when deciding which descriptions should be
combined.

Qd - Mine dump (Quaternary)

d - Mine Dump (Quaternary)
Waste material from a surface mine containing a mixture of broken rock and soil debris; associated with

aggregate or building stone pits; typically tens of feet (meters) thick. Description from source map:

White Mills Quadrangle

Qcf - Cut and fill (Quaternary)

cf - Cut and Fill (Quaternary)
Disturbed area of excavation and fill around the General Edgar Jadwin Dam. Description from source

map: Honesdale Quadrangle

Qf - Fill (Quaternary)

f - Fill (Quaternary)
Rock fragments and/or soil material; typically in road, railroad, or dam embankments; up to several tens
of feet (meters) thick. Description from source maps: Aldenville Quadrangle, Galilee Quadrangle,
Hancock Quadrangle, Hawley Quadrangle, Honesdale Quadrangle, Lake Como Quadrangle, Orson
Quadrangle, Starrucca Quadrangle, and White Mills Quadrangle

Haf - Artificial Fill (Holocene)
Surficial sediment composed of coarse/fine and or crushed rock anthropogenically transported and used
for construction purposes. Description from source maps: New York Upper Delaware River North and
New York Upper Delaware River South

af - Artificial Fill (Holocene)
Unconsolidated, compacted mixture of rock fragments, sand, silt, and clay, or concrete that is used for
roadway fill or earth dams. Generally several feet thick. 

Groundwater Characteristics: No aquifer potential.

Engineering Characteristics: Moderately easy to excavate. Generally good slope stability;
susceptible to erosion. Good foundation for heavy structures where specifically designed.

Mineral Resources: No mineral resources.

Description from source map: Pike County Geology and Mineral Resources, Surficial Geologic Map
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Qrg - Rock and/or gravel pit (Quaternary)

gp - Sand and Gravel Pit (Quaternary)
Sand and gravel pits typically have steep sides and are tens of feet (meters) deep. Description from
source maps: Aldenville Quadrangle and Honesdale Quadrangle

gp - Sand and Gravel Pit (Quaternary)
Sand and gravel pits typically have steep sides and are meters to tens of meters deep. Description from

source map: Hawley Quadrangle

rp - Sandstone and/or Shale Pit (Quaternary)
Pits typically have steep sides and are tens of feet deep. Active pits are used to produce

aggregate and dimension stone. Description from source map: Lake Como Quadrangle

rp - Rock Quarry Pit (Quaternary)
Pits typically have steep sides and are tens of feet deep; active pits are used to produce

aggregate and dimension stone. Description from source map: Long Eddy and Callicoon Quadrangles

Rp - Rock Pit (Quaternary)
Bedrock pits typically have steep sides and are tens of feet (meters) deep. Description from source
map: White Mills Quadrangle

Rp - Bedrock Aggregate Pit (Quaternary)
Bedrock aggregate pits typically have steep sides and are tens of feet (meters) deep. Description from
source maps: Damascus Quadrangle and  Galilee Quadrangle
 

Qa - Alluvium (Quaternary)

Qa - Alluvium (Quaternary)
Stratified silt, sand, and gravel, with some boulders; subrounded to rounded clasts; contains localized

lenses of silty or sandy clay; usually is underlain by other unconsolidated material (glacial deposits); 6

feet (2 meters) thick in headward tributary valleys, as much as 20 feet (6.5 meters) thick in the valley of

the Delaware River. Description from source maps: Aldenville Quadrangle, Damascus Quadrangle,

Galilee Quadrangle, Honesdale Quadrangle, Lake Como Quadrangle, Narrowsburg Quadrangle,

Starrucca Quadrangle, and White Mills Quadrangle

Qa - Alluvium (Quaternary)
Stratified silt, sand, and gravel, with some boulders; subrounded to rounded clasts; contains localized

lenses of silty or sandy clay; more bouldery in upstream reaches; usually underlain by glacial deposits;

6 feet thick in headward tributary valleys; 20 feet or more thick in the Delaware River valley. Description

from source map: Hancock Quadrangle

Qa - Alluvium (Quaternary)

Stratified silt, sand, and gravel, with some boulders; subrounded to rounded clasts; contains localized

lenses of silty or sandy clay; yellowish brown color; 6 feet (2 meters) thick in headward tributary valleys,

as much as 10 feet (3 meters) thick in the valley of the West Branch - Wallenpaupack Creek.

Description from source map: Hawley Quadrangle
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Qa - Alluvium (Quaternary)
Stratified silt, sand, and gravel, with some boulders; subrounded to rounded clasts; contains localized

lenses of silty or sandy clay; usually underlain by glacial deposits; 6 feet thick in headward tributary

valleys; as much as 20 feet thick in the valley of the Delaware River. Description from source map: Long

Eddy and Callicoon Quadrangles

Qa - Alluvium (Quaternary)
Stratified silt, sand, and gravel, with some boulders; subrounded to rounded clasts; contains localized

lenses of silty or sandy clay; usually underlain by other unconsolidated material (glacial deposits); 6 feet

thick in headward tributary valleys. Description from source map: Orson Quadrangle

Qal - Alluvium (Holocene)
Unconsolidated, poorly stratified, poorly to moderately well sorted mixture of clay, silt, sand, gravel,
cobbles, and some boulders. Clasts are angular and platy to well rounded; composition reflects the
underlying bedrock. Alluvium has flat and smooth to very rough surfaces and occupies valley bottoms.
Alluvium is a fluvial deposit in valley bottoms. Thickness is generally unknown, but most deposits are
thought to be not more than several feet thick.

Groundwater Characteristics: Locally may yield large quantities of water to wells.

Engineering Characteristics: Easy to excavate; generally shallow depth to bedrock. Unsuitable
for septic systems and construction because of the potential for flooding.

Mineral Resources: No known mineral resources.

Description from source map: Pike County Geology and Mineral Resources, Surficial Geologic Map

Ha- Holocene Alluvium (Holocene)
Sorted and stratified silt, sand, and gravel, deposited by rivers and streams. May include cobbles and
boulders. Inferred as post-glaical alluvium and includes modern channel, over-bank and fan deposits.
Description from source maps: New York Upper Delaware River North and New York Upper Delaware
River South

Qat - Alluvial terrace (Quaternary)

Qat - Alluvial Terrace (Quaternary)
Stratified silt, sand, and gravel with some boulders; subrounded to rounded clasts; the deposits form

benches running parallel to and a few feet (meters) above the present floodplain; usually is underlain by

other unconsolidated material (glacial deposits); generally 6 to 20 feet (2 to 6.5 meters) thick.

Description from source maps: Galilee Quadrangle, Hawley Quadrangle, Lake Como Quadrangle, Long

Eddy and Callicoon Quadrangles and Starrucca Quadrangle

Qaf - Alluvial fan (Quaternary)

Qaf - Alluvial Fan (Quaternary)
Stratified silt, sand, and gravel, with some boulders; subrounded to rounded clasts; having a fan shaped

landform; usually is underlain by other unconsolidated material (glacial deposits); 6 feet (2 meters) or



UPDE GRI Map Document14

2019 NPS Geologic Resources Inventory Program

more thick. Description from source maps: Aldenville Quadrangle, Damascus Quadrangle, Galilee

Quadrangle, Honesdale Quadrangle, Lake Como Quadrangle, Long Eddy and Callicoon Quadrangles,

Orson Quadrangle, Starrucca Quadrangle, and White Mills Quadrangle

Qaf - Alluvial Fan (Quaternary)
Stratified silt, sand, and gravel, with some boulders; subrounded to rounded clasts; has a fan-shaped

landform; usually is underlain by glacial deposits; 6 feet or more thick. Some fans have a series of levels

with younger, lower, less steeply sloped segments inset in older, higher, steeper segments. Some fans

have matrix-supported material, suggesting that they are partly composed of debris-flow deposits.

Description from source map: Hancock Quadrangle

Qaf - Alluvial Fan (Pleistocene)
Unconsolidated, poorly stratified, poorly to moderately well sorted mixture of clay, silt, sand, gravel,
cobbles, and some boulders. Clasts are angular and platy to well rounded; composition reflects the
underlying bedrock. Alluvial fans have relatively smooth, fan-shaped surfaces and low to steep gradients,
and occur at the mouths of tributaries. Alluvial fans are fluvial deposits at tributary mouths. Thickness is
generally unknown, but most deposits are thought to be not more than several feet thick.

Groundwater Characteristics: Locally may yield large quantities of water to wells.

Engineering Characteristics: Easy to excavate; generally shallow depth to bedrock. Unsuitable
for septic systems and construction because of the potential for flooding.

Mineral Resources: No known mineral resources. 

Description from source map: Pike County Geology and Mineral Resources, Surficial Geologic Map

Qp - Peat bog (Quaternary)

Qp - Peat (Quaternary)
Wetland underlain by peat, thickness variable, usually less than 6 feet (2 meters) thick in localized

upland sites and up to 30 feet (10 meters) thick in valley floor settings; usually is underlain by other

unconsolidated material (glacial deposits). Description from source maps: Aldenville Quadrangle,

Damascus Quadrangle, Galilee Quadrangle, Honesdale Quadrangle,  Lake Como Quadrangle,

Narrowsburg Quadrangle, Orson Quadrangle, Starrucca Quadrangle, and White Mills Quadrangle

Qp - Peat (Quaternary)
Wetland underlain by peat or variable thickness, usually less than 6 feet (2 meters) thick in localized

upland sites and up to 30 feet (10 meters) thick in valley floor settings; usually is underlain by other

unconsolidated material (glacial deposits). Description from source map: Starrucca Quadrangle

Qp - Peat (Quaternary)
Wetland underlain by peat, beneath which are glacial deposits; thickness variable; usually less than 6

feet thick in localized upland sites, and up to 30 feet thick in valley floor settings. Description from

source maps: Hancock Quadrangle, Hawley Quadrangle and Long Eddy and Callicoon Quadrangles

Qp - Peat (Holocene)
Decayed vegetation, commonly water saturated. Occurs in undrained or poorly drained natural
depressions; thickly vegetated; water table is at or near the surface. Product of accumulation and partial
decay of vegetation below water level. Large deposits are 10 feet thick or more.
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Groundwater Characteristics: No aquifer potential.

Engineering Characteristics: Easy to excavate. Unsuitable for foundations, septic systems, and
sanitary-landfill sites because the water table is at or near the surface.

Mineral Resources: Abundant potential as soil conditioner.

 Description from source map: Pike County Geology and Mineral Resources, Surficial Geologic Map

Qdc - Diamict colluvium (Quaternary)

Hdc - Holocene Diamict Colluvium (Holocene)
Unsorted and unstratified deposit of gravel, sand, silt, clay, with boulders/cobbles possible. Described as
a mass-wasting deposit at the base of steep hillslopes and cliffs as part of a slump or hillslope failure.
Description from source maps: New York Upper Delaware River North and New York Upper Delaware
River South

Qw - Wetland (Quaternary)

Qw - Wetland (Quaternary)
Area with standing water for part of each year; usually underlain by peat, clay, silt, sand, or some

combination of those materials beneath which is other unconsolidated material (glacial deposits);

thickness of peat usually less than 1.5 feet (0.5 meter), overall thickness of unconsolidated material is

usually greater than 6 feet (2 meters). Description from source maps: Aldenville Quadrangle, Damascus

Quadrangle, Galilee Quadrangle, Honesdale Quadrangle, Narrowsburg Quadrangle, Orson Quadrangle,

Starrucca Quadrangle, and White Mills Quadrangle

Qw - Wetland (Quaternary)
Area with standing water for part of each year; usually underlain by peat, clay, silt, sand, or some

combination of those materials, beneath which are glacial deposits; thickness of peat is usually less

than 1.5 feet; overall thickness of sediments usually greater than 6 feet. Description from source maps:

Hancock Quadrangle, Lake Como Quadrangle, Long Eddy and Callicoon Quadrangles

Qw - Wetland (Quaternary)
Area with standing water for part of each year; underlain by peat, clay, silt, sand, or some combination

of those materials; thickness of peat usually less than 1.5 feet (0.5 meter), overall thickness of the

sediments is often greater than 6 feet (2 meters). Description from source map: Hawley Quadrangle

Qs - Swamp Deposits (Holocene)
Unconsolidated clay, silt, and sand mixed with partly decomposed organic material; may contain
cobbles and boulders. Occurs in shallow, undrained areas that commonly have standing water and a
thick overstory of trees. Most deposits are thought to be less than 6 feet thick.

Groundwater Characteristics: No aquifer potential.

Engineering Characteristics: Easily excavated. Unsuitable for foundations, septic systems, and
sanitary-landfill sites because of the high water table.
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Mineral Resources: No known mineral resources.

Description from source map: Pike County Geology and Mineral Resources, Surficial Geologic Map

Hw - Wetlands (Holocene)
Peat, muck, marl, silt, clay or sand deposited in association with wetland environments. Various
sediments can be present at transitional boundaries from one facies to another. Description from source
maps: New York Upper Delaware River North and New York Upper Delaware River South

Qs - Stratified sand (Pleistocene)

Qs - Stratified sand (Pleistocene)
Well sorted and stratified sand, deposited by fluvial, lacustrine or eolian processes. Inferred as deposits
associated with distal glacial environments. Description from source maps: New York Upper Delaware
River North and New York Upper Delaware River South

Qwo - Wisconsinan outwash (Quaternary)

Qwo - Wisconsinan Outwash (Quaternary)
Stratified sand and gravel forming terraces beside the floodplains of the larger streams. The overall

stratification is horizontal with individual strata showing crossbeds, ripples, clast-imbrication, or cut-fill

features. Thicknesses are usually less than 20 feet (6 meters). Description from source map: Galilee

Quadrangle

Qwo - Wisconsinan Outwash (Quaternary)
Stratified sand and gravel deposits that form terrace remnants along the flanks of the Delaware River

valley; overall stratification is horizontal with individual strata showing crossbeds, ripples, clast-

imbrication, or cut-fill features; thickness may exceed 100 feet in a few places along the Delaware River.

Description from source map: Hancock Quadrangle

Qwo - Wisconsinan Outwash (Quaternary)
Stratified sand and gravel typically forming terraces along the flank of the Delaware River valley; overall

stratification is horizontal with individual strata showing crossbeds, ripples, clast-imbrication, or cut-fill

features; thickness may exceed 100 feet in a few places along the Delaware River. Description from

source map: Long Eddy and Callicoon Quadrangles

Qwo - Wisconsinan Outwash (Quaternary)
Stratified sand and gravel deposits that form terraces along the flanks of valleys; overall stratification is
horizontal with individual strata showing crossbeds, ripples, clast imbrication, or cut-fill features; mapped
only along the flank of the East Branch Lackawanna River; thickness less than 30 feet. Description from
source map: Orson Quadrangle

Qwo - Wisconsinan Outwash (Quaternary)
Stratified sand and gravel typically forming terraces along the flanks of valleys. The overall stratification is
horizontal with individual strata showing cross-beds, ripples, clast-imbrication, or cut-fill features.
Thickness is 6 feet (2 meters) to more than 30 feet (10 meters) in places. Description from source map: 
White Mills Quadrangle
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Qaoo - Alluvium and Olean Outwash Undifferentiated (Pleistocene)
Outwash consists of unconsolidated, stratified sand and gravel, and some boulders. Outwash has planar
bedding and crossbedding; a large variation in clast size may occur from bed to bed; composition is
dominated by Catskill Formation lithologies; occurs as valley fill in larger valleys. Alluvium consists of
clay, silt, and very fine grained sand on flood-plain surfaces and coarser material in stream channels.
Outwash was deposited by glacial meltwater streams. Alluvium was deposited by streams not of glacial
origin. Combined thickness ranges from several feet to 501 feet at Matamoras. 

Groundwater Characteristics: High infiltration capacity. Median yield of domestic wells is 22 gal/
min. Water has good quality.

Engineering Characteristics: Easy to excavate. Maintains moderate to gentle cut slopes; has
potential for slumping. Generally unsuitable for septic systems because of potential for
contamination of groundwater. Moderate to poor foundation for heavy structures; flooding is a
potential hazard in many places.

Mineral Resources: Source of coarse and fine aggregate; screening and washing are generally
required, and crushing may be required; groundwater may be encountered at shallow depths in
some valley bottoms.

Description from source map: Pike County Geology and Mineral Resources, Surficial Geologic Map

Psd - Pleistocene Sand and Gravel (Pleistocene)
Well-sorted and stratified sand and gravel. May include cobbles and boulders. Inferred to be delta, fan or
lag deposits in glacial channels or near ice margins. Description from source maps: New York Upper
Delaware River North and New York Upper Delaware River South

Qbc - Boulder colluvium (Quaternary)

Qbc - Boulder Colluvium (Quaternary)
Sandstone or conglomerate boulders and cobbles cover more than 75 percent of the ground surface

down-slope of bedrock ledges; boulders are concentrated at the surface of the deposit; clasts are

generally from 1 foot (25 cm) to 6 feet (2 meters) in diameter; the subangular to subrounded clasts are

tabular to equidimensional; tabular clasts exhibit a strong down-slope orientation (near parallel to slope

fabric); form crudely layered lenses oriented down-slope; clasts are typically sandy silt matrix-supported

(texturally a diamict - a nonsorted or poorly sorted, unconsolidated deposit that contains a wide range of

particle sizes, commonly from clay to cobble- or boulder-size, and rounded and/or angular fragments.)

with lenses of clast-supported material with or without matrix; thickness typically 6 to 15 feet (2 to 3.5

meters); usually is underlain by other unconsolidated material (glacial deposits) along the toe-slopes of

the hillsides. Description from source maps: Aldenville Quadrangle, Damascus Quadrangle, Galilee

Quadrangle, Honesdale Quadrangle, and White Mills Quadrangle

Qbc - Boulder Colluvium (Quaternary)
Quartz sandstone or conglomerate boulders and cobbles cover more than 75 percent of the ground

surface down slope of the bedrock ledge source; clasts are generally from 1 foot (25 cm) to 6 feet (2

meters) in diameter; the subangular to subrounded clasts are tabular to equidimensional; tabular clasts

exhibit a strong downslope orientation (near parallel to slope fabric) or form crudely layered lenses

oriented downslope; boulders are concentrated at the surface of the deposit; clast-supported diamict, (a

nonsorted or poorly sorted, unconsolidated deposit that contains a wide range of particle sizes,
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commonly from clay to cobble- or boulder-size), and rounded and/or angular fragments, or matrixless

clasts with lenses or pockets of sandy silt matrix-supported diamict underlies the boulders; surface relief

of less than 6 feet (2 meters) over tens of meters horizontally; thickness typically 6 to 12 feet (2 to 4

meters); variable thicknesses of glacial deposits are buried under the boulder colluvium along the

toeslopes of the hillsides. Description from source map: Hawley Quadrangle

Qbc - Boulder Colluvium (Quaternary)
Sandstone or conglomerate boulders and cobbles cover more than 75 percent of the ground surface

downslope of bedrock ledges; boulders are concentrated at the surface of the deposit; clasts are

generally from 1 foot to 6 feet in diameter; the subangular to subrounded clasts are tabular to

equidimensional; tabular clasts exhibit a strong downslope orientation (near parallel to slope fabric); form

crudely layered lenses oriented downslope; sandy silt matrix between boulders; texturally a diamict

(nonsorted or poorly sorted, unconsolidated deposit that contains a wide range of particle sizes,

commonly from clay to cobble or boulder size, and rounded and/or angular fragments) with lenses of

clast-supported material with or without matrix; thickness typically 6 to 15 feet; usually underlain by

other unconsolidated material (glacial deposits) along the toe slopes of the hillsides. Description from

source maps: Lake Como Quadrangle, Long Eddy and Callicoon, Quadrangles, and Orson Quadrangle

Qba - Boulder Accumulations (Pleistocene)
Unsorted, unconsolidated mixture of angular to rounded boulders up to 6 feet or more in diameter, but
generally less than 3 feet. Mainly sandstone having relatively flat to very rough surfaces. Occurs in open
flats, below ledges, in small drainages, around the margins of peat deposits, and on swamp surfaces.
Deposits result from glaciation and/or colluviation. Thickness is unknown, but appears to range from 1
foot to several feet. 

Groundwater Characteristics: No aquifer potential.

Engineering Characteristics: Moderately difficult to excavate. Generally unsuitable for
foundations. Unsuitable for septic systems and sanitary-landfill sites.

Mineral Resources: Potential source of riprap. 

Description from source map: Pike County Geology and Mineral Resources, Surficial Geologic Map

Qwic - Wisconsinan ice-contact stratified drift (Quaternary)

Qwic - Wisconsinan Ice-Contact Stratified Drift (Quaternary)
Stratified sand and gravel with some boulders; often chaotic stratification; some internal slump

structures; gently sloping upper surfaces with a few closed depressions; generally not more than 30 feet

(10 meters) thick; in buried valley may exceed 100 feet (30 meters) in thickness; typically deposited in

valley side kames. Description from source maps: Aldenville Quadrangle, Galilee Quadrangle and

Honesdale Quadrangle

Qwic - Wisconsinan Ice-Contact Stratified Drift (Quaternary)
Stratified sand and gravel with some boulders; often chaotic stratification; some internal slump

structures; gently sloping upper surfaces with a few closed depressions; generally not more than 30 feet

(10 meters) thick; in buried valley areas and along the flanks of the Delaware River valley may exceed

100 feet (30 meters) in thickness; typically deposited in valley side kames. Description from source
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maps: Damascus Quadrangle, Hancock Quadrangle, Lake Como Quadrangle, Long Eddy and Callicoon

Quadrangles, Narrowsburg Quadrangle, Starrucca Quadrangle, and White Mills Quadrangle

Qwic - Wisconsinan Ice-Contact Stratified Drift (Quaternary)
Stratified sand and gravel with some boulders; often chaotic stratification; some internal slump

structures; gently sloping upper surfaces with few closed depressions; generally not more than 30 feet

(10 meters) thick; in buried valley areas may exceed 100 feet (30 meters) in thickness; also deposited in

eskers, valley side and floor kames; some as sublacustrine fans. Description from source map: Hawley

Quadrangle

Qwic - Wisconsinan Ice-Contact Stratified Drift (Quaternary)
Stratified sand and gravel with some boulders; often chaotic stratification; some internal slump
structures; gently sloping upper surfaces with a few closed depressions; generally not more than 30 feet
thick. Description from source map: Orson Quadrangle

Qoic - Olean Ice-contact stratified sand and gravel (Pleistocene)
Unconsolidated, stratified sand and gravel, commonly containing large boulders. Abrupt textural changes
between beds and lenses; composition reflects underlying bedrock of the region; includes valley-bottom
and valley-side kames and kame terraces, and some upland kames. Forms hummocky surface
topography; kames have undrained depressions. Deposited by fluvial action in close proximity to
stagnant ice. Thickness is variable and generally unknown, ranging from several feet to more than 200
feet. 

Groundwater Characteristics: High infiltration capacity. Median yield of domestic wells is 20 gal/
min. Water has good quality. 

Engineering Characteristics: Generally easy to excavate; large boulders may be encountered.
Maintains only moderate to gentle cut slopes; potential for slumping. Generally unsuitable for
septic systems and sanitary landfills because sand and gravel afford little or no attenuation of
chemical and bacterial contaminants. Poor to unsuitable foundation for heavy structures.

Mineral Resources: Source of coarse and fine aggregate; crushing, screening, and washing are
generally required; groundwater may be encountered in valley bottoms.

Description from source map: Pike County Geology and Mineral Resources, Surficial Geologic Map

Pd - Diamicton (Pleistocene)
An admixture of unsorted sediment ranging from clay to boulders. Generally matrix supported, massive
and clast-rich. Description from source maps: New York Upper Delaware River North and New York
Upper Delaware River South

Qokt - Olean kame terrace (Quaternary)

Qokt - Olean Kame Terrace (Pleistocene)
Unconsolidated, stratified sand and gravel, commonly containing large boulders. Abrupt textural changes
between beds and lenses; composition reflects underlying bedrock of the region; includes valley-bottom
and valley-side kames and kame terraces, and some upland kames. Forms hummocky surface
topography; kames have undrained depressions; kame terraces have undulating sloping surfaces.
Deposited by fluvial action in close proximity to stagnant ice. Thickness is variable and generally
unknown, ranging from several feet to more than 200 feet.
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Groundwater Characteristics: High infiltration capacity. Median yield of domestic wells is 20 gal/
min. Water has good quality. 

Engineering Characteristics: Generally easy to excavate; large boulders may be encountered.
Maintains only moderate to gentle cut slopes; potential for slumping. Generally unsuitable for
septic systems and sanitary landfills because sand and gravel afford little or no attenuation of
chemical and bacterial contaminants. Poor to unsuitable foundation for heavy structures.

Mineral Resources: Source of coarse and fine aggregate; crushing, screening, and washing are
generally required; groundwater may be encountered in valley bottoms.

Description from source map: Pike County Geology and Mineral Resources, Surficial Geologic Map

Qdcs - Diamicton (clast supported) (Pleistocene)

Pdcs - Pleistocene Diamicton (Clast Supported) (Pleistocene)
An admixture of unsorted sediment ranging from clay to boulders. Generally clast supported, massive
and clast-rich. Generally found along a former ice margin or moraine. Description from source map: New
York Upper Delaware River South

Qwt - Wisconsinan till (Quaternary)

Qwt - Wisconsinan Till (Quaternary)
Glacial or resedimented till; texturally a diamict with a clayey, silty, or sandy matrix depending on the

local source bedrock; poor to multimodal sorting; unstratified to crudely stratified with a clast fabric;

striated cobble and boulder clasts are common; rare clasts are far traveled crystalline erratics; typically

occurs as a fairly smooth landform with a bouldery surface and little distinct constructional (knob and

kettle) topography on hillslopes; upper 3 feet (1 meter) is often colluviated, displaying a downslope-

oriented fabric; thickness is greater than 6 feet (2 meters), is typically 15 feet (5 meters), and can be

greater than 150 feet (50 meters) in buried to partly in-filled valleys. Description from source maps:

Aldenville Quadrangle, Damascus Quadrangle, Galilee Quadrangle, Honesdale Quadrangle, and White

Mills Quadrangle

Qwt - Wisconsinan Till (Quaternary)
Glacial or resedimented till; texturally a diamict (nonsorted or poorly sorted, unconsolidated deposit that
contains a wide range of particle sizes, commonly from clay to cobble or boulder size, and rounded and/
or angular fragments) with a clayey, silty, or sandy matrix depending on the local source bedrock; poor
to multimodal sorting; unstratified to crudely stratified with a clast fabric; striated cobble and boulder
clasts are common; rare clasts are far-traveled crystalline erratics; typically occurs as a fairly smooth
landform or with a subtle (indistinct) constructional (knob and kettle) topography on hillslopes; upper 3
feet is often colluviated, displaying a downslope-oriented fabric; in more than 90 percent of the area
mapped as till, thickness is greater than 6 feet, typically 15 feet, and can be greater than 200 feet in
buried to partly infilled valleys; locally, on hilltops and along the edge of cliffs and hillside benches,
thickness is less than 6 feet. Description from source map: Hancock Quadrangle

Qwt - Wisconsinan Till (Quaternary)
Till; poorly sorted, unstratified diamict with a clayey, silty, or sandy matrix depending on the local source
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bedrock; common cobble and boulder clasts; typically occurs as a fairly smooth landform with a

bouldery surface and no clear constructional (knob and kettle) topography on hillslopes; upper 3 feet (1

meter) is often colluviated, displaying a downslope-oriented fabric; thickness is greater than 6 feet (2

meters), is typically 10 to 15 feet (3 to 5 meters), and can be greater than 100 feet (30 meters) in some

buried valley segments. Description from source map: Hawley Quadrangle

Qwt - Wisconsinan Till (Quaternary)
Glacial or resedimented till; texturally a diamict with a clayey, silty, or sandy matrix depending on the

local source bedrock; poor to multimodal sorting; unstratified to crudely stratified with a clast fabric;

striated cobble and boulder clasts are common; rare clasts are far-traveled crystalline erratics; typically

occurs as a fairly smooth landform with a bouldery surface and little distinct constructional (knob and

kettle) topography on hillslopes; upper 3 feet is often colluviated, displaying a downslope-oriented fabric;

thickness typically 6 to 15 feet and can be greater than 150 feet in buried to partly infilled valleys.

Description from source map: Long Eddy and Callicoon Quadrangles

Qwt - Wisconsinan Till (Quaternary)
Glacial or resedimented till; texturally a diamict (a nonsorted or poorly sorted, unconsolidated deposit
that contains a wide range of particle sizes, commonly from clay to cobble- or boulder-size, and rounded
and/or angular fragments) with a clayey, silty, or sandy matrix depending on the local source bedrock;
poor to multimodal sorting; unstratified to crudely stratified with a clast fabric; striated cobble and
boulder clasts are common; rare clasts are far traveled crystalline erratics; typically occurs as a fairly
smooth landform with a bouldery surface and little distinct constructional (knob and kettle) topography
on hillslopes; upper 3 feet (1 meter) is often colluviated, displaying a downslope-oriented fabric;
thickness is greater than 6 feet (2 meters), is typically 15 feet (5 meters), and can be greater than 150
feet (50 meters) in buried to partly in-filled valleys. Description from source maps: Narrowsburg
Quadrangle and Lake Como Quadrangle 

Qwt - Wisconsinan Till (Quaternary)
Glacial or resedimented till; texturally a diamict with a clayey, silty, or sandy matrix depending on the

local source bedrock; poor to multimodal sorting; unstratified to crudely stratified with a clast fabric;

striated cobble and boulder clasts are common; rare clasts are far-traveled crystalline erratics; typically

occurs as a fairly smooth landform with a bouldery surface and little distinct constructional (knob and

kettle) topography on hillslopes; upper 3 feet is often colluviated, displaying a downslope-oriented fabric;

thickness is greater than 6 feet, is typically 15 feet, and can be greater than 150 feet in buried to partly

infilled valleys. Description from source map: Orson Quadrangle

Qwt - Wisconsinan Till (Quaternary)
Glacial or resedimented till; texturally a diamict, a nonsorted or poorly sorted, unconsolidated deposit

that contains a wide range of particle sizes, commonly from clay to cobble- or boulder-size, and rounded

and/or angular fragments with a clayey, silty, or sandy matrix depending on the local source bedrock;

poor to multimodal sorting; unstratified to crudely stratified with a clast fabric; striated cobble and

boulder clasts are common; rare clasts are far traveled crystalline erratics; typically occurs as a fairly

smooth landform with a bouldery surface and little distinct constructional (knob and kettle) topography

on hillslopes; upper 3 feet (1 m) is often colluviated, displaying a downslope-oriented fabric; thickness is

greater than 6 feet (2 m), is typically 15 feet (5 m), and can be greater than 200 feet (60 m) in buried to

partly in-filled valleys. Description from source map: Starrucca Quadrangle

Qot - Olean till (Pleistocene)
Unsorted and nonstratified mixture of clay, silt, sand, pebbles, cobbles, and boulders. Reddish brow in
most of the county; brown to gray where it overlies the Trimmers Rock and Mahantango Formation;
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moderately cohesive; composition reflects underlying bedrock; shallow soil profiles; occurs mainly on
lower slopes or in valley bottoms. Deposited as lodgment till at the base of ice or as ablation till by
melting ice. Thickness ranges from 6 feet to over 200 feet. 

Groundwater Characteristics: Moderate to high infiltration capacity. Four domestic wells have a
median yield of 28 gal/min. Water has good quality. 

Engineering Characteristics: Moderately easy to excavate; some problems due to large
boulders. Generally fast drilling rates. Generally maintains gentle to moderate cut slopes;
susceptible to landslide failure where water saturated. Poor to good foundation for heavy
structures. Not suitable for septic systems. Suitable in some places for sanitary-landfill sites.

Mineral Resources: Useful as artificial fill.

Description from source map: Pike County Geology and Mineral Resources, Surficial Geologic Map

Pics - Pleistocene Ice-Contact Cobbles and Sand (Pleistocene)
Stratified ice contacted deposits, variable coarse-grained sediment consisting of boulders to sand size
particles. Inferred to be deposited along an ice-margin. May include, interbedded coarse lenses of gravel
and clast supported diamictons (flow tills). Description from source map: New York Upper Delaware
River South

Qwtb - Wisconsinan bouldery till (Quaternary)

Qwtb - Wisconsinan Bouldery Till (Quaternary)
Glacial or resedimented till with a boulder-mantled surface (more than 50 per cent of ground surface

boulder covered); texturally a diamict with a clayey, silty, or sandy matrix depending on the local source

bedrock; poor to multimodal sorting; unstratified to crudely stratified with a clast fabric; striated cobble

and boulder clasts are common; rare clasts are far traveled crystalline erratics; typically occurs as a

fairly smooth landform but sometimes shows a distinct constructional (knob and kettle) topography on

hillslopes; upper 3 feet (1 meter) is often colluviated, displaying a downslope oriented fabric; thickness is

greater than 6 feet (2 meters), is typically 15 feet (5 meters), and can be greater than 150 feet (50

meters) in buried to partly in-filled valleys. Description from source maps: Aldenville Quadrangle,

Honesdale Quadrangle, Starrucca Quadrangle and White Mills Quadrangle

Qwtb - Wisconsinan Bouldery Till (Quaternary)
Glacial or resedimented till with a boulder-mantled surface (more than 50 percent of ground surface is

boulder covered); texturally a diamict with a clayey, silty, or sandy matrix depending on the local source

bedrock; poor to multimodal sorting; unstratified to crudely stratified with a clast fabric; striated cobble

and boulder clasts are common; rare clasts are far-traveled crystalline erratics; typically occurs as a

fairly smooth landform but sometimes shows a distinct constructional (knob and kettle) topography on

hillslopes; upper 3 feet is often colluviated, displaying a downslope-oriented fabric; thickness is typically

6 to 15 feet and can be greater than 150 feet in buried to partly in-filled valleys. Description from source

maps: Damascus Quadrangle, Hancock Quadrangle and Lake Como Quadrangle

Qwtb - Wisconsinan Bouldery Till (Quaternary)
Glacial or resedimented till with a boulder-mantled surface (more than 50 per cent of ground surface

boulder covered); texturally a diamict; poor to multimodal sorting; unstratified to crudely stratified with a

clast fabric; striated cobble and boulder clasts are common; typically occurs in the lee of bedrock knobs
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as a fairly smooth landform but sometimes shows a distinct constructional (knob and kettle) topography

on hillslopes; upper 3 feet (1 meter) is often colluviated, displaying a downslope-oriented fabric;

thickness is greater than 6 feet (2 meters), is typically 15 feet (5 meters), and can be greater than 100

feet (30 meters) in buried to partly in-filled valleys. Description from source map: Hawley Quadrangle

PZbr - Sandstone and shale bedrock (Paleozoic and younger)

R - Sandstone and Shale Bedrock (Paleozoic and younger?)
Bedrock outcrops or clast-rich diamict of residual and colluvial material derived from the directly

underlying bedrock of interbedded red and gray sandstone, and shale; reddish brown to yellowish brown,

clayey silt to sandy silt matrix; clasts are typically matrix-supported with lenses of clast-supported

material with or without matrix; tabular clasts generally exhibit a down slope directed orientation within

the upper 1.5 feet (0.5 meter) of the material; less than 6 feet (2 meters) to bedrock; on greater than 25

percent slopes, typically less than 3 feet (1 meter) thick. Description from source maps: Aldenville

Quadrangle, Damascus Quadrangle, Galilee Quadrangle, Honesdale Quadrangle, Narrowsburg

Quadrangle, Starrucca Quadrangle, and White Mills Quadrangle

br - Sandstone and Shale Bedrock (Paleozoic and younger?)
Bedrock outcrops or clast-rich diamict of residual and colluvial material overlying bedrock of interbedded

red and gray sandstone and shale. Residual and colluvial material have a reddish-brown to yellowish-

brown, clayey silt to sandy silt matrix; clasts are typically matrix supported, but there are some lenses

of clast-supported material with or without matrix; tabular clasts generally exhibit a downslope-directed

orientation within the upper 1.5 feet of the material. In areas of residual and colluvial material, there is

less than 6 feet to bedrock, and on greater than 25 percent slopes, there is typically less than 3 feet to

bedrock. Description from source map: Hancock Quadrangle

R - Sandstone, Conglomeratic Sandstone, and Shale Bedrock (Paleozoic and younger?) 
Bedrock outcrops or clast-rich diamict of residual and colluvial material derived from the directly

underlying bedrock of interbedded red and gray sandstone, conglomeratic sandstone, and shale; reddish

brown to yellowish brown, clayey silt to sandy silt matrix; clasts are typically matrix-supported with

lenses of clast-supported material with or without matrix; sandstone clasts are 0.5 to 1 foot (10 to 25

cm) across; many sandstone clasts are a meter or more in diameter; tabular clasts generally exhibit a

down slope directed orientation within the upper 1.5 feet (0.5 meter) of the material; less than 6 feet (2

meters) to bedrock; on greater than 15 percent slopes, typically less than 3 feet (1 meter) thick.

Description from source map: Hawley Quadrangle

br - Sandstone and Shale Bedrock (Paleozoic and younger?)
Bedrock outcrops or clast-rich diamict of residual and colluvial material derived from the directly

underlying bedrock of interbedded red and gray sandstone and shale; reddish-brown to yellowish-brown,

clayey silt to sandy silt matrix; clasts are typically matrix supported with lenses of clast-supported

material with or without matrix; tabular clasts generally exhibit a downslope-directed orientation within

the upper 1.5 feet of the material; less than 6 feet to bedrock; on greater than 25 percent slopes,

typically less than 3 feet to bedrock. Description from source maps: Lake Como Quadrangle and Orson

Quadrangle
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br - Sandstone and Shale Bedrock (Paleozoic and younger?)
Bedrock outcrops or areas of thin clast-rich diamict of residual and colluvial material derived from the

directly underlying bedrock of interbedded red and gray sandstone and shale. Residual and colluvial

material have reddish-brown to yellowish-brown; clayey silt to sandy silt matrix; clasts are typically

matrix supported, but there are some lenses of clast-supported material with or without matrix; tabular

clasts generally exhibit a downslope-directed orientation within the upper 1.5 feet of the material. In

areas of residual and colluvial material, there is less than 6 feet to bedrock, and on greater than 25

percent slopes, there is typically less than 3 feet to bedrock. Description from source map: Long Eddy

and Callicoon Quadrangles

br - Bedrock and Thin Olean Till, Undivided (Paleozoic and younger)
Rock exposures and till less than 6 feet thick. Includes rock ledges having steep faces up to several feet
high; broken rock is common at the base of  the ledges. Unvegetated, gently dipping rock surfaces
adjacent to ledges may have scattered large boulders and glacially striated surfaces. See Olean Till for
description of till.

Groundwater Characteristics: Till has no aquifer potential because of inadequate thickness.

Engineering Characteristics: Thin till is easily excavated. Till thickness is inadequate for septic
systems and sanitary-landfill sites.

Mineral Resources: Till may be used for artificial fill.

Description from source map: Pike County Geology and Mineral Resources, Surficial Geologic Map

Br - Bedrock (Middle to Late Devonian)
Non-glacially derived, hard rock, pre-pleistocene in age. May be covered up to a meter in diamicton,
sand and gravel, or sand and clay in areas marked as Br. Generally a shale, sandstone or pebble
conglomerate. Description from source maps: New York Upper Delaware River North and New York
Upper Delaware River South

Dcl - Catskill Formation, Lackawaxen Member (Upper Devonian)

Dcl - Lackawaxen Member (Upper Devonian)
Dominantly gray sandstone, some gray conglomeratic sandstone, and a few thin red siltstones and
claystones; moderate quantity of detrital feldspar. Base is marked by persistent conglomeratic
sandstone up to 20 feet thick and containing up to 75 percent pebbles, which average from 0.25 to 0.5
inch in diameter. Discontinuous conglomeratic sandstone (blue line) occurs at higher stratigraphic
interval. Sandstone is mainly trough crossbedded and fine to medium grained; intervals of planar-bedded
sandstone occur mainly in the eastern part of the county. Sandstone and claystone rarely crop out.
Deposited by braided streams. Maximum thickness is estimated to be between 400 and 500 feet in the
northern third of the county and is about 200 feet in the western part.

Groundwater Characteristics: Moderate infiltration capacity along fractures and some bedding
planes. The median yields of domestic wells and nondomestic wells are 10 and 30 gal/min,
respectively. Water is soft to moderately hard and low in dissolved solids.

Engineering Characteristics: Moderately difficult to difficult to excavate; sandstone and
conglomeratic sandstone may require blasting. Slow to variable drilling rates. Generally
maintains steep to vertical cut slopes; some rockfall may be anticipated after prolonged
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exposure. Excellent to good foundation for heavy structures. Slight to moderate percolation
difficulty for septic systems developed in well-broken, weathered bedrock having soil cover.
Sanitary-landfill siting requires careful evaluation, but the unit is generally poorly suited.

Mineral Resources: Planar-bedded sandstone has good potential for flagstone in the
northeastern third of the county and some potential for dimension stone; waste piles at former
flagstone quarries have potential for crushed rock. Claystone has marginal potential as material
for building brick and floor brick.

Description from source map: Pike County Geology and Mineral Resources, Bedrock Geologic Map

Dcdr - Catskill Formation, Delaware River Member (Upper Devonian)

Dcdr - Delaware River Member (Upper Devonian)
Cyclic sequences of gray, trough-crossbedded and planar-bedded, fine- to medium-grained sandstone
and some red siltstone and claystone. Sandstone is in part feldspathic, forms small ledges, has blocky
to flaggy fragmentation, and contains local calcareous, intraformational conglomerate. Discontinuous
conglomeratic sandstone (red line and black circles) occurs near the top of the member in the
northeastern and southwestern portions of the county. Thin siltstone and claystone in the northeast
become thicker and more persistent to the southwest. Deposited by braided streams. Maximum
thickness where overlain by the Lackawaxen Member is 2,600 feet; maximum thickness where the
Lackawaxen is absent is 2,800 feet.

Groundwater Characteristics: Moderate infiltration capacity along fractures and some bedding
planes. The median yields of domestic wells and non-domestic wells are 16 and 100 gal/min,
respectively. Water is soft to moderately hard and low in dissolved solids.

Engineering Characteristics: Moderately difficult to difficult to excavate; sandstone and
conglomeratic sandstone may require blasting. Slow to variable drilling rates. Generally
maintains steep to vertical cut slopes; some rockfall may be anticipated after prolonged
exposure. Excellent to good foundation for heavy structures. Slight to moderate percolation
difficulty for septic systems developed in well-broken, weathered bedrock having good soil cover.
Sanitary-landfill siting requires careful evaluation, but the unit is generally poorly suited.

Mineral Resources: Planar-bedded sandstone has good potential for flagstone, particularly in the
northeastern third of the county, and some potential for dimension stone; waste piles at former
flagstone quarries have potential for crushed rock. Claystone has marginal potential as material
for building brick and floor brick.

Description from source map: Pike County Geology and Mineral Resources, Bedrock Geologic Map

Dct - Catskill Formation, Towamensing Member (Upper Devonian)

Dct - Towamensing Member (Upper Devonian)
Dominantly gray, fine- to medium-grained, trough-crossbedded sandstone; some planar-bedded
sandstone; some lensoidal, intraformational conglomerate containing calcite cement, shale clasts, and
carbonaceous material; and some thin, interbedded, dark-gray (lower part) and olive-gray (upper part)
siltstone and claystone. Sandstone has blocky to flaggy fragmentation. Member contains freshwater
plant fossils and trace fossils (bivalve burrows). Deposited in fluvial environment of lower delta plain,
including river mouth bars. Thickness ranges from 247 feet in the west to 1,625 feet in the northeast.
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Groundwater Characteristics: Moderate infiltration capacity along fractures and some bedding
planes. The median yields of domestic wells and nondomestic wells are 30 and 98 gal/min,
respectively. Water is soft and low in dissolved solids.

Engineering Characteristics: Difficult to excavate; sandstone may require blasting. Slow drilling
rate in sandstone; moderate drilling rate in siltstone. Generally maintains steep to vertical cut
slopes; interbedded siltstone may contribute to rockfall. Excellent to good foundation for heavy
structures. Generally suitable for septic systems developed in well-broken, weathered bedrock
having a good soil cover. Sanitary-landfill siting requires careful evaluation, but the unit is
generally poorly suited.

Mineral Resources: Planar-bedded sandstone has potential for flagstone. Sandstone has good
potential for crushed rock. Claystone has marginal potential as material for building brick, floor
brick, and lightweight aggregate, but presence of carbonate could cause problems. 

Description from source map: Pike County Geology and Mineral Resources, Bedrock Geologic Map

Dtm - Trimmers Rock Formation, Millrift Member (Upper Devonian)

Dtm - Millrift Member (Upper Devonian)
Dominantly dark-gray to medium-dark-gray siltstone, shale, and sandstone; Millrift Member contains
approximately 60 percent very fine grained sandstone, whereas Sloat Brook Member is dominantly
siltstone and silt shale. Generally thin to medium bedded, although some sandstone in the Millrift
Member is thick bedded; well-developed joints; poorly developed cleavage; forms low, subparallel ledges;
marine fossils are common (especially brachiopods). Siltstone and shale disintegrate to hackly, platy,
and chippy fragments; sandstone disintegrates to rubbly and slabby fragments. Deposited mostly by
density currents in marine prodelta. Formation thickness ranges from 720 to 1,825 feet; Millrift Member
has a maximum thickness of 1,000 feet; Sloat Brook Member has a maximum thickness of 950 feet.

Groundwater Characteristics: Low to moderate infiltration capacity along fractures and some
bedding planes. The median yields of domestic wells and nondomestic wells are 20 and 60 gal/
min, respectively. Water is soft to moderately hard and in some places contains excessive
manganese.

Engineering Characteristics: Moderately easy to difficult to excavate using heavy equipment;
sandstone and some siltstone beds may require blasting. Fast to moderate drilling rates.
Generally maintains very steep to vertical cut slopes; has potential for large rockfalls from curved
joint surfaces. Good to excellent foundation for heavy structures. Sloat Brook Member is
suitable for impoundments, but Millrift Member has well-developed joints that may present
problems. Slight to moderate percolation difficulty is a problem for septic systems. Relatively
narrow outcrop belt and presence of hard, fractured sandstone and siltstone beds are limiting
factors for siting of sanitary landfills.

Mineral Resources: Shale has limited potential as material for building brick or facing brick.
Sloat Brook Member has marginal potential for lightweight aggregate. Sloat Brook Member and
lower part of Millrift Member have good potential for road metal and random fill. Upper part of
Millrift Member has material suitable for riprap and embankment facing, and may have some
potential for building stone or concrete aggregate.

Description from source map: Pike County Geology and Mineral Resources, Bedrock Geologic Map
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Dtsb - Trimmers Rock Formation, Sloat Brook Member (Upper Devonian)

Dtm - Sloat Brook Member (Upper Devonian)
Dominantly dark-gray to medium-dark-gray siltstone, shale, and sandstone; Millrift Member contains
approximately 60 percent very fine grained sandstone, whereas Sloat Brook Member is dominantly
siltstone and silt shale. Generally thin to medium bedded, although some sandstone in the Millrift
Member is thick bedded; well-developed joints; poorly developed cleavage; forms low, subparallel ledges;
marine fossils are common (especially brachiopods). Siltstone and shale disintegrate to hackly, platy,
and chippy fragments; sandstone disintegrates to rubbly and slabby fragments. Deposited mostly by
density currents in marine prodelta. Formation thickness ranges from 720 to 1,825 feet; Millrift Member
has a maximum thickness of 1,000 feet; Sloat Brook Member has a maximum thickness of 950 feet.

Groundwater Characteristics: Low to moderate infiltration capacity along fractures and some
bedding planes. The median yields of domestic wells and nondomestic wells are 20 and 60 gal/
min, respectively. Water is soft to moderately hard and in some places contains excessive
manganese.

Engineering Characteristics: Moderately easy to difficult to excavate using heavy equipment;
sandstone and some siltstone beds may require blasting. Fast to moderate drilling rates.
Generally maintains very steep to vertical cut slopes; has potential for large rockfalls from curved
joint surfaces. Good to excellent foundation for heavy structures. Sloat Brook Member is
suitable for impoundments, but Millrift Member has well-developed joints that may present
problems. Slight to moderate percolation difficulty is a problem for septic systems. Relatively
narrow outcrop belt and presence of hard, fractured sandstone and siltstone beds are limiting
factors for siting of sanitary landfills.

Mineral Resources: Shale has limited potential as material for building brick or facing brick.
Sloat Brook Member has marginal potential for lightweight aggregate. Sloat Brook Member and
lower part of Millrift Member have good potential for road metal and random fill. Upper part of
Millrift Member has material suitable for riprap and embankment facing, and may have some
potential for building stone or concrete aggregate.

Description from source map: Pike County Geology and Mineral Resources, Bedrock Geologic Map

Dmn - Mahantango Formation (Middle Devonian)

Dmh - Mahantango Formation (Middle Devonian)
Interbedded, dark-gray siltstone, shale, and claystone. Shale is thickly laminated to thin bedded and
fissile to subfissile. Siltstone is medium to thick bedded and subfissile to non-fissile. Formation has
moderate to good cleavage development; hackly and splintery fragmentation; zones of nodules parallel to
bedding; forms cliffs along Delaware River valley and low, strike ridges on uplands; locally fossiliferous.
Deposited in open-shelf to gentle-slope marine environment. Thickness ranges from 1,300 feet in the
north to 2,450 feet in the east.

Groundwater Characteristics: Low to moderate infiltration capacity along fractures. The median
yields of domestic wells and nondomestic wells are 16 and 34 gal/min, respectively. Water is
soft to moderately hard.

Engineering Characteristics: Easy to moderately difficult to excavate. Moderate drilling rate.
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Maintains steep cut slopes. Good foundation for heavy structures. Generally unsuitable for
septic systems because of poor percolation. Potentially suitable for sanitary-landfill sites.

Mineral Resources: Limited potential for lightweight aggregate. Shale has potential as material
for building brick and floor brick, but may have to be pelletized. Derived colluvium is used for
surfacing secondary roads and for random fill (locally called sharpstone).

Description from source map: Pike County Geology and Mineral Resources, Bedrock Geologic Map
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Geologic Cross Section

The geologic cross section present in the GRI digital geologic-GIS data produced for Upper Delaware
Scenic and Recreational River, New York and Pennsylvania (UPDE) is presented below. The cross
section graphics was scanned at a high resolution and can be viewed in more detail by zooming in (if
viewing the digital format of this document).

Cross Section A-A'

Of note, portions of the cross section line extend outside the extent of the GRI digital geologic-GIS data.

Graphic from source map: Pike County Geology and Mineral Resources
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GRI Ancillary Source Map Information

The following sections present ancillary source map information associated with sources used for this
project. 

Aldenville Quadrangle

The formal citation for this source. 

Braun, D. D., 2008, Surficial Geology of the Aldenville 7.5-Minute Quadrangle, Wayne County,
Pennsylvania: Pennsylvania Geological Survey, 4th ser., Open-File Report OFSM 08–09.0, 15 p., 1 map,
scale 1:24,000 (GRI Source Map ID 74569).

Prominent graphics and text associated with this source.

Map Legend

Graphic from source map: Aldenville Quadrangle



UPDE GRI Map Document 31

2019 NPS Geologic Resources Inventory Program

Table 1: Classification of Soil Series

Graphic from source map: Aldenville Quadrangle

Table 2: Glacial Striations

Graphic from source map: Aldenville Quadrangle
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Discussion

Mapping Technique - Surface Distribution of Deposits 

The Aldenville 1:24,000-scale detailed reconnaissance surficial geology map (map of unconsolidated

materials overlying consolidated bedrock) was produced in four phases. In the first phase, a preliminary

surficial deposit map was made by Duane Braun using existing soil mapping (Martin, 1985), bedrock

mapping (White, 1881), and landform analysis using the 1:24,000-scale topographic map and aerial

photographs. In the second phase, the preliminary surficial deposit map was verified and/or corrected

during ten to twenty person-days of field work by Eugene Szymanski and Ruth Braun (geologist

assistants) and Duane Braun (surficial geologist). In the third phase, the field verified/corrected

preliminary surficial geology map was finalized, drafted onto three mylar overlays, and had the text

added by Duane Braun. In the fourth phase, the mylar overlays were scanned, digitized, and produced in

an ArcGIS format and Adobe PDF (Portable Document Format) by Pennsylvania Geological Survey

personnel. 

The distribution and type of units on the preliminary surficial geology map is primarily a combined parent

material and topographic position classification of the soil survey map units. The classification of all soil

series by surficial deposit map unit is given in table 1. Many soil series are common to more than one

surficial deposit type. The landform of a specific area is used to decide which surficial deposit type the

soil series is most likely related to at that site on the preliminary surficial geology map. The soil series

boundaries are manually transferred from the 1:20,000-scale soil survey maps to the 1:24,000-scale

topographic map. Positions of the boundary lines are estimated by eye using natural and human

features that are identifiable on both the soil survey aerial photographs and the topographic map.

Expectable line location error is on the order of 25 to 50 feet on the ground where there are distinct

features to tie the boundaries to. Where boundaries cross large featureless areas of forest, line

placement error is in the range of 100 feet to as much as 200 feet on the ground. During the field

verification and correction phase many contacts are moved to reflect conditions directly observed in the

field. 

Mapping Technique - Thickness of Deposits 

The thickness of surficial deposits is divided into four thickness categories: less than 6 feet (2 meters)

overlying the bedrock (the contact of the bedrock (R) unit with all other surficial units), 30 feet (10

meters), 100 feet (30 meters), 150 feet (50 meters), and 200 feet (70 meters). The 30, 100, 150, and 200

feet thickness contours are drawn to be a conservative estimate of thickness (at least that thickness

present). The thicknesses are determined from sparse water well data and outcrops of the surficial

deposits. In most areas the thickness is interpreted on the basis of soil-landform associations and a

reconstruction of the preglacial drainage. This reconstruction indicates that most stream valleys have

segments partly to entirely filled with glacial deposits. In a few places streams have a deranged pattern

where the streams turn abruptly and enter or exit valley segments that are markedly narrower or wider

than adjacent segments. These changes are the result of burial of parts of the original dendritic drainage

pattern (Braun, 1997). 

Quaternary History 

During the Quaternary, the Aldenville 7.5-minute quadrangle area has been affected by a climate that

alternated between cold, glacial-periglacial conditions and warm, humid temperate interglacial
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conditions. About ten such alternations have affected northeastern Pennsylvania during the last one

million years (Braun, 1989, 1994). There is evidence for at least three different glacial advances across

the Aldenville area in that there are three glacial limits of distinctly different age to the southwest of the

area (Braun, 1994). The farthest to the southwest and oldest glacial limit is considered to be of pre-

Illinoian-G age (850 Ka) or older. The next distinct glacial limit is considered to be of either late Illinoian

(150 Ka) or pre- Illinoian-B (450 Ka) age and is only about 10 miles (15 km) beyond the most recent, late

Wisconsinan (20 Ka) aged glacial limit. Other glacial advances have approached the area and caused

severe periglacial activity (Braun, 1989, 1994). 

The earlier glacial advances across the Aldenville area should have accomplished some erosional work.

The trend of the glacial limits and glacial striations of the older glaciations is similar to that of the late

Wisconsinan glacier (Braun, 1994). This indicates that the older glaciers moved across the region in

about the same direction as the late Wisconsinan ice and the older glaciers should have eroded and

deposited in a pattern generally like that of the late Wisconsinan. Preglacial valleys oriented parallel to

ice flow would tend to be significantly scoured and partly back filled in each glaciation. Valleys oriented

perpendicular to ice flow would have the least scour and be the most backfilled, sometimes becoming

completely buried (Braun, 1997). The late Wisconsinan glacier advanced and retreated across the region

in a general S 20°W – N 20°E direction (Braun, 1997). Within the quadrangle, glacial striations (Table 2)

indicate that ice flow was about S 20°-35°W. A series of subglacial and/or ice marginal meltwater

channels (sluiceways) were incised across saddles in the ridges. 

Only late Wisconsinan-aged deposits and landforms have been observed in the Aldenville quadrangle.

Most of the material was deposited in the quadrangle over a few decades to centuries of ice recession

(probably centered around 17 - 18 Ka for this quadrangle). The last glacial advance and retreat was quite

effective in removing older glacial deposits from the landscape. The Wisconsinan till deposits are

dominated by fresh clasts of the local bedrock indicating considerable erosion of the bedrock during the

last glaciation. 

As the glacier continued its recession north of Pennsylvania, cold periglacial climate conditions prevailed

in the area for several thousand years. At that time exposed sandstone ledges were frost shattered and

the blocks transported downslope by various processes collectively known as gelifluction (Braun, 1997).

The glacial till deposits themselves have been "mobilized" on the slopes by gelifluction. On the upper to

middle parts of the slopes, the upper 1.5 to 3 feet (0.5 to 1 meter) of material is a till-derived colluvium

material. That material often shows a well-developed downslope fabric (tabular clasts near parallel to the

surface slope). On the lower parts of the hillslopes the till derived colluvium often reaches a 3 to 6 feet (1

to 2 meters) thickness (Braun, 1994). 

In the latest Pleistocene, after 13,000 BP (Dalton and others, 1997) and throughout the Holocene,

vegetation became well established and organic matter started accumulating in wetlands and lakes in

the region. All the lakes and wetlands in the region are the result of glaciation. Larger wetlands and all

the natural lakes are dammed on one or two sides by glacial deposits, a situation noted by Cameron

(1970) and confirmed locally in the Aldenville area. A few of the smaller hilltop wetlands are entirely

scoured out of bedrock. In the larger wetlands, peat thickness often approaches 30 feet (10 meters)

(Edgerton, 1969). 

Text from source map: Aldenville Quadrangle
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Damascus Quadrangle

The formal citation for this source. 

Braun, D. D., 2008, Surficial Geology of the Damascus 7.5-Minute Quadrangle, Wayne County,
Pennsylvania: Pennsylvania Geological Survey, 4th ser., Open-File Report OFSM 08–15.0, 14 p., 1 map,
scale 1:24,000 (GRI Source Map ID 74567).

Prominent graphics and text associated with this source.

Map Legend

Graphic from source map: Damascus Quadrangle
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Table 1: Classification of Soil Series

Graphic from source map: Damascus Quadrangle

Table 2: Glacial Striations

Graphic from source map: Damascus Quadrangle
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Discussion

Mapping Technique - Surface Distribution of Deposits

The Damascus 1:24,000-scale detailed reconnaissance surficial geology map (map of unconsolidated

materials overlying consolidated bedrock) was produced in four phases. In the first phase, a preliminary

surficial deposit map was made by Duane Braun using existing soil mapping (Martin, 1985), bedrock

mapping (White, 1881), and landform analysis using the 1:24,000-scale topographic map and aerial

photographs. In the second phase, the preliminary surficial deposit map was verified and/or corrected

during ten to twenty person-days of fieldwork by Eugene Szymanski (geologist assistant) and Duane

Braun (surficial geologist). In the third phase, the field verified/corrected preliminary surficial geology map

was finalized, drafted onto mylar overlays, and had the text added by Duane Braun. In the fourth phase,

the mylar overlays were scanned, digitized, and produced in an ArcGIS format and Adobe PDF (Portable

Document Format) by Pennsylvania Geological Survey personnel. 

The distribution and type of units on the preliminary surficial geology map is primarily a combined parent

material and topographic position classification of the soil survey map units. The classification of all soil

series by surficial deposit map unit is given in table 1. Many soil series are common to more than one

surficial deposit type. The landform of a specific area is used to decide which surficial deposit type the

soil series is most likely related to at that site on the preliminary surficial geology map. The soil series

boundaries are manually transferred from the 1:20,000-scale soil survey maps to the 1:24,000-scale

topographic map. Positions of the boundary lines are estimated by eye using natural and human

features that are identifiable on both the soil survey aerial photographs and the topographic map.

Expectable line location error is on the order of 50 to 100 feet (15 to 30 meters) on the ground where

there are distinct features to tie the boundaries to. Where boundaries cross large featureless areas of

forest, line placement error is in the range of 100 feet (30 meters) to as much as 200 feet (60 meters) on

the ground. During the field verification and correction phase many contacts are moved to reflect

conditions directly observed in the field.

Mapping Technique - Thickness of Deposits 

The thickness of surficial deposits is divided into four thickness categories: less than 6 feet (2 meters)

overlying the bedrock (the contact of the bedrock (R) unit with all other surficial units), 30 feet (10

meters), 100 feet (30 meters), and 150 feet (50 meters). The 30, 100, and 150 feet thickness contours

are drawn to be a conservative estimate of thickness (at least that thickness present). The thicknesses

are determined from sparse water well data and outcrops of the surficial deposits. In most areas the

thickness is interpreted on the basis of soil-landform associations and a reconstruction of the preglacial

drainage. This reconstruction indicates that several of the preglacial tributaries to the Delaware River

have segments partly to entirely filled with glacial deposits.

Quaternary History

During the Quaternary, the Damascus 7.5-minute quadrangle area has been affected by a climate that

alternated between cold, glacial-periglacial conditions and warm, humid temperate interglacial

conditions. About ten such alternations have affected northeastern Pennsylvania during the last one

million years (Braun, 1989, 1994). There is evidence for at least three different glacial advances across

the Damascus area in that there are three glacial limits of distinctly different age to the southwest of the

area (Braun, 1994). The farthest to the southwest and oldest glacial limit is considered to be of pre-
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Illinoian-G age (850 Ka) or older. The next distinct glacial limit is considered to be of either late Illinoian

(150 Ka) or pre- Illinoian-B (450 Ka) age and is only about 10 miles (15 km) beyond the most recent, late

Wisconsinan (20 Ka) aged glacial limit. Other glacial advances have approached the area and caused

severe periglacial activity (Braun, 1989, 1994). 

The earlier glacial advances across the Damascus area should have accomplished some erosional work.

The trend of the glacial limits and glacial striations of the older glaciations is similar to that of the late

Wisconsinan glacier (Braun, 1994). This indicates that the older glaciers moved across the region in

about the same direction as the late Wisconsinan ice and the older glaciers should have eroded and

deposited in a pattern generally like that of the late Wisconsinan. Preglacial valleys oriented parallel to

ice flow would tend to be significantly scoured and partly back filled in each glaciation. Valleys oriented

perpendicular to ice flow would have the least scour and be the most backfilled, sometimes becoming

completely buried (Braun, 1997). The late Wisconsinan glacier advanced and retreated across the region

in a general S 30°W to N 30°E direction. Within the quadrangle, glacial striations (Table 2) indicate that

ice flow was about S 36°W. A series of subglacial and/or ice marginal meltwater channels (sluiceways)

were incised across saddles in the ridges. 

Only late Wisconsin-aged deposits and landforms have been observed in the Damascus quadrangle.

Most of the material was deposited in the quadrangle over a few decades to centuries of ice recession

(probably centered around 17 - 18 Ka for this quadrangle). The last glacial advance and retreat was quite

effective in removing older glacial deposits from the landscape. The Wisconsinan till deposits are

dominated by fresh clasts of the local bedrock indicating considerable erosion of the bedrock during the

last glaciation. 

As the glacier continued its recession north of Pennsylvania, cold periglacial climate conditions prevailed

in the area for several thousand years. At that time exposed sandstone ledges were frost shattered and

the blocks transported downslope by various processes collectively known as gelifluction (Braun, 1997).

The glacial till deposits themselves have been "mobilized" on the slopes by gelifluction. On the upper to

middle parts of the slopes, the upper 1.5 to 3 feet (0.5 to 1 meter) of material is a till-derived colluvium

material. That material often shows a well-developed downslope fabric (tabular clasts near parallel to the

surface slope). On the lower parts of the hillslopes the till derived colluvium often reaches a 3 to 6 feet (1

to 2 meters) thickness (Braun, 1994). 

In the latest Pleistocene, after 13,000 BP (Dalton and others, 1997) and throughout the Holocene,

vegetation became well established and organic matter started accumulating in wetlands and lakes in

the region. All the lakes and wetlands in the region are the result of glaciation. Larger wetlands and all

the natural lakes are dammed on one or two sides by glacial deposits, a situation noted by Cameron

(1970) and confirmed locally in the Damascus area. A few of the smaller hilltop wetlands are entirely

scoured out of bedrock.

Text from source map: Damascus Quadrangle
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Galilee Quadrangle
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Table 1: Classification of Soil Series
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Table 2: Glacial Striations
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Discussion

Mapping Technique - Surface Distribution of Deposits 

The Galilee 1:24,000-scale detailed reconnaissance surficial geology map (map of unconsolidated

materials overlying consolidated bedrock) was produced in four phases. In the first phase, a preliminary

surficial deposit map was made by Duane Braun using existing soil mapping (Martin, 1985), bedrock

mapping (White, 1881), and landform analysis using the 1:24,000-scale topographic map and aerial

photographs. In the second phase, the preliminary surficial deposit map was verified and/or corrected

during ten to twenty person-days of fieldwork by Eugene Szymanski and Ruth Braun (geologist

assistants) and Duane Braun (surficial geologist). In the third phase, the field verified/corrected

preliminary surficial geology map was finalized, drafted onto mylar overlays, and had the text added by

Duane Braun. In the fourth phase, the mylar overlays were scanned, digitized, and produced in an

ArcGIS format and Adobe PDF (Portable Document Format) by Pennsylvania Geological Survey

personnel. 

The distribution and type of units on the preliminary surficial geology map is primarily a combined parent

material and topographic position classification of the soil survey map units. The classification of all soil

series by surficial deposit map unit is given in table 1. Many soil series are common to more than one

surficial deposit type. The landform of a specific area is used to decide which surficial deposit type the

soil series is most likely related to at that site on the preliminary surficial geology map. The soil series

boundaries are manually transferred from the 1:20,000-scale soil survey maps to the 1:24,000-scale

topographic map. Positions of the boundary lines are estimated by eye using natural and human

features that are identifiable on both the soil survey aerial photographs and the topographic map.

Expectable line location error is on the order of 25 to 50 feet (8 to 15 meters) on the ground where there

are distinct features to tie the boundaries to. Where boundaries cross large featureless areas of forest,

line placement error is in the range of 100 feet (30 meters) to as much as 200 feet (60 meters) on the

ground. During the field verification and correction phase many contacts are moved to reflect conditions

directly observed in the field. 

Mapping Technique - Thickness of Deposits

The thickness of surficial deposits is divided into four thickness categories: less than 6 feet (2 meters)

overlying the bedrock (the contact of the bedrock (R) unit with all other surficial units), 30 feet (10

metes), 100 feet (30 meters), and 150 feet (50 meters). The 30, 100, and 150 feet thickness contours

are drawn to be a conservative estimate of thickness (at least that thickness present). The thicknesses

are determined from sparse water well data and outcrops of the surficial deposits. In most areas the

thickness is interpreted on the basis of soil-landform associations and a reconstruction of the preglacial

drainage. This reconstruction indicates that most stream valleys have segments partly to entirely filled

with glacial deposits. In a few places streams have a deranged pattern where the streams turn abruptly

and enter or exit valley segments that are markedly narrower or wider than adjacent segments. These

changes are the result of burial of parts of the original dendritic drainage pattern (Braun, 1997). 

Quaternary History 

During the Quaternary, the Galilee 7.5-minute quadrangle area has been affected by a climate that

alternated between cold, glacial-periglacial conditions and warm, humid temperate interglacial

conditions. About ten such alternations have affected northeastern Pennsylvania during the last one
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million years (Braun, 1989, 1994). There is evidence for at least three different glacial advances across

the Galilee area in that there are three glacial limits of distinctly different age to the southwest of the

area (Braun, 1994). The farthest to the southwest and oldest glacial limit is considered to be of pre-

Illinoian-G age (850 Ka) or older. The next distinct glacial limit is considered to be of either late Illinoian

(150 Ka) or pre-Illinoian-B (450 Ka) age and is only about 10 miles (15 km) beyond the most recent, late

Wisconsinan (20 Ka) aged glacial limit. Other glacial advances have approached the area and caused

severe periglacial activity (Braun, 1989, 1994).

The earlier glacial advances across the Galilee area should have accomplished some erosional work.

The trend of the glacial limits and glacial striations of the older glaciations is similar to that of the late

Wisconsinan glacier (Braun, 1994). This indicates that the older glaciers moved across the region in

about the same direction as the late Wisconsinan ice and the older glaciers should have eroded and

deposited in a pattern generally like that of the late Wisconsinan. Preglacial valleys oriented parallel to

ice flow would tend to be significantly scoured and partly back filled in each glaciation. Valleys oriented

perpendicular to ice flow would have the least scour and be the most backfilled, sometimes becoming

completely buried (Braun, 1997). The late Wisconsinan glacier advanced and retreated across the region

in a general S 20°W – N 20°E direction (Braun, 1997). Within the quadrangle, glacial striations (Table 2)

indicate that ice flow was about S 20°-30°W. A series of subglacial and/or ice marginal meltwater

channels (sluiceways) were incised across saddles in the ridges.

Only late Wisconsin-aged deposits and landforms have been observed in the Galilee quadrangle. Most of

the material was deposited in the quadrangle over a few decades to centuries of ice recession (probably

centered around 17 - 18 Ka for this quadrangle). The last glacial advance and retreat was quite effective

in removing older glacial deposits from the landscape. The Wisconsinan till deposits are dominated by

fresh clasts of the local bedrock indicating considerable erosion of the bedrock during the last

glaciation. 

As the glacier continued its recession north of Pennsylvania, cold periglacial climate conditions prevailed

in the area for several thousand years. At that time exposed sandstone ledges were frost shattered and

the blocks transported downslope by various processes collectively known as gelifluction (Braun, 1997).

The glacial till deposits themselves have been "mobilized" on the slopes by gelifluction. On the upper to

middle parts of the slopes, the upper 1.5 to 3 feet (0.5 to 1 meter) of material is a till-derived colluvium

material. That material often shows a well-developed downslope fabric (tabular clasts near parallel to the

surface slope). On the lower parts of the hillslopes the till derived colluvium often reaches a 3 to 6 feet (1

to 2 meters) thickness (Braun, 1994). 

In the latest Pleistocene, after 13,000 BP (Dalton and others, 1997) and throughout the Holocene,

vegetation became well established and organic matter started accumulating in wetlands and lakes in

the region. All the lakes and wetlands in the region are the result of glaciation. Larger wetlands and all

the natural lakes are dammed on one or two sides by glacial deposits, a situation noted by Cameron

(1970) and confirmed locally in the Galilee area. A few of the smaller hilltop wetlands are entirely

scoured out of bedrock. In the larger wetlands, peat thickness often approaches 30 feet (10 meters)

(Edgerton, 1969).

Text from source map: Galilee Quadrangle
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Table 1: Classification of Soil Series
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Table 2: Glacial Striations
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Discussion

Mapping Technique - Surface Distribution of Deposits

The Hancock 1:24,000-scale detailed reconnaissance surficial geologic map (map of unconsolidated
materials overlying bedrock) was produced in six phases. The first three phases occurred in 2000, the
fourth in 2001, the fifth in 2003, and the sixth in 2010 and 2011. These phases were as follows: (1) a
preliminary surficial deposit map was made by Duane Braun based on soil maps (Martin, 1985), a
bedrock geologic map (White, 1881), and landform analysis that utilized the 1:24,000-scale topographic
map and aerial photographs; (2) the preliminary surficial deposit map was verified and/or corrected during
10 to 20 person days of fieldwork by Larry Prizblick and Ryan Steigerwalt (geologist assistants) and
Braun; (3) Braun finalized the surficial geology map, drafted the data onto mylar overlays, and added the
explanation; (4) the mylars were scanned, and the information was digitized and saved as shapefiles by
Jerry T. Mitchell (GIS consultant, Bloomsburg University); (5) the shapefiles were converted into ArcInfo
coverages and corrected by Pennsylvania Geological Survey personnel; (6) Pennsylvania Geological
Survey personnel upgraded the ArcInfo coverages to geodatabase feature classes, which were used to
prepare the surficial geologic map (page 12). As part of this final step, the map was reviewed and revised
by Braun.

The distribution and type of units on the surficial geologic map is primarily a combined parent material
and topographic-position classification of the soil survey map units. The classification of all soil series by
surficial deposit map unit is given in Table 1 (page 10). Many soil series are common to more than one
surficial deposit type. The landform of a specific area is used to decide which of the surficial deposit
types related to the mapped soil series is most likely to occur at that site. The soil series boundaries
were manually transferred from the 1:20,000-scale soil survey maps to the 1:24,000-scale topographic
map. Positions of the boundary lines were estimated by eye using natural and human features that are
identifiable on both the soil survey aerial photographs and the topographic map. Expectable line location
error is on the order of 50 to 100 feet on the ground where there are distinct features to locate the
boundaries. Where boundaries cross large featureless areas of forest, line placement error is near 100
feet and occasionally as much as 200 feet. During the field verification and correction phase, many
contacts were moved to reflect conditions directly observed in the field.

Mapping Technique - Thickness of Deposits

The thickness of surficial deposits is divided into five categories: 6 feet (the contact of the bedrock (br)
unit with all other surficial units), 30 feet, 100 feet, 150 feet, and 200 feet. The individual thickness
contours (isochores) are drawn to be a conservative estimate of thickness (minimum thickness). The
thickness was determined from sparse water-well data and outcrops of the surficial deposits. In most
areas, the thickness was interpreted on the basis of soil-landform associations and a reconstruction of
the preglacial drainage. This reconstruction indicates that most stream valleys have segments partly
filled with glacial deposits. In a few places, streams have a deranged pattern where the streams turn
abruptly and enter or exit valley segments that are markedly narrower or wider than adjacent segments.
These changes are the result of burial of parts of the original dendritic drainage pattern (Braun, 1997,
2002).

Quaternary History

During the Quaternary, the Hancock 7.5-minute quadrangle area has been affected by a climate
that has alternated between cold, glacial-periglacial conditions and warm, humid-temperate, interglacial
conditions. About 10 such alternations have affected northeastern Pennsylvania during the last million
years (Braun, 1989, 1994, 2004). There is evidence for at least three different glacial advances across
the Hancock area resulting in three glacial limits of distinctly different ages to the southwest of the area
(Braun, 1994). The oldest and farthest glacial limit to the southwest is considered to be of pre-Illinoian G
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age (850 ka) or older. The next distinct glacial limit is considered to be of either late Illinoian (150 ka) or
pre-Illinoian B (450 Ka) age and is only about 10 miles beyond the most recent, late Wisconsinan (20
Ka) glacial limit. Other glacial advances have approached the area and caused severe periglacial activity
(Braun, 1989, 1994, 2004).

The earlier glacial advances across the Hancock area should have accomplished some erosional
work. The trend of the glacial limits and glacial striations of the older glaciations is similar to that of the
late Wisconsinan glacier (Braun, 1994). This indicates that the older glaciers moved across the region in
about the same direction as the late Wisconsinan ice, and the older glaciers should have eroded and
deposited in a pattern generally like that of the late Wisconsinan. Preglacial valleys oriented parallel to
ice flow would tend to be significantly scoured and partly backfilled in each glaciation. Valleys oriented
perpendicular to ice flow would have the least scour and be the most backfilled, sometimes becoming
completely buried (Braun, 1997, 2002). The late Wisconsinan glacier advanced and retreated across the
region in a general S30°W-N30ºE direction (White, 1881; Braun, 1997). Within the Hancock quadrangle,
glacial striations (Table 2 and the map) indicate that ice flow was strongly affected by topography and
was quite variable. The general flow was about S46°W to S53°W, but flow around knobs produced
directions from S10°W to S73°W. One subglacial and/or ice-marginal meltwater channel (sluiceway) was
incised across saddles in ridges in the south-central part of the quadrangle.

Only late-Wisconsinan-age deposits and landforms have been observed in the Hancock quadrangle.
Most of the material was deposited in the quadrangle over a few decades to centuries of ice recession,
probably centered around 17 to18 ka (radiocarbon years) for this area. The last glacial advance and
retreat was quite effective in removing older glacial deposits from the landscape. The Wisconsinan till
deposits are dominated by fresh clasts of the local bedrock, indicating considerable erosion of the
bedrock during the last glaciation.

In the Hancock quadrangle, the overall deposit pattern is one of bedrock ridges separated by
valleys partly filled with 30 to more than 200 feet of glacial till (as delineated by the thickness
contours on the map). The original dendritic drainage pattern has been little modified by glacial
erosion but has been markedly modified by glacial deposition. Masses of till, often in excess of 100 feet
in thickness, form knobs that partly to entirely block individual valleys. Coates and King (1973) and
Coates (1981) described such knobs in adjacent areas of New York State and noted from well data and
limited surface exposures that the knobs are composed of till. In the map area, a few outcrops also
showed the knobs to be composed of till. A series of such knobs form “beaded valleys” that have a
series of narrower and wider segments (Braun, 2002, 2006). Today the wider segments are often
wetlands or human-dammed lakes. A good example of such a beaded valley is Falls Creek valley in the
center of the map. It has a string of three wide spots, a wetland and two lakes, separated by till masses.
During and immediately after deglaciation, there were short-lived proglacial and paraglacial (immediately
postglacial) lakes in essentially all such wide spots dammed by glacial till. Such dams were rapidly
breached by water flow, probably in tens to hundreds of years, until only wetlands remained. Up to the
present time, beavers have repeatedly dammed such sites.

The southwest-moving glacier deposited thick “till shadows” (Coates, 1966) on the sides of south-,
southwest-, and west-facing slopes (north, northeast, and east sides of individual valleys). Stockport
Creek, in the southeast corner of the map, is a good example of such a till-shadow situation. In its lower
reaches, the creek has a “one-sided” bedrock gorge with bedrock on the floor and south side of the
channel and thick glacial till, exposed in cuts almost 100 feet high, on the north side (till-shadow side) of
the channel.

Exceptionally thick masses of till, in excess of 200 feet, were deposited in the mouths of tributaries to
Shehawken Creek. Those till masses are the dams for Hempstead Lake, Starlight Lake, Perch Pond,
Mud Pond, and several other unnamed ponds and wetlands. As the glacier retreated northeasterly
across the region, the southwest-northeast-trending Shehawken Valley would have contained an ice
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tongue (similar to a valley glacier) that protruded from the glacier in the adjacent uplands. This ice
tongue would have deposited thick lateral moraines across the mouths of the tributary valleys that had
just been deglaciated by the upland ice front.

The only significant sand and gravel deposits in the Hancock quadrangle are located in the
Delaware River valley. Just west of the town of Hancock on the south side of the West Branch
Delaware River is an abandoned incised meander loop containing an ice-contact stratified drift
(Qwic) deposit near the river and till (Qwt) farther from the river. These deposits are 100 to 150 feet thick,
as shown by water-well records and surface outcrop, and the Qwic extends from 500 to 1,000 feet back
from the river. Other sand and gravel deposits are located where tributary streams have built large fans
tens of feet thick out onto the floor of the Delaware Valley, like at Balls Eddy and Stockport. Gravel
outwash deposits nearly 100 feet thick form a high terrace covered by houses just west of the Pa. Route
191 bridge to Hancock. Narrow outwash terrace remnants underlain by a few tens of feet of sand and
gravel occur north and south of Balls Eddy and just west of the junction of the West and East Branches
of the Delaware River.

As the glacier continued its recession north of Pennsylvania, cold periglacial climate conditions
prevailed in the area for several thousand years (Coates and King, 1973; Coates, 1981; Braun, 1989,
1997). At that time, exposed sandstone ledges were frost shattered, and the blocks were transported
downslope by various processes collectively known as gelifluction (Braun, 1997). The glacial till deposits
themselves have been “mobilized” on the slopes by gelifluction. On the upper to middle parts of the
slopes, the upper 1.5 to 3 feet of material is a till-derived colluvium. That material often shows a well-
developed downslope fabric (tabular clasts near parallel to the surface slope). On the lower parts of the
hillslopes, the till-derived colluvium often reaches 3 to 6 feet or greater in thickness (Braun, 1994).

In the latest Pleistocene, after 13,000 BP (Dalton and others, 1997), vegetation became well
established and organic matter started accumulating in wetlands and lakes in the region. All the lakes
and wetlands in the region are the result of glaciation. Larger wetlands and all the natural lakes are
dammed on one or two sides by glacial deposits, a situation noted by Cameron (1970) and confirmed
locally in the Hancock area. A few of the smaller hilltop wetlands are entirely scoured out of bedrock.

Text from source map: Hancock Quadrangle
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Hawley Quadrangle

The formal citation for this source. 

Braun, D. D., 2011, Surficial Geology of the Hawley 7.5-Minute Quadrangle, Wayne County,
Pennsylvania: Pennsylvania Geological Survey, Open-File Report OFSM 06-13.0, scale 1:24,000 (GRI
Source Map ID 74575).

Prominent graphics and text associated with this source.

Map Legend

Graphic from source map: Hawley Quadrangle



UPDE GRI Map Document52

2019 NPS Geologic Resources Inventory Program

Table 1: Classification of Soil Series

Graphic from source map: Hawley Quadrangle
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Table 2: Glacial Striations

Graphic from source map: Hawley Quadrangle

Discussion

Mapping Technique - Surface Distribution of Deposits 

The Hawley 1:24,000-scale detailed reconnaissance surficial geology map (map of unconsolidated

materials overlying consolidated bedrock) was produced in four phases. In the first phase, a preliminary

surficial deposit map was made by Duane Braun using existing soil mapping (Martin, 1985), bedrock

mapping (Sevon, 1976), comments on the glacial geology (White, 1884), and landform analysis using

the 1:24,000-scale topographic map and aerial photographs. In the second phase, the preliminary

surficial deposit map was verified and/or corrected during ten to twenty person-days of fieldwork by

Duane Braun (surficial geologist), and Ruth Braun (geologist assistant). In the third phase, the field

verified/corrected preliminary surficial geology map was finalized and had the text added by Duane

Braun, and was drafted onto mylar by Ruth and Duane Braun. In the fourth phase, Steven J. Thomas,

student intern, and Thomas G. Whitfield of the Bureau of Topographic and Geologic Survey digitized the

mylars and completed the digital map and produced these final digital files; geologic contacts, surficial

deposit isochors, striations, bedrock ledge outcrops, pre-glacial valleys, mines, sluiceways, and a

moraine dam.

The distribution and type of units on the preliminary surficial geology map is primarily a combined parent

material and topographic position classification of the soil survey map units. The classification of all soil

series by surficial deposit map unit is given in table 1. Many soil series are common to more than one

surficial deposit type. The landform of a specific area is used to decide which surficial deposit type the

soil series is most likely related to at that site. The soil series boundaries are manually transferred from

the 1:20,000-scale soil survey maps to the 1:24,000-scale topographic map. Positions of the boundary

lines are estimated by eye using natural and human features that are identifiable on both the soil survey

aerial photographs and the topographic map. Expectable line location error is on the order of 50 to 100

feet on the ground where there are distinct features to tie the boundaries to. Where boundaries cross

large featureless areas of forest, line placement error is in the range of 100 to as much as 200 feet on

the ground.
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Mapping Technique - Thickness of Deposits 

The thickness of surficial deposits is divided into three thickness categories: less than 6 feet (2 meters)

overlying the bedrock (R contact), 30 feet (10 meters), and 100 feet (30 meters). The30 and 100 feet

thickness contours are drawn to be a conservative estimate of thickness (at least that thickness

present). The thicknesses are directly determined in a few areas from sparse water well data and

outcrops of the surficial deposits. In most areas the thickness is interpreted on the basis of soil/landform

associations and a reconstruction of the preglacial drainage. This reconstruction indicates that a number

of preglacial stream valleys have segments partly to entirely filled with glacial deposits.

Quaternary History

During the Quaternary, the Hawley 7.5-minute quadrangle area has been affected by a climate that

alternated between cold, glacial-periglacial conditions and warm, humid temperate interglacial

conditions. About ten such alternations have affected northeastern Pennsylvania during the last one

million years (Braun, 1989, 1994). There is evidence for at least three different glacial advances across

the Hawley area in that there are three glacial limits of distinctly different age to the southwest of the

area (Braun, 1994). The farthest to the southwest and oldest glacial limit is considered to be of pre-

Illinoian-G age (850 Ka). The next distinct glacial limit is considered to be of either late Illinoian (150 Ka)

or pre-Illinoian-B (450 Ka) age and is only about 10 miles (15 km) beyond the most recent, late

Wisconsinan (20 Ka) aged glacial limit. Other glacial advances have approached the area and caused

severe periglacial activity (Braun, 1989, 1994).

The earlier glacial advances across the Hawley area should have accomplished some erosional work and

initiated some of the drainage derangements observed today. The trend of the glacial limits and glacial

striations of the older glaciations is similar to that of the late Wisconsinan glacier (Braun, 1994). This

indicates that the older glaciers moved across the region in about the same direction as the late

Wisconsinan ice and the older glaciers should have eroded and deposited in a pattern generally like that

of the late Wisconsinan. Preglacial valleys oriented parallel to ice flow would tend to be significantly

scoured and partly back filled in each glaciation. Valleys oriented perpendicular to ice flow would have

the least scour and the most backfilled, sometimes becoming completely buried. The late Wisconsinan

glacier advanced and retreated across the region in a general S 20°W - N20°E direction (Table 2).

Only late Wisconsinan-aged deposits and landforms have been observed in the Hawley quadrangle.

Most of the material was deposited in the quadrangle over a few decades to centuries of ice recession

(probably centered around 17 - 18 Ka for this quadrangle; Braun, 1997). The last glacial advance and

retreat was quite effective in removing older glacial deposits from the landscape. The Wisconsinan till

deposits are dominated by fresh clasts of the local bedrock indicating considerable erosion of the

bedrock during the last glaciation. Older deposits may still exist under the late Wisconsinan deposits in

the Wallenpaupack valley. 

On the Hawley quadrangle, Wallenpaupack Creek turns east and then northeastward to join the

Lackawanna River. The glacier would have blocked the northeast trending part of Wallenpaupack valley

and impounded a series of proglacial lakes (different stages of Glacial Lake Wallenpaupack) as the ice

both advanced and receded across the region. As receding ice entered the southern edge of the Hawley

quadrangle, Glacial Lake Wallenpaupack flooded the area in front of the ice to an elevation of 1585 feet.

This level was controlled by a bedrock sluiceway sill in the southwestern part of the Lake Ariel

quadrangle. The lake discharged southwesterly across that sill and went down Roaring Creek to the
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North Branch Susquehanna Valley. As the ice receded northward across the Hawley quadrangle, a

series of sluiceways developed in saddles to the east of the Wallenpaupack valley permitting drainage to

the Delaware valley by several different routes. When the ice temporarily stabilized, it built the Αmoraine

dam across the Wallenpaupack valley at the site of the human made earthen dam of present Lake

Wallenpaupack, the glacial lake was discharging eastward at about an elevation of 1330 feet. This

several hundred foot deep glacial lake would have tended to minimize the down valley lobation of the ice

due to iceberg calving at the ice front.

As the glacier continued its recession north of Pennsylvania, cold periglacial climate conditions prevailed

in the area for several thousand years. At that time exposed sandstone ledges were frost shattered and

the blocks transported downslope by various processes collectively known as gelifluction. These

processes resulted in a boulder colluvium mantle often extending 500 feet and, in places as much as a

1000 feet, down slope of individual bedrock ledges. A few exposures showed late Wisconsinan till or ice-

contact sand and gravel under the boulder colluvium.

The glacial till deposits themselves have been "mobilized" on the slopes by gelifluction. On the upper to

middle parts of the slopes, the upper 1.5 to 3 feet (0.5 to 1 meter) of material is a till derived colluvium

material. That material often shows a well-developed downslope fabric (tabular clasts near parallel to the

surface slope). On the lower parts of the hill slopes the till derived colluvium often reaches a 3 to 6 feet (1

to 2 meters) thickness.

In the latest Pleistocene, after 13,000 BP (Dalton and others, 1997) and throughout the Holocene,

vegetation became well established and organic matter started accumulating in wetlands and lakes in

the region. All the lakes and wetlands in the region are the result of glaciation. Larger wetlands and all

the natural lakes are dammed on one or two sides by glacial deposits, a situation noted regionally by

Cameron (1970) and confirmed locally in the Hawley area. A few of the smaller hilltop wetlands are

entirely scoured out of bedrock. In the larger wetlands, peat thickness often approaches 30 feet

(Edgerton, 1969).

Text from source map: Hawley Quadrangle
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Table 2: Glacial Striations

Graphic from source map: Honesdale Quadrangle



UPDE GRI Map Document 59

2019 NPS Geologic Resources Inventory Program

Discussion

Mapping Technique - Surface Distribution of Deposits  

The 1:24,000-scale detailed reconnaissance surficial geology map (map of unconsolidated materials

overlying consolidated bedrock) of the Honesdale 7.5-minute quadrangle was produced in four phases. In

the first phase, a preliminary surficial deposit map was made by Duane Braun using existing soil

mapping (Martin, 1985), bedrock mapping (Sevon, 1976), and landform analysis using the 1:24,000-scale

topographic map and aerial photographs. In the second phase, the preliminary surficial deposit map was

verified and/or corrected during ten to twenty person-days of fieldwork by Darrick Kreischer and Ruth

Braun (geologist assistants) and Duane Braun (surficial geologist). In the third phase, the field verified/

corrected preliminary surficial geology map was finalized, drafted onto three mylar overlays, and had the

text added by Duane Braun. In the fourth phase, the mylar overlays were scanned, digitized, and

produced in an ArcGIS format and Adobe PDF (Portable Document Format) by Pennsylvania Geological

Survey personnel.  

The distribution and type of units on the preliminary surficial geology map is primarily a combined parent

material and topographic position classification of the soil survey map units. The classification of all soil

series by surficial deposit map unit is given in table 1. Many soil series are common to more than one

surficial deposit type. The landform of a specific area is used to decide which surficial deposit type the

soil series is most likely related to at that site on the preliminary surficial geology map. The soil series

boundaries are manually transferred from the 1:20,000-scale soil survey maps to the 1:24,000-scale

topographic map. Positions of the boundary lines are estimated by eye using natural and human

features that are identifiable on both the soil survey aerial photographs and the topographic map.

Expectable line location error is on the order of 25 to 50 feet on the ground where there are distinct

features to tie the boundaries to. Where boundaries cross large featureless areas of forest, line

placement error is in the range of 100 feet to as much as 200 feet on the ground. During the field

verification and correction phase many contacts are moved to reflect conditions directly observed in the

field. 

Mapping Technique - Thickness of Deposits

The thickness of surficial deposits is divided into four thickness categories: less than 6 feet (2 meters)

overlying the bedrock (the contact of the bedrock (R) unit with all other surficial units), 30 feet (10

meters), 100 feet (30 meters), and 150 feet (50 meters). The 30, 100, and 150 feet thickness contours

are drawn to be a conservative estimate of thickness (at least that thickness present). The thicknesses

are determined from sparse water well data and outcrops of the surficial deposits. In most areas the

thickness is interpreted on the basis of soil-landform associations and a reconstruction of the preglacial

drainage. This reconstruction indicates that most stream valleys have segments partly to entirely filled

with glacial deposits. In a few places streams have a deranged pattern where the streams turn abruptly

and enter or exit valley segments that are markedly narrower or wider than adjacent segments. These

changes are the result of burial of parts of the original dendritic drainage pattern (Braun, 1997). 

Quaternary History

During the Quaternary, the Honesdale 7.5-minute quadrangle area has been affected by a climate that

alternated between cold, glacial-periglacial conditions and warm, humid temperate interglacial

conditions. About ten such alternations have affected northeastern Pennsylvania during the last one
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million years (Braun, 1989, 1994). There is evidence for at least three different glacial advances across

the Honesdale area in that there are three glacial limits of distinctly different age to the southwest of the

area (Braun, 1994). The farthest to the southwest and oldest glacial limit is considered to be of pre-

Illinoian-G age (850 Ka) or older. The next distinct glacial limit is considered to be of either late Illinoian

(150 Ka) or pre- Illinoian-B (450 Ka) age and is only about 10 miles (15 km) beyond the most recent, late

Wisconsinan (20 Ka) aged glacial limit. Other glacial advances have approached the area and caused

severe periglacial activity (Braun, 1989, 1994). 

The earlier glacial advances across the Honesdale area should have accomplished some erosional work.

The trend of the glacial limits and glacial striations of the older glaciations is similar to that of the late

Wisconsinan glacier (Braun, 1994). This indicates that the older glaciers moved across the region in

about the same direction as the late Wisconsinan ice and the older glaciers should have eroded and

deposited in a pattern generally like that of the late Wisconsinan. Preglacial valleys oriented parallel to

ice flow would tend to be significantly scoured and partly back filled in each glaciation. Valleys oriented

perpendicular to ice flow would have the least scour and be the most backfilled, sometimes becoming

completely buried (Braun, 1997). The late Wisconsinan glacier advanced and retreated across the region

in a general S20°W - N20°E direction (Braun, 1997). Within the quadrangle, glacial striations (Table 2)

indicate that ice flow direction was quite variable, with a range of S01°W to S45°W. A series of

subglacial and/or ice marginal meltwater channels (sluiceways) were incised across saddles in the

ridges. 

Only late Wisconsin-aged deposits and landforms have been observed in the Honesdale quadrangle.

Most of the material was deposited in the quadrangle over a few decades to centuries of ice recession

(probably centered around 17 - 18 Ka for this quadrangle). The last glacial advance and retreat was quite

effective in removing older glacial deposits from the landscape. The Wisconsinan till deposits are

dominated by fresh clasts of the local bedrock indicating considerable erosion of the bedrock during the

last glaciation. 

As the glacier continued its recession north of Pennsylvania, cold periglacial climate conditions prevailed
in the area for several thousand years. At that time exposed sandstone ledges were frost shattered and
the blocks transported downslope by various processes collectively known as gelifluction (Braun, 1997).
The glacial till deposits themselves have been "mobilized" on the slopes by gelifluction. On the upper to
middle parts of the slopes, the upper 1.5 to 3 feet (0.5 to 1 meter) of material is a till-derived colluvium
material. That material often shows a well-developed downslope fabric (tabular clasts near parallel to the
surface slope). On the lower parts of the hillslopes the till derived colluvium often reaches a 3 to 6 feet (1
to 2 meters) thickness (Braun, 1994). In the latest Pleistocene, after 13,000 BP (Dalton and others,
1997) and throughout the Holocene, vegetation became well established and organic matter started
accumulating in wetlands and lakes in the region. All the lakes and wetlands in the region are the result
of glaciation. Larger wetlands and all the natural lakes are dammed on one or two sides by glacial
deposits, a situation noted by Cameron (1970) and confirmed locally in the Honesdale area. A few of the
smaller hilltop wetlands are entirely scoured out of bedrock. In the larger wetlands, peat thickness often
approaches 30 feet (10 meters) (Edgerton, 1969).

Text from source map: Honesdale Quadrangle
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Table 1: Classification of Soil Series

Graphic from source map: Lake Como Quadrangle
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Table 2: Glacial Striations

Graphic from source map: Lake Como Quadrangle

Discussion

Mapping Technique - Surface Distribution of Deposits

The Lake Como 1:24,000-scale, detailed reconnaissance surficial geologic map (map of unconsolidated
materials overlying consolidated bedrock) was produced in four phases. In the first phase, a preliminary
surficial deposit map was made by Duane Braun in the spring of 2000 using existing soil maps (Martin,
1985) and bedrock geologic map (White, 1881), and through landform analysis using the 1:24,000-scale
topographic map and aerial photographs. In the second phase, the preliminary surficial deposit map was
verified and/or corrected during 10 to 20 person days of fieldwork by Eugene Szymanski and Ruth Braun
(geologist assistants) and Braun in the summer of 2000. In the third phase, the field verified/corrected
preliminary surficial geology map was finalized, drafted onto three mylar overlays, and had the text
added by Braun in the fall of 2000. In the fourth phase, the mylar overlays were scanned and the
information digitized as shapefiles by Karen Trifonoff (Professor, Bloomsburg University). The shapefiles
were converted to ArcInfo coverages and corrected by Pennsylvania Geological Survey personnel. The
data were later upgraded to geodatabase feature classes, which were used to prepare the final surficial
geologic map (page 12).

The distribution and type of units on the preliminary surficial geology map are primarily a
combined parent-material and topographic-position classification of the soil survey map units. The
classification of all soil series by surficial deposit map unit is given in Table 1 (page 10). Many soil series
are common to more than one surficial deposit type. The landform of a specific area is used to decide
which of the surficial deposit types related to the mapped soil series is most likely to occur at that site.
The soil series boundaries are manually transferred from the 1:20,000-scale soil survey maps to the
1:24,000-scale topographic map. Positions of the boundary lines are estimated by eye using natural and
human features that are identifiable on both the soil survey aerial photographs and the topographic map.
Expectable line location error is on the order of 50 to 100 feet on the ground where there are distinct
features to help locate the boundaries. Where boundaries cross large featureless areas of forest, line
placement error is in the range of 100 to as much as 200 feet on the ground. During the field verification
and correction phase many contacts are moved to reflect conditions directly observed in the field.
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Thickness of Deposits

The thickness of surficial deposits is divided into four categories: 6 feet (the contact of the bedrock (br)
unit with all other surficial units), 30 feet, 100 feet, and 150 feet. The individual thickness contours
(isochores) were drawn to be a conservative estimate of thickness (minimum thickness). The thickness
was determined from sparse water-well data and outcrops of the surficial deposits. In most areas, the
thickness was interpreted on the basis of soil-landform associations and a reconstruction of the
preglacial drainage. This reconstruction indicates that most stream valleys have segments partly to
entirely filled with glacial deposits. In a few places, streams have a deranged pattern where the streams
turn abruptly and enter or exit valley segments that are markedly narrower or wider than adjacent
segments. These changes are the result of burial of parts of the original dendritic drainage pattern
(Braun, 1997).

Quaternary History

During the Quaternary, the Lake Como 7.5-minute quadrangle area has been affected by a
climate that has alternated between cold, glacial-periglacial conditions and warm, humid temperate
interglacial conditions. About 10 such alternations have affected northeastern Pennsylvania during the
last million years (Braun, 1989, 1994, 2004). There is evidence for at least three different glacial
advances across the Lake Como area in that there are three glacial limits of distinctly different ages to
the southwest of the area (Braun, 1994). The farthest to the southwest and oldest glacial limit is
considered to be of pre-Illinoian G age (850 ka) or older. The next distinct glacial limit is considered to be
of either late Illinoian (150 ka) or pre-Illinoian B (450 ka) age and is only about 10 miles beyond the most
recent, late Wisconsinan (20 ka) glacial limit. Other glacial advances have approached the area and
caused severe periglacial activity (Braun, 1989, 1994).

The earlier glacial advances across the Lake Como area should have accomplished some erosional
work. The trend of the glacial limits and glacial striations of the older glaciations is similar to that of the
late Wisconsinan glacier (Braun, 1994). This indicates that the older glaciers moved across the region in
about the same direction as the late Wisconsinan ice, and the older glaciers should have eroded and
deposited in a pattern generally like that of the late Wisconsinan. Preglacial valleys oriented parallel to
ice flow would tend to be significantly scoured and partly backfilled in each glaciation. Valleys oriented
perpendicular to ice flow would have the least scour and be the most backfilled, sometimes becoming
completely buried (Braun, 1997). The late Wisconsinan glacier advanced and retreated across the region
in a general S30°W-N30ºE direction (White, 1881; Braun, 1997). Within the quadrangle, glacial striations
(Table 2 and the map) indicate that ice flow was quite variable, from S10°W to S38°W. A series of
subglacial and/or ice-marginal meltwater channels (sluiceways) were incised in saddles across the
ridges that trend transverse to ice flow.

Only late-Wisconsinan-aged deposits and landforms have been observed in the Lake Como
quadrangle. Most of the material was deposited in the quadrangle over a few decades to centuries of ice
recession, probably centered around 17 to18 ka (radiocarbon years) for this quadrangle. The last glacial
advance and retreat was quite effective in removing older glacial deposits from the landscape. The
Wisconsinan till deposits are dominated by fresh clasts of the local bedrock, indicating considerable
erosion of the bedrock during the last glaciation.

In the Lake Como quadrangle, valleys transverse to ice flow tend to have an asymmetric form
from side to side with the north or northeast side having a gentler slope than the south or southwest
side. The gentler north or northeast side is underlain by a thick mass of till, a “till shadow” (Coates,
1966), deposited in the lee of the ridge transverse to ice flow. In the central to northeastern part of the
Lake Como quadrangle, the transverse-to-ice-flow portions of Crooked, Equinunk, and Kinneyville Creek
valleys have well-developed till shadows, often exceeding 150 feet in thickness.
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Other interesting glacial depositional features are the masses of till, often in excess of 100 feet
in thickness, that form knobs partly to entirely blocking individual valleys (Coates and King, 1973,
Coates, 1981). A series of such knobs form “beaded valleys” that have a series of narrower and wider
segments (Braun, 2006). Today the wider segments are often wetlands or human-dammed lakes. The
best examples of such “beaded” valleys are the headwater parts of Crooked, Equinunk, and Kinneyville
Creek valleys in the west-central to northwestern part of the quadrangle. During and immediately after
deglaciation there were short-lived proglacial and paraglacial (immediately postglacial) lakes in
essentially all such wide spots dammed by glacial till. Such dams were rapidly breached by water flow,
probably in tens to hundreds of years, until only wetlands remained. Up to the present time beavers have
repeatedly re-dammed such sites.

As the glacier continued its recession north of Pennsylvania, cold periglacial climate conditions prevailed

in the area for several thousand years (Coates and King, 1973; Coates, 1981; Braun, 1997). At that time,

exposed sandstone ledges were frost shattered, and the blocks were transported downslope by various

processes collectively known as gelifluction (Braun, 1997). The glacial till deposits themselves have

been “mobilized” on the slopes by gelifluction. On the upper to middle parts of the slopes, the upper 1.5

to 3 feet of material is a till-derived colluvium. That material often shows a well-developed downslope

fabric (tabular clasts near parallel to the surface slope). On the lower parts of the hillslopes, the till-

derived colluvium often reaches 3 to 6 feet or greater in thickness (Braun, 1994). In the latest

Pleistocene, after 13,000 BP (Dalton and others, 1997), vegetation became well established and organic

matter started accumulating in wetlands and lakes in the region. All the lakes and wetlands in the region

are the result of glaciation. Larger wetlands and all the natural lakes are dammed on one or two sides by

glacial deposits, a situation noted by Cameron (1970) and confirmed locally in the Lake Como area. A

few of the smaller hilltop wetlands are entirely scoured out of bedrock. In the larger wetlands, peat

thickness often approaches 30 feet (Edgerton, 1969).

Text from source map: Lake Como Quadrangle
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Table 1: Classification of Soil Series

Graphic from source map: Long Eddy and Callicoon Quadrangles
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Table 2: Glacial Striations

Graphic from source map: Long Eddy and Callicoon Quadrangles

Discussion

Mapping Technique – Surface Distribution of Deposits

The Long Eddy and Callicoon 1:24,000-scale, detailed reconnaissance surficial geologic map (map of
unconsolidated materials overlying bedrock) was produced in six phases over a period of years. The first
three phases occurred in 2000, the fourth in 2001, the fifth in 2003, and the sixth in 2010 and 2011.
These phases were as follows: (1) a preliminary surficial deposit map was made for each quadrangle by
Duane Braun based on soil maps (Martin, 1985), a bedrock geologic map (White, 1881), and landform
analysis that utilized the 1:24,000-scale topographic map of each quadrangle and aerial photographs; (2)
the preliminary surficial deposit maps were verified and/or corrected during 10 to 20 person days of
fieldwork by Eugene Szymanski and Ruth Braun (geologist assistants) and Braun; (3) Braun finalized
the surficial geology maps, drafted the data onto mylar overlays, and added the explanation; (4) the
mylar overlays were scanned, and the information was digitized and saved as shapefiles by Karen
Trifonoff (Professor, Bloomsburg University); (5) the shapefiles were converted into ArcInfo coverages and
corrected by Pennsylvania Geological Survey personnel; and (6) Pennsylvania Geological Survey
personnel upgraded the ArcInfo coverages for the two quadrangles to geodatabase feature classes,
which were used to prepare the surficial geologic map of the combined quadrangles (page 12). As part of
the final step, the map was reviewed and revised by Braun.

The distribution and type of units on the surficial geologic map are primarily a combined parent material
and topographic-position classification of the soil survey map units. The classification of all soil series by
surficial deposit map unit is given in Table 1 (page 10). Many soil series are common to more than one
surficial deposit type. The landform of a specific area is used to decide which of the surficial deposit
types related to the mapped soil series is most likely to occur at that site. The soil series boundaries
were manually transferred from the 1:20,000-scale soil survey maps to the 1:24,000-scale topographic
maps. Positions of the boundary lines were estimated by eye using natural and human features that are
identifiable on both the soil survey aerial photographs and the topographic maps. Expectable line
location error is on the order of 50 to 100 feet on the ground where there are distinct features to help
locate the boundaries. Where boundaries cross large featureless areas of forest, line placement error is
in the range of 100 to as much as 200 feet on the ground. During the field verification and correction
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phase, many contacts were moved to reflect conditions directly observed in the field.

Thickness of Deposits

The thickness of surficial deposits is divided into four categories: 6 feet (the contact of the bedrock (br)
unit with all other surficial units), 30 feet, 100 feet, and 150 feet. The individual thickness contours
(isochores) are drawn to be a conservative estimate of thickness (minimum thickness). The thickness
was determined from sparse water-well data and outcrops of the surficial deposits. In most areas, the
thickness was interpreted on the basis of soil-landform associations and a reconstruction of the pre-
glacial drainage. This reconstruction indicates that most stream valleys have segments partly to entirely
filled with glacial deposits. In a few places, streams have a deranged pattern where the streams turn
abruptly and enter or exit valley segments that are markedly narrower or wider than adjacent segments.
These changes are the result of burial of parts of the original dendritic drainage pattern (Braun, 1997,
2002).

Quaternary History

During the Quaternary, the area of the Long Eddy and Callicoon 7.5-minute quadrangles has been
affected by a climate that has alternated between cold, glacial-periglacial conditions and warm, humid-
temperate, interglacial conditions. About 10 such alternations have affected northeastern Pennsylvania
during the last million years (Braun, 1989, 1994, 2004). There is evidence for at least three different
glacial advances across the Long Eddy-Callicoon area in that there are three glacial limits of distinctly
different ages to the southwest of the area (Braun, 1994). The farthest to the southwest and oldest
glacial limit is considered to be of pre-Illinoian G age (850 ka) or older. The next distinct glacial limit is
considered to be of either late Illinoian (150 ka) or pre-Illinoian B (450 ka) age and is only about 10 miles
beyond the most recent, late Wisconsinan (20 ka) glacial limit. Other glacial advances have approached
the area and caused severe periglacial activity (Braun, 1989, 1994, 2004).

The earlier glacial advances across the Long Eddy-Callicoon area should have accomplished some
erosional work. The trend of the glacial limits and glacial striations of the older glaciations is similar to
that of the late Wisconsinan glacier (Braun, 1994). This indicates that the older glaciers moved across
the region in about the same direction as the late Wisconsinan ice, and the older glaciers should have
eroded and deposited in a pattern generally like that of the late Wisconsinan. Pre-glacial valleys oriented
parallel to ice flow would tend to be significantly scoured and partly backfilled in each glaciation. Valleys
oriented perpendicular to ice flow would have the least scour and be the most backfilled, sometimes
becoming completely buried (Braun, 1997, 2002). The late Wisconsinan glacier advanced and retreated
across the region in a S30°W-N30ºE direction (White, 1881; Braun, 1997). Within the Long Eddy and
Callicoon quadrangles, glacial striations (Table 2 and the map) indicate that ice-flow direction varied as
much as 19 degrees around a mean direction of S33°W. This variation is due to the basal ice flowing
around topographic irregularities. For instance, in the southwest corner of the Long Eddy quadrangle, a
steep-sided knob (Big Hickory) rises 300 feet above the surrounding landscape. Basal ice flowing around
the southeast side of this hill turned to a much more westerly flow direction of S52°W.

Only late-Wisconsinan-age deposits and landforms have been observed in the Long Eddy and Callicoon
quadrangles. Most of the material was deposited in the quadrangle over a few decades to centuries of
ice recession, probably centered around 17 to18 ka (radiocarbon years) for this area. The last glacial
advance and retreat was quite effective in removing older glacial deposits from the landscape. The
Wisconsinan till deposits are dominated by fresh clasts of the local bedrock, indicating considerable
erosion of the bedrock during the last glaciation.

In the Long Eddy and Callicoon quadrangles, valleys transverse to ice flow tend to have an asymmetric
form from side to side, with the north or northeast side having a gentler slope than the south or
southwest side. The gentler north or northeast side is underlain by a thick mass of till, a “till
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shadow” (Coates, 1966), deposited in the lee of the ridge transverse to ice flow. The best developed till
shadows in the Long Eddy-Callicoon area occur in the transverse-to-ice-flow portions of unnamed valleys
north of Little Equinunk Creek.

Other interesting glacial depositional features are the masses of till, often in excess of 100 feet in
thickness, which form knobs partly to entirely blocking individual valleys (Coates and King, 1973;
Coates, 1981). A series of such knobs form “beaded valleys” that have a series of narrower and wider
segments (Braun, 2002, 2006). Today the wider segments are often wetlands or human dammed lakes.
The best examples of such beaded valleys are in the central part of the Long Eddy quadrangle in the
west-side tributary valleys to Little Equinunk Creek. During and immediately after deglaciation, there
were short-lived proglacial and paraglacial (immediately postglacial) lakes in essentially all such wide
spots dammed by glacial till. Such dams were rapidly breached by water flow, probably in tens to
hundreds of years, until only wetlands remained. Up to the present time, beavers have repeatedly
dammed such sites. 

As the glacier continued its recession north of Pennsylvania, cold periglacial climate conditions prevailed
in the area for several thousand years (Coates and King, 1973; Coates, 1981; Braun, 1997). At that time,
exposed sandstone ledges were frost shattered, and the blocks were transported downslope by various
processes collectively known as gelifluction (Braun, 1997). The glacial till deposits themselves have
been “mobilized” on the slopes by gelifluction. On the upper to middle parts of the slopes, the upper 1.5
to 3 feet of material is a till-derived colluvium. That material often shows a well-developed downslope
fabric (tabular clasts near parallel to the surface slope). On the lower parts of the hillslopes, the till-
derived colluvium often reaches 3 to 6 feet or greater in thickness (Braun, 1994).

In the latest Pleistocene, after 13,000 BP (Dalton and others, 1997), vegetation became well established

and organic matter started accumulating in wetlands and lakes in the region. All the lakes and wetlands

in the region are the result of glaciation. Larger wetlands and all the natural lakes are dammed on one or

two sides by glacial deposits, a situation noted by Cameron (1970) and confirmed locally in the Long

Eddy-Callicoon area. A few of the smaller hilltop wetlands are entirely scoured out of bedrock.

Text from source map: Long Eddy and Callicoon Quadrangles
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Table 1: Classification of Soil Series

Graphic from source map: Narrowsburg Quadrangle

Table 2: Glacial Striations

Graphic from source map: Narrowsburg Quadrangle

Discussion

Mapping Technique - Surface Distribution of Deposits

The Wayne County portion of the Narrowsburg 1:24,000-scale detailed reconnaissance surficial geology
map (map of unconsolidated materials overlying consolidated bedrock) was produced in four phases. In
the first phase, a preliminary surficial deposit map was made by Duane Braun using existing soil
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mapping (Martin, 1985), bedrock mapping (White, 1881), and landform analysis using the 1:24,000-scale
topographic map and aerial photographs. In the second phase, the preliminary surficial deposit map was
verified and/or corrected during ten to twenty person-days of field work by Eugene Szymanski (geologist
assistant) and Duane Braun (surficial geologist). In the third phase, the field verified/corrected preliminary
surficial geology map was finalized, drafted onto mylar overlays, and had the text added by Duane
Braun. In the fourth phase, the mylar overlays were scanned, digitized, and produced in an ArcGIS
format and Adobe PDF (Portable Document Format) by Pennsylvania Geological Survey personnel. 

The distribution and type of units on the preliminary surficial geology map is primarily a combined parent
material and topographic position classification of the soil survey map units. The classification of all soil
series by surficial deposit map unit is given in table 1. Many soil series are common to more than one
surficial deposit type. The landform of a specific area is used to decide which surficial deposit type the
soil series is most likely related to at that site on the preliminary surficial geology map. The soil series
boundaries are manually transferred from the 1:20,000-scale soil survey maps to the 1:24,000-scale
topographic map. Positions of the boundary lines are estimated by eye using natural and human
features that are identifiable on both the soil survey aerial photographs and the topographic map.
Expectable line location error is on the order of 50 to 100 feet (15 to 30 meters) on the ground where
there are distinct features to tie the boundaries to. Where boundaries cross large featureless areas of
forest, line placement error is in the range of 100 (30) to as much as 200 feet (60 meters) on the ground.
During the field verification and correction phase many contacts are moved to reflect conditions directly
observed in the field. 

Mapping Technique - Thickness of Deposits

The thickness of surficial deposits is divided into four thickness categories: less than 6 feet (2 meters)
overlying the bedrock (the contact of the bedrock (R) unit with all other surficial units), 30 feet (10
meters), 100 feet (30 meters), and 150 feet (50 meters). The 30, 100, and 150 feet thickness contours
are drawn to be a conservative estimate of thickness (at least that thickness present). The thicknesses
are determined from sparse water well data and outcrops of the surficial deposits. In most areas the
thickness is interpreted on the basis of soil-landform associations and a reconstruction of the preglacial
drainage. This reconstruction indicates that several of the preglacial tributaries to the Delaware River
have segments partly to entirely filled with glacial deposits.

Quaternary History

During the Quaternary, the Narrowsburg 7.5-minute quadrangle area has been affected by a climate that
alternated between cold, glacial-periglacial conditions and warm, humid temperate interglacial
conditions. About ten such alternations have affected northeastern Pennsylvania during the last one
million years (Braun, 1989, 1994). There is evidence for at least three different glacial advances across
the Narrowsburg area in that there are three glacial limits of distinctly different age to the southwest of
the area (Braun, 1994). The farthest to the southwest and oldest glacial limit is considered to be of pre-
Illinoian-G age (850 Ka) or older. The next distinct glacial limit is considered to be of either late Illinoian
(150 Ka) or pre- Illinoian-B (450 Ka) age and is only about 10 miles (15 km) beyond the most recent, late
Wisconsinan (20 Ka) aged glacial limit. Other glacial advances have approached the area and caused
severe periglacial activity (Braun, 1989, 1994).

The earlier glacial advances across the Narrowsburg area should have accomplished some erosional
work. The trend of the glacial limits and glacial striations of the older glaciations is similar to that of the
late Wisconsinan glacier (Braun, 1994). This indicates that the older glaciers moved across the region in
about the same direction as the late Wisconsinan ice and the older glaciers should have eroded and
deposited in a pattern generally like that of the late Wisconsinan. Preglacial valleys oriented parallel to
ice flow would tend to be significantly scoured and partly back filled in each glaciation. Valleys oriented
perpendicular to ice flow would have the least scour and be the most backfilled, sometimes becoming
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completely buried (Braun, 1997). The late Wisconsinan glacier advanced and retreated across the region
in a general S 30°W – N 30°E direction. Within the quadrangle, glacial striations (Table 2) indicate that
ice flow was about S 35°W. A series of subglacial and/or ice marginal meltwater channels (sluiceways)
were incised across saddles in the ridges.

Only late Wisconsin-aged deposits and landforms have been observed in the Narrowsburg quadrangle.
Most of the material was deposited in the quadrangle over a few decades to centuries of ice recession
(probably centered around 17 to 18 Ka for this quadrangle). The last glacial advance and retreat was
quite effective in removing older glacial deposits from the landscape. The Wisconsinan till deposits are
dominated by fresh clasts of the local bedrock indicating considerable erosion of the bedrock during the
last glaciation.

As the glacier continued its recession north of Pennsylvania, cold periglacial climate conditions prevailed

in the area for several thousand years. At that time exposed sandstone ledges were frost shattered and

the blocks transported downslope by various processes collectively known as gelifluction (Braun, 1997).

The glacial till deposits themselves have been "mobilized" on the slopes by gelifluction. On the upper to

middle parts of the slopes, the upper 1.5 to 3 feet (0.5 to 1 meter) of material is a till-derived colluvium

material. That material often shows a well developed downslope fabric (tabular clasts near parallel to the

surface slope). On the lower parts of the hillslopes the till derived colluvium often reaches a 3 to 6 feet (1

to 2 meters) thickness (Braun, 1994). 

In the latest Pleistocene, after 13,000 BP (Dalton and others , 1997) and throughout the Holocene,

vegetation became well established and organic matter started accumulating in wetlands and lakes in

the region. All the lakes and wetlands in the region are the result of glaciation. Larger wetlands and all

the natural lakes are dammed on one or two sides by glacial deposits, a situation noted by Cameron

(1970) and confirmed locally in the Narrowsburg area. A few of the smaller hilltop wetlands are entirely

scoured out of bedrock.

Text from source map: Narrowsburg Quadrangle
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Orson Quadrangle

The formal citation for this source. 

Braun, D. D., 2010, Surficial Geology of the Orson 7.5-Minute Quadrangle, Susquehanna and Wayne
Counties, Pennsylvania: Pennsylvania Geological Survey, 4th ser., Open-File Report OFSM 10–06.0, 12
p., 1 map, scale 1:24,000 (GRI Source Map ID 75682).

Prominent graphics and text associated with this source.

Map Legend

Graphic from source map: Orson Quadrangle
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Table 1: Classification of Soil Series

Graphic from source map: Orson Quadrangle
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Table 2: Glacial Striations

Graphic from source map: Orson Quadrangle

Discussion

Mapping Technique - Surface Distribution of Deposits

The Orson 1:24,000-scale, detailed reconnaissance surficial geologic map (map of unconsolidated
materials overlying consolidated bedrock) was produced in four phases. In the first phase, a preliminary
surficial deposit map was made by Duane Braun in the spring of 2000 using existing soil maps (Martin,
1985; Reber, 1973) and bedrock geologic map (White, 1881), and through landform analysis using the
1:24,000-scale topographic map and aerial photographs. In the second phase, the preliminary surficial
deposit map was verified and/or corrected during 10 to 20 person days of fieldwork by Darrick Kreischer
and Ruth Braun (geologist assistants) and Braun in the summer of 2000. In the third phase, the field
verified/corrected preliminary surficial geology map was finalized, drafted onto three mylar overlays, and
had the text added by Braun in the fall of 2000. In the fourth phase, the mylar overlays were scanned and
the information digitized as shapefiles by Karen Trifonoff (Professor, Bloomsburg University). The
shapefiles were converted to ArcInfo coverages and corrected by Pennsylvania Geological Survey
personnel. The data were later upgraded to geodatabase feature classes, which were used to prepare
the final surficial geologic map (page 11).

The distribution and type of units on the preliminary surficial geology map are primarily a combined
parent-material and topographic-position classification of the soil survey map units. The classification of
all soil series by surficial deposit map unit is given in Table 1 (page 9). Many soil series are common to
more than one surficial deposit type. The landform of a specific area is used to decide which of the
surficial deposit types related to the mapped soil series is most likely to occur at that site. The soil
series boundaries are manually transferred from the 1:20,000-scale soil survey maps to the 1:24,000-
scale topographic map. Positions of the boundary lines are estimated by eye using natural and human
features that are identifiable on both the soil survey aerial photographs and the topographic map.
Expectable line location error is on the order of 50 to 100 feet on the ground where there are distinct
features to help locate the boundaries. Where boundaries cross large featureless areas of forest, line
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placement error is in the range of 100 to as much as 200 feet on the ground. During the field verification
and correction phase many contacts are moved to reflect conditions directly observed in the field.

Thickness of Deposits

The thickness of surficial deposits is divided into four categories: 6 feet (the contact of the bedrock (br)
unit with all other surficial units), 30 feet, 100 feet, and 150 feet. The individual thickness contours
(isochores) were drawn to be a conservative estimate of thickness (minimum thickness). The thickness
was determined from sparse water-well data and outcrops of the surficial deposits. In most areas, the
thickness was interpreted on the basis of soil-landform associations and a reconstruction of the
preglacial drainage. This reconstruction indicates that most stream valleys have segments partly to
entirely filled with glacial deposits. In a few places, streams have a deranged pattern where the streams
turn abruptly and enter or exit valley segments that are markedly narrower or wider than adjacent
segments. These changes are the result of burial of parts of the original dendritic drainage pattern
(Braun, 1997).

Quaternary History

During the Quaternary, the Orson 7.5-minute quadrangle area has been affected by a climate that has
alternated between cold, glacial-periglacial conditions and warm, humid temperate interglacial
conditions. About 10 such alternations have affected northeastern Pennsylvania during the last million
years (Braun, 1989, 1994, 2004). There is evidence for at least three different glacial advances across
the Orson area in that there are three glacial limits of distinctly different ages to the southwest of the
area (Braun, 1994). The farthest to the southwest and oldest glacial limit is considered to be of pre-
Illinoian G age (850 ka) or older. The next distinct glacial limit is considered to be of either late Illinoian
(150 ka) or pre-Illinoian B (450 ka) age and is only about 10 miles beyond the most recent, late
Wisconsinan (20 ka) glacial limit. Other glacial advances have approached the area and caused severe
periglacial activity (Braun, 1989, 1994).

The earlier glacial advances across the Orson area should have accomplished some erosional work. The
trend of the glacial limits and glacial striations of the older glaciations is similar to that of the late
Wisconsinan glacier (Braun, 1994). This indicates that the older glaciers moved across the region in
about the same direction as the late Wisconsinan ice, and the older glaciers should have eroded and
deposited in a pattern generally like that of the late Wisconsinan. Preglacial valleys oriented parallel to
ice flow would tend to be significantly scoured and partly backfilled in each glaciation. Valleys oriented
perpendicular to ice flow would have the least scour and be the most backfilled, sometimes becoming
completely buried (Braun, 1997). The late Wisconsinan glacier advanced and retreated across the region
in a general S30°W-N30ºE direction (White, 1881; Braun, 1997). Within the quadrangle, glacial striations
(Table 2 and the map) indicate that ice flow was quite variable, from S01°W to S36°W. North-to-south
meltwater flow cut a series of subglacial and/ or ice-marginal channels (sluiceways) across saddles in
ridges transverse to ice flow. The best example of an incised saddle is at Spruce Lake in the
northeastern part of the quadrangle. This saddle has been incised in the divide between the north-
draining Shadigee Creek and the south-draining East Branch Lackawanna River.

Only late-Wisconsinan-aged deposits and landforms have been observed in the Orson quadrangle. Most
of the material was deposited in the quadrangle over a few decades to centuries of ice recession,
probably centered around 17 to18 ka (radiocarbon years) for this quadrangle. The last glacial advance
and retreat was quite effective in removing older glacial deposits from the landscape. The Wisconsinan
till deposits are dominated by fresh clasts of the local bedrock, indicating considerable erosion of the
bedrock during the last glaciation.

As the glacier continued its recession north of Pennsylvania, cold periglacial climate conditions prevailed
in the area for several thousand years (Coates and King, 1973; Coates, 1981; Braun, 1997). At that time,
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exposed sandstone ledges were frost shattered, and the blocks were transported downslope by various
processes collectively known as gelifluction (Braun, 1997). The glacial till deposits themselves have
been “mobilized” on the slopes by gelifluction. On the upper to middle parts of the slopes, the upper 1.5
to 3 feet of material is a till-derived colluvium. That material often shows a well-developed downslope
fabric (tabular clasts near parallel to the surface slope). On the lower parts of the hillslopes, the till-
derived colluvium often reaches 3 to 6 feet or greater in thickness (Braun, 1994).

In the latest Pleistocene, after 13,000 BP (Dalton and others, 1997), vegetation became well established
and organic matter started accumulating in wetlands and lakes in the region. All the lakes and wetlands
in the region are the result of glaciation. Larger wetlands and all the natural lakes are dammed on one or
two sides by glacial deposits, a situation noted by Cameron (1970) and confirmed locally in the Orson
area. A few of the smaller hilltop wetlands are entirely scoured out of bedrock. In the larger wetlands,
peat thickness often approaches 30 feet (Edgerton, 1969).

Text from source map: Orson Quadrangle
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Table 1: Classification of Soil Series
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Table 2: Glacial Striations

Graphic from source map: Starrucca Quadrangle
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Discussion

Mapping Technique - Surface Distribution of Deposits

The Starrucca 1:24,000-scale detailed reconnaissance surficial geology map (map of unconsolidated
materials overlying consolidated bedrock) was produced in four phases. In the first phase, a preliminary
surficial deposit map was made by Duane Braun using existing soil mapping (Martin, 1985; Reber,
1973), bedrock mapping (White, 1881), and landform analysis using the 1:24,000-scale topographic map
and aerial photographs. In the second phase, the preliminary surficial deposit map was verified and/or
corrected during ten to twenty person-days of field work by Ruth Braun, Larry Prizblick and Ryan
Steigerwalt (geologist assistants) and Duane Braun (surficial geologist). In the third phase, the field
verified/corrected preliminary surficial geology map was finalized, drafted onto three mylar overlays, and
had the text added by Duane Braun. In the fourth phase, Jerry T. Mitchell (GIS consultant, Bloomsburg
University) did the preliminary digital work. Thomas G. Whitfield and student interns Jaclyn Giles and
Edward Ptak (Bureau of Topographic and Geologic Survey) completed the digital map and produced
three final digital files; geologic contacts, surficial deposit isochors, and bedrock outcrops.

The distribution and type of units on the preliminary surficial geology map is primarily a combined parent
material and topographic position classification of the soil survey map units. The classification of all soil
series by surficial deposit map unit is given in table 1. Many soil series are common to more than one
surficial deposit type. The landform of a specific area is used to decide which surficial deposit type the
soil series is most likely related to at that site on the preliminary surficial geology map. The soil series
boundaries are manually transferred from the 1:20,000-scale soil survey maps to the 1:24,000-scale
topographic map. Positions of the boundary lines are estimated by eye using natural and human
features that are identifiable on both the soil survey aerial photographs and the topographic map.
Expectable line location error is on the order of 50 to 100 feet on the ground where there are distinct
features to tie the boundaries to. Where boundaries cross large featureless areas of forest, line
placement error is in the range of 100 to as much as 200 feet on the ground. During the field verification
and correction phase many contacts are moved to reflect conditions directly observed in the field.

Mapping Technique - Thickness of Deposits

The thickness of surficial deposits is divided into four thickness categories: less than 6 feet (2 m)
overlying the bedrock [the contact of the bedrock (R) unit with all other surficial units], 30 feet (10 m),
100 feet (30 m), and 150 feet (45 m). The 30, 100, and 150 feet thickness contours are drawn to be a
conservative estimate of thickness (at least that thickness present). The thickness is determined from
sparse water well data and outcrops of the surficial deposits. In most areas the thickness is interpreted
on the basis of soil-landform associations and a reconstruction of the preglacial drainage. This
reconstruction indicates that most stream valleys have segments partly to entirely filled with glacial
deposits. In a few places streams have a deranged pattern where the streams turn abruptly and enter or
exit valley segments that are markedly narrower or wider than adjacent segments. These changes are
the result of burial of parts of the original dendritic drainage pattern (Braun, 1997).

Quaternary History

During the Quaternary, the Starrucca 7.5-minute quadrangle area has been affected by a climate that
alternated between cold, glacial-periglacial conditions and warm, humid temperate interglacial
conditions. About ten such alternations have affected northeastern Pennsylvania during the last one
million years (Braun, 1989, 1994). There is evidence for at least three different glacial advances across
the Starrucca area in that there are three glacial limits of distinctly different age to the southwest of the
area (Braun, 1994). The farthest to the southwest and oldest glacial limit is considered to be of pre-
Illinoian-G age (850 Ka) or older. The next distinct glacial limit is considered to be of either late Illinoian
(150 Ka) or pre-Illinoian-B (450 Ka) age and is only about 10 miles (15 km) beyond the most recent, late
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Wisconsinan (20 Ka) aged glacial limit. Other glacial advances have approached the area and caused
severe periglacial activity (Braun, 1989, 1994).

The earlier glacial advances across the Starrucca area should have accomplished some erosional work.
The trend of the glacial limits and glacial striations of the older glaciations is similar to that of the late
Wisconsinan glacier (Braun, 1994). This indicates that the older glaciers moved across the region in
about the same direction as the late Wisconsinan ice and the older glaciers should have eroded and
deposited in a pattern generally like that of the late Wisconsinan. Preglacial valleys oriented parallel to
ice flow would tend to be significantly scoured and partly back filled in each glaciation. Valleys oriented
perpendicular to ice flow would have the least scour and be the most backfilled, sometimes becoming
completely buried (Braun, 1997). The late Wisconsinan glacier advanced and retreated across the region
in a general S20°W - N20°E direction (Braun, 1997). Within the quadrangle, glacial striations indicate
that ice flow was from S 30 to 40°W with one hilltop having a S7°W trend (Table 2). A series of
subglacial and/or ice marginal melt-water channels (sluice-ways) were incised across saddles in the
ridges, especially the drainage divide between the Susquehanna and Delaware basins.

Only late Wisconsin-aged deposits and landforms have been observed in the Starrucca quadrangle.
Most of the material was deposited in the quadrangle over a few decades to centuries of ice recession
(probably centered around 15.5 - 16.5 Ka for this quadrangle). The last glacial advance and retreat was
quite effective in removing older glacial deposits from the landscape. The Wisconsinan till deposits are
dominated by fresh clasts of the local bedrock indicating considerable erosion of the bedrock during the
last glaciation In the Starrucca quadrangle the overall deposit pattern is one of bedrock ridges separated
by valleys partly filled with 30 to more than 150 feet of glacial till (as delineated by the thickness
contours on the map). The original dendritic drainage pattern has been little modified by glacial erosion
but has been markedly modified by glacial deposition. Masses of till, often in excess of 100 feet in
thickness, form knobs that partly to entirely block individual valleys. A series of such knobs form
“beaded valleys” that have a series of narrower and wider segments. Today the wider segments are often
wetlands or human dammed lakes. A good example of such a “beaded” valley is East Branch Hemlock
Creek valley on the west-center part of the map. In its valley and the valley of one of its tributaries there
is a complex of five wide spots, two wetlands and three lakes, separated by till masses. During and
immediately after deglaciation there were short-lived proglacial and paraglacial (immediately post-glacial)
lakes in essentially all such wide spots dammed by glacial till. Such dams were rapidly breached by
water flow probably in tens to hundreds of years until only wetlands remained. Up to the present time
beavers have repeatedly re-dammed such sites.

The southwest moving glacier deposited thick till “shadows” (Coates, 1966) on the sides of south,
southwest, and west facing slopes (north, northeast, and east sides of individual valleys. A particularly
interesting example of a valley with a till shadow is located the southwest corner of the map. It is a west
trending unnamed tributary that enters the Starrucca valley by way of a waterfall, Bucks Falls. The
stream flows along the south side of its valley with a steep south side on bedrock and a gentler north
side on till, the “shadow”. As the stream has eroded down it has also migrated laterally down the
bedrock side of the partly buried valley and has been cutting into the till “shadow”. Where the stream
enters the larger and deeper Starrucca valley, it falls off the edge of the bedrock and has built a fan out
onto the floor of the Starrucca valley. A waterfall knick-point cut back about a hundred feet before that
channel was abandoned by the stream as it continued its down and sideways erosion along the bedrock
- till contact. The second and current falls knick-point has also cutback about 100 feet and was just in
the process of being abandoned until humans intervened. Water was just beginning to by-pass the
present falls during high flows. A township road was built up the slope along that incipient channel,
blocking the flow. Also an artificial channel was cut into bedrock above the falls to keep the channel on
the north side of the road and prevent even high flow from coming down the roadway. The small dam at
the lip of the falls and the ruins below the falls are the remains of the Buck family’s hydroelectric plant
that operated in the early part of the 20th century.
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A few localized patches of sand and gravel deposits are located along three of the valleys on the map.
Along Starrucca Creek there are three ice-contact-stratified-drift (Qwic) deposits and five alluvial fans
deposited on the floor of the valley by tributary streams. The Qwic mass at the village of Starrucca,
exposed in an excavation behind a large barn, is as much as 100 feet thick but has a limited extent and
is partly occupied by two cemeteries. A potentially useable Qwic mass at least a few tens of feet thick
occurs along Starrucca Creek just before it leaves the west edge of the map. A Qwic mass at the south-
center edge of the map on a small tributary and hillside above the Shadigee Creek valley is fairly
extensive but relatively thin (a few tens of feet thick). On the northeast edge of the map along the north
side of the Sherman Creek valley are potentially useable Qwic deposits.

As the glacier continued its recession north of Pennsylvania, cold periglacial climate conditions prevailed
in the area for several thousand years. At that time exposed sandstone ledges were frost shattered and
the blocks transported downslope by various processes collectively known as gelifluction (Braun, 1997).
The glacial till deposits themselves have been "mobilized" on the slopes by gelifluction. On the upper to
middle parts of the slopes, the upper 1.5 to 3 feet (0.5 to 1 meter) of material is a till-derived colluvium
material. That material often shows a well-developed downslope fabric (tabular clasts near parallel to the
surface slope). On the lower parts of the hillslopes the till derived colluvium often reaches a 3 to 6 feet (1
- 2 m) thickness (Braun, 1994).

In the latest Pleistocene, after 13,000 BP (Dalton and others, 1997) and throughout the Holocene,
vegetation became well established and organic matter started accumulating in wetlands and lakes in
the region. All the lakes and wetlands in the region are the result of glaciation. Larger wetlands and all
the natural lakes are dammed on one or two sides by glacial deposits, a situation noted by Cameron
(1970) and confirmed locally in the Starrucca area. A few of the smaller hilltop wetlands are entirely
scoured out of bedrock.

Text from source map: Starrucca Quadrangle
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Table 1: Classification of Soil Series

Graphic from source map: White Mills Quadrangle

Table 2: Glacial Striations

Graphic from source map: White Mills Quadrangle

Discussion

Mapping Technique - Surface Distribution of Deposits

The Wayne County portion of the White Mills 1:24,000-scale detailed reconnaissance surficial geology
map (map of unconsolidated materials overlying consolidated bedrock) was produced in four phases. In
the first phase, a preliminary surficial deposit map was made by Duane Braun using existing soil
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mapping (Martin, 1985), bedrock mapping (White, 1881), and landform analysis using the 1:24,000-scale
topographic map and aerial photographs. In the second phase, the preliminary surficial deposit map was
verified and/or corrected during ten to twenty person-days of field work by Eugene Szymanski and Ruth
Braun (geologist assistants) and Duane Braun (surficial geologist). In the third phase, the field verified/
corrected preliminary surficial geology map was finalized, drafted onto mylar overlays, and had the text
added by Duane Braun. In the fourth phase, the mylar overlays were scanned, digitized, and produced in
an ArcGIS format and Adobe PDF (Portable Document Format) by Pennsylvania Geological Survey
personnel.

The distribution and type of units on the preliminary surficial geology map is primarily a combined parent
material and topographic position classification of the soil survey map units. The classification of all soil
series by surficial deposit map unit is given in table 1. Many soil series are common to more than one
surficial deposit type. The landform of a specific area is used to decide which surficial deposit type the
soil series is most likely related to at that site on the preliminary surficial geology map. The soil series
boundaries are manually transferred from the 1:20,000-scale soil survey maps to the 1:24,000-scale
topographic map. Positions of the boundary lines are estimated by eye using natural and human
features that are identifiable on both the soil survey aerial photographs and the topographic map.
Expectable line location error is on the order of 50 to 100 feet (15 to 30 meters) on the ground where
there are distinct features to tie the boundaries to. Where boundaries cross large featureless areas of
forest, line placement error is in the range of 100 (30 meters) to as much as 200 (60 meters) feet on the
ground. During the field verification and correction phase many contacts are moved to reflect conditions
directly observed in the field.

Mapping Technique - Thickness of Deposits

The thickness of surficial deposits is divided into four thickness categories: less than 6 feet (2 meters)
overlying the bedrock (the contact of the bedrock (R) unit with all other surficial units), 30 feet (10
meters), 100 feet (30 meters), and 150 feet ( 50 meters). The 30, 100, and 150 feet thickness contours
are drawn to be a conservative estimate of thickness (at least that thickness present). The thicknesses
are determined from sparse water well data and outcrops of the surficial deposits. In most areas the
thickness is interpreted on the basis of soil-landform associations and a reconstruction of the preglacial
drainage. This reconstruction indicates that most stream valleys have segments partly to entirely filled
with glacial deposits. In a few places streams have a deranged pattern where the streams turn abruptly
and enter or exit valley segments that are markedly narrower or wider than adjacent segments. These
changes are the result of burial of parts of the original dendritic drainage pattern (Braun, 1997).

Quaternary History

During the Quaternary, the White Mills 7.5-minute quadrangle area has been affected by a climate that
alternated between cold, glacial-periglacial conditions and warm, humid temperate interglacial
conditions. About ten such alternations have affected northeastern Pennsylvania during the last one
million years (Braun, 1989, 1994). There is evidence for at least three different glacial advances across
the White Mills area in that there are three glacial limits of distinctly different age to the southwest of the
area (Braun, 1994). The farthest to the southwest and oldest glacial limit is considered to be of pre-
Illinoian-G age (850 Ka) or older. The next distinct glacial limit is considered to be of either late Illinoian
(150 Ka) or pre- Illinoian-B (450 Ka) age and is only about 10 miles (15 km) beyond the most recent, late
Wisconsinan (20 Ka) aged glacial limit. Other glacial advances have approached the area and caused
severe periglacial activity (Braun, 1989, 1994).

The earlier glacial advances across the White Mills area should have accomplished some erosional
work. The trend of the glacial limits and glacial striations of the older glaciations is similar to that of the
late Wisconsinan glacier (Braun, 1994). This indicates that the older glaciers moved across the region in
about the same direction as the late Wisconsinan ice and the older glaciers should have eroded and
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deposited in a pattern generally like that of the late Wisconsinan. Preglacial valleys oriented parallel to
ice flow would tend to be significantly scoured and partly back filled in each glaciation. Valleys oriented
perpendicular to ice flow would have the least scour and be the most backfilled, sometimes becoming
completely buried (Braun, 1997). The late Wisconsinan glacier advanced and retreated across the region
in a general S 20°W – N 20°E direction. Within the quadrangle, glacial striations (Table 2) indicate that
ice flow was about S 25 – 35°W. A series of subglacial and/or ice marginal meltwater channels
(sluiceways) were incised across saddles in the ridges.

Only late Wisconsin-aged deposits and landforms have been observed in the White Mills quadrangle.
Most of the material was deposited in the quadrangle over a few decades to centuries of ice recession
(probably centered around 17 – 18 Ka for this quadrangle). The last glacial advance and retreat was quite
effective in removing older glacial deposits from the landscape. The Wisconsinan till deposits are
dominated by fresh clasts of the local bedrock indicating considerable erosion of the bedrock during the
last glaciation.

As the glacier continued its recession north of Pennsylvania, cold periglacial climate conditions prevailed

in the area for several thousand years. At that time exposed sandstone ledges were frost shattered and

the blocks transported downslope by various processes collectively known as gelifluction (Braun, 1997).

The glacial till deposits themselves have been “mobilized” on the slopes by gelifluction. On the upper to

middle parts of the slopes, the upper 1.5 to 3 feet (0.5 to 1 meter) of material is a till-derived colluvium

material. That material often shows a well developed downslope fabric (tabular clasts near parallel to the

surface slope). On the lower parts of the hillslopes the till derived colluvium often reaches a 3 to 6 feet (1

to 2 meters) thickness (Braun, 1994).

In the latest Pleistocene, after 13,000 BP (Dalton and others, 1997) and throughout the Holocene,

vegetation became well established and organic matter started accumulating in wetlands and lakes in

the region. All the lakes and wetlands in the region are the result of glaciation. Larger wetlands and all

the natural lakes are dammed on one or two sides by glacial deposits, a situation noted by Cameron

(1970) and confirmed locally in the White Mills area. A few of the smaller hilltop wetlands are entirely

scoured out of bedrock. In the larger wetlands, peat thickness often approaches 30 feet (10 meters)

(Edgerton, 1969).

Text from source map: White Mills Quadrangle
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Pike County Geology and Mineral Resources

The formal citation for this source. 

Sevon, W.D., Berg, Thomas M., Schultz, Lane D., and Crowl, George H., 1989, Geology and Mineral
Resources of Pike County, Pennsylvania; Pennsylvania Geological Survey, County Report C 52, 141p.,
scale 1:50,000 (GRI Source Map ID 4794).

This publication contains two plates (surficial geology and bedrock geology) and a detailed report. 
Graphics associated with the surficial and bedrock plates are shown below.  Visit here Pennsylvania
Geologic Survey Pike County Geology and Mineral Resources to download and view the report.

Location Map

Graphic from source map: Pike County Geology and Mineral Resources

Surficial Geologic Map

The formal citation for this source.

Sevon, W.D., Berg, Thomas M., Schultz, Lane D., and Crowl, George H., 1989, Geology and Mineral
Resources of Pike County, Pennsylvania; Pennsylvania Geological Survey, County Report C 52, 141p.,
plate 2 (Surficial Geologic Map), scale 1:50,000. (GRI Source Map ID 4794).

Prominent graphics associated with this source.

http://maps.dcnr.pa.gov/publications/Default.aspx?id=59
http://maps.dcnr.pa.gov/publications/Default.aspx?id=59
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Map Legend

Graphic from source map: Pike County Geology and Mineral Resources, Surficial Geologic Map
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Correlation of Map Units

Note: Not all geologic units shown on this correlation appear in the GRI GIS data.

Graphic from source map: Pike County Geology and Mineral Resources, Surficial Geologic Map
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Bedrock Geologic Map

The formal citation for this source.

Sevon, W.D., Berg, Thomas M., and Schultz, Lane D., 1989, Geology and Mineral Resources of Pike
County, Pennsylvania: Pennsylvania Geological Survey, County Report 52, 141p., plate 1 (Bedrock
Geologic Map), scale 1:50,000. (GRI Source Map ID 4459).

Prominent graphics associated with this source.

Map Legend

Graphic from source map: Pike County Geology and Mineral Resources, Bedrock Geologic Map
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Correlation of Map Units

Note: Not all geologic units shown on this correlation appear in the GRI GIS data.

Graphic from source map: Pike County Geology and Mineral Resources, Bedrock Geologic Map
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Pike County Groundwater Resources

The formal citation for this source. 

Davis, Drew K., 1989, Groundwater Resources of Pike County, Pennsylvania: Pennsylvania Geological
Survey, 4th ser., Water Resource Report 65, 63 p., scale 1:50,000 (GRI Source Map ID 5779).

Note:  Only well points were captured from this publication.

This publication contains two plates (surficial geology and bedrock geology) and a detailed report. 
Graphics associated with the surficial and bedrock plates are shown below.  Visit here Pennsylvania
Geologic Survey Pike County Groundwater Resources to download and view the report.

Location Map

Graphic from source map: Pike County Groundwater Resources

Surficial Geologic Map

The formal citation for this source.

Davis, Drew K., 1989, Groundwater Resources of Pike County, Pennsylvania: Pennsylvania Geological
Survey, 4th ser., Water Resource Report 65, 63 p., plate 2 (Surficial Geologic Map), scale 1:50,000. (
GRI Source Map ID 5779).

Prominent graphics associated with this source.

http://maps.dcnr.pa.gov/publications/Default.aspx?id=177
http://maps.dcnr.pa.gov/publications/Default.aspx?id=177
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Map Legend

Note: Only wells were captured in the GRI digital geologic-GIS data from this source map.

Graphic from source map: Pike County Groundwater Resources, Surficial Geologic Map
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Correlation of Map Units

Note:  The geologic units present on this correlation and their respective symbols, ages and descriptions
are the same as those shown on Pennsylvania Geologic Survey Pike County Geology and Mineral
Resources.  The major difference is this correlation describes the water-bearing properties of geologic
unit shown in the GIS data. Not all geologic units shown on this correlation appear in the GRI GIS data.

Graphic from source map: Pike County Groundwater Resources, Surficial Geologic Map

http://maps.dcnr.pa.gov/publications/Default.aspx?id=59
http://maps.dcnr.pa.gov/publications/Default.aspx?id=59
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Bedrock Geologic Map

The formal citation for this source.

Davis, Drew K., 1989, Groundwater Resources of Pike County, Pennsylvania: Pennsylvania Geological
Survey, Water Resource Report 65, 63 p., plate 1 (Bedrock Geologic Map), scale 1:50,000 (GRI Source
Map ID 4456).

Prominent graphics associated with this source.

Map Legend

Note: Only wells were captured in the GRI digital geologic-GIS data from this source map.

Graphic from source map: Pike County Groundwater Resources, Bedrock Geologic Map
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Correlation of Map Units

Note:  The geologic units present on this correlation and their respective symbols, ages and descriptions
are the same as those shown on Pennsylvania Geologic Survey Pike County Geology and Mineral
Resources.  The major difference is this correlation describes the water-bearing properties of geologic
unit shown in the GRI GIS data.  Not all geologic units shown on this correlation appear in the GRI GIS
data.

Graphic from source map: Pike County Groundwater Resources, Bedrock Geologic Map

http://maps.dcnr.pa.gov/publications/Default.aspx?id=59
http://maps.dcnr.pa.gov/publications/Default.aspx?id=59
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New York Upper Delaware River

The following datasets were part of a multi-year New York State Geological Survey mapping project
contracted by the NPS GRI.  The mapping was conducted in two phases and delivered as two separate
collections of shapefiles.  The New York State Geological Survey produced a report describing the
surficial geology and geologic history of the area mapped.  That report can be viewed by double-clicking
the following link: NYSGS Upper Delaware Report.

New York Upper Delaware River North

The formal citation for this source. 

Kowzlowski, A. L., 2017, Surficial Geology of the New York Portion of Upper Delaware Scenic and
Recreational River and Vicinity, New York (Northern 7.5' quadrangles): New York State Geological
Survey, unpublished data and map, scale 1:24,000 (GRI Source Map ID 76117).

New York Upper Delaware River South

The formal citation for this source. 

Leone, James et al., 2019, Surficial Geology of the New York Portion of Upper Delaware Scenic and
Recreational River and Vicinity, New York (Southern 7.5' quadrangles): New York State Geological
Survey, unpublished data and map, scale 1:24,000 (GRI Source Map ID 76289).

National Hydrography Dataset

The formal citation for this source. 

U.S. Geological Survey, 2018, USGS National Hydrography Dataset Best Resolution (NHD) for
Hydrologic Unit (HU) 8: U.S. Geological Survey, scale 1:24,000 (GRI Source Map ID 76278).
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BACKGROUND: The New York State Geological and Natural History Survey was established by the New York State 


Legislature in 1836. Geological research has been conducted continuously since then and has remained an important 


component of the State Cabinet of Natural History, established in 1842 and later renamed the New York State 


Museum in 1870. The New York State Geological Survey (NYSGS) is a bureau of the State Museum in the State 


Education Department. 


MISSION: The mission of the NYSGS is to conduct geologic research, evaluate mineral resources and geologic 


hazards of the State of New York, and make the data and advice derived from that research available to State 


agencies, the educational community, and the public for the health, safety, and economic welfare of the citizens of 


the State. Responsibilities of the NYSGS include maintaining a comprehensive inventory of the geologic resources, 


conducting research into the characteristics of, and processes operating in, the earth’s crust, and making the 


resulting geologic knowledge readily available. The guiding principles require that the work of the NYSGS be synoptic 


and comprehensive throughout the State, be applicable to addressing the geologically related issues facing the 


citizens of the State and be assembled in useable formats. Descriptions of various aspects of the State’s geology are 


presented in the Museum Bulletin, Memoir, Map & Chart, Miscellaneous Publications, and Circular series 


publications. Ongoing research projects are summarized annually in open-file reports such as the one you are about 


to read. 


ACKNOWLEDGMENTS: This study has benefited from collaborative contributions of many people that include the 


United States National Parks Service, The Upper Delaware Council, and private landowners whom allowed access 


their property.   
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The Geologic Mapping of the Upper Delaware River Valley Phase II, 
Sullivan and Orange Counties, New York  


 
By James Leone, Karl Backhaus, and Andrew Kozlowski  


 
Abstract  
 The Upper Delaware Scenic and Recreational River consists of more than 56,000 acres in 
northeastern Pennsylvania and southeastern New York. Like the Adirondack and Catskills State 
Parks, most of the area is privately owned, the federal lands only consist of about 30 acres.  
However, the scenic river area is a subset of the larger Delaware River Basin managed by the 
National Park Service. This area serves as a destination for both recreational and natural history 
enthusiasts and receives over 250,000 annual visitors. The purpose of this geologic mapping 
investigation has been to provide new, accurate and detailed information to address resource 
management and identify key geologic features and to better understand the origin of the 
landscape to educate the visitors and landowners alike.   
   
Introduction  
 As part of the National Parks Services ongoing project to inventory the geologic 
resources of their parks and managed areas, the New York State Geologic Survey (NYSGS) has 
been enlisted to map the New York portion of the Upper Delaware Scenic and Recreation River 
or UDSRR managed area. The scope of the mapping for Phase II included the New York portions 
of the United States Geological Survey 7.5-Minute Quadrangles of Eldred, Shohola, Pond Eddy, 
and Port Jervis North Quadrangles in Sullivan and Orange Counties in southern New York, but 
not limited to the NPS managed areas (Figure 1). The Upper Delaware River Valley forms the 
New York and Pennsylvania border in this region. The area is a glacially modified mountainous 
area that is part of the Catskill Mountains of New York State and continues as the Poconos 
Mountains in the State of Pennsylvania. The south eastern corner of the mapping area included 
portions of the Minisink Valley/Neversink Valley were the Delaware River bends to the south in 
the City of Port Jervis, NY. As well as a small portion of the Shawangunk Ridge.  
 Throughout the Fall 2018 and Winter of 2018 and 2019, hand-augured soil samples and 
outcrop observations were taken within the four quadrangles. The soil samples were returned 
to the New York State Museum for grain size analysis. The objectives of the study were to 
assemble a comprehensive geologic map. Little information about the glacial history of the 
mapped area has been documented in previous studies, inferences have been made about 
which lobes of the Laurentide Ice Sheet moved through the area. This is largely due to the lack 
of datable material found within this area and likely the lack of high-resolution LiDAR elevation 
data has made it difficult for geologists in the past to identify glacially derived landforms 
through the thick vegetation of the region. Adjacent areas have been extensively mapped such 
as the areas just south of this project area in the Delaware Water Gap National Recreation 
Area, further north in the Catskill Mountains and east of the Shawangunk Ridge.  
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Physiographic Setting  
 The Upper Delaware Scenic and Recreational River area is located at the southern edge 
of the Catskill Mountains (Figure 2). The area mapped as part of Phase II extends from about 
seven miles east of the Village of Narrowsburg, NY to the Huckleberry Ridge State Forest along 
the Shawangunk Ridge. The Delaware River flows southeast toward the City of Port Jervis, NY 
where its confluences with the Neversink River just south of the Port Jervis North Quadrangle 
and continues to flow southward towards the Delaware Bay.  
 This mountainous region contains numerous tributaries that feed into the Delaware 
River. Including but not limited to the Mongaup and Neversink Rivers. The Upper Delaware 
River drops from 186 meters or 610 feet in elevation as it enters the Eldred Quadrangle and the 
river exits the Port Jervis North Quadrangle at 180 meters or 590 feet elevation, with an 
average gradient of less than one percent. This is also the lowest elevation in the mapping area. 
The maximum elevation is just over 475 meters or around 1558 feet, along the top of an upland 
moraine in north central portion of the Port Jervis North Quadrangle. 
 
 
 
 
 
 
 


Figure 1 Orange USGS Quadrangles were mapped during Phase I, blue quadrangles are mapped in Phase II. Both of which 
include the Upper Delaware Scenic and Recreational River area. 
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Bedrock Geology 
 Clastic Devonian rock is the predominate bedrock in this region except for some 
Devonian age carbonates and some Silurian aged rock in the extreme southeast corner of the 
Port Jervis North Quadrangle. Fine to coarse sandstones, shales and mudstones, were observed 
across most of the area. There are some quartz pebble conglomerate beds and there is the 
potential to have localized lacustrine carbonate beds (Ver Straeten, 2013).  Multiple cycles and 
similar facies, that cover 25 million years, make this area difficult to correlate without spending 
a great deal of time exclusively mapping the bedrock. Extensive geophysical and geochemical 
work would need to be carried out to create a comprehensive bedrock map of the region. This 
region was an expansive coastline with complex river systems, transporting massive amounts of 
sediment coming from the ancestral Acadian Mountains, which occupied present day eastern 
New England.   


The map in Figure 3 is modified from the New York State Bedrock Geology Map – Lower 
Hudson Map Panel. The units represented in the region range from the Silurian rocks that make 
up part of the Shawangunk ridge to the Upper Devonian Honesdale Formation of the West Falls 
Group on the western edge of the mapping area. From the Devonian Hamilton Group through 
the Honesdale Formation to a varying degree, contain very similar facies. Cross bedded 
sandstones, pebble conglomerates, and red shale are present throughout these formations the 
Devonian clastic rocks.  


Figure 2 Physiographic Provinces of Phase II New York Upper Delaware area. 
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 Glacial Geology 
 The glacial history of these quadrangles has been generally inferred by prior regional 
studies with little work in the project area. The work conducted nearby was focused further 
north in the Catskill Mountains, Ozvath and Coates (1986), Kirkland (1979), Heroy (1974) and 
Rich (1935). Work to the south in New Jersey and Pennsylvania, Stanford (2016) and Cotter 
(1986) centered within and areas adjacent to the Delaware Water Gap Scenic and Recreational 
River. Some moraines have been identified that might suggest the directions the ice moved 
through the region. Past work by Cotter et al. (1986), infers that the Hudson and Ontario lobes 
met each other somewhere in the eastern Catskills on their way to the Late Wisconsin terminal 
moraine in northern Pennsylvania and New Jersey prior to the Late Glacial Maximum about 25 
thousand years before present (Cal yr B.P.). The deglaciation and lack of glacial ice margins in 
the Catskill region has been long discussed and debated. Rich, (1935), suggested that there 
were two distinct glacial drift units. He attempted to support this by noting the variation of 
color of the drift, a grey colored glacial till and a reddish-brown till.  Kirkland (1979), and Ozvath 
and Coates (1986) disagreed with the notion of two distinct till units and pointed out that due 
to the variations in bedrock color, it is most likely that the till color was derived from nearby 
bedrock. Test borings in the map area do suggest that presence of more than one till deposited 


Figure 3 Bedrock Geology of Phase II mapped quadrangles in Upper Delaware River Valley and Southern Catskill 
Mountains of New York 
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in the region, but the timing of these units is not constrained well enough to determine the 
precise age of the two units.  
 Mass stagnation of ice due in part to the rugged mountainous nature of the western 
Catskills, has previously been suggested (Kirkland, 1979). The style of deglaciation involved both 
stagnation zone retreat in valleys oriented parallel to the ice flow direction and mass stagnation 
in valleys-oriented transverse to ice flow (Ozsvath and Coates, 1986). Up to this present study 
there has not been much available data in the region to evaluate previous models of glacial 
chronology, therefore proposed models of advance and retreat/melt have remained 
speculative. The mapped area is situated over 100 kilometers north of the terminal moraine of 
the Late Glacial Maximum (LGM) of the Late Wisconsin glaciation (Figure 4) which has been 
constrained to 28-23.5 thousand years before present (Cal yr B.P.) in Ridge, 2003.  Ice likely 
covered much of the region between 28.5 and 18.5 Cal yr B.P. with ice hundreds of meters 
thick.  
 


 
 
 
 


Figure 4 Phase I and II quadrangles (green rectangles) and estimated age and geographic extent of former Wisconsin glacier 
margin. Note LGM boundary 28.0-23.5 thousand years before present (adapted from Ridge, 2003) 
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Field mapping 
 Field mapping for phase II was completed in 2018 and 2019.  Mapping efforts involved 
traversing the quadrangles primarily by vehicle along roadways with some mapping taking place 
on state land parcels and private land. Sample collection was taken by pick and shovel from 
outcrops and a hand auger was used where possible. Across the four quadrangles over 200 
observation points were made during the mapping process, with about 163 samples collected 
for grain size analysis. 
   
 Mapping Units 
 Mapping units are materials based and include: 
 
Artificial Fill (Af) - Surficial sediment composed of coarse/fine and or crushed rock 
anthropogenically transported and used for construction purposes. 
 
Holocene Alluvmium (Ha) - Sorted and stratified silt, sand, and gravel, deposited by rivers and 
streams. May include cobbles and boulders. Inferred as post-glacial alluvium and includes 
modern channel, over-bank and fan deposits 
 
Holocene Wetland Deposits (Hw) - Peat, muck, marl, clay or sand deposited in association with 
wetland environments. Various sediments can be present at transitional boundaries from one 
facies to another.  
 
Holocene Diamicton Colluvium (Hdc) - Unsorted and unstratified deposit of gravel, sand, silt, 
clay, with boulders/cobbles possible. Described as a mass-wasting deposit at the base of steep 
hillslopes and cliffs as part of a slump or hillslope failure. 
 
Pleistocene Diamicton (Matrix Supported) (Pd)- An admixture of unsorted sediment ranging 
from clay to boulders. Generally, matrix supported, massive and clast rich. Interpreted as till. 
 
Pleistocene Diamicton (Clast Supported) (Pdcs) – an admixture of unsorted sediment ranging 
from clay to boulders. Generally, clast supported, massive and clast rich. Interpreted as till. 
 
Pleistocene Stratified Sand and Gravel (Psg) – Well-sorted and stratified sand and gravel. May 
include cobbles and boulders. Inferred to be delta, fan or lag deposits in glacial channels or near 
ice margins. 
  
Pleistocene Cobbles to Sand (Pics) – Stratified ice contacted deposits, variable coarse-grained 
sediment consisting of boulders to sand size particles. Inferred to be deposited along an ice-
margin. May included interbedded coarse lenses of gravel and clast supported diamicton. (flow 
tills) 
 
Pleistocene Sand (Ps) - Well sorted and stratified sand, deposited by fluvial, lacustrine or eolian 
processes. Inferred as deposits associated with distal glacial environments. 
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Bedrock (Br) - Non-glacially derived, hard rock, pre-Pleistocene in age. May be covered up to a 
meter in diamicton, sand and gravel, or sand and clay, in areas marked as Br. The bedrock units 
in the region are discussed in the bedrock geology section of the report.  
  
 Eldred 
 The portions of the Eldred Quadrangle within the boundaries of the UDSRR, consist 
primarily of exposed bedrock, thin diamicton over rock, and alluvium on the floor of the 
Delaware River Valley. Outside of the UDSRR is made up of mountains and valleys with bedrock 
exposures on the valley walls and summits.  The bedrock is Upper Devonian in age made up of 
mostly sandstones and mudstones. Many of the continuous bedrock topped ridgelines are 
oriented in a north-south trend. Sand and gravel deposits are found in valleys that generally 
trend continuous through the quadrangle in a northeast to southwest direction.  
 The western most valley has an esker present that primally extends parallel along the 
west side of Swamp Pond Road (Figure 5 and 6). An esker is an elongated sinuous ridge of 
glaciofluvial sand and gravel (Warren and Ashley 1994; Benn and Evans 1998), deposited by 
glacial meltwater in a channel between ice walls of the glacial ice or in a sub-glacial tunnel. The 
esker ridge extends northeast to southwest, beginning north of the Eldred Quadrangle 
boundary about three kilometers into the Lake Huntington Quadrangle (Figure 7).  


Figure 5 Photo of esker on Swamp Pond Road. The ridge is made up of light reddish-brown sand with 
some rounded gravel clasts. 
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Figure 7 LiDAR image of esker and kame deposits in northwest corner of the Eldred 
Quadrangle 


Figure 6 Close up photo of sample location ELD-JL-26. This sample was mostly sand 
with some gravel. 
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 In association with the eskers, stratified kame deposits also are present which also 
consist of sand and gravel (Figure 8). Kame is a term used to describe hills or mounds of sand 
and gravel associated with melting stagnant ice blocks. It is likely in this case that stagnant ice 
melting in the valley formed both the eskers and kames simultaneously. This trend continues to 
the southwest into the previously mapped Narrowsburg Quadrangle and ends along the 
Delaware River. 
  


 
 
 
 


Figure 8 Photos of stratified sand and gravel deposits in quarry on Swamp Pond Road. Sample 
location ELD-JL-27 in figure 5 
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 Shohola 
 The portion of the Shohola Quadrangle in the study area (Figure 1) had the least amount 
of area mapped for Phase II. Much of the quadrangles area is within the UDSRR and consists of 
bedrock exposures, light brown sandy diamicton (till), silt rich red diamicton, and alluvium 
along streams and the Delaware River. Sand and gravel deposits in north-south oriented stream 
valleys of the Halfway Brook and Beaver Brook are continuous northward into the Eldred 
Quadrangle.  The bedrock in the quadrangle is Upper Devonian aged sandstones with some red 
shales within the outcrops.  
 Barryville, NY in the Town of Highland had three test borings drilled during an 
assessment for a possible dam site as part of the New York City water supply (Fluhr, 1950). Two 
of the boreholes were drilled on a barge in the Delaware River and one was drilled on the 
Pennsylvania side of the river (Figure 9).  


One test boring referred to as #R-1-Downstream (Figure 10) was drilled to 60 feet below the 
waterline. The initial few feet of drilling went through large boulders likely colluvium from the 
adjacent rock faces. Underlying the boulders was a four-foot layer of compacted gravel and fine 
sand. Then they drilled continuing down to the 60-foot total depth through red silty clay that 
increased in stiffness with depth. The second river borehole named #R-2-Upstream (Figure 10) 


Figure 9 Map of Barryvillie, NY borings in Shohola Quadrangle 
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went through the similar grey sands and gravel to 11 feet where it changed to medium and fine 
red sands and some gravel to about 17 feet. Seventeen to forty feet in depth was red silty clay 
and from 40 to 81 feet deep was red clay with little silt. Bedrock was encountered in this 
borehole at about 81 feet. The third borehole known as Barryville Saddle Boring (Figure 10) 
went through nine feet of red diamicton with gravel and boulders, interpreted as till. Nine to 
eighteen feet, decreasing in stiffness downward the reported material was red silty clay with 
some fine gravel. Increasing in stiffness down to 44 feet was red silty clay with no gravel 
reported. Forty-four to fifty-two feet below surface a layer of boulder rich till was encountered. 
Then till continuing to 77 feet. Followed by clay and sandstone boulders, interpreted as a more 
clay rich till, comprised the remainder of the unconsolidated section until reaching solid 
bedrock at 112 feet.  


 
 
 
  
  
 


Figure 10 Stratigraphic Columns of Barryville Borings 
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 Pond Eddy 
 Pond Eddy’s west side shares similarities with the Shohola and Eldred quadrangles. Light 
brown to reddish brown diamicton (till) and bedrock makes up much of the uplands in the 
quadrangle with continuous sand and gravel deposits through the Mill Brook’s branched 
valleys. Bedrock can be found exposed along the creeks in the base of these valleys, underlying 
sand and gravel deposits (Figure 11). These sand and gravel deposits are continuous throughout 
the valleys and Mill Brook has incised through these deposits. The sand and gravel deposits 
appear as hummocks in the valley may indicate the presence of stagnant ice during deposition.   


 Moving eastward towards the Mongaup River Valley the sand and gravel sediments are 
more widespread across the elevations from the base of the valley up along the valley walls. 
Hummocky topography depicted in Figure 12 and samples collected along what might be a 
moraine were sandy diamicton at the southwest end. Moving northeast along the moraine two 
samples on Knight Road (PE-JL-19, PE-JL-20) had sandy diamicton, interpreted as till, in the 
western sample, about 150 meters east there was only sand and gravel in the sample, minimal 
silt and clay was present in the latter sample. South of the Knight Road by about 400 meters 
samples from an old quarry pit had stratified sand beds with some silt beds and some beds with 
coarse sand (PEJL-37a/b, Figures 12 and 13). This may reflect a possible deltaic feature on top 
of the moraine.  Signs of the moraine within the Mongaup Valley appeared absent but the 
valley was filled with stratified sections of sand and gravel likely from glacial outwash 
associated with a glacial margin. Most of the observed sediments in the north-south oriented 
valley were sand beds with varying amounts of gravel present. The outwash likely post-dates 


Figure 11 Photo of bedrock along Hollow road in the Pond Eddy Quadrangle showing bedrock at creek level.  
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the formation of the delta and moraine. Sample PEJL-28 (Figure 12) collected in a small stream 
along the side the valley had well-sorted fine sand in a small stream cut. The deeper portions of 
the valley contained sand and gravel draped over bedrock exposures (Figure 14) oriented in a 
southwest to northeast trend and may be indicative a moraine (Figure 15). Moraines are 
continuous ridges of glacially deposited sediment usually made up of till. Moraines represent 
the edge of a former ice margin where sediment had been deposited.  
 


  


Figure 12 Glacial deposits that may represent moraine and ice contacted sediments 
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Figure 13 Photo of stratified sands. Note top sand bed is finer than the below bed with orange 
pen for scale. 


Figure 14 Exposed bedrock in Mongaup River, Pond Eddy Quadrangle. (PEJL-39, Figure 13) 
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Figure 15 LiDAR image of possible moraines in Pond Eddy and Port Jervis North Quadrangles 
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 Port Jervis North  
 Port Jervis North was the eastern most quadrangle mapped in Phase II (Figure 1). The 
UDSRR ends in the western portion of the quadrangle in Sparrow Bush, NY but the quadrangle 
contains about five more kilometers of the Upper Delaware River Valley and ends about one 
kilometer north of the confluence of the Upper Delaware and the Neversink River in the 
Minisink Valley. Hawk’s Nest (Figure 16), possibly the most recognizable geologic feature of the 
Upper Delaware River Valley, resides at the western edge of this quadrangle. The near shear 
face of this continuous outcrop of Devonian aged sandstone features a roadway built along a 
middle ledge.  


 Adjacent to the north and west of Hawk’s Nest are large sand and gravel deposits that 
are the predominate unconsolidated sediments of the Mongaup River Valley.  On the eastern 
edge of the quadrangle is a sand quarry off Wilson Road that contains sand with some gravel 
beds dipping to the south southwest (Figure 17). This feature maybe a deltaic deposit 
containing foresets and topsets (Figure 18) from glacial meltwater emptying into a proto-
Delaware River or a proglacial lake. The topset – foreset contact occurs at 273 meters in 
elevation and the top of the outcrop is around 275 meters. Despite limited exposures of silt and 
sand while mapping, the sedimentary structures displaying foreset-topset architecture suggests 
a stable lake existed at an elevation of 273 meters. Thick packages of silts and clays were found 
in test borings below the present-day river sediments as reported in Phase I and the Barryville 
Borings of Fluhr (1950) in the Shohola Quadrangle. Sediment was likely being deposited as an 
ice contact delta while a glacier was building the moraine. OSL samples were collected from the 
base of the topsets and about 20 meters lower in elevation within the foresets. 


Figure 16 Hawk’s Nest, extensive bedrock outcrop along Route 97 in the Port Jervis North Quadrangle. 
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Figure 17 Map of delta in Port Jervis North Quadrangle. Sample locations PJNJL-34 and PJNJL-55 are the location of the delta 
in Wilson Road quarry. 







21 
 


 


Figure 18 Sand quarry showing foresets of sand. Beds do contain some small rounded gravel clasts. Beds are 
dipping south southwest. Below close of up photo showing foresets and topset beds on the highwall of quarry 
at 273 meters above sea level. 
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 Moving to the uplands out of the Delaware River Valley there is a broad ridge that starts 
out somewhat subdued and only perceivable with the help of LiDAR and becomes more 
pronounced as it continues northeast into the Hartwood Quadrangle. The more subdued 
southern end appears to be made up of a sandy diamicton in most places, but the northern 
more pronounced end the ridge is mostly made up of large boulders with little to no fines 
present below the thin modern soils (Figure 19). The north end of the ridge is also the highest 
elevation in the mapping area of Phase II. Given the way this feature extends continuously 
through the quadrangle and into adjacent areas it is probable that this is a large moraine. The 
abundance of boulders with little fine-grain material at the north end may suggest that this 
portion of the moraine could have been and interlobate zone where two lobes of glacial ice 
merged (Figure 13).  


  
 
 


Figure 19 Large boulder deposits on northern part of suspected 
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 There are smaller ridges that may represent recessional moraines east of this moraine 
that were formed after the two lobes of ice detached during retreat (Figure 13). Toward the 
west is another moraine that extends across the Mongaup River Valley into the Pond Eddy 
Quadrangle. Stratified sand and gravel deposits make up much of the area between the two 
moraines suggesting this area was infilled with a considerable amount of glacial outwash.  
 A quarry in Rio, NY contained a zone of faulted beds of sand, gravel and boulders at the 
very base of the pit exposure (Figure 20). The observed deformation are small normal faults 
produced by extensional forces. Further up section within the quarry, beds of well sorted fine 
to medium sands with few interbeds of gravel and less deformation are present (Figure 21). The 
fine to medium sand was likely deposited onto the older sediments after it had undergone 
deformation, this is attributed to a lack of observed faulting in the younger beds. Below the 
faulted beds were two large boulders within beds of fine to medium sand and beds of coarse 
sand and gravel. An OSL sample was collected in a fine sand bed at the base of one of the 
boulders still in situ (Figure 22).  


Figure 20 Normal faulting in stratified sand and gravels in Rio Quarry. 
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 A portion of the Neversink Valley occupies the northeastern edge of this Port Jervis 
North Quadrangle. The valley walls have sand and gravel terraces up above 250 meters above 
sea level, which is over 50 meters above the valley floor. Bedrock is exposed on the tops of the 
valley walls. These bedrock exposures continue down into the southern portion of the 
quadrangle into the Minisink Valley. The bedrock here has been scoured off by large amounts 
of glacial meltwater draining along the walls of the valley as the ice retreated out of the valley. 
Heroy (1974), points out that as ice retreated from of the Neversink Valley and away from the 
Shawangunk Ridge it allowed for water to drain between the valley walls and ice margins. 
Heroy is describing the meltwater pathways during stages of glacial Lake Warwarsing but 
provides an example of water exploiting the space between ice and the valley walls as a 
mechanism for scouring sediment off the bedrock that is exposed today. Lake Warwarsing was 


Figure 22 Photo of boulder in bedding, OSL sample taken from fine sand bed 
rigth of scale card 


Figure 21 Beds of fine to medium sand with some coarse sand and gravel 
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described to be building in valleys on the eastern edge of the Catskill Mountains and northeast 
into portions of the Minisink and Rondout Valleys. The lake was likely younger than the timing 
of ice retreat out of the Port Jervis area. The valley floor which the Neversink River meanders 
through contains mainly stratified sand, some gravel deposits, and thin silt beds are present 
(Figure 23). The valley features elongated fluted bedrock outcrops mainly oriented northeast to 
southwest consistent with the orientation of the valley.  


 The very southeast edge of the quadrangle is on west side of the Shawangunk/Kittatinny 
Ridge. Bedrock is well exposed on the ridge with some thin till deposits, and sand and gravel 
deposits on the sides of the valley.  While this ridgeline is minimal in the Port Jervis North 
Quadrangle and well east of the UDSRR, it forms the eastern edge of the Delaware Valley 
through the Delaware Water Gap National Recreational Area.  
  
Summary and discussion 
 The Upper Delaware Scenic and Recreational River area is located at the southern edge 
of the Catskill Mountains forming the New York/Pennsylvania border. The area, managed by 
the National Parks Service begins where the West and East Branches of the Delaware River 
confluences with the Upper Delaware River in the Village of Hancock, New York; and ends 
downstream just north of the Hamlet of Sparrow Bush, New York. The mapping effort for Phase 


Figure 23 Fine to medium sand with some thin silts and clay beds, Lybolt Road Quarry, Sample location PJN-JL-50  
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II was carried out between Narrowsburg and Sparrow Bush, New York, included the remaining 
area within the USGS quadrangles outside of the National Park Service managed area within 
New York State (Figure 1).  
 The region is like the surrounding Catskill Mountains with greenish blue to dark grey 
sandstones with zones of crossbedding, and red shales of the Devonian Period Catskill Delta 
making up the bedrock of the mountains. The Minisink Valley contains Middle Devonian 
Hamilton Group and some Onondaga Limestone exposed on the valley floor. In the extreme 
southeast corner of the Port Jervis North Quadrangle Lower Devonian Helderberg Group 
limestone and Silurian aged bedrock has been identified in previous work.  
 In the western portion of the Phase II area, Eldred, Shohola and western Pond Eddy 
Quadrangles (Figure 1) the light brown to reddish brown diamicton, till, is deposited along the 
slopes of the mountain sides and some valley floors. The tributary valleys contain sand and 
gravel deposits suggesting debris being deposited along the valley walls while glacial ice melted 
(Figure 5). Outwash fans or deltas were not observed during the mapping of this area 
suggesting stagnant glacial ice may have filled the valleys after glacial retreat. The lack of 
definitive continuous glacial ice margins in the western portion of the mapped area makes it 
difficult to speculate when exactly the ice first advanced into and retreated from the area. 
Cotter 1986 puts the Ontario Lobe likely advancing through and meeting up with the Hudson-
Champlain Lobe to the east on the advance towards the LGM, which would be prior to 23-28 
Cal yr Bp (Ridge, 2003). 
 The Mongaup River Valley and the adjacent areas have large amounts of sand and 
gravel deposits along with bedrock exposures and some diamicton, mostly at higher elevations. 
The sand and gravel deposits in the deltas was likely in contact with stagnant ice deposits in the 
valleys as evidenced by the extensional faulting in the lower portions of the Rio Quarry. Glacial 
meltwater may have been exploiting and actively eroding out a pre-existing river valley where 
the Ontario Lobe and Hudson-Champlain Lobe were converging. Large amounts of bedrock are 
exposed predominantly along the western edge of the Mongaup Valley. Water may have begun 
eroding off these valley walls while the ice from the Ontario Lobe stagnated and the ice from 
the Hudson-Champlain Lobes retreated down into the Neversink and Minisink Valleys then into 
the larger extent of the Hudson Lowlands.   
 The eastern portion of Pond Eddy and Port Jervis North quadrangles have landforms 
that indicate the effects of glacial advances, glacial outwash, and glacial meltwater drainage. 
The delta found in the Wilson Road Quarry (Figure 17) in relation to the well pronounced 
easternmost moraine indicates there being a glacial lake impounded by ice that would flood 
much of the Upper Delaware Valley. For clarity in this report we are tentatively naming this 
glacial lake, Lake Sparrow Bush. The elevation where the foresets and topsets meet in the delta 
is 273 meters or 896 feet above sea level, which indicates the proglacial lake level of Lake 
Sparrow Bush. Extending this elevation northwestward upstream, indicates the valley floor 
does not reach the same elevation as the top of the delta until you are just south of Hancock, 
NY. A distance of about 90 kilometers or 56 miles. Suggesting the possibility of a substantial 
glacially dammed lake. Further work is needed to define the full extent of this lake and possible 
outlets. The water in the lake could have also been contained by stagnant ice, left behind in the 
western portions of the Upper Delaware River Valley. Past drilling in Phase I and boreholes near 
Barryville, NY (Fluhr, 1950) record beds of silt and clay that may have been part of this lake. The 
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Minisink Sub-Lobe of the Hudson-Champlain Lobe as mapped by Conally and Epstien (1969 and 
1973), Cotter et al. (1986) occupied the area prior to 18,500 Cal BP. As the ice lobe retreated 
out of the Upper Delaware River Valley and to the north and east into the Minisink Valley the 
water from a younger phase of Lake Sparrow Bush, would have expanded eastward following 
the contraction of the Minisink Sub-Lobe. A potential spillway at 262 meters, occupied by 
present day Cummins Creek, may have become exposed five kilometers south of the Wilson 
Road Quarry delta and initiated draining Lake Sparrow Bush from Milrift, PA down to Milford, 
PA to a lower elevation. This was probably used as a pathway for water to drain until the 
retreating ice blocking the present-day channel of the Delaware River was clear enough for 
water to exploit new drainage pathways. 
 The sediments along the now exposed bedrock along the walls of the Neversink and 
Minisink Valleys likely were stripped away by meltwater moving along the western edge of the 
retreating glacier. When ice cleared out of the Minisink Valley meltwater from further north 
may have flowed down the valley for quite some time while ice was occupying the remainder of 
the valley all the way up into Ulster County. Future work the Minisink/Neversink Valleys and the 
Shawangunk Ridge may help understand the timing that glacial ice left the valley. 
 The moraines present in the Pond Eddy and Porth Jervis North Quadrangles have yet to 
have an age determined for them. Previous models of deglaciation through the area assign the 
Phillipsport Moraine north of this region with and age of 18,100 Cal yr BP (Figure 4) (Ridge, 
2003). It is of note based on observations that both moraines continue into Pennsylvania on the 
uplands south of the Upper Delaware River Valley. Continuing southeast these moraines run 
into the area where the Ogdensburg-Culver Gap Moraine that Sirkin and Connally have 
estimated to be a terminal moraine somewhere between the LGM and 18,500 Cal yr BP, Cotter 
(1986) Ridge, (2003) (Figure 4). OSL samples have been collected in locations along the 
moraine. The dates that will be obtained by the OSL samples may help further resolve one of 
the greatest gaps in the glacial record of eastern New York State.  
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