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Equipment
GeoPad and GeoPocket are generic concepts, built from readily-available, 
off-the-shelf, non-brand-specific hardware and software. The basic design 
criteria are derived from the needs of students, instructors and researchers for 
field-based access to information technology, which will augment the time 
spent in the field and not detract from educational or research activities.  

The following list represents suggsted criteria to consider when selecting 
hardware and software for GeoPads and GeoPockets.  They are based on our 
experience over the last five years with a wide variety of equipment and the 
typical use cases described in this poster.  Cost itself is certainly a key criteria 
as well, though it can be highly variable depending on what trade-offs you are 
pepared to make.

● Ruggedized – The unit has to functional under typical field conditions, so it 
should be water, dust, and drop resistant.

● Outdoor-viewable Screen – Readability of the display in full sunlight is a 
must; low-contrast images, such as aerial photos present a much greater 
challenge then black-and-white text or USGS topographic maps.

● Intuitive, pen-based user interfaces – Making maps and sketches are 
inherently drawing process; keyboards were rarely desired in the use-cases 
we've explored.

● Integrated or wireless connectivity for peripherals (e.g., GPS, headset, 
camera) – Avoid the clumsiness of a tangle of wires, and ensure the unit is 
easy and safe to operate and take on and off.

● Ergonomic design – Comfort, safety, and mobility are key requirements 
for carrying a unit around in the field for extended periods of time; we 
strongly suggest a hands-free harness.

● Screen Resolution – Sufficient viewing area to provide an appropriate 
level of contextual information; we suggest a minimum of 1024x768.

● Performance – Ample resources for data visualization and analysis; we 
suggest a minimum of 1GB RAM and a processor equivalent to a 1GHz 
Pentium III M or better.

● Customizable GIS – Simplified user-interfaces and stream-lining the 
mapping process is important for non-GIS-savvy users.

GeoPad circa Spring 2005 (~$5300)
● Xplore Techologies iX104C2 AllVue
 ○ 1 GB RAM
 ○ 30 GB Hard Drive
 ○ 802.11b/g WiFi
 ○ Integrated GPS
● Accessories
 ○ Hands-free harness
 ○ Spare tablet stylus
 ○ Two spare batteries
 ○ External battery charger
 ○ USB Flash Drive (512MB)
● Software (not included in cost):
 ○ ArcGIS 9.0
 ○ Microsoft Office 2003
 ○ Microsoft OneNote 2003
 ○ Adobe Reader
 ○ Pokescope
 ○ iTunes
 ○ etc.
● Additional features we have evaluated (not included in above cost):
 ○ Bluetooth
  □ Audio headset (audio notes, voice command)
  □ Digital camera (wireless image transfer, direct capture)
 ○ GPRS modem

 □ Internet connectivity in the field, where available (real-time stream 
gauge data, Google, reference sources, weather forecasts, access 
to remote resources, etc.)

GeoPocket circa Spring 2005 (~$500)
● HP iPAQ5550 Pocket PC 2003
 ○ 128MB
 ○ 802.11b 
 ○ Bluetooth
● Accessories
 ○ Protective case
 ○ iPAQ Bluetooth GPS
 ○ Spare stylus
● Software (not included in cost)
 ○ ArcPad
 ○ Pocket Excel
 ○ Pocket Word
 ○ Notes
 ○ etc.

GeoPad/GeoPocket Concept
Fieldwork is a cornerstone of many scientific disciplines, particularly the 
natural sciences. It is generally the first-step in the scientific process of 
gathering, analyzing, and interpreting data. Whereas subsequent steps 
are typically accomplished once one has left the field, providing in-the-field 
access to all such capabilities significantly enhances educational and 
scientific practices. GeoPad and GeoPocket seek to accomplish this 
through the use of standard, commodity hardware and software and by the 
community-based development of best-practices that meet the demanding 
needs of the field student, instructor, and researcher.

Continuing innovation in Information Technology (IT), especially in the 
form of increasing performance and portability, new haptic interfaces, and 
advancements in Geographic Information System (GIS) and visualization 
software, enable in-the-field, real-time access to powerful data collection, 
analysis, visualization, and interpretation tools. The benefits of these 
innovations, however, can only be realized on a broad basis when the IT 
reaches a level of maturity at which users can easily employ it to enhance 
their learning experience and scientific activities, rather than the IT itself 
being a primary focus of the curriculum or a constraint on field activities.

We envision GeoPad/GeoPocket as novel combinations of these 
technologies that strive for that level of maturity. Generally speaking, 
GeoPad is a ruggedized Windows XP TabletPC and GeoPocket is a 
ruggedized PocketPC. They incorporate technologies such as, GIS, 
wireless networking, GPS, digital image capture, microphone-headset, 
and other supporting applications and technologies for gathering and 
working with spatially-referenced data.

In this poster we discuss our experience integrating GeoPads and 
GeoPockets in field courses, as well as preliminary results of an external, 
independent evaluation of their impact on curriculum and student learning 
in our advanced field course (GS-440). Building on our past two years 
experience with GS-440, we broadened the role of GeoPads for 2005, 
tackling new mapping projects, geophysical surveys, and field trips. We 
also piloted GeoPad and GeoPocket activities in our other field courses: 
Introductory Geology (GS-116), Environmental Science in the Rockies 
(GS-341) and History and Literature of the Rockies (ENGLISH-317). 
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Mapping (ArcGIS: ArcMap and ArcScene)
● Sketching Approach -- Annotate the map directly with a wide variety of 

drawing tools.
 ○ Capture notes quickly and directly on map.
● Cartographic Approach -- Record data on map using symbologies and 

personal geodatabases.
 ○ Reduces data collection errors through situation-specific interfaces and 

immediate feedback of cartographic symbology.
 ○ Enhances readability of field or rough map.
● Zooming and Panning are key functionality not available with paper maps; 

helps students work more easily with both large mapping areas and 
complex, small-scale localities.

● Ability to interact and visualize data in ways not possible using traditional 
mapping methods (e.g., 3D).

● Large-format prints of field maps during the final classroom phase helps 
convey both detail and complete context simultaneously, aiding in 
production of the final map, either on paper or on the computer.

Field Notebook (Microsoft OneNote)
● Preserves intuitive interactions of a paper notebook making it easy to 

adopt.
● Improves upon paper notebook through extended capabilities.
 ○ Organization
  □ Drag-and-drop coherent "chunks" to re-order notes.
  □ Insert white-space, rather than cramming text in.
 ○ Drawing
  □ Novice artists find it easier to use.
  □ Advanced artists find it less flexbile.
 ○ "Scrapbook"
  □ Screen-clipping allows students to capture and annotate complex 

information in their notes.

Data Collection and Analysis
● Gathering data in the filed using GeoPad can take a little longer, however, 

data can be put to immediate, in-field use.
● Processing data in the field generally only advantageous if seeing results in 

field is not a terminal activity, need to do something with the outcomes.
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Figure 5. Aerial view of Stop 3 area (upper photo) and closer view of the
Battle Mountain area showing sites that yielded fossil mammals (lower
photo). BM, Battle Mountain; CC, Cliff Creek; PT, Prospect Thrust; CF,
Cache Thrust; CV, Little Granite-Cache Creek Valley; GH, Game Hill;
GHT, Game Hill Thrust; GVR, Gros Ventre Range; HR, Hoback River;
Hoback Range (skyline); Jn, Jurassic Nugget Sandstone; Ku, Upper
Cretaceous strata; Th, Hoback Formation (Late Paleocene); F, Late
Paleocene fossil mammal localities (21 and 22) in Hoback Formation at
Battle Mountain.

Stop 4. Upper Cretaceous-Paleocene Boundary (16.6
mi [26.7 km] from Hoback Junction). Pull off into parking
area on right. This site is at the western edge of the physiographic
Hoback Basin that forms the northern tip of the Green River
structural basin (Fig. 1). To the southwest, shales of the Upper
Cretaceous Harebell Formation are exposed in an erosional scar
near the skyline. White sandstone beneath this shale forms the
tree-covered dip slope to the right of the scar. The basal conglom-
erate of the Paleocene Hoback Formation is on the left side of the
scar. Just to the east, this same basal Hoback conglomerate out-
crops at road level and continues to the top of the hill. Sandstones
and shales of the Hoback Formation form hills to the east.

For the next 17 mi (27 km) southward to the “Rim”, which
is the topographic divide between the Hoback and Green River
physiographic basins, the highway passes upward through expo-
sures of the Paleocene Hoback Formation, Early Eocene Chappo
Formation, and Early Eocene Pass Peak formation. Details of the
geology are in Dorr and others, (1977; especially see map in
pocket). Numerous well-developed Pleistocene terraces also are
visible.
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Portable Reference Shelf
● Can make a lot of reference material available; however, need to provide 

sufficient organization and searching capabilities for finding relevant 
information quickly.

● Screen-clipping capability of Notebook (OneNote) enables student to 
interact with and organize the information in their own learning context.

● Examples:
○ Field Guides
○ Thin-section images from outcrops
○ Papers
○ Figures
○ Maps
○ Intineraries
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Figure 3. Generalized cross section, in part from seismic and well data,
with roadlog stops shown. (In part from Royse and others, 1975).

than the Prospect Thrust (i.e., latest Paleocene or Early Eocene;
see Dorr and Steidtmann, 1977; Wiltschko and Dorr, 1983, p.
1306, 1313).

Stop 3. Prospect and Game Hill Thrusts (14.4 mi [23.2
km] from Hoback Junction). Turn left into the flat meadow
and look back north along the highway to Battle Mountain,
which is the low, half-dome hill with a steep cliff of sandstone
and truncated right (east) face. Beneath the grassy hills to the right
(east) of Battle Mountain and beneath Battle Mountain itself is
the Late Paleocene Hoback Formation, dated there by fossil
mammals (Dorr and others, 1977; Wiltschko and Dorr, 1983).
The Hoback Formation was overridden by the Prospect (=Cliff
Creek=Jackson) Thrust here. About 15 mi (24 km) to the south,
the same thrust is overlapped by earliest Eocene synorogenic
deposits also dated by fossil mammals (Dorr and Steidtmann,
1977). This pair of relationships establishes the age of the Pros-
pect thrust here as falling on the Paleocene-Eocene boundary.

Across the river on hills east of this site are Upper Creta-
ceous sandstones and shales. Stop 3 is approximately on the trace
of the Game Hill Thrust (Figs. 2,4 and 5). This fault dips east and
brings Cretaceus rocks up on the east against the younger, Late
Paleocene Hoback Formation on the West. The Prospect Thrust
here collided with the upthrown block of the Game Hill Thrust,
which had risen slightly earlier (Table 1). The Prospect Thrust is
the frontal thrust of the thrust belt in this area. The Game Hill
Thrust cuts beds within the Hoback Basin just east of the Prospect
Thrust. Several lines of evidence suggest that the Game Hill
Thrust predates the Prospect Thrust. First, between the junction
of Little Cliff and Cliff creeks on the north, and Sandy Marshall
Creek on the south, the Prospect Thrust trace is offset by several
tear faults. If the Game Hill Thrust had formed after the Prospect
Thrust and had cut trace of the latter, those tears would now be
truncated; but they are not. Second, Cretaceus beds on the up-
thrown side of the Game Hill Thrust dip away from, rather than
into the fault. This anomalous east dip on the upthrown side is
not due to drag along the fault, but can be accounted for by
assuming that uplift on the Game Hill Thrust produced a buttress
against which the Prospect Thrust rode, truncating beds in Game

Hill Thrust block and reversing their dip. Third, between Little
Cliff Creek and Sandy Marshall Creek, beds in the Prospect
Thrust plate turn steeply upward and are highly brecciated and
sheared where they struck the uplifted Game Hill block. The
Game Hill Thrust is the earliest major fault that involves Tertiary
and older rocks within the Hoback Basin. The east dipping, high
angle reverse attitude of the fault plane at the surface indicates a
response to forces similar to those that acted along the Cache
Thrust in the Gros Ventre Range farther east. Because the Game
Hill Thrust preceded the Prospect Thrust, but involved the Paleo-
cene Hoback formation, it appears to be closely related in age to
the Cache Thrust. The Game Hill Thrust created a buttress
against movement on the Prospect Thrust that accounts for a
great amount of folding and tearing of beds in the front of the
Prospect Thrust plate, just as the Gros Ventre uplift produced a
buttress which deflected thrusts farther north. Rotations in the
Prospect Thrust plate were caused by these impeding buttresses as
shown by paleomagnetic rotation data (Grubbs and Van der Voo,
1976; Wiltschko and Dorr, 1983, p. 1319).

West PALEOCENE East

Figure 4. Generalized cross section for Stops 3 and 4, looking north.
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TABLE 1. DIRECTION OF MOVEMENT OF MAJOR THRUSTS
IN THE THRUST BELT

WEST (Over thrust Belt) EAST (Foreland)

County into northwestern Sublette County within U.S. Geologi-
cal Survey Camp Davis and Bull Creek 7½-minute tomograph-
ic and geologic map quadrangles. Small-scale colored geologic
map and cross-section sheets, which include the site, are in the
pocket at the back of Dorr and others, 1977. A detailed road log
of this area is given by Spearing and Steidtmann ( 1977).

Stop l. Hoback Fault (5.7 mi[9 km]From Hoback
Junction). Turn left into parking area. This stop is nearly on the
trace of the north-south trending Hoback Normal Fault. The west
side was downdropped about 10,000 ft (3050 m) in Late Mio-
cene and Pliocene, and movement was recurrent. High angle at
surface, the fault flattens at depth. Seismic evidence (Royse and
others, 1975) indicates the fault is listric normal with rotational

age found thus far. However, this insufficient to show that the
Hoback Fault was first activated in late Miocene or early Plio-
cene. During normal faulting, the Hoback and Gros Ventre
ranges were coupled together, in spite of their previously distinct
Laramide structural history, and behaved as an integrated block
along the fault, standing high relative to the Camp Davis trough
to west. Erosion of the higher block began on terrain of Tertiary,
Mesozoic, and Late Paleozoic strata, which provided coarse clasts
to the lower member of Camp Davis Formation. The Precam-
brian was breached in the Gros Ventre Range by Late Camp
Davis time, providing some clasts to the upper part of the forma-
tion. Continued downward rotation of the graben, and damming
by volcanism to north, ponded water against the fault to produce
the middle member of the formation. Continued faulting and
rotation reversed the original westward depositional dip of lower
beds, tilting them downward toward fault. Relative upward dis-
placement of the Hoback Range along the fault produced steep
downdrag toward the west in strata along the face of the range.
Farther north along the fault (not in view from this site) in the
Horse Creek area, large gravity slide blocks were detached from
these downdragged beds and slid into the trough where, as depo-
sition continued, they were buried and overlapped by conglomer-
ate. Slide blocks piled up in reverse stratigraphic order as
erosional unroofing of the fault scarp and adjacent range pro-
gressed. Continued deposition of conglomerate, after cessation of
faulting, overlapped the Camp Davis Formation across the fault
trace, concealing the latter in most places. In the high cliffs across
the river just east of this site, the Darby (Devonian) and Madison
(Mississippian) limestones and dolomites are complexly frac-
tured, and faulted on a small scale, probably because they went
over a ramp (Fig. 3) in the Prospect Thrust during much earlier
Laramide thrusting.

Stop 2. Bear Thrust (9.2 mi [14.8 km] from Hoback
Junction). Turn left off highway into parking area. Across the
river, the Tensleep Sandstone high on the hill is thrust over highly
deformed Triassic redbeds along the Bear Thrust. A leading-edge
anticline in the Tensleep can be seen on the south side of the
canyon approximately 0.5 mi (0.8 km) west. The Bear Thrust is a
subsidiary thrust slice within Prospect (=Cliff Creek= Jackson)
overthrust plate. No Tertiary deposits have been found involved
with or derived from the Bear Thrust; therefore its age is uncer-
tain. However, its geometric similarity to, and possible southward
continuation into the Lookout Mountain Thrust, which has been
dated about 15 mi (24 km) farther south, suggest it is younger

ft(61 m) above the base of the formation is the only indicator of Figure 2. Site enlargement from Figure 1, showing stop locations.
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Evaluation and Assessment
An independent, external team (Eric Dey and Helen Burns from the 
University of Michigan, School of Education) evaluated the impact of 
GeoPad use in our advanced field course (GS-440) this past summer.  
This assessment included field observations, interviews, and a 
spatial-reasoning pre- and post- test.  The preliminary results are 
summarized as follows:

Students had a very positive experience, based primarily on the enhanced 
capabilities that they were able to use on the GeoPad. There is always the 
possibility that apparent effects of educational innovations receive a temporary 
benefit from the perceived novelty of the approach, especially when dealing with 
new technologies. In this case, however, field observations and interviews indicate 
that student reactions are based more on utility considerations, rather than 
the novelty of the technology. In the interviews, students routinely drew 
comparisons between the GeoPad and the traditional mapboards used in earlier 
field assignments on the basis of enhanced capability, as opposed to convenience 
issues (e.g., carrying Tablet PCs rather than cumbersome mapboards) and 
coolness factors. 

The GeoPad capabilities students appreciated most included the ability to 
overlay different mapping elements to enhance visualization of both location and 
identification of geologic features. Students made regular mention of how the 
general capabilities of GeoPad enhanced their ability to see – to visualize – 
the different geologic structures within the mapping region. 

Students did have a number of issues with the stability of the technologies 
inherent in GeoPad. Although these issues were reduced and nearly eliminated by 
the end of the field experience, student work was routinely interrupted by 
intermittent hardware failures and system resets. In querying students about these 
issues during the interview it was interesting to observe that they took these 
challenges as matter of course. Rather than attaching them to limitations of the 
GeoPad project, students viewed this as a standard – and unavoidable – 
complication of using computers in any setting. This reinforces the notion that 
students are not reacting (positively or negatively) to the novelty aspect of 
GeoPad, but rather positively to the capabilities associated with it. 

A pre- and post- test of student spatial-reasoning skills was also administered 
to the students. The results of this assessment suggest that students’ spatial 
reasoning abilities may have remained relatively stable during the study period. 
There was certainly no evidence that these abilities were harmed by their 
experience. In order to develop a better understanding of how GeoPad might in 
fact be contributing to the development of spatial reasoning abilities, the 
assessment items need to be more definitely tied to the field experience. This can 
be done through a post-hoc analysis completed by the educational researchers 
working with the geosciences professors. The results of this analysis can provide 
more information for the present evaluation. In addition, the information can be 
used to revise and improve the assessment for use in evaluating future field camp 
experiences involving GeoPad.

Name:___________________ 
NOTE: Your name will be used to link this pre-test with a post-test given at the end of field camp. Your 
name will then be replaced with a random number so that you cannot be individually identified. This 
assessment will be scored by an independent researcher from the School of Education at the University of 
Michigan and the results will not affect your grade in Geology 440.    
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Directions:  Each of the questions or incomplete statements is followed by 
suggested answers or completions. In each case, circle the one that is best. It 
is important that you do not guess. If you do not know how to solve the 
problem, please circle “At this time, I am unable to determine the correct 
answer.”

1.

The poles to bedding are shown in the equal-area stereonet (lower 
hemisphere projection) above. This stereonet represents a 

(A)  southeast-plunging fold 

(B)  southwest plunging fold 

(C)  northeast-plunging fold 

(D)  northwest-plunging fold 

(E)  sheath fold 

(F) At this time, I am unable to determine the correct answer 

2

2.  Please fill in the cross-section A-B

3.

For the map shown above, which unit will be exposed on the top of the hill 
in the unpatterned area? 

(A) A

(B) B

(C) C

(D) D

(E) E

(F) At this time, I am unable to determine the correct answer 

3

4.  Please (1) fill in the blank sides of the block diagram and (2) complete 
the cross-section A-B.

5.

The series of outcrops in the cross sections shown above constitute portions 
of an isoclinally folded sequence of volcanic rocks that contain features 
useful for determination of stratigraphic facing direction (top and bottom). It 
can be predicted from these features that anticlinal fold hinges (closures) are 
most likely to occur at 

(A)  1 and 11 

(B)  3 and 5 

(C)  3 and 7 

(D)  3 and 9 

(E)  5 and 9

(F) At this time, I am unable to determine the correct answer 

4

6.

The map and stereonet show a fault dipping 45° to the northeast. Mineral 
striations on the exposed fault plane plunge northward as shown on the 
adjacent equal-area stereonet. If flat topography is assumed, the type of fault 
was

(A)  normal dip-slip 

(B)  right-lateral strike-slip 

(C)  left-oblique normal-slip 

(D)  left-oblique reverse slip 

(E)  left-lateral strike-slip 

(F) At this time, I am unable to determine the correct answer 

5

7.   Two perpendicular vertical cuts expose a bed. In the N45°E cut, the 
apparent dip of the bed is 30 degrees northeast. In the S45°E cut, the 
apparent dip of the bed is 30 degrees southeast. Which of the following 
statements is true? 

(A) The bed must be oriented differently at the two cuts. 

(B) The true dip of the bed cannot be determined from these data. 

(C) The true dip of the bed is approximately 20 degrees east. 

(D) The true dip of the bed is approximately 30 degrees east. 

(E) The true dip of the bed is approximately 40 degrees east. 

(F) At this time, I am unable to determine the correct answer 

6

8.

(F) At this time, I am unable to determine the correct answer 

7

9.

A stratigraphic column is shown on the left above, and a geologic map that 
contains the units within the stratigraphic column is shown on the right 
above. A north-moving thrust fault is shown by the fault symbols on the 
map. The rocks lying beneath the thrust fault are exposed within a tectonic 
window on the map. The displacement (net slip) on the fault must be 

(A)  greater than 'AA − , but less than 'BB −

(B)  greater than 'BB − , but less than 'CC −

(C)  greater than 'CC − , but less than 'DD −

(D) 'DD −  or greater 

(E) 'EE −  or greater 

(F) At this time, I am unable to determine the correct answer 

Interested in participating in a large-scale study using this assessment?


