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Abstract

Cone-shaped hematite concretions occur in Palo Duro State Park, Texas.  These objects

are a product of three processes working together; geochemistry, geomorphology, and

fossil organic material distribution.

Detailed elevation mapping of the ground surface at one site using carefully collected

mapping grade GPS data allowed for the construction of a 1-meter resolution three-

dimensional surface upon which the concretion-bearing beds and their properties were

mapped.  The three dimensional surface provided a much better surface upon which to

study the geomorphic component of the concretion formation.  Seven discrete cone-

bearing layers were differentiated.

Introduction

Spectacular cone-shaped hematite concretions occur in Palo Duro State Park Texas.  This

type of hematite concretion is abundant locally in the park but occurs nowhere else in the

world.  Geologists and Palo Duro State Park officials are unaware of these unusual

concretions.  Various sizes of these are shown here in figures 1 through 4.

Fig. 1.
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 Fig. 3. Fig. 4.



The formation of these objects is due to the three processes of geochemistry,

geomorphology, and fossil plant or other hematite loci burial all happening together in a

unique way only in rare very local instances.  I worked out the geochemical process by

which the cones formed 30 years ago with the aid of research equipment at the nearby

West Texas A&M University.  The geomorphology has been the more difficult

component to understand clearly.  I have done reconnaissance mapping of hematite

concretions sites throughout the area over the last several years.  It appears that some of

the concretion beds are discontinuous and possibly not fully mapped.  This is difficult to

solve with the low resolution of the topographic map, the even lower resolution of the

digital elevation data available and local variations in the amount of overburden.  From

the ground and on the digital orthoquarter-quads (DOQQs), there is much more relief

apparent in the area than is showing in the available data.  A higher resolution the

elevation surface would greatly facilitate better mapping of the cone-bearing rock and its

continuity.

Purpose of the Study

The purpose of this project is two-fold; first, to provide the high resolution three-

dimensional surface upon which to construct a detailed map of one of the cone-bearing

locations, and second, to identify which outcrops belong to which cone-bearing bed.

This project should clarify the geomorphic influence on the cone formation and to allow

the continuity or discontinuity of the source sandstone to be determined clearly.  Once the

geomorphic component is better worked out, the remaining component, localization of

fossil or other hematite depositional loci within the source beds can be addressed.

Study Area

The study area is located in Palo Duro State Park Texas, 15 miles southeast of Amarillo

Texas. (Fig.5) Field work was done on a 22 acre site on Goodnight Peak, which has

abundant hematite cones and relatively easy access compared to other known sites.  This

600-meter by 150-meter site is located in the northwest corner of the park. (Fig 6.)



Fig. 5. Fig. 6.

Literature review

Palo Duro Canyon cuts through the Pliocene Ogallala, the Triassic Trujillo and Tecovas

formations, and partway into the Permian Quartermaster formation(Hughes 1972).  The

canyon contains two sets of cliffs.  The upper set, the smaller of the pair, is formed where

the Ogallalla sandstone is exposed.  The larger set of cliffs is where the canyon erodes

past the middle portion of the Trujillo formation (Matthews 1969).  This section contains

massive discontinuous fluvial sandstones that cap mesas. (Sellards 1932)   Figure 7.

illustrates the geologic section at the site.



Fig. 7.

Just above the massive Trujillo sandstones are a few thin Trujillo sandstones embedded

in Trujillo shales which sometimes contain the hematite concretions.  In most places the

cone-bearing sandstones are either underground, exposed only in a cliff-face, or

completely eroded off.  In the few places where these source beds are exposed on the

surface for some significant area, they are usually devoid of concretions.  Marjorie Chan

and her co-workers at the University of Utah have published numerous articles on the

mechanisms by which Jurassic sandstones in the American West have formed hematite

bands and concretions. (Chan 2000b) (Chan 2000a; Beitler 2003; Parry 2004) Thin-

section and polished-section work by myself and geochemical work by Chan has shown

that plant fossils were buried and carbonized, then pyritized.  Later, vertically moving

groundwater oxidized the pyrite, spreading it into hollow cones up to a meter long.  The

concretions weather out of the sandstone as two centimeter to half-meter reddish cones.

Because of bedding planes within the sandstone, they occasionally weather out standing

upright like cypress tree knobs, but with better symmetry.



Methods

Control points for the 3D surface were gathered using GPS data every 1 to 2 meters near

the edge of the mesa and any other place where topography was changing.  Control points

were gathered at approximately 10-meter intervals across the mesa, where the topography

was gentle.  Control for the cone-bearing rock outcrop was acquired by walking the

perimeter of the outcrops in the field, recording polygon vertexes on approximately 1-

meter spacing. Control points of the rock properties were acquired on a subsequent visit

at approximately 1-meter spacing within the cone-bearing polygons.

Mapping was done with a mapping grade GPS system using an external ground plane

antenna mounted on an extendable pole.  Quality control both during and after data

gathering in the field was outlined in Karen Steed-Terry’s GPS class and book(Steede-

Terry 2000) as well as the Australian reference handbook on GPS quality by Millner

(Millner 2004).

After data collection a high-resolution elevation surface was built and contoured from the

elevation point data.  The cone-bearing rock polygons were then coded for bed identity

with the aid of the three dimensional surface and a referral to the rock properties of the

rock property data points.  A bed continuity map was then constructed.

Methods of Analysis

Accuracy is essential when using GPS equipment for microDEM construction.  The

previously mentioned references on GPS techniques and quality control provide the

details on how to achieve the necessary resolution.

The horizontal and vertical accuracy of the equipment was tested prior to use. Figure 8A

through 8D graph the accuracy of 10186 points of data acquired over a four-hour period

at a fixed test point.  Both vertical and horizontal accuracy are shown at two different

satellite symmetry cutoffs.  Figure 8A and 8B illustrate accuracy with a Position Dilution

of Precision (PDOP) setting of 2.7.  Figure 8C and 8D show the accuracy attained at a

lower satellite symmetry cutoff of PDOP=3.5.



Fig. 8A.

Fig. 8B.
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Fig. 8C.

Fig. 8D.
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Trimble has recently done a study using the identical GPS unit and the same external

antenna. (Trimble 2004)  Their results of accuracy were close to my results. These graphs

show that position error with either quality setting is within a meter of correct 80% of the

time while the worst one percent of the data points were off by a little over 2 meters.

This data accuracy is adequate for acquisition data used in constructing a microDEM for

this project.

The 3D surface data was collected with attributes listing the satellite geometry quality

both horizontally and vertically for each of the 2640 points.  To achieve reliable accuracy

on the 3D surface points, it is necessary to use a quality mask in the field for the GPS

signals followed by additional quality screening of data afterwards on the desktop

computer. (Trimble 2002b)  The field-gathering mask was set for a signal to noise ratio of

better than 4 to 1, and the position dilution of precision (PDOP) to less than 4.0.  Only

differentially corrected data was collected.  It was expected some data would be thrown

out later for position quality reasons however all had adequate quality for use.   100% of

the points had PDOP below 3.5.   Based on results from testing this should confine the

points to within 1 meter of correct 80% of the time.  More specifically, from testing as

seen in figures 1A through 1D, 1697 of the 2640 points had PDOP values below 2.7.

They should be within 0.9 meters 80% of the time, within 1.02 meters 90% of the time,

1.15 meters 95% of the time, and 1.6 meters 99.9% of the time.  The remaining 943

records had PDOP values between 2.7 and 3.3.  They should be within 1.0 meter 80% of

the time, within 1.22 meters 90% of the time, within 1.5 meters 95% of the time, and

within 2.1 meters 99.99% of the time.

The topographic map was in a NAD27 UTM zone14 projection.  Trimble Pathfinder

Office software was used to put the GPS data into the datum and projection of the

topographic map for compatibility to that data. (Trimble 2002a)



GPS Signal quality was visible on the GPS unit while in the field to prevent gathering

poor data in essential areas.  The other map layers, source bed perimeter, rock properties,

and previously gathered reconnaissance occurrence data were on-screen as needed in the

field as well to prevent overlooking or mis-connecting any part of the site.

Supplementary batteries were brought into the field for the GPS unit but were not needed.

An elevation surface was built using a natural neighbor technique within ArcGis 3D

analysis.  This surface building technique was chosen because it does a good job with

both high-density data (near the mesa edge), and sparse data in other areas (near the mesa

center) of the same data set.  This was contoured on a 1-meter interval.  To aid in

visualizing the 3D surface, a hillshade surface was also constructed with ArcGis using the

newly created elevation surface.

The outcrop polygons were added to the shaded elevation surface view to visualize which

polygons belonged to which beds.  The outcrop polygons appeared to be associated with

seven discrete beds.  They were assigned belonging these seven beds based on their

relative position on the 3D surface.

With the cone-bearing rock now assigned to discrete beds, the concretion study will be

able to proceed with analysis of rock properties on a bed by bed basis.

Presentation of Results

Figure 9 shows the survey-collected points for the 3D surface.  Two rows of interpolated

points were added below the inaccessible cliff edge to allow the generated surface to

bend downward at the cliff and to allow the contours to close off around the mesa as they

should.



Fig. 9.



Figure 10a shows the generated surface with 1-meter contours, superimposed on the

topographic map that has 20- foot contours.

Fig. 10A



Figure 10B is the new elevation surface.  A previously unmapped topographic high is

seen on the north of the mesa.  This high feature contains a large cone-bearing outcrop

and explains its presence.

Fig 10B.



Figure 11 shows the cone-bearing outcrop polygons on the surface.

Fig. 11.



Figure 12 shows the outcrops differentiated into the seven units they seem to belong to.

Fig. 12.



Figure 13 shows the control points of the rock property data to be used in further studies.

Fig. 13.



Going past the scope of this survey, the rock properties can now be visualized on a bed

by bed basis.  Figure 14 shows the cone density of each bed as distance between cones.

This type visualization will be used in further studies using other rock properties that

were gathered during this field mapping session.

 Fig. 14.



Figure 15A and 15B show 3D views of the cone-bearing rock on the surface.  This type

of visualization aided in bed correlation and will help in the determination of weathering

influence on cone abundance.

Fig. 15A

Fig. 15B



Summary

This paper shows it is possible to use a sub-meter mapping grade GPS unit to construct a

microDEMs provided several criteria are adhered to.  The most important of these is that

the targeted site be capable of providing to the GPS antenna, satellite symmetry adequate

to give a PDOP of less than 4.0. Also important is that the GPS data be either

differentially post-corrected or that a correctional signal be available in the field.  If using

WAAS for differential correction, the site must be able to provide a line-of-site view of

the WAAS satellite at all times, regardless of the slope-aspect of the ground or the

proximity of trees or cliffs.  This can be mitigated with a tall pole to extend the antenna

as long as the antenna height is kept track of.

This paper shows how a high-resolution 3D surface can help resolve the way objects on

the surface are related, in this case various rock outcrops.

The rock properties data that was collected for these cone-bearing beds will allow further

work on how the cones are localized within each bed, where the cone length-width ratio

is greatest, where the larger cones exist, where the grain size is largest, the grain sorting

poorest.  It will also aid in determining the relationships of these properties to each other

and to the ground surface.  This quantity of quantitative data should clarify the

geomorphic component on the cone formation in future work.



References

Beitler, B., M. A. Chan, and W. T. Parry. 2003. Bleaching of Jurassic Navajo Sandstone
on the Colorado Plateau. Geology 31 (12):1041-1044.

Chan, M. A., W. T. Parry, and J. R. Bowman. 2000a. Diagenetic hematite and manganese
oxides and fault-related fluid flow in Jurasic Sandstones, southeastern Utah.
AAPG Bulletin 84 (9):1281-1310.

Chan, M. A. a. W. T. P. 2000b. Rainbow of rocks: mysteries of sandstone colors and
concretions in Colorado Plateau canyon country. In Public Information Series 77,
ed. U. G. Survey, 1-20: Utah Department of Natural Resources.

Hughes, J. t., and J. Harbour. 1972. Guidebook: Palo Duro field trip. 1972 ed: West
Texas State University Geological Society, Canyon, Tx.

Matthews, W. H. 1969. The geologic story of Palo Duro Canyon. reprinted 2000 ed,
Guidebooks: Bureau of Economic Geology, Austin, Tx.

Millner, J., and M. Hale. 2004. GPS data collection for integration with geographic
information systems. Version 4.1b ed: Australian Department of Sustainability
and Environment & Department of Primary Industries.

Parry, W. T., M. A. Chan, and Brenda Beiter. 2004. Chemical bleaching indicates
episodes of fluid flow in deformation bands in sandstone. AAPG Bulletin 88
(2):175-191.

Sellards, E. H., and W. S. Adkins. 1932. The geology of Texas. Edited by E. H. Sellards.
5th printing 1966 ed. Vol. 1 Stratigraphy: University of Texas, Austin, Tx.

Steede-Terry, K. 2000. Integrating GIS and the global positioning system. 1st ed:
Environmental Systems Research Institute Inc., Redlands, Ca.

Trimble. 2002a. GPS Pathfinder Office. Revision A ed: Trimble Navigation Limited.
———. 2002b. Mapping systems general reference. Revision A ed: Trimble Navigation

Limited.
———. 2004. A study of GeoXT antenna performance. In Mapping and GIS, ed. T. N.

Limited, 8: Trimble Navigation Limited.


