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Chapter 1: Introduction

1. Project Justification

El Morro National Monument was designated in 1906 as a national monument;
one of a small group of natural and archaeological sites in the American southwest
identified for their natural and cultural significance. Its nomination was based on the
inscriptions left by 16" and 17" century Spanish explorers and over the following
centuries, by travelers and locals alike. Many years after its designation, pictographs and
petroglyphs created before and after the arrival of the Spaniards would come to be
recognized as an expression of Native American indigenous culture and a long-lived
presence at the site. People were drawn to this location near modern day Ramah, New
Mexico because of a permanent water source at the base of the rock. Snowfall and rain
collects at the top of the rock and run down the face, forming a pool at its base and then
into an arroyo. The soft sandstone allowed for messages and signatures to be left behind,;
hundreds of inscriptions have been carved into the rock, giving the formation the name of
Inscription Rock. Unfortunately, the same quality of the rock that allowed for easy

carving is leading to erosion and delamination.

The northeast point of EI Morro extends out towards the nearby road producing a
form like the prow of a ship. Prior to the 1940s, the pool at the base was much smaller
and the arroyo much larger. The arroyo wrapped around the point allowing water to flow
at its base. In the 1940s the pool was dammed in order to create a larger water source and

the arroyo was filled in, but when the pool overflows today the underground drainage still
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closely follows the arroyo’s path. The stone at the point is extremely friable and

weathering in a manner different from any other location at the site.

This research will focus on the deterioration of the northeast point of Inscription
Rock. It will explore the decay mechanisms through a comparative analysis of discreet
conditions over time using past and present documentation. Potential causes will be
considered as a function of the geo-chemical nature of the rock, hydrology, vegetation,
topography and macro-geology of the point, moisture, salts, thermal response, and frost.
The study will also examine how the treatment of sections of the point with ethyl silicate
consolidants from 1996 through 2004 have influenced or changed the weathering patterns
at the point, and if so whether the change has been beneficial or detrimental to the overall

condition of the point and the inscriptions that are located there.

The National Park Service hopes to further investigate possible treatments for the
northeast point, but a responsible treatment cannot be found without first answering the
questions of how and why the sandstone is deteriorating, and how previous treatments
have affected decay. Without further treatment the last of the inscriptions at the northeast
point will most likely be lost in the near future. For this purpose, all available
bibliography, surveys, photographs, treatment reports and studies conducted at this site
will be reviewed to gain more information about the changes that have occurred over the

years.

A detailed conditions assessment was conducted in the field on the entire lower
AA section of the northeast point. Previous surveys focused on the inscriptions and the

2
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stone that immediately surrounds them. The sections of the point that have been
previously documented can be used to assess and evaluate the type and pattern of stone
decay and for selected locations, suggest trends in the deterioration. Selected analyses
have been conducted to better understand physico-chemical properties of the stone and

associated decay processes and to corroborate previous findings.

It is hoped that the present study will give sufficient insight into the deterioration
problems affecting this specific area of the site in preparation for management decisions

regarding the preservation of the northeast point of Inscription Rock.
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2. Literature Pertaining to EIl Morro
Concern for the monument has led the Park Service to commission many reports

that tell the history of the site, assess the condition of the inscriptions, and characterize
the monument, its constituents, and surroundings. To date there are several reports on the
geology of the site, the hydrology of the site, a vibration study, a report of the microflora
at El Morro, and a copious amount of work has gone into documenting the inscriptions,

rating their conditions, and treatment of the sandstone.

2.1. Geology
El Morro is located in a rural, isolated section of central northwest New Mexico,

at the southern part of the Zuni Mountains. The land formation that comprises the El
Morro National Monument may best be described as a cuesta, “a type of inclined mesa

"1 The EIl Morro cuesta is comprised of Zuni and

formed by the erosion of tilted strata.
Dakota Sandstones. The Zuni Sandstone stretches upward for more than 200ft, including
a bleached zone in the rock at the upper levels. The Zuni stone is then topped with a 30ft
layer of Dakota Sandstone.” George Austin, the Senior Geologist at the New Mexico
Bureau of Mines and Mineral Resources did an extensive geological investigation at the
site in 1991. His report indicates that the Zuni Sandstone was created by eolian dunes in
the Middle Jurassic. The deposition of the sand by wind explains the fine to medium-fine,

well-sorted nature of the grain. A change in climate in the Late Jurassic allowed for

fluvial reworking of the stone, commencing the diagenetic processes that created the

1 Cross, Aaron. “Stratigraphy, Sedimentology, and Surface Water Quality at EI Morro National Monument,” (Master’s thesis, 1996).1
2 Ibid 1.
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greater part of the natural consolidant; authigenic clays. Leaching in an acidic
environment during the Early Cretaceous period accelerated this development. The last

stratum capping the monument is Dakota Sandstone. ®

El Morro is located in the southern part of the Zuni Mountains. Zuni Sandstone is
the rock that comprises the northeast point of Inscription Rock, and is therefore the
sandstone that concerns this analysis the most. Zuni Sandstone is an argillaceous
sandstone, primarily composed of quartz and some feldspar of uniform grain size, shape,
sorting, and mineralogy, and bound together with clay. Both Austin and Cross allude to
the uniformity of the material. Recently performed XRD has confirmed the primary
composition of quartz, feldspar, and kaolinite clay. SEM has shown the uniformity of
shape and grain size in the sample. Cross made the following observation as to the

compaction of the stone.

Neither bending, fracturing, nor deforming were observed in Zuni Sandstone
grains, and rearranging appears to have been minimal. Grain contacts are mostly
of the tangential or long variety with no observed sutured contacts, and
intergranular space is largely preserved. Although the Zuni Sandstone was
sufficiently buried to impart a well-developed joint system, the stress was
insufficient to suture grains or effectively reduce intergranular space.*

The quartz grains in the Zuni Sandstone show no signs of dissolution, but

petrographic analysis by Cross found that a sample from the northeast point showed a

3 Austin, George S. “Geological and Hydrological Assessment of EI Morro National Monument.” (New Mexico Bureau of Mines and
Mineral Resources, 1992).
4 Cross, Aaron. “Stratigraphy, Sedimentology, and Surface Water Quality at El Morro National Monument,” 43.

5
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dissolution of the clay rims, clay being the primary natural consolidant.> Further
characterization of the sample found a high level of porosity, no oversized pores, small
globs of carbonate, and kaolinite in vermicular stacks.® The dissolution of the rims and
this particular mix of conditions were not found in any of the other sixteen samples taken

from the Zuni Sandstone for petrographic analysis.

The clay predominantly found is kaolinite, but chlorite, illite, vermiculite, and a
mixed-layer illite-smectite can be found in lesser quantities. “The X-ray diffraction
reflections are sharp and illustrate the well-crystallized nature of authigenic kaolinite.
Chlorite in the Zuni, in particular chlorite cement, is also well crystallized. Kaolinite and
chlorite appear to be formed post-depositionally and authigenically.”” This is true of the
majority of the clays as well as for detrital grains. Detrital grains of both chlorite and

calcite were found in a sample taken by Austin from the northeast point.®

2.2. Hydrology
Schackel points out that the human need to change the surrounding environment

to fit our desires and needs, specifically the introduction of grazing animals, the creation
of footpaths, and other situations that called for the removal of vegetation, led to an
increase in runoff and surface erosion of the ground near the monument.” She cites a

Southwestern Monuments Monthly Report and the Historic Structures Report on the pool

5 Cross, Aaron. “Stratigraphy, Sedimentology, and Surface Water Quality at EI Morro National Monument,” 52.

6 Ibid Appendix D-1.

7 Austin, George S. “Geological and Hydrological Assessment of EI Morro National Monument,” 7.

g Ibid 4; 8.

9 Schackel, Sandra. “ A Century of Change: A Photographic History and Analysis of Vegetation Conditions, EI Morro National
Monument, 1891-1983.” Southwest Region, National Park Service, united States Department of the Interior, February 25, 1984.

6
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at the base of the cuesta in pointing out the rate at which the arroyo was growing before
measures were taken to erase the feature from the grounds.'® It was stated that in 1889 the
gully could easily be crossed in one step at its widest place, but by 1916 Evon Vogt

observed that the arroyo was both fifteen feet wide and deep.**

The pool was dammed with concrete in 1926 by custodian Evon Vogt. Prior to
the damming of the runoff from the face of the rock fed an arroyo that wrapped around
the point and ran northward towards the road. This arroyo was filled-in as part of a Civil
Works Association project that was completed in 1934. Dynamite and pack animals were
used to collapse the arroyo, and create a gentler curve in the landscape. The dam was
destroyed by a rock fall in the summer of 1942, and was subsequently replaced with a
second concrete barrier that is still in place today.? Vegetation covering the area where
the arroyo once stood would indicate that the soil holds at least enough moisture to

sustain the abundance of plant life.**

Although previous reports have assumed, or cited other sources stating the
existence of a water table under the rock, the Remke van Dam and Jan Hendrickx
hydrology report drafted in August of 2006 concluded that there was no such water table

under the northeast point of inscription rock or under the pool. This was based on the use

10 Ibid.

11 Schackel, Sandra. “ A Century of Change: A Photographic History and Analysis of VVegetation Conditions, EI Morro National
Monument, 1891-1983.”

12 Oliver, Anne and Antoinette Padgette. “A History of Inscription Preservation at EI Morro National Monument 1849-2005,” (draft.
Historic Architecture Group, National Park Service, United States Department of the Interior, Intermountain Support Office, Santa Fe,
New Mexico, October, 2005) 6.2.

13 Van Dam, Remke L. and Jan M.H. Hendrickx. “Hydrological Investigation at EI Morro National Monument,”( Draft. New Mexico
Tech, Socorro, New Mexico, August 2006)2.
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of ground penetrating radar (GPR) and piezometers. The piezometers were placed near
the northeast point, in areas where the arroyo once stood, and near the pool. Those near
the point, or in the arroyo near the point were found to be dry during the test season of

July and August 2004.*

Seasonal variations in moisture conditions were measured using
electromagnetic induction measurements. This data was collected in March, July, and
August of 2004. High readings in March were attributed to snowmelt, and those in
August were due to the rainy season. July was a dry month. The researchers found that
the presence of the cliff does significantly influence the moisture content of the nearby
ground.™ The authors of the report do not specify if this is due to the shade given by the
cuesta or if there are other reasons, but in studying the water at the pool it was found that
rainwater and snow melt enter through the top of the cuesta and percolate down through
the stone matrix to the pool.*® It is unknown what percentage of the pool water is made
up from the moisture that had infiltrated the stone, but the pool water certainly contains
direct rainfall and runoff in addition to the percolated moisture. Tests to study the
hydraulic properties of rock were conducted, but proved to be inconclusive. The samples

being used disintegrated before the test was completed.'’

14 Van Dam, Remke L. and Jan M.H. Hendrickx. “Hydrological Investigation at EI Morro National Monument,”2.
15 Ibid. 3-4.

16 Ibid. 13.

17 1bid.12.
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2.3. Microflora
St. Clair submitted a final report to the park service in 2001 on the impact of

lichens on the inscriptions at the monument. Among other things, St. Clair studied the
variety of microflora on the monument, reported on their possible detrimental effects on
sandstone, and used indicator species to illustrate whether air pollution was a problem at
El Morro. Although the lower AA section, the focus of this study, was not sampled

directly the following 43 lichens and mosses were found at the monument:

Acarospora fuscata, Acarospora sp.1, Acarospora sp.2, Acarospora sp.3,
Acarospora sp.4, Aspicilia desertorum, Aspicilia sp.1, Caloplaca decipiens,
Caloplaca fraudans, Caloplaca siderites, Caloplaca sp.1, Caloplaca sp.2,
Candelariella sp., Collema sp., Dermatocaropon sp., Lecanora cenisia, Lecanora
cenisia, Lecanora novomexicana, Lecanora valesiaca, Lecanora sp.1, Lecanora
sp.2, Lecidea sp.1, Lecidea sp.2, Lecidea sp.3, Lecidea sp.4, Lecidella sp.,
Lepraria sp., Melanelia sp., Peltula sp., Physcia caesia, Physcia sp., Physcia/
Phaeophyscia sp., Rhizocarpon, Rinodina sp. Staurothwlw sp., Toninia sp.,
Xanthoparmelia sp.*

Some of the lichens found do produce weak organic acids and chelating agents that may
contribute to the dissolution of magnesium silicates and ultimately the deterioration of the
sandstone. Testing of the indicator species Usnea hirta found that air pollution levels
were not at a harmful level for the site, and were not cause for concern as of the reports

submission in 2001.%°

18 St. Clair, Larry. “Impact of Microflora (Lichens) on the Condition of the Sandstone and Inscriptions at EI Morro National
Monument, Ramah, New Mexico.” np.
19 Ibid.
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2.4. Vibration Study
A vibration study was conducted by King in 2003. The report aimed to assess the

risk of vibrations from the nearby road and visitor foot traffic. It was found that “the
natural vibration periods of the rock columns are far below the vibrations induced by the
heavy trucks.”?° One of the five sites tested in the vibration study at EI Morro was the
northeast point. It is interesting to note that “the natural period of this point of rock is
from 2-3 seconds 0.5 — 0.3 Hz however; the shorter slab has a natural period of 0.06 to
0.08 seconds (13-17 Hz). The horizontal particle motion diagram indicates the tall
column is moving in line with the mesa whereas the shorter slab is moving offline.”*
Although interesting, the difference in frequency was not noted to pose a danger. The
final analysis concluded that “the inscriptions would be at a vibration risk from the
highway IF [sic] they were located within 200 feet of the roadway or 300 feet if the
roadway was rough or pot-holed.”?* The nearest inscription currently resides 400 feet
from the road. “Expansion of the roadway or if the condition of the road deteriorated, the
vibration risks will increase to moderate.”® The researcher noted that the tests were not

conducted during blasting at the gravel pit up the road. It was not believed that the

mining was a danger to El Morro in its then current state in 2003, but if mining were to

20 King, Ken and Elaine King. “El Morro National Monument Preliminary Vibration Study,” (K. King independent consultant, El
Morro National Monument, National Park Service, United States Department of the Interior, September 2003,) summary.

21 King, Ken and Elaine King. “El Morro National Monument Preliminary Vibration Study,” 6.

22 Ibid, 14.

23 Ibid, 14.
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move closer, or the size of the charge used in the blasting were to change risk would need

to be reassessed.?*

2.5. Human Occupation and Use
The ruins of a pueblo are perched on the top of the Dakota sandstone stratum of

the cuesta, marking the past site of human habitation. It is not known with any certainty
what tribe inhabited the land, but it is known that the pueblo was constructed at the same
time as other Zuni towns in the late 1200s. The site was deserted only seventy-five years
after its formation. The people that occupied the pueblo at El Morro left pictographs,®
and carved handholds into the face of the sandstone.?® The land was farmed by the local
Native American population during the thirteenth, fourteenth, and fifteenth centuries. The
area was logged during the same time period and into the 19" century. The first grazing

animals were introduced by the Spaniards in the sixteenth century.?’

The first known inscription was left in 1605 by the first Governor of New
Mexico, Don Juan de Ofate. Spaniards heading northward and eastward followed in his
path, stopping at EI Morro to benefit from the pool, and leaving sign of their passing. The
tradition of leaving an inscription continued as the new Americans moved westward after
the Mexican-American war. Inscriptions were left by soldiers, cavalry men, railroad

workers, and settlers moving west. In the 1920s, the Caretaker of the monument, Evon

24 Ibid.

25 El Morro, National Park Service, [n.d.]

26 Mooseman, Fred. Verbal communication.

27 Schakel, Sandra. “ A Century of Change: A Photographic History and Analysis of Vegetation Conditions, El morro National
Monument, 1891-1983.”
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Vogt either removed himself or ordered the removal of any inscription left after 1906, the
year that the monument came under federal protection.?® Inscriptions were hacked off
with axes or scrubbed off with wire brushes. Even today, people from around the world
still would want to carve the stone, and must be dissuaded by park service employees.
When newly left inscriptions are found rangers remove the graffiti with a graffiti removal

kit that includes a metal wire brush.?®

2.6. History of Preservation
In the early days of inscription preservation at EI Morro, graphite pencils were

used to darken inscriptions in order to create a better viewing experience for the visitor.
The pencil was pressed firmly into the markings in order to inscribe the carvings more
deeply into the stone, and insure against erosion. Unfortunately, this process would have
dislodged grains of sand silt and clay, gradually deepening the inscriptions. When this
was deemed to be too destructive Rising Sun brand stove polish®® was applied with a

sable brush to darken the writings, and make them more visible. The last known record of

28 Sievers, Douglas W.“El Morro: A unit History”, National Park Service, United States Department of the Interior, August 14, 1970.;
“Interview with Bob Budlong....September 29, 1971.”

29 Oliver, Anne. “El Morro National Monument Pilot Inscription Treatment Program July 1996,” National Park Service, United States
Department of the Interior, Intermountain Cultural Resources Center, November 1996.

30 No patent could be found for Rising Sun brand stove polish. Patent number 598948, filed June 2, 1896, issued February 15, 1898,
for electric battery for medical purposes indicates that rising sun stove polish, which can be used in the production of this patented
item, is at least in large part graphite, although a review of patents for stove polishes developed during the second half of the
nineteenth century could contain a number of ingredients beyond graphite including soaps, oils, alkali earth materials, lamp-black,

borax, alum, benzene, rosin, and organic products.
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the darkening of the inscriptions is from 1957. It is unknown how long after that year the

process was continued.™

The friability and high erosion rate of the stone sent the monument’s caregivers
searching for consolidants and means of preservation early on. In 1925, EI Morro’s first
custodian, Evon Vogt experimented with the use of paraffin wax in preservation. He
started by testing the wax on an inscription of his own making, “Colorless coatings save
old inscriptions,” and then moved on to the more well known of the historic inscriptions.
Oliver and Padgett report that those that were treated are still in good condition, whether

from the use of paraffin or their well protected locations on Inscription Rock.*

Budlong followed in Vogt’s footsteps as caretaker of the monument, serving in
the position from 1936 through 1942. In 1941 Budlong undertook the massive task of
cleaning and waterproofing inscriptions. According to the July 1941 issue of
Southwestern Monuments Monthly Report he first removed the clay wash from the
surface of the stone, and then sprayed an aluminum stearate, diluted in a petroleum
distillate vehicle to the surface of the stone. In this manner he waterproofed the north face

of Inscription Rock. This method of moisture protection was used at least through 1943.%

The thinking behind the use of paraffin wax evolved to the use of chemically
derived consolidants by the 1960s. Several consolidants were tested in Nine Pine Cove

during this decade. The cove is not near the northeast point of inscription rock, and there

310liver, Anne and Antoinette Padgette. “A History of Inscription Preservation at EI Morro National Monument,” 5.1.
32 Ibid, 5.3.1.
33 Ibid, 5.3.2.
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is no mention of any use of these consolidants moving past the test phase. Many of the
records are missing, but what little is known has been collected by Anne Oliver and
Antoinette Padgett in A History of Inscription Preservation At EI Morro National
Monument: 1849-2005. The list of test products included Daraweld*, Daracone®, and a

synthetic resin called Pencapsula.®®

The northeast point experienced a huge loss in 1979. Park Ranger, Steve Miller
reported in a memorandum in June of that year that a large segment of panel AA13 had
crumbled away due to natural causes. Upon closer study Park Service employees noted
that seven inscriptions had been lost from this one panel.*” In 1980 a list of names at the
northeast point that had been lost to erosion was created. Two panels (AA3 and AA4)
were listed as buried. Two inscriptions were noted as obscured by a white discoloration
in panel AAG, eight inscriptions (panels AA8, AA9, AA13, and AA14) were partially
missing. Twelve were listed as certainly missing (panels AA10, AA13, and AA14). Three
inscriptions from AA12 were presumed missing, but the panel was so altered the

documenter was not sure that they were looking in the correct spot. A fracture in AAlda

34 No patent can be found for this particular product, but a patent issued in December of 1968 for the fabrication of masonry walls
and partitions (Patent number 3416276) lists an adhesive named Daraweld produced by Dewey-Almy Chemical Company. The only
other product produced and used during this time period with a similar name is Daraweld-C (patent number 4172063). Daraweld-C is
a vinyl acetate copolymer latex used primarily as an additive in cement to increase bonding. It was used in mid-century preservation
treatments at Casa Grande. The product was used at Casa Grande in the creation of a render.
http://www.nps.gov/archive/cagr/adhi/adhi5a.htm. accessed 4 March 2007

35 A silicone water repellent, patent number 3007812.

36 No patent found.

37 Miller, Steve. Supervisory Park Ranger for the record, June 30, 1979. unpublished memorandum, record, H-1415.
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was noted as a new threat that had not been noted in past documentation.®® In 1990
Superintendent Reed Detring decided that something must be done about the continued
degradation of the inscriptions at EI Morro and convened a meeting that included
members of the Getty Conservation Institute, and started the EI Morro Inscription

Preservation Program (EMIPP)*

In 1992 rock art conservator, Antoinette Padgett, began an assessment of the
conditions of the panels. The then-current state of the panels was compared to
photographs of the panels that were taken in 1955 by Howell and McNeil. Padgett took
photographs of the panels that were being monitored that year. Based on visual
observation Padgett found that salt, insect activity, clay/water wash, the presence of
biogrowth, graffiti, and graffiti removal, moisture, unknown accretions, and loss were
deterioration factors that were mapped on overlays of the photographs. Written
documentation for each panel was completed, and recommendations were made as to
future documentation, condition assessments, and the long-term monitoring and care of
the panels.*’ The assessment project that was begun in 1992 was carried on in 1993 and
1994 with the addition of Barthuli to the team. In 1992, fifty panels were assessed; in the

following years, 610 panels were completed. A numerical value system that ranged from

38 This record is titled only Names Etc. Lost to Erosion on the Point of Inscription Rock As Surveyed in July of 1980. No name is
associated with the document. It was found as a single sheet of paper in file H22, “List of Inscriptions,” Archival box H and K, located
in the fire proof case in the archive room at El Morro.

39 Oliver, Anne and Antoinette Padgette. “A History of Inscription Preservation at EI Morro National Monument,”

40 Oliver, Anne and Antoinette Padgette. “A History of Inscription Preservation at EI Morro National Monument,” 4.3
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0 to 6 was created to gauge the threat to each panel. A monitoring program was started

based on the priority rating of the inscriptions.*!

The EMIPP and the work done by Padgett and Barthuli laid the ground work for
treatment options to be considered. A cooperative agreement was struck between El
Morro and the Architectural Conservation Laboratory at the University of Pennsylvania
in 1993. Dawn Melborn wrote her 1997 thesis on spot weld epoxy treatments and cement
based grout treatments for delamination at EI Morro. Scott Kreilick began looking into
the use of mechanical pinning in 1996. He eventually settled on a dry system pinning
method that used a stainless steel pin with a nylon sheath to reattach fragments of
inscriptions that had broken away from the rock face. Both of these methods proved to be
helpful in areas of the rock that suffered from delamination and spalling, but do not

address the problem of granular disintegration at the northeast point.

In 1996, under the supervision of Frank Matero, Veronica Aplenc tested an
aliphatic epoxy resin, sold under the brand name Eponex 1510, and an ethyl silicate, sold
under the brand name of Conservare OH for use at EI Morro. The epoxy resin had a
slightly higher resistance to abrasion, and altered the water absorption rate less than the
ethyl silicate, but both consolidants proved to be acceptable.*? The ethyl silicate was
chosen for its ease of use at the site. The ethyl silicate was applied in the commercial
form of Conservare OH by Anne Oliver, first in 1996, and then in 1997, 2000, and 2004.

Of the forty-four inscriptions treated, eight have needed re-treatment since 1996. Six of

41 Ibid. 4.4

42 Aplenc, Veronica and Frank Matero. “Consolidation of Zuni Sandstone from EI Morro National Monument”
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the forty-four treated inscriptions fell into the AA section of the northeast point; three of

those have needed re-treatment since 1996.%3

A small pinyon tree and a chamisa bush were removed from a crack that had
formed between the upper and lower AA section of the rock in 1996. The crack that was
left behind was filled with hydraulic lime-based mortar. The stone has eroded
considerably since the mortar was placed. In the summer of 2006 the stone had eroded as
much as 14 cm at the center of the ledge. The top of the ledge dips in the center where a
joint in the face of the northeast point allows water to funnel from the top of the stone
down the center face of the AA section.** For a visual comparison of the condition of the
northeast point in 1955 and 2007, and the eroded joint, see chapter 6, figures 6.1 through

6.3.

43 Oliver, Anne and Antoinette Padgette. “A History of Inscription Preservation at EI Morro National Monument,”
44 Ibid.
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3. Laboratory Analysis

3.1. Sampling and Testing Methodology

A sample of Zuni Sandstone was taken from EI Morro National Monument in the
summer of 2006 to confirm and advance Austin and Cross’ findings. The cultural
resource was deemed too valuable to core samples from the surface of the stone, so a
piece that had fallen from the area just over the southern corner of the ledge above the
northeast point the previous October was taken. The sample was a pale yellowish green,
friable and roughly 9 inches x 7 inches x 7 inches. X-ray diffraction, thermo gravimetric
analysis, differential thermal analysis, and scanning electron microscopy were used to

better understand the composition and matrix of the stone.

& o
p W

Figure 3.1 Sample taken from EI Morro National Monument 18 August 2006
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3.2. X-Ray Diffraction

3.2.1. Objective:
X-ray diffractometry (XRD) measures the Bragg angle at which the x-rays are

reflected from a crystalline sample. When compared against a database of known samples
crystalline compounds within the sample can be identified. This test was run against the

El Morro sandstone to confirm past findings on the composition of the stone.

3.2.2. Procedure:
The sample was first ground in a mortar and pestle to a fine powder. A small

portion was placed on a piece of glass with a drop of acetone. A razor blade was used to
drag the sample across the surface to form an even coating. The sample was scanned at 2
stops at a 60 scan speed, meaning that 2 angles were scanned a minute. The pattern that

results from the scan was then compared against a database of known compounds.

3.2.3. Results:
Comparison of the sample with the ICID database suggests the presence of

kaolinite and quartz and possibly orthoclase. The sample spectra and matches are

presented below.
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Figure 3.2 XRD results for EI Morro Sandstone
3.3. Thermo Gravimetric Analysis and Differential Thermal
Analysis

3.3.1. Objective:
Thermo gravimetric analysis (TGA) measures the mass of a given sample as it is

heated, and analyzes the composition of the material based on the loss of weight as a
function of heat and time. Differential thermal analysis (DTA) is able to measure
endothermic and exothermic reactions to determine phase transitions, melting points, and

temperatures at which compounds within the material crystallize.
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3.3.2. Procedure:
A 27.5906 mg sample was prepared for analysis by mildly abrading the surface of

the larger sample with a metal spatula. The powder was then placed in a glass vial. This
was taken to the Laboratory for Research on the Structure of Matter (LRSM) at the
University of Pennsylvania. A graphite cell was used to tare the scale inside the TGA-
DTA machine. The powdered sample was then packed into the cell, and placed in the
apparatus. Air was pumped out as a less combustible gas, argon, was pumped in and the

temperature was set to 1000 . The temperature rose at twenty degrees per minute.

3.3.3. Results:
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Figu;’e 3.3 TGA-DTA results. Written notes are by Dr. Andrew McGhie.
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The top line of the chart is the DTA, the middle line is the TGA, and the last line
is the derivative weight. The DTA line compares the weight of the sample with that of the
reference compound. The TGA line combines thermal analysis and thermogravimetry. It
measures endothermic and exothermic reactions. The DTG line represents the loss of

weight.

The first spikes in the DTG line that stretch to about 150 degrees represent the
surface water being driven off. This is a minor loss to the overall weight of the sample.
The incline of the TGA line between about 225 degrees and 350 as an instrumental error;
the instrument was drifting at this point. The slight divot in the DTA line at 581.55
degrees Celsius is the alpha beta transition in the quartz. The 0.4% weight loss around

530 degrees may indicate dehydroxylation of clays.

The spikes in the DTG line around 686 degrees are indicative of calcite. The
calcite was only present in trace amounts in the sample. The overall weight loss reflected

in this spike is about 0.2%.

3.4. Scanning Electron Microscopy

3.4.1. Objective:
A sample of the sandstone was studied using a scanning electron microscope to

better understand the fabric and texture of the rock.

3.4.2. Procedure:
A previously cut and mounted sample was coated in silver paint and placed in a

vacuum, covered in vaporized gold, and positioned inside the scanning electron
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microscope. Ten volts were used in the scanning of the sample. Photographs were taken
between 20X and 5000X.

3.4.3. Results:

Upon close examination the sandstone sample was found to be composed of a
fine, homogenously sorted grain. At 2000X it is evident that the cementing matrix of the

sandstone is clay. Figure 5 shows platelets of clay surrounding the grains.

The photographs taken of the sample are attached in the following pages.

I 1

T00pm
Figure 3.4, 75X: The sandstone is comprised of homogenous grains coated and held together by a
clay cementing matrix.
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Figure 3.5, 300X: Note the mineral grains coated with a clay matrix.
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3.5. Summary of Results
The results of the analysis reinforce the findings of both Austin and Cross. The

Zuni Sandstone at the northeast point is largely composed of well sorted grains of quartz,
poorly bound by kaolinite clay. Ortho