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nature of astrobiology; by building and leading their
team’s work, they become ldeal candidates for commu-
nicating the broad topics of astrobiology to students
of all levels. Bach NAT PI identifies unique E/PO and
training opportunities and includes their team mem-
bers in these efforts. The result is an amalgamated
program reaching the full spectrum of K-Postdoctoral
students receiving information and opportunities in as-
trobiology. Research is embedded throughout the NAI's
E/PO program with the ultimate goal of seeding future
researchers and their discoveries of life in the universe.

URL: http://nai.arc.rasa.gov

2003 Fall Meeting

ED41A-07 0930h

Field/Lab Training Workshops in
Planectary Geology and Astrobiology
for Secondary School Teachers

Allan_Treim anl (treiman@Ipi.usra.edu); Horton
Ncwsomz; Tori Hoehlera; Catherine Tsairidcsa;

Karl Karlstrom2; Laura Crossey® Walter

Kiefer’; Steve Kadel¥, Ferran Garcia-Pichel%

Jayne AubeleS; Larry Crumpler®

XLunar and Planetary Institute, 3600 Bay Area Bivd.,
Houston, TX 77058, United States

2Dcpt. Earth Planet. Sci., Univ. New Mexico, Albu-
querque, NM 87131, United States

3NASA Astrobiology Inst., NASA Ames, Moffett
Field, CA 94035, United States

4Depts. Biol. & Geol., Arizona State Univ., Tempe,
AZ 85287, United States

5N.M. Museum of Natural History, 1801 Mountain
Rd., Albuquerque, NM 87104, United States

Thematic ficld-lab-classroom workshops can be suc-
cessful in training secondary teachers in planetary ge-
ology and astrobiology, from the LPI’s 4 years expe-
rience. A typical workshop includes ~4 days of field
study and ~3 days of related classroom/lab lecturcs
and exercises. Up to 30 teachers have participated at
once, and the staff averages 5 researchers and educa-
tors. The 2003 workshop, The Great Desert, focused
on geology and life in the Colorado Plateau as analogs
for Mars. Specific emphases were on geologic processes
exemplified in the Grand Canyon, Sunset Crater and
Meteor Crater, and on biotic communities in desert
soils and hot springs. The classroom portion, hosted
by UNM, included lectures, lab work, and teaching
exercises keyed to the field experience and its exten-
sions to Mars. Formal followups: non-directive exit
questionnaires; email list-serves for participants; web-
sites with images, preseutations, and exercises from
the workshop, and links to related materials (e.g.,
http://www.Ipi.usra.edu/education/EPQ/yellowstone
2002/index.html); and interviews for six-month retro-
spective. Graduate and continuing education credit are
available. Past workshops, all relevant to Mars, have
targeted: geology and extromophiles of Yellowstone NP,
geology of the Cascade volcanos; and giant floods and
lava flows of central Washington. The greatest ben-
cfit of this workshop format is the teachers’ intenso,
deep experience, emphasizing scientific content. They
learn from field, classroom, and laboratory perspec-
tives, and work with PhD level rescarchers who con-
tribute their excitement, demonstrate and teach criti-
cal thought processes, and provide authoritative back-
ground and answers. The small group size permits per-
sonal interactions (among teachers and presenters) that
complement cach other’s understanding and apprecia-
tion of the subject. They log ~65 contact hours with
the staff, in small groups or one-on-one. Teachers re-
turn to the classroom with personal experiences, with
heightened appreciation, excited, and energetic. The
teachers are asked to share their knowledge in their
districts (in one case, saving the district thousands
of dollars). For the presenters, the workshop format
allows personal interactions with the teachers, lead-
ing to enhanced appreciation of their perspectives and
needs. This year, teacher input assisted with an NSF-
sponsored National Park education initiative. And in
one case, a meaningful rescarch collaboration has come
from these workshops. Logistics is the greatest chal-
lenge of this workshop format. Hosts and teaching/lab
venues necd to be arranged early in sites dictated by
science content, not convenience. Travel and lodging
must be arranged for teachers and presenters at sev-
eral sites, usually all distant from the organizing in-
stitution. Logistics also dictates that each workshop
cannot serve more than about 30 teachers. The depth
of knowledge imparted and its long-term effects on the
teachers and their districts offsets the small number of
teachers reached per year. Authors here are the 2003
organizers and presenters. Many others have organized
and presented at past workshops - especially Dr. A.J.
Irving of U. Wash. We are grateful for past support
from NASA Broker/Facilitator, and now from Sandia
National Laboratory and NASA OSS/EPO.

URL: http://www.Ipi.usra.edu/education/EPO/
yellowstone2002/index. html
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Archaeological Site Trinchera Cave,
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Resistivity, magnetic, seismic, and geodetic surveys
were performed at Trinchera cave, an archaeological
site ~50 km east of Trinidad, Colorado, in order to lo-
cate the foundation walls of an ancient jacal structure.
This structure, a shelter built during the Apishapa
phase (carlier than 750 ycars before present), was re-
ported - and backfilled - during a 1974 excavation; re-
cent cxcavations have failed to again find it. The cave
is a ~8 m high overhang, the bottom of which marks
the contact between the Dakota formation (yellowish-
brown, fine-grained sandstone) and the underlying Pur-
gatoire formation (bedded, organic-rich shale). The
foundation was reported to be made of blocks of sand-
stonc surrounded by cave fill/soil that is cstimated
to be 1.5 m thick in the cave. A total station sur-
vey mapped the topography bencath the overhang (the
cave, ~30 by 8 m) and within the adjacent creck. This
part of the study should be useful to tie together fu-
ture archaeological and geophysical work. Our mag-
uetic map of the area is inconclusive due to the pres-
ence of metallic pipes left at the site by previous ex-
cavations and because of the overhang. Seismic refrac-
tion tests yielded varying thicknesses of the cave fill
(0.7-2.3 m); however we experienced problems with the
equipment in the field and realized that a 1-D model is
insufficient to explain the data. A future reflection ex-
periment might produce more useful seismic data. Our
most reliable results were obtained by resistivity pro-
filing. They show a more resistive structure in the SW
part of the cave, about 1 m from the overhang and at
a model depth of 2 m. We interpret this as the ‘lost’
foundation.
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Magnetic and gravity data were collected at the
Ship Rock minette neck and dikes, part of the Navajo
voleanic field in the central Colorado Plateau, to inves-
tigate their subsurface structure. The deep root system
of Ship Rock, an exhumed Oligocene maar-diatreme
complex, has not been resolved. The diatreme is largely
composed of minette tuff-breccia with a large walirock
fraction, whereas the dikes are composed of hypabyssal
minette. The country rock is the Upper Cretaceous
Mancos Shale. Density and magnetic contrasts be-
tween the igneous rock and surrounding shale suggest
that the buried structure of Ship Rock can be imaged.
Preliminary geophysical investigations were carried out
in order to test this hypothesis. We collected mag-
netic and gravitational data along four lincs selected
to transect the major south and northeast dikes and
to partly encircle the diatreme. Modeling differently

sized, oriented and shaped intrusions, we created the-
oretical Free Air anomaly curves to try to match the
two clearest anomalics. Modeling necessitates (i) that
the major north-south dike dips west and (ii) the pres-
ence of a high-density, deep body near the diatreme.
‘The Free Air anomaly curves show that smaller dikes
might not be detected from gravity data; however, they
are necessary to determine the presence of large, dense
bodies. Although not modeled, the magnetics curves
show that smaller dikes can casily be detected. Our
study results are prontising, and we plan a more thor-
ough investigation in the future which will produce a
magnetic map to determine if further buried dikes exist
in the vicinity, and measure gravity along additional
profiles to better constrain the location of the dense
body at depth.
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Project COARSE (COnsortium for Arizona Recon-
naissance Seismic Experiment) operates a temporary
network of broadband seismic stations in southern Ari-
zona. The goal of the project is to investigate the
crustal and deep structure across the transition from
the Southern Basin and Range to the southern Col-
orado Plateau. Southern Arizona is a region of no-
table undersampling in tomographic and receiver fune-
tion studics of the lithospheric-scale structure of the
western United States. In addition, these data will pro-
vide unique first-order constraints on crust and upper
mantle structure beneath the region in preparation for
more focused efforts as EarthScope and USarray pass
through the region. We are currently operating eight
broadband seismographs recording continuously at 25
samples/sec in an approximate SW-NE swath across
southeastern Arizona. When combined with the two
permanent broadband stations in the state (TUC and
WUAZ), the array will provide the requisite data to
delineate the first-order structure of the lithosphere
and sublithospheric mantle, as well as improve imag-
ing capabilities for deep Earth structure in adjacent
regions. One key question we are addressing is the na-
ture of extension in the Southern Basin and Range,
and how this extension is accommodated at greater
depths. The current study therefore focuses on data
collected at stations located at astronomical observato-
ries on mountain summits associated with metamorphic
core complexes. From SW to NE the selsmic stations
are located at 1) Kitt Peak (KITT), 2) Mt. Lemmon
{LEMN) and the nearby GSN station TUC, and 3} Mt.
Graham (SQRL). Analyses of receiver functions from
teleseismic events at each station indicate a gradual
SW to NE increase in crustal thickness from 29 km at
KITT, to 30 km at LEMN, and 32 kin at SQRL. This
crustal thickness increase correlates with the increase
in summit elevations from 2100m at KITT, to 2800m
at LEMN, and 3050m at SQRL. Among these stations,
only the TUC station has a clear Moho multiple from
which we can estimate the bulk crustal Vp/Vs value of
1.74. The recelver functions from stations KITT and
SQRL have prominent arrivals from the top of a crustal
low-velocity zone at depths of 17 km and 14 km, re-
spectively. Inter-crustal arrivals in this region possibly
mark shallowly dipping shear zones that have played a
role in accommodating extension during core complex
formation. We hope to characterize how crustal thick-
ness, anisotropy, extension, and shear within the crust
are related in southern Arizona.
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