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Fall 2000 Death Valley Itinerary

Friday, 6 October

4:00 pm Drivers pick up vehicles in preparation for early departure on Saturday.

Saturday, 7 October

8:00 am

12:00

1:00 pm
2:00 pm

2:30 pm

4:30 pm

5:30 pm
6:00 pm

Sunday,
8:00 am

10:00 am

10:30 am

12:00
1:00 pm

Depart Gould/Simpson loading dock. Drive W. on 6” to Euclid, turn N

to Speedway, proceed West to I-10, drive West towards Phoenix. In

Phoenix take I-17 North. Continue to Rte. 74 (Carefree Highway),

llz]roceed W. toward Lake Pleasant. Continue to join Rte. 93, turn
orth. '

Stop for lunch at Hassayampa River Preserve. Observe possible

pupfish in adjacent creek (if water is flowing).

Continue North on Rte 93 through Wickenberg.

Stop at Burro Creek overlook where Celinda Kelsey will describe

Caliche formation in the basalts at this site.

Continue North on Rte 93 through Wikieup toward Kingman. Join 1-40

atexit 71 and continue W to Kingman. At Kingman take Exit 52 onto

S;ockton Hill Road (dirt). Proceed N out of town toward Red Lake

Playa.

Amive at Red Lake Playa. Check condition of Playa before driving onto

its surface. If there is time, observe giant polyons in low-angle

sunlight. Presentations by Jani Radebaugh on playas and Joe

Spitale on giant dessication polygons.

Continue North on Stockton Hill Road to paved Pierce Ferry Road.

Turn right, drive 5 miles to sharp left bend in road, exit to right.

Camp in the Joshua Tree forest. Be careful to stay off the Hualapai

Indian Reservation. Jim Richardson will give a fireside chat on the

discovery of the Goldfields meteorite strewn field in this area.

8 October

Break camp, Andreas Eckholm will describe Playas on Mars.
Return W on Pierce Ferry Road. Visit Red Lake Playa if there was not
time the previous day. Proceed to Arizona Rte. 93 and tum N toward
Las Vegas.

Arive Hoover Dam. Park in lot on E side of the dam, walk out to
overlook. Erik Karkoschka will describe the effect of the dam on the
evolution of the Colorado River system.

Continue on Rte. 93. Exit to Rte 146 W at Henderson. Proceed to I-
15, exit 27, travel N to exit 33, turn W on Rte 160 toward Pahrump.
Lunch stop at Red Rock Canyon Park.

Continue West on Rte 160 through Pahrump, turn W onto Nevada Rte.
372. At the California border this becomes Califoia Rte. 178.
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2:30 pm
3:00 pm

4:30 pm
5:00 pm
6:30 pm

Monday,
7:00 am

8:30 am

10:00 am
10:30 am

11:00

11:30 am

1:00 pm

2:30 pm

3:00 pm

4:00 pm

Proceed to Shoshone. At Shoshone turn N on Rte 127, travel 2 miles
then turn W on Rte 178. Proceed over Salisbury Pass (3315°) descend
to Jubilee Pass (1280°) then into the southern end of Death Valley.

Stop at the overlook to Shoreline Butte, Ferdinand Ip will discuss
Pleistocene lakes in this area and the history of Lake Manly.

Proceed N to Badwater. Several stops will be made where Fred
Ciesla and Devon Burr will discuss the prominent gravel fans near
Mormon Point, Adina Alpert will describe how they have been cut
by recent fault scarps and Andy Rivkin will discuss desert vamish.
Continue North to Badwater where Windy Jaeger will describe the
prominent turtlebacks.

Continue N to Furnace Creek, where we join Rte 190. Continue N to
camp at Mesquite Spring Campground near Grapevine.

Camp. Fireside chats will be given by Paul Withers on the discovery
and exploration of Death Valley, by Curtis Cooper on the Archeology
of the valley and by Yen Chamberlin on the Aboriginal history of the
valley.

9 October

Break camp, continue North 5 miles to Ubehebe Crater. Ross Beyer
will lead us in viewing these spectacular examples of phreatic
explosions.

Continue on dirt road to Racetrack Playa. Along the way we will stop
to view the Tin Mountian Landslide and the Chaos in the rocks of the
Trucki mountains, hosted by Joe Plassmann.

Continue south to Racetrack Playa, where Abigail Wasserman will
describe the mysterious sliding stones.

Return to Grapevine and turn south on Rte 190. Stop at Salt Creek
where Matt Chamberlin will relate the amazing story of the Desert
Pupfish.

Continue S on Rte 190 to the ruins of the Harmony Borax Works,
where Paul Withers will describe the history of borax and salt mining
in this area.

Drive to Furnace Creek, continue on Rte 190 11 miles to exit for
Dante’s View, then drive 13 miles to overlook. This will be a lunch
stop, after which Laslo Keszthelyi will describe how the Basin
Range landscape evolved as the west widened and Peter Lanagan will
discuss how Death Valley looks from space.

Return to Furnace Creek, turn S on Rte 178, drive 6 miles to Mushroom
Rock, near the exit to Artist’s drive, where Rachel Mastrapa will
regale us on the subject of Salt Weathering.

Continue S on Rte 178 another 4 miles, park at the entrance to Artist’s
Drive, get out of the vehicles and stroll to Ventifact Ridge on the W side
of Badwater Road. Jennifer Grier will lead us in examining the
wind-sculpted rocks here.

Continue S to Devil’s Golf course, walk out onto the salt flat. At this
prime location Matt Tiscareno will describe how the evaporites in
Death Valley were formed and Terry Hurford will tell us about the
microbes that live in this apparently uninviting environment.

Continue S on 178 to the south end of Death Valley. If it is in good
condition, take the dirt road 33 miles toward Baker, joining Rte 127.

Rte 127 leads us past Silver Lake Playa and into the town of Baker.
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6:30 pm

Tuesday,

7:00 am

10:00 am

2:00 pm

3:00 pm
7:00 pm

Continue through Baker on Kelbaker road and proceed towards Kelso.
It is 44 miles to the Kelso dunes from here.

Camp at a favorable spot near Kelso Dunes. Jonathan Fortney will
give us a fireside chat on just how desert plants survive the inhospitable
terrain we have been driving through.

10 October

Break camp, continue S on Kelbaker road to a turnoff marked by a
Bureau of Land Management sign a litle N of a gas pipeline
pumpstation. Drive W about 3.5 miles to the parking lot and climb into
the dunes. Gwen Bart will describe the origin and shape of the Kelso
Dunes. Ingrid Daubar will explain how some dunes (these in
particular) make booming sounds when the sand flows. We will
attempt to observe this phenomenon experimentally.

Depart Kelso Dunes, continue S on Kelbaker road another 12 miles to
its intersection with 1-40. Continue S on the road toward Amboy.
Drive 10 miles to the National Trails Highway (old Rte 66) and proceed
2 miles W to Amboy Crater. Park and hike a short way over the lava
field and ascend the cone. David O’Brien will describe what we see.
Rejoin vehicles, eat lunch

Retrace our route on the National Trails Highway to the ghost town of
Amboy, turn S on Amboy Road. In a few miles we cross Bristol Dry
lake and perhaps Paul Withers will have a few additional words to
say about the Sodium and Calcium Chlorides that are mined here.

Join Rte 62 and proceed W to Twentynine Palms. Drive S from
Twentynine Plams through Joshua Tree national monument, where
Jason Barnes will describe the geology of “those cool white rocks”.

Join 1-10 and proceed E toward Arizona. Continue E to Tucson
(perhaps taking the Gila Bend “cutoff” to avoid driving in Phoenix).
Arrive Tucson, unpack vehicles, go home. Drivers return vehicles to
motor pool.

Drivers: R. Beyer, F. Ciesla, F. Ip, E. Karkoschka, P. Lanagan, J. Plassmann, M.

Tiscareno.

Participants:

Alpert, A.
Barnes, J.
Bart, G.
Beyer, R.
Burr, D.
Chamberlin, Y.
Chamberlin, M.
Ciesla, F.
Cooper, C.
Daubar, 1.
Eckholm, A.
Fortney, J.

Grier, J.
Hurford, T.
Ip, F.

Jaeger, W.
Karkoschka, E.
Kelsey, C.
Keszthelyi, L.
Lanagan, P.
Mastrapa, R.
Melosh, J.
O’Brien, D.
Plassmann, J.
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Radebaugh, J. Tiscareno, M.

Richardson, J. Wasserman, A.
Rivkin, A. Withers, P. _
Spitale, J. “’
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MINERAL NAMES
Mineral Formula Mineral Formula
Akermanite Ca,Mg$Si,O, Hematite Se;0;
Alabandite (Mn,Fe)S Hercynite (Fe,Mg)ALL, O,
Albite NaAlSi;O0g Hibonite CaAl;;0y9
Andradite CajFe,Si30, limenite FeTiO;
Anorthite CaAl;Si;Og Kaersutite Ca;(Na,K)(Mg,Fe) TiSi¢-
Apatite Cay(PO4), ALOxF;
Aragonite CaCO, Kamacite a-(Fe,Ni)
Armalcolite FeMgTi;0s Krinovite NaMg,CrSi;Oy
Augite Mg(Fe,Ca)Si;05 Lawrencite (Fe,Ni)Cl,
Awaruite NisFe Lonsdaleite C
Baddeleyite 0, Mackinawite FeS;)—,
Barringerite (Fe,Ni),P Maghemite Se, 05
Bassanite CaS0,-172H,0 Magnesiochromite MgCr,0,
Bloedite Na,Mg(S0,),"4H,0 Magnesite (Mg,Fe)CO;
Brezinaite Cl';Sq Magnetite Fe304
Brianite CaNa,Mg(PO,) Majorite Mg3(MgSi)Si; 0y
Buchwaldite NaCaPO, Marcasite FeS;
Calcite CaCO,3 Melilite solid solution
Carlsbergite CIN ikermanite (Ak) Ca;MgSi,0,
Caswellsilverite NaCr§, gehlenite (Ge) Ca,Al,Si0;
Chalcopyrite CuFeS; Merrihueite (K,Na);FesSi;2030
Chamosite FesMg3[(Si40,0)(OH)s); Merrillite Ca;MgH(PO,),
Chaoite C Mica (K,Na,Ca), ALy[SisAl,Ox)-
Clinopyroxene (Ca,Mg,Fe)SiO, (OH,F).
Chlorapatite Cas(PO,),Cl Molybdenite MoS;
Chromite FeCr,0, Monticellite Ca(Mg,Fe)SiO,
Cohenite (Fe,Ni);C Montmorillonite AL(Si,Al)30x(OH)Mgs
Copper Cu (Si,Al)sOx(OH),
Cordierite Mg, ALSisO5 Nepheline NaAlSiO,
Corundum Al;0, Niningerite Mg,Fe)S
Cristobalite Si0, Oldhamite CaS
Cronstedtite (Mg,Fe)2Al,SisAlO;s Olivine (Mg,Fe),SiO,
Cubanite CuFe,S; * Olivine solid solution
Daubreelite FeCr,S, fayalite (Fa) Fe,;Si0,
‘Diamond C forsterite (Fo) Mg,SiO,
Diopside CaMgSi; 0, Orthoclase KAISi;04
Djerfisherite KjCuFe;2814 Orthopyroxene (Mg,Fe)SiO;
Dolomite CaMg(COs), Osbornite TiN
Enstatite MgSiO; Panethite (Ca,Na),(Mg,Fe)2(PO.);
Epsomite MgS0,-7H;O Pentlandite (Fe,Ni)sSs
Farringtonite Mg3(POy); Perovskite CaTiO;
Fassaite Ca(Mg,Ti,AI)ALSi);0¢ Perryite (Ni,Fe)s(Si,P),
Fayalite Fa,Si0, Pigeonite (Fe,Mg,Ca)SiO;
Feldspar solid solution Plagioclase
albite (Ab) NaAlSi;Og albite NaAlSi;Og
anorthite (An) CaAl,Si,0, anorthite CaAl,Si;0s
orthoclase (Or) KAISi;04 Portlandite Ca(OH),
Ferrosilite FeSiO; Potash feldspar (K,Na)AlSi;Og
Forsterite Mg,SiO, Pyrite FeS,
Gehlenite Ca;Al;SiO-; pe MggAlz(SiOA)z
Gentnerite CugFesCry; S5 PYI'OXCDC solid solution
Graftonite (Fe, Mn);(PO.), enstatite (En) MgSiO,
Graphite C ferrosilite (Fs) FeSiO;
Greigite FesS, wollastonite (Wo)  CaSiO;
Grossular Ca3AL, 8130, Pyrrhotile Fe;-xS
Gypsum CaS0,-2H,0 Quartz Si0,;
Haxonite FexCs Rhonite Ca,(Mg,AlLTi);2(Si,Al)12040
Heazlewoodite Ni,S; Richterite Na,CaMgsSisOxF2 .
Hedenbergite CaFeSi;0¢ Ringwoodite (Mg,Fe);Si0,
Hcidﬂ.w (Fevcr)l + lm!&hsl Roaldite (RvNi)‘N




MINERAL NAMES continued
Mineral Formula Mineral Formula

Roedderite (K,Na);MgsSi;203 Stanfieldite Ca,(Mg,Fe)s(PO,)s
Rutile TiO, Suessite Fe;Si
Sanidine KAISi;Og Sulfur S
Sarcopside (Fe,Mn);(PO,), Taenite +y-(Fe,Ni)
Scheelite CaWo, Tetrataenite FeNi
Schéllhornite Nag 3(H,0) [CrS3] Thorianite ThO,
Schreibersite (Fe,Ni),P Tridymite SiO,
Serpentine (or chlorite) (Mg,Fe)sSi,0,0(CH); Troilite FeS
Sinoite Si;N,0 Ureyite NaCrSi,04
Smythite FesSy; V-rich magnetite (Fe,Mg)(Al,V),0,
Sodalite NagAlSis0,.Cly Valleriite CuFeS;
Sphalerite (Zn,Fe)S Vaterite CaCO,
Spinel MgALO, Whewellite CaC,04-H,0
Spinel Solid Solution Wollastonite CaSiO,

Spine] MgA]204 Yagiite (KlNa)Z(MS!Al)S(SivAl)IIOBO

hercynite FeAl,O, Zircon ZsSi0,

chromite FeCr,0O,

magnesiochromite  MgCr,O,

V-rich magnetite (Fe,Mg)(A1,V),0,
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Caliche deposits at Burro Creek
Celinda Kelsey

Caliche is defined as a body resulting from the accumulation of
calcium carbonate (calcite) and/or other carbonates in unconsolidated
sediments, usually under conditions where moisture is deficient in all
seasons.

Caliche is most often associated with carbonate sediments. These
sediments partially dissolve into any ground water. In arid environments
ground water is drawn upward through the vadose zone (rock and soil above
water table level) by capillary action. The caliche is deposited within any
type of soil or regolith within the vadose zone where evaporation occurs.

Of interst for this field trip, caliche often forms crusts around the edges of
playas. Caliche on earth preserves root stems and other life that have formed
in the developing soil that is being calichified (I didn’t make that word up.)
The Burro Creek location has no limestone associated with it. Instead the
surrounding lithology is basalt flows. How do we form calcite from basalt?

Basaltic minerals | Chemical formula Comments
Clinopyroxene (Ca, Na)(Mg,Fe,Al)(Si,Al),O¢ | Augite
Olivine (Mg,Fe),SiO, Fosterite-Mg rich,
Fayalite-Fe rich
Orthpyroxene MgSiO;-(Mg, Fe)SiO, Enstatite
Feldspar-anorthite | CaAl,Si;0g Plagioclase end
member (50-90%
of feldspar in basalt)

Probably anorthite is the best source of the calcium that is becoming
caliche. Anorthite forms at very high temperatures within the basaltic
magma or lava, indicating it is more stable at high temperatures and
pressures. Therefore, it weathers quickly when exposed to surface
temperatures and pressures. Magnesium also reacts to form carbonates
(aragonite, dolomite) very easily. However, the literature on the caliche at
Burro Creek indicates it is primarily calcite.

Isotope studies of the carbon and oxygen bound to caliche at Burro
Creek indicate that they are coming from either the atmosphere, or
respiration of microbes within the basalt. Calcite formed at the surface is in
balance with atmospheric isotope abundances of 13C and 180. However,
calcite is also being formed in buried basaltic flows where carbon dioxide

©
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from microbes, which is deficient in the heavy isotopes of carbon and
oxygen, is increasingly dominant with depth. The study of Burro Creek
found this lighter calcite associated with older flows, which may have been
buried and subsequently exposed. Paul Knauth and Jack Farmer of the
Department of Geology at ASU performed this study.

Implications for Mars:

The martian surface would be ideal for forming a similar style of
caliche, IF there has ever been rainfall at the surface. The rain water is
needed to transport the calcium to locations rich in carbon dioxide (the
surface and microbial communities) as well as speeding up the weathering
process for the basaltic minerals. Some theories of martian climate do
predict that rain has occurred. Detection of variation in the isotopes
abundances, of caliche formed within a distinct time frame, would indicate
microbial activity, without the need to know the exact atmospheric isotopic
abundances of that time. Also, caliche on Mars would be valuable to study
for fossil signs of life.

Resources:

Knauth, Paul and Jack Farmer, Biosignatures in calcite formed during the
weathering of Basalt, GSA abs., 1999.

Scoffin, Terrence P., An Introduction to Carbonate Sediments and Rocks. A
packet from the University of Texas at Austin, obtained in 1995.
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~ FIGURE 6-23 Caliche on Mormon Mesa in southern
Nevada.

| Obligatory pretty picture
We will not be seeing caliche anywhere near this thick at Burro Creek.
from Physical Geology by Monroe and Wicander (1992)



Playa Lakes

Jani Radebaugh

Pilot Valley Playa, Utah

An originally dry playa forms a lake
during a 15-minute thunderstorm
From Penn State Dynamic Hydrologic
Systems,

http://www.cee.psu.edu/dynsys/

Playa lakes occupy small, closed basins,
and are ephemeral; cyclically they
evaporate entirely, leaving only the
basin and evaporites, or minerals that
were in solution. As this cyclic process
of flooding and dessication repeats,
more minerals leached by runoff streams
from surrounding regions are concentrated in the basin. This results in formation of salt
crusts, efflorescent crusts, solution pits and chimneys. Winds blow uninterrupted across
playas, displacing brines and depositing sediments, adding to the dynamic nature of the
depositional environment (Last, 1984).

The sediments associated with playa lakes consist, in order from the center outward, of:
1) very soluble salts of Na, Mg sulfates and carbonates
—halite NaCl
2) sparingly soluble precipitates, including calcite, protodolomite, gypsum and mixed layer
clays
—gypsum CaSO,(H,0),, anhydrite CaSO,, calcite/aragonite CaCO,, dolomite
CaMg(CO,),
3) detrital minerals dominantly of quartz, carbonates, feldspars and clays
4) organic matter
(Last, 1984).

In a playa, there are four fundamental sedimentary facies. (Bodies of sediment, that were
deposited in slightly different environments, each having a distinctive set of physical,
chemical, and biological attributes, are facies).

These are (from lake center to lake edge):

1. lake

2. saline mudflat

3. dry mudflat

4. sandflat

These facies occur in cycles of tens of meters thickness that record the gradual expansion
and contraction of the playa. Smaller cycles of tens of centimeters thickness are
superimposed on the large cycle, and record minor oscillations in the playa shoreline
(Southgate et al., 1989).
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A rough cross section of the playa at the foot of Pilot Range, Utah, with geology
that may be similar to that of the salt pan in Death Valley. (Death Valley is a
large, closed basin, so is technically a playa, that covers more than 200 square
miles. The salt pan is what remains of a Pleistocene lake (Hunt, 1975)).

Playas can be challenging driving! Don’t let the smooth, seemingly endless flat surface
deceive you...there are pockets of wet, sticky clay, patches of water good for hydroplaning,
and scattered sagebrush to thwart your path...

In 1847, the ill-fated Donner-Reed party of emigrants to California chose an alternate route
out of Salt Lake City and became bogged down in the mud and playa of the Great Salt Lake
Desert. Losing at least four wagons and numerous oxen,
insromE G and a lot of valuable time, the delay contributed to their
MLORS THE HASTINGS CUTOHF) late attempt to cross the Sierra Nevada and the famous
Excavation of the efforts by party members to endure a winter in the

- mountains.
Donner-Reed

Wagons REFS:
a s Hawkins, B. R., and D. B. Madsen, Excavation of the Donner-Reed
Wagons, University of Utah Press, 178 p., 2000.

Hunt, C. B., Death Valley, Geology, Ecology, Archaeology, Univ. of
Calif. Press, Berkeley, 234 p., 1975.

Last, W. M., Sedimentology of playa lakes of the northern Great
Plains, Canadian Journal of Earth Sciences 21 (1):107-125, 1984.

Southgate, P. N., I. B Lambert, T. H. Donnelly, R. Henry, H. Etminan

and G. Weste, Depositional environments and diagenesis in Lake

[EA = Parakeelya: a Cambrian alkaline playa from the Officer Basin, South
Hruce K. ¥eawhiss and Danad B. Madscn Australia, Sedimentology 36 (6): 1091-1112, 1989.




Giant Dessication Polygons

Joe Spitale
October 4, 2000

Polygonal dessication cracks are observed on Earth in arid environments and form
non-sorted polygonal patterns. Typical horizontal scales for dessication polygons tend
to be on the order of meters or less, but much larger examples on the order of 100m
have been observed on playa in the deserts of the southwestern United States(Willden
and Mabey, 1961). Polygonal features have also been observed on Mars at varying
size scales. The largest features, observed by the Viking orbiter, are believed to be ice
wedges. Mars Global Surveyor observed smaller polygonal features, similar in size to
large terrestrial dessication polygons and their origin is no

t understood.
; 1,#-.'-.,;- s

Figure 1: Arial f).hotograﬁhs 6f' giant déssicatibn polygons on the Black Rock desert.
From Willden and Mabey (1961)
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Dessication cracking results from tensile stresses associated with contraction of lake
bed sediments upon drying. The horizontal spacing of the cracks is associated with
their depth, so it is necessary to dessicate a sedlment bed to cons:dera,ble depth to form
the largest observed polygons.

Figure 2: Ground-level view of dessication fissure on the Black Rock desert. From
Willden and Mabey (196.11_)

Figure 3: rié,l photog‘ra.ln)ils of gia.nt dssicon olygons on Lﬁcerng Dr} Lake. From
Shelton et. al (1978))
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Figure 4: Mars Orbiter camera image showing 100m-scale polygonal features on Mars.
The image is intriguing, but ice-wedging seems more likely than dessication of lakebed
sediments.
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The Gold Basin Meteorite Strewn Field

James Richardson
Fall 2000 PTYS Field Trip
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Figure 1: Location of the Gold Basin area in northern Mohave County, Arizona. The
strewn field is roughly located north of county road No. 25 (connecting Dolan Springs
and Meadview), along the valley formed by the Hualapai Wash (connecting Red Lake
to the Colorado River). [Courtesy of hitp:/maps.yahoo.com]

Gold Basin Strewn Field Discovery

On November 24, 1995, James D. Kriegh, a retired civil engineering professor from the
University of Arizona (UA), was prospecting in the Mohave Desert southwest of
Meadview, Arizona. As a member of the Desert Gold Diggers organization, he had
heard a talk a few years before, given by David Kring of the UA Lunar and Planetary
Laboratory (LPL), on the field recognition of meteorites, thus giving him one more thing
to keep an eye out for during his desert explorations. Utilizing a metal detector on that
day, Kriegh found a odd rock which looked rather typical for the region, but which also
displayed strong ferromagnetic properties — something which is decidedly not typical of
normal desert rocks, but which is typical of meteoritic material. Within a few hours,
Kriegh had located a second fragment of the same material.



Returning to the Tucson area, Kriegh brought the samples to David Kring for analysis,
and within a short amount of time the meteoritic nature of both fragments was verified.
Further investigation shown the fragments to be Ordinary (olivine-hypersthene)
Chondrites, of the L4 (low iron content) variety. The stones showed the effects of
having lain in the desert for hundreds, if not thousands of years, with "desert
varnishing" evident on their exposed surfaces. Nonetheless, evidence still remained of
the initial ablation created fusion crust on portions of the stones. The next question to
be answered was: where there more?

Figure 2: A small Gold Basin meteorite, found by meteorite hunter "Bolide*Chaser."
His description reads: "Approximately 35mm in length, this 20g L4 meteorite was found
on the surface and shows evidence of being desert varnished and then of having been
transported a short distance. Note broadly ablated top surface with relict primary fusion
crust.” [Courtesy of http://members.tripod.com/~bolidechaser/trip2/gbfinds.htm]

Kriegh and Kring immediately set about organizing further expeditions to the Gold
Basin region, with a team primarily composed of Jim Kriegh, John Blennert, and Ingrid
Monrad. Over the course of the next few years, this team recovered more than 3000
meteorites from the area, indicating that Kriegh had discovered much more than an
isolated meteorite fall, but had instead found an ancient meteorite strewn field — the
fallen remains of a rather large meteoroid, which had disintegrated during its flight
through the atmosphere and pelted the ground below with a huge shower of small
stones. The significance of this find, beyond the number of meteorites and the initial
size of the meteoroid, was that this was the only strewn field found to date of an
ancient, or "fossil" nature; that is, this was the only strewn field to have been found
which was NOT associated with a witnessed fireball sighting. This included Arizona’s
own Holbrook fall and meteorite strewn field, which had been witnessed in July of 1912.



Gold Basin Meteorite Analysis

The Gold Basin meteorites are L4 Ordinary Chondrites, dominated by olivine, pyroxene,
and a metal-sulfide assemblage that has been clearly weathered. The samples are
found lying on the desert surface, partially buried, or sometimes completely buried up to
10 inches deep in the fine—grained loose soil. The samples are sometimes partially or
wholly encased in caliche, and may or may not have portions of their original fusion
crust present. Rare stones have a complete fusion crust. The fusion crust range from
a vivid black to a rusty red in color. Those which are found fully exposed on the surface
may be covered with “desert varnish.” The weathered state of the stones is classified
as W2 to W3, depending upon the individual landing location, and is indicative of
several thousand years in the desert environment.

Dating of the fall was accomplished using a combination of Carbon-14 and Berhillium-—
10 techniques, and yield an age of 14.3 +/- 0.8 ka (13,500 to 15,100 years) — dating
the fall to the Late Pinedale portion of the Wisconsin Glaciation. This period would
have placed the fall in a wetter and cooler environment than exists in this Mohave
region today. The parent body of the fall is currently believed to be of asteroidal origin,
having a bulk density of ~3500 kg/m?°, a radius of about 0.5 - 0.8 m, and would have
entered the atmosphere with a velocity of 11 — 20 km/sec.

To date, ~3000 samples have been found over a roughly 225 square kilometer area.
The full extent of the strewn field is not yet known: in fact, none of the strewn field
boundaries have been located in more than just a very general fashion. Samples have
been found in the foothills of the neighboring mountain ridges, and it is possible that the
full strewn field extends over these ridges and into the neighboring valleys as well.
Further investigation is underway.

Creation of a Meteorite Strewn Field

Criteria for Meteorite Occurrence

The primary criteria for a meteoroid entering the Earth’s atmosphere to reach the
ground as a meteorite are that it must have:

1. Sufficient mass to survive atmospheric passage. As a minimum, this equates to a
visible fireball magnitude of roughly —8 to —10, and a mass of several kilograms.

2. Sufficient structural strength and density to survive atmospheric passage. As a
crude minimum, the meteoroid must be of Carbonaceous Chondrite density
(~1900-2100 kg/m°) or greater to survive atmospheric passage. Volatile rich
cometary material, termed friable material, will generally not survive.

3. Sufficiently slow meteor geocentric speed. Although meteor geocentric speeds can
range from 11.2 to 72 km/sec, only the slowest speeds, those <~16-17 km/sec,
have been shown by photographic fireball networks to have enough atmospheric
penetration to potentially produce meteorite falls (this does not include the very
largest, impact crater generating events).

4. Appropriate angle of atmospheric entry. As with reentering space vehicles, those
meteoroids with too steep an entry angle into the atmosphere are more likely to be
destroyed in the process due to high intemal stresses and high ablation rates, while



those meteoroids with too shallow an entry angle are more likely to be "skipped"
back out of the atmosphere again.

Note that if the mass of the meteoroid is great enough, more than a few thousand
kilograms, then the remaining three criteria decrease in importance until the large
impact events are reached - in which case a collision with the surface is imminent
regardless of the other criteria. Looking only at the smaller, much more common
events, it is interesting to explore criterion 2 and 3 in more detail, especially with regard
to (1) the types of material striking the Earth’s upper atmosphere as compared to that
material which actually reaches the ground, and (2) the types of meteoroid orbits which
are more likely to cause meteorite falls.
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Figure 3: Perhaps the brightest fireball every recorded at night, this sporadic meteor
(estimated at magnitude —18 to —-20) was caught on film by Dr. Pavel Spurny of the
Czech Fireball Patrol at 18:04 Universal Time on January 21, 1999. [From: Cover,
AMS Meteor Trails, No. 3, March 1999]

Effects of Meteoroid Density on Atmospheric Survivability

The most illustrative way to explore the effect of meteoroid density on the survival
chances of the meteoroid during atmospheric passage is to investigate the currently
understood population makeup of (1) the observed meteor population, (2) the observed
fireball population, (3) the observed fall population, and (4) the meteorite find
population. The differences in these populations are surprising:
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Overall Meteor Population

As a general rule, the smaller (fainter) is the meteoroid population under consideration,
the more likely it is to be of cometary origin. As a very rough estimation, the visible
meteor population is composed of about 9 cometary meteors for every 1 asteroidal
meteor. This yields the following crude breakdown:

a) Cometary meteoroids: ~90%
b) Chondritic meteoroids: ~10%
¢) Non-chondritic meteoroids: <1%

Fireball Population

When only the population of meteors of > -4 magnitude are considered, the more
sturdy asteroidal meteoroids begin to make up an increasingly higher percentage of the
population as compared to the fainter magnitudes. There are four basic fireball classes
which are divided as follows:

a) Cometary meteoroids: 38%
o Type llib fireballs, low density comets (0.2 - 0.34 g/cn?® density): 9%
o Type llla fireballs, high density comets (0.6 — 0.9 g/cm® density): 29%
b) Chondritic meteoroids: 62%
o Type Il fireballs, carbonaceous chondrites (1.9 - 2.1 g/cm® density): 33%
¢ Type | fireballs, ordinary chondrites (~3.7 g/cm® density): 29%
¢) Non-chondritic meteoroids (~7.9 g/cm® density): <1%
¢ No fireball class

Observed Meteorite Falls / Fresh Finds

When only very fresh meteorite falls are considered, it becomes instantly apparent how
important the density and sturdiness of the meteoroid material is to its likelihood of
reaching the ground. The cometary meteoroid population disappears, and the
carbonaceous chondrite population is greatly reduced. Thus, the ordinary chondrites
and non-chondritic meteorites become the primary constituents of this population:

a) cometary meteoroids: 0%

b) Chondritic meteoroids: 84%
e Carbonaceous chondrites: 4%
e Ordinary chondrites: 80%

¢) Non-chondritic meteoroids: 16%
e Achondrites: 8%
o Siderolites: 2%
e Siderites: 6%

Meteorite Finds:

Once they are on the ground, meteorites instantly begin to undergo mechanical and
chemical weathering. Again, those meteorites which are more sturdy and dense tend to



withstand these processes much better. In this case, the iron meteorites (siderites) fare
the best, despite their very small proportion of the overall meteoroid population:

a) Cometary meteoroids: 0%
b) Chondritic meteoroids: 37%
o Carbonaceous chondrites: <1%
e Ordinary chondrites: 37%
¢) Non-chondritic meteoroids: 63%
e Achondrites: 3%
¢ Siderolites: 6%
o Siderites: 54%

The upshot of these numbers is that the vast majority of meteors which are seen in the
sky are not very likely to reach the ground even if the meteor is of fireball magnitude,
and that the majority of meteorites which are found on the ground make up on a very
tiny percentage of the overall visible meteor population. It took scientists many years to
realize this disparity, and published texts frequently seem to conflict with one another
with regard to the percentile breakdown of meteorite types. This is especially true if the
author has combined old meteorite finds with fresh, observed falls.

Effects of Meteor Speed on Atmospheric Survivability

Meteoroid heliocentric speeds in the vicinity of the Earth’s orbit fall into a relatively
narrow range: from about 25 km/sec for particles in very circular orbits and near
aphelion in the vicinity of the Earth’s orbit, up to 42 km/sec for particles in near
parabolic orbits and near perihelion at in the vicinity of the Earth’s orbit. However,
when vectorally combined with the motion of the Earth to create a geocentric speed,
the range of possible observed speeds increases dramatically: from 11.2 knv/sec for
prograde objects just barely catching up to the trailing edge of the Earth and “falling"
into it, up to 72 km/sec for retrograde objects slamming into the leading edge of the
Earth head-on.

The direction from which the meteoroid approaches the earth will thus have a dramatic
effect on its final geocentric speed and its ultimate survivability in passing through the
atmosphere. Because only the slowest geocentric speeds, from about 11 to 17 km/sec
have a possibility of allowing the meteoroid to reach the ground as a meteorite (for
typical meteorite sizes), the possible radiant directions from which such meteoroids can
come are limited to the “trailing” portion of the celestial sphere; that is, that portion of
the celestial sphere which is more than 90 degrees away from the Apex of the Earth’s
Way. This, in tum, tends to limit the time of day for meteorite dropping fireballs to:
[most likely] the late aftemoon and early evening hours, [less likely] the early afternoon

or late evening hours, and [very unlikely] the moming hours between midnight and
noon.
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Figure 4: Observed geocentric meteoroid speed (Vg) as a function of meteor radiant
angular distance from the Apex of the Earth’s Way (Theta_g); that is, angular distance
from the point on the celestial sphere toward which the Earth appears to be moving in
its orbit around the sun. Each line represents a different meteoroid heliocentric speed,
running from 25 to 42 km/sec. The gray 25 km/sec line folds back on itself, indicating
that meteoroids of this slow speed can only be seen in the general vicinity of the Apex
point, either meeting the Earth head-on (retrograde), or being swept up by it
(prograde). [From AMS Meteor Trails No. 3, March 1999]

Meteoroid Disintegration and The Strewn Field

Most meteorite dropping fireballs will become visible at an altitude of about 70-90 km,
which is below the normal band for most meteors of about 100-120 km, due to their
very slow speeds (about 11-17 km/sec). As the meteoroid penetrates the atmosphere
to more and more dense layers of the atmosphere, it will steadily lose kinetic energy
and decelerate, while losing mass to the ablation process at the same time. The
estimates on the amount of mass lost vary widely, depending upon the initial
assumptions made, especially with regard to meteoroid density and structural strength.
It is also not uncommon for fireballs to exhibit several flares in brightness over their
paths, as smaller portions break off from the primary meteoroid due to the large
differential stresses across the length of the body as it falls.

At about 15-20 km in altitude, most meteorite dropping fireballs will stop emitting visible
light, as the body is decelerated down to about 2—4 km/sec. During the remainder of



the meteorite’s flight, the object will fall as a "dark body," continue to decelerate until it
loses all of its initial cosmic velocity (the retardation point), and then silently and
invisibly drops to the ground at the meteorite’s terminal velocity. During the final
deceleration phase of the fall to the retardation point, sonic booms may be emitted
which will reach the ground a few minutes after the meteorite has landed.

More dramatically, some fireballs will end their visible track in a brilliant terminal flare,
as the meteoroid catastrophically disintegrates into many smaller bodies. If this event
occurs late enough in the meteoroid’s flight, the resulting collection of bodies will rapidly
decelerate until ablation stops, and then fall to the ground as a "meteorite shower."

The area on the ground where this collection of meteorites from the same parent body
are found is called a strewn field.
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Figure 5: A simple model of mass sorting in meteorite strewn field creation. This plot
shows the 2—dimensional atmospheric paths of meteorites from the parent body
disintegration point (upper left) to meteorite land-fall (lower right). The parent body has
an entry angle of 60 degrees CCW from the zenith, and breaks apart at an altitude of
20 km and a speed of 3 km/sec. The post-breakup particle sizes shown are 2 kg (red),
1 kg (green), 500 g (yellow), 250 g (blue), 100 g (purple), and 50 g (light biue).

Strewn fields have a unique shape and mass distribution. The meteorites will fall to the
ground in an elliptical pattern, with the long axis of the ellipse in line with an extension
of the ground track of the initial fireball. An interesting aspect of the strewn field is that
the more massive meteorites will be found at the far end of the ellipse (from the fireball
track), while the least massive meteorites will be found at the near end. The reason for
this sorting is that the drag force on each particle is proportional to the cross sectional



area of the particle as seen from the direction of flight. Since the surface area to mass
ratio is larger for smaller particles, these will experience a larger drag force and lose the
horizontal and vertical components of their cosmic velocity faster than particles of larger
mass - resulting in a differential sorting of the meteorite masses as they fall. An
example of this sorting effect is shown in Figure 5, in which a simple model using an
isobaric atmosphere and a drag force proportional to the particle’s velocity and cross
sectional surface area. The ellipsoidal shape of the strewn field is more difficult to
explain, but is related to the distribution of kinetic energy and resulting vector velocities
of the individual particles during the terminal blast (disintegration) of the parent object.

Homestead

@

Distribution ellipse of the Homestead, Iowa, meteorite shower (1875).
Note the larger masses at the far end of the ellipse.

Figure 6: Map of the Homestead, lowa, meteorite strewn field, which fell in 1875.

Note the characteristic elliptical shape of the field, with the long axis pointing in the
direction of the ground track of the parent meteoroidffireball. Also note the evidence of
mass sorting in the field, with the more massive meteorites being found at the far end
of the ellipse. [From Norton, R., "Rocks from Space," 1994]



Frequency of Meteorite Falls in Arizona

As a rough order of magnitude estimation, approximately 5-50 meteorite dropping
events occur over the entire surface of the Earth each day. It should be remembered,
however, that 2/3 of these events will occur over ocean, while another 1/4 or so will
occur over uninhabited land areas, leaving only about 1 to 10 events each day with the
potential for discovery by people. Half of these again occur on the night side of the
earth, with even less chance of being noticed. Due to the combination of all of these
factors, only a handful of witnessed meteorite falls occur each year. Extending this
order of magnitude estimation, each square kilometer of the earth’s surface should
collect about 1 meteorite fall about once every 50,000 years, on the average.

Figure 7: Meteorite finds in the state of Arizona, recorded to date. Only one is from a
witnessed fall (Holbrook), and two exist as extended meteorite strewn fields (Gold
Basin and Holbrook). Canyon Diablo are the iron meteorites associated with the
Baringer Meteor Crater. [Courtesy
http.//www.Ipl.arizona.edu/SIC/arizona_meteorites/az_stars_map.htm|

David Kring reports that over an area the size of the state of Arizona, about 2-3
meteorite dropping events can occur per year. This implies that since the time of
Father Eusebio Francisco’s initial entry into what is now Arizona in 1687 (the first
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recorded white man’s exploration of the area), about 800 meteorite dropping events
have occurred. By contrast, Arizona has only 39 recorded meteorite find sites
(meteorites from 39 individual falls), many of which date back to before the entry of
Europeans into the area. Due to Arizona’s generally sparse population, only one of
these finds resulted from a witnessed meteorite fall (Holbrook); however, due to
Arizona'’s desert climate, unwitnessed falls are generally well preserved for thousands
of years following the fall. This implies that there are many more meteorite finds yet to
be made in this state.
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