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Abstract: Death Valley National Park located in the U.S. states
of California and Nevada is one of many units within the Nation-
al Park Service established because of their exceptional natural
and geological values. Death Valley National Park is renowned
worldwide for its perfectly exposed, complex, unique and diverse
geological resources. Within the park visitors encounter represen-
tatives of many geological epochs, from Precambrian metamor-
phic rocks exposed in the Black Mountains to recent desert sedi-
ments. This paper presents the geology of Death Valley and some
of the most interesting geosites: Zabriskie Point, Badwater Basin,
Devil’s Golf Course, Harmony Borax Works and Ubehebe Craters.
Key words: Death Valley National Park, Basin and Range Prov-
ince, geotourist attractions, geology

Tres§é: Park Narodowy Doliny Smierci pofozony w stanach Kali-
fornia i Nevada jest jednym z wielu parkéw narodowych Stanéw
Zjednoczonych utworzonych ze wzgledu na szczegdlne walory
przyrodnicze i geologiczne obszaréw. Ze wzgledu na ogromng
réznorodnos¢ geologiczng park ten jest obiektem swiatowej klasy.
Na obszarze Doliny Smierci odsfaniajg sie skafy wielu okresow
geologicznych, od prekambryjskich ska/ metamorficznych (Black
Mountains) po wspo/czesnie tworzgce si¢ osady pustynne. W ar-
tykule przedstawiono budowe geologiczng Doliny Smierci oraz
kilka najciekawszych obiektow geoturstycznych: Zabriskie Point,
Badwater Basin, Devil’s Golf Course, Harmony Borax Works,
Ubehebe craters.

Stowa kluczowe: Park Narodowy Doliny Smierci, Prowincja Do-
lin i Grzbietow, atrakcje geoturystyczne, geologia

Introduction

In the USA, there exist 58 national parks, most of which
are located in the western part of the country where they cover
vast wilderness areas. The American national parks are es-
tablished by the Congress legislation, come under the federal
law and are administered by the federal National Park Ser-
vice (NPS). In the parks the NPS Rangers, wearing charac-
teristic, green uniforms and hats, are not only responsible for
law enforcement but are also the trip organizers and qualified
guides, and interpreters. In each park one private company
is granted a concession for providing the high-quality visitor

services (hotels, campgrounds, restaurants, gift shops, etc.).
Concessioners also care for the park infrastructure.

The Death Valley belongs to the most interesting national
parks of high geodiversity.

Localization and accessibility

Death Valley is located in the Western United States, most-
ly in the California State (Inyo County) and, partly, in Nevada
(Nye County). The valley is bordered by the Panamint Range
with the Telescope Peak (3,368 meters a.s.l.) as the tallest
mountain and somewhat lower Amargosa Range (Fig. 1).

Since 1933 the valley has been the national monument
until October 31st, 1994 when it was designated the Death
Valley National Park. The area under park jurisdiction covers
8,374 square kilometers (length — 225 kilometers, width —
from 8 to 25 kilometers). This is the hottest and the driest
land in North America, and the lowest elevation in the park
(86 meters below sea level) is the lowest point in both the
North and South Americas.

Fig. 1. Map of Death Valley National Park (http://mappery.com/map-
-of/Death-Valley-National-Park-Map)  Mapa Parku Narodowego
Doliny Smierci (http://mappery.com/map-of/Death-Valley-National-
Park-Map)
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In the past, the valley was a site of mining operations.
Among others, gold, silver copper ores as well as borax were
intensively extracted at various locations. The name “Death
Valley” was given by gold prospectors who sought to cross
the valley in 1849 heading to the California goldfields and
survived despite the short water stocks.

Death Valley area is accessible only by car. The entrance
fee is 203 per vehicle (despite the number of passengers) and
the ticket is valid for 7-days period from the purchase date.
Better solution is to buy the Annual Pass, which covers en-
trance fees at all national parks in the USA for one year (cost:
80% per vehicle, as for 2011). The pass fee includes also the
park map and the current park newsletter.

A visit to the Death Valley National Park should start at
the visitor center, where tourists can find exhibition present-
ing the history, geology and nature of the valley. Also, a short
film is available providing a perfect introduction to the area.
Due to vast area of the park and a great number of tourist
attractions, it is recommended to carefully plan the visit be-
fore arrival using e.g., the perfect website of the park. During
the tourist season and if weather allows (i.e., at tempera-
tures up to 40°C) it is possible to visit some objects with the
park ranger.

Geological setting

Death Valley is located within the Basin and Range Prov-
ince, which is a part of the Central Cordillera (Fig. 2) — the
Mesozoic orogenic belt (Stanley, 2002). The characteris-
tic feature of the Basin and Range Province is a system of

Fig. 2. Location of Death Valley related to the main geological
provinces of the western United States (after Stanley, 2002)  Lo-
kalizacja Doliny Smierci na tle gtéwnych prowincji geologicznych
zachodnich Stanéw Zjednoczonych (wg Stanley, 2002)

parallel, tectonically controlled valleys and ranges (Fig. 3).
The fault systems and the distinct thinning of the lithosphere
observed in the Basin and Range Province (to 20-30 kilo-
meters) indicate strong extensional movements.

Fig. 3. Simplified geological cross-section through the Basin and Range Province in Nevada (after geomaps.wr.usgs.gov) * Schematyczny
przekroj geologiczny przez Prowincje Dolin i Grzbietow na terenie stanu Nevada (wg geomaps.wr.usgs.gov)
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Fig. 4. Geologic cross-section through the southern part of Death Valley (after geomaps.wr.usgs.gov) illustrated by general views of border-
ing mountain ranges, phot. E. Krzeszowska « Schematyczny przekrdj przez potudniowa czesé Doliny Smierci (wg geomaps.wr.usgs.gov)
ilustrowany ogo6lnymi widokami otaczajacych tancuchdw gorskich, fot. E. Krzeszowska

The basement of the province is the rejuvenated Central
Plate built of Proterozoic rocks belonging to the Hudsonian
Province and their Upper Proterozoic-Paleozoic platform
cover folded at the end of Mesozoic (Mizerski, 2004). The
Mesozoic era was a period of strong tectonic activitity (fold-
ing and faulting) in the Basin and Range Province, inter-
mitted by the episodes of stability when erosion of newly
formed mountain ranges have dominated. The final setting
of the region is related to the Neogene (Miocene) move-
ments of the Alpine orogeny (Levin, 2005).

The geological setting of Death Valley is typical of the
pattern observed within the Basin and Range Province. The
valley is a tectonic graben, which geological history has start-
ed in the Miocene (Fig. 3). It is cut by the Furnace Creek
Fault Zone (FCFZ) — a 200-kilometers-long and 30-kilo-
meters-wide structure extending from the Amargosa Valley
in the eastern California to the Fish Lake Valley in Nevada
(Baucke, Cemen, 2007). The FCFZ has formed in the Late
Pleistocene and the youngest faults are only 2,000 years old
(resulting from 4-6 separate tectonic events in the Holocene
and several older ones) (Brogan et al., 1991). In Late Pleiso-
tocene, the main part of the valley together with the Panamint
Range bordering it from the west formed a single tectonic
block, which has migrated tectonically along the strike-slip
Furnace Creek Fault for about 30 kilometers, as concluded
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from the studies of conglomerates composed of Paleozoic
rocks (Baucke, Cemen, 2007; Konott et al., 2005). Recently,
the Furnace Creek Fault runs in the eastern part of the valley,
at the foot of the Amargosa Range and its branch — the Black
Mountains.

Both the western (Panamint Range) and the southeastern
(Amargosa Range) slopes of Death Valley are built of strong-
ly folded and faulted, Paleozoic marine sediments (Tan-
ner, 2002). In the southeastern part of the valley, the Black
Mountains are composed of the Amargosa Chaos Formation
(Fig. 4, Fig. 5) (Hall, 2007). The valley itself is filled with
Miocene-Pliocene Furnace Creek Formation sediments cov-
ered by Quaternary strata (Fig. 5) (Tanner, 2002).

Characterization of selected geosites
in the valley

The Zabriskie Point is one of several outstanding over-
looks in the valley. It is located close to the Highway 190 —
the main communication road in the valley — about 5 kilome-
ters south of the Furnace Creek Visitor Center. Usually, this
is the first site visited by tourists arriving from Las Vegas.
Around the Zabriskie Point there are several trails of various
difficulty.
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Fig. 5. Geologic map of Death Valley (after Miller, Wright, 2004) « Mapa geologiczna Doliny Smierci (wg Miller, Wright, 2004)
Explanations / Objasnienia: B — Black Mountains; C — Cottonwood Mountains; F — Funeral Mountains; G — Grapevine Mountains;
L — Last Chance Range; N — Nopah Range; O — Owlshead Mountains; P — Panamint Mountains; R — Resting Spring Range; CA — Califor-
nia; DV — Death Valley National Park; LA — Los Angeles; NV — Nevada; SF — San Francisco; SN — Sierra Nevada Mountains; 1 — Zabriskie
Point, 2 — Harmony Borax Works; 3 — Badwater Basin; 4 — Devil’s Golf Course; 5 — Ubehebe Craters

Fig. 6. Miocene-Pliocene Furnace Creek Formation — view from the Zabriskie Point, Death Valley, phot. E. Krzeszowska « Miocensko-
-pliocenska formacja Furnace Creek Formation — widok z Zabriskie Point, Dolina Smierci, fot. E. Krzeszowska
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Fig. 7. Laminated lacustrine deposits (mudstones, sandstones), Furnace Creek Formation, Death Valley, phot. E. Krzeszowska ¢ Warstwo-
wane osady jeziorne (mutowce, piaskowce) formacji Furnace Creek, Dolina Smierci, fot. E Krzeszowska

The rocks around the Zabriskie Point are mostly the Mio-
cene-Pliocene Furnace Creek Formation sediments (Fig. 6,
Fig. 7) of total thickness over 2,000 meters (Tanner, 2002).
These are chiefly the continental sediments deposited in an in-
land lake formed about 9 Ma ago. Lithology includes well-sort-
ed, fine-bedded sandstones and mudstones covered locally by
dark tuffs originating from Pliocene volcanic eruptions (Tan-
ner, 2002). The recent morphology of this area, named the
”Badlands” is an effect of very intensive water erosion. The
Furnace Creek Formation includes also the alluvial conglom-
erates and the fossil alluvial fans. A characteristic feature of the
Badlands is the towering rock spire named the Manly Beacon.

In the lower part of the Furnace Creek Formation there are
borates accumulations intensively mined in the XIXth centu-
ry (Kistler, 2005).

The Harmony Borax Works is a site where remnants of
past borates mining operations can be visited. The site is lo-
cated close to the Highway 190, about 1.5 kilometer from the
Furnace Creek Visitor Center. Ashort (0.5 kilometer) but infor-
mative educational trail with well-prepared information boards
leads the visitors around a few historical objects (Fig. 8). It
is worthy to see also the exhibition of the mining industry in
Death Valley, which is available at the visitor center.

The borates accumulations in Death Valley are located in
the lower part of Miocene-Pliocene Furnace Creek Formation
where particular ore zones occupy various stratigraphic posi-
tions (Kistler, 2005). Usually, these are layers up to 1 meter
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Fig. 8. Harmony Borax Works — one of first borax extraction sites
in Death Valley, phot. E. Krzeszowska ¢« Harmony Borax Works —
jedna z pierwszych ,,fabryk” boraksu w Dolinie Smierci, fot. E. Krze-
szowska

thick interbedded with fine-laminated mudstones (Fig. 9)
(Tanner, 2002).

Boron minerals form under very specific geological condi-
tions, mainly in deserts, where they precipitate in boron lakes
related to post-volcanic springs. In Death Valley, the main
boron minerals are:

borax Na,[B,0,(OH),] x 8H,0,

probertite NaCa[B,O,(OH), x 3H,0,

ulexite NaCa[B,O,(OH),] x 5H,0

and colemanite Ca[B,O, (OH).] x H,0.
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Fig. 9. Outcrops of bedded borate deposits — lower part of the
Miocene-Pliocene Furnace Creek Formation, Death Valley, phot.
E. Krzeszowska ¢ Wychodnie warstw zawierajacych borany — dol-
na czes¢ miocensko-pliocenskiej formacji Furnace Creek, Dolina
Smierci, fot. E. Krzeszowska

Fig. 10. Badwater Basin — the lowest elevation point in Death Val-
ley, phot. E. Krzeszowska ¢ Badwater Basin — najnizej potozone
miejsce w Dolinie Smierci, fot. E. Krzeszowska

Fig. 11. Salt crystallization, Badwater Basin, phot. E. Krzeszowska
« Krystalizacja soli, Badwater Basin, fot. E. Krzeszowska
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From this list, colemanite was discovered in Death Valley
and named after W.T. Coleman, an American businessman
and owner of borate mines in which this mineral was de-
scribed for the first time (Tanner, 2002). The Harmony Borax
Works had been in operation in the years 1883-1888. Borates
were mined and processes (refined) on site. The processing
included multiple dissolution, settling of mineral impurities
and reprecipitation of borates on metal rods in order to obtain
highest possible concentration of borates in solutions. The
product was then hauled with mule teams and wagons to rail-
way station distant by some 200 kilometers from the mine.
Unfortunately, high temperatures precluded the precipitation
of borates in the summer. Both the harsh climatic conditions
and transport problems resulted in the relatively early closure
of the borate mine in Death Valley. In 1974 the Harmony Bo-
rax Works site was placed on the National Register of Historic
Places.

Badwater Basin is the place of lowest elevation in Death
Valley (85.6 meters below sea level). Simultaneously, this is
the lowest elevation in the whole North America — the sea
level is marked on the valley wall above the parking lot (Fig.
10). This also one of the hottest places on Earth. On July
10%, 1919 the weather station recorded the highest tempera-
ture in the United States: +56.7°C (Miller, Wright, 2004). The
Badwater Basin is located about 30 kilometers south of the
Furnace Creek Visitor Center.

From geological point of view the Badwater Basin is a type
of playa, i.e., a flat, endorheic terrain, which is an ephemeral
lakebed covered with salt minnerals. Apart from the still ac-
tive evaporation processes (Fig. 11), visitors can observe here
the oldest rocks in Death Valley, exposed in the Black Moun-
tains bordering the valley from the east. This is Proterozoic
(1.7-1.8 Ga) Black Mountains Formation (Fig. 12) compris-
ing mostly gneisses originated from regional metamorphism
of crystalline basement and its Late Proterozoic-Cambrian
sedimentary cover (Hall, 2007; Miller, Wright, 2004). Due
to the complicated tectonics, the formation has been named
“the Amargosa Chaos” because the rocks have been strongly
folded and faulted during the Late Paleozoic and Mesozoic
tectonic episodes. Additionally, the Amargosa Chaos includes
a complex of clastics, mostly breccias composed of fragments
of Precambrian, Cambrian and Neogene rocks (Hall, 2007;
Miller, Wright, 2004).

In the northern part of the Badwater Basin there is the Dev-
il’s Golf Course — a huge fragment of valley floor covered
with large (a dozen of centimeters across) lumps composed
of soil and salt minerals (Fig. 13).

The Ubehebe Craters, of an area about 3 square kilome-
ters, is located in the northern Death Valley. The main outlook
and parking lot located at the western edge of the largest cra-
ter is accessible by bitumen road (about 60 kilometers distant
from Highway 190). The bottom of the crater is accessible by
a trail, but the return hike upslope can be rather difficult due
to high temperatures. Less trained visitors are recommended
to take a walk to the Little Hebe craters (about 1 kilometer)
and/or a several-kilometers-long loop around the Ubehebe
Crater edge.
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Fig. 12. The “Amargosa Chaos” Formation with marked sea level (Black Mountains), phot. E. Krzeszowska ¢ Fomacja ,,Amargosa Chaos”
z symbolicznie zaznaczonym poziomem morza (Black Mountains), fot. E. Krzeszowska

Fig. 13. Devil’s Golf Course, phot. E. Krzeszowska ¢ Diabelskie pole golfowe, fot. E. Krzeszowska
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Fig. 14. Ubehebe Crater — panoramic view, phot. E. Krzeszowska ¢ Panorama Ubehebe Crater, fot. E. Krzeszowska

Fig. 15. Pyroclastic deposits in the Ubehebe Craters area, phot.
E. Krzeszowska ¢ Osady piroklastyczne w rejonie kraterow Ubehe-
be, fot. E. Krzeszowska

Fig. 16. Dip-slip fault (red line) seen in the northeastern slope of the
Ubehebe Crater, phot. E. Krzeszowska  Uskok zrzutowy (czerwona
linia) widoczny na p6tnocno-wschodnim zboczu krateru Ubehebe,
fot. E. Krzeszowska
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The Ubehebe Craters are a cluster of 12 maars originat-
ed from phreatic eruptions caused by extreme water vapour
pressure built at the contact of groundwaters with magma or
heated rocks (Wood, Kienle, 1990). In the crater walls the
Miocene clastics can be observed (mostly fanglomerates and
sandstones cemented with fresh-water carbonates) covered
with the tuff rings (Crowe, Fisher, 1973). The top surface of
clastics composing the crater walls is rough, with numerous,
irregular erosional depressions left after the ephemeral lakes.
Tuffs deposited along the crater rims are thin-bedded and
laminated whereas thick-bedded sediments deposited in ero-
sional depressions accumulated from debris flows (Crowe,
Fisher, 1973) (Fig. 14). The total area covered by pyroclas-
tics produced by volcanic eruptions is about 15 square kilo-
meters (Fig. 15).

The youngest and the largest of craters is the Ubehebe,
which is about 900 meters in diameter and 237 meters deep
(Fig. 14). Its estimated age is about 6,000-7,000 years al-
though some specialists claim a much younger age (Hall,
2007).
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The Neogene volcanism in the Ubehebe area is related to the
eruptions of trachybasalts along the fault zone cutting through
the northern slopes of the Tin Mountain. The traces of Pleisto-
cene tectonics related genetically to the Furnace Creek Foult
Zone can be observed in the northeastern wall of the Ubehebe
Crater, as a fault of throw about 120 meters (Fig. 16).

Summary

The Death Valley National Park is a handbook example
of a dry, endorheic depression but it is also one of the most
interesting and most diversified national parks in the USA.
The selected geotourist attractions presented above are only
a sample of what visitors can find in this area. The rocks ex-
posed in the valley were formed during a time span from the

Precambrian to the Recent. Visitors are able to examine the
traces of both the ancient and the recent geological processes
including tectonics, volcanism and sedimentation. The ad-
vantage of Death Valley National Park is the scientific and
educational potential. Moreover, the park is perfectly devel-
oped from a geotourism point of view. Visitor information is
available at the park gates. Here, the tourist can obtain full
information together with a park map and educational ma-
terials, from scientific papers to popular publications, photo
albums and a variety of souvenirs. All geosites are perfectly
prepared: from very instructive information boards to access
roads, parking lots and restrooms. Due to the enormous geo-
diversity, Death Valley is worthy to be visited even for one
day because a well-planned trip enables the tourist to see ex-
ceptional examples of geologic objects.

Streszczenie

Wybrane atrakcje geoturystyczne
Doliny Smierci, USA

Ewa Krzeszowska

Na terenie USA znajduje sie¢ 58 parkow narodowych,
obejmujacych rozlegte obszary pierwotnej przyrody. Jednym
z najciekawszych i najbardziej r6znorodnych pod wzglgdem
geologicznym jest Park Narodowy Doliny Smierci.

Dolina Smierci (Death Valley) znajduje si¢ w zachodniej
czesci Standw Zjednoczonych, w stanie Kalifornia i czescio-
wo w stanie Nevada (Fig. 1).

Obszar ten stanowi najgoretszy i najbardziej suchy re-
jon w Ameryce Pdtnocnej, a jego najnizej potozony punkt
(86 m p.p.m.) to najwigksze obnizenie na obszarze obu Ameryk.

Budowa geologiczna Doliny Smierci jest charakterystyczna
dla obszaru Prowincji Dolin i Grzbietow (Basin and Range
Province) (Fig. 2). Jest to obnizenie (réw tektoniczny), ktére-
go formowanie rozpoczeto sie w miocenie (Fig. 3), przeciete
strefg uskokows, zwang uskokiem Furnace Creek (Furnace
Creek Fault Zone). Odstaniajg si¢ tam skaty wielu okreséw
geologicznych, od prekambryjskich skat metamorficznych po
wspotczesnie tworzace sie osady pustynne. Zachodnie i p6t-
nocno-wschodnie zbocza Doliny Smierci zbudowane sa gtow-
nie z silnie sfatdowanych i zuskokowanych morskich osaddw
paleozoiku, tworzacych pasma gérskie Panamint i Amargosa.
W potudniowo-wschodniej czesci Doliny odstania si¢ formacja
Amargosa Chaos, budujaca Black Mountains — cze$¢ pasma
gorskiego Amargosa (Fig. 4, 5). Dolina Smierci wypetniona
jest przede wszystkim osadami miocensko-pliocenskiej forma-
cji Furnace Creek oraz osadami czwartorzgdowymi (Fig. 5).

W artykule przedstawiono kilka najciekawszych obiektow
geoturystycznych opisywanego rejonu.

Zabriskie Point to jeden z kilku wartych odwiedzenia
punktéw widokowych w Dolinie Smierci. Skaly otaczajace
Zabriskie Point to przede wszystkim osady wspomnianej wy-
zej formacji Furnace Creek (Fig. 6, 7). Formacje t¢ buduja
gtéwnie osady ladowe, zdeponowane w jeziorze uformowa-
nym na tym obszarze ok. 9 milion6w lat temu.
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Harmony Borax Works to miejsce, gdzie zobaczy¢ mozna
pozostatosci po eksploatacji i przerbce boraksu. Krétka trasa
dydaktyczna z dobrze przygotowanymi tablicami informacyj-
nymi prowadzi wokot kilku historycznych obiektéw (Fig. 8).

Ztoza boranéw w Dolinie Smierci naleza do dolnej czesci
miocensko-pliocenskiej formacji Furnace Creek i wystepuja
w postaci serii skalnych o miazszosci ok. 1 m, przetawico-
nych drobno laminowanymi mutowcami (Fig. 9).

Badwater Basin to najnizej potozone miejsce w Dolinie
Smierci (85,6 m p.p.m.) i, jednoczesnie, najglebsza depresja
na kontynencie potnocnoamerykanskim (Fig. 10). Jest to row-
niez jedno z najcieplejszych miejsc na Ziemi. W 1919 roku
stacja meteorologiczna zanotowata temperature +56,7°C.
Badwater to obszar typu ,,playa”, czyli ptaski, bezodptywo-
wy teren stanowigcy dno wyschnietego, okresowego jeziora.
Pokryty jest on ptatami solnymi, ktére okresowo przybieraja
regularne, szesciokatne formy o boku dtugosci ok. 2 m. Na
terenie Badwater Basin, obok wcigz zachodzacych procesow
ewaporacji (Fig. 11), obserwowa¢ mozna najstarsze skaty
odstaniajace si¢ w Dolinie Smierci. Sa to gtéwnie protero-
zoiczne gnejsy o wieku 1,7-1,8 mld lat. Zbudowane z tych
skat wzgdrza Black Mountains (cze¢s¢ pasma gérskiego Amar-
gosa Range) otaczaja Badwater Basin od strony wschodnigj
(Fig. 12). W potnocnej czesci Badwater Basin znajduje sie
Devil’s Golf Course (Diabelskie Pole Golfowe) — olbrzymi
fragment dna doliny pokryty kilkunastocentymetrowymi bry-
fami ziemi zmieszanej z mineratami solnymi (Fig. 13).

Rejon krateréw Ubehebe Craters, o powierzchni oko-
to 3 km2, znajduje si¢ w pdtnocnej czesci Doliny Smierci
i obejmuje 12 wulkanicznych kraterow eksplozywnych typu
maar. Najmtodszym i najwickszym z nich jest Ubehebe, kra-
ter o $rednicy okoto 900 m i gigbokosci 237 m (Fig. 14).
W okolicy krateréw pyty i popioty wulkaniczne pochodzace
z erupcji wulkanicznych zdeponowane s na obszarze 15 km?
(Fig. 15). W pétnocno-wschodnim zboczu krateru widoczne
sg $lady plejstocenskiej tektoniki uskokowej, zwigzanej ze
strefg uskokowa Furnace Creek, w postaci uskoku o zrzucie
okoto 120 m (Fig. 16).

Wszystkie obiekty geoturystyczne Doliny Smierci maja
bardzo wysoka wartos¢ naukowa, dydaktyczng i estetyczng
oraz doskonate zagospodarowanie turystyczne.
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