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INTRODUCTION 
Olympus Mons is one of the broadest volcanoes and 

certainly the tallest in the Solar System. It has been extensively 
described and analyzed in scientific publications and frequently 
noted in the popular and nontechnical literature of Mars. 
However, the first name given to the feature-Nix Olympica 
(Schiaparelli, 1879)-was based on its albedo, not its size, 
because early telescopic observations of Mars revealed only 
albedo features and not topography (lnge and others, 1971). 
After Mariner 9 images acquired in 1971 showed that this 
albedo feature coincides with a giant shield volcano (McCauley 
and others, 1972), the name Olympus Mons was adopted for 
the shield to distinguish it from the albedo feature. 

Olympus Mons is one of the most photographed features 
on the planet. The Mariner 9 spacecraft obtained 126 images of 
Olympus Mons with resolutions of 60 m/pixel to 2.5 km/pixel. 
Later, the two Viking orbiters greatly enlarged this dataset, 
acquiring more than 2,150 images of the Olympus Mons region 
at various resolutions and altitudes; 925 images have resolutions 
of better than 50 m/pixel. More than 150 of the Viking images 
provide stereoscopic coverage of the shield region (Blasius and 
others, 1982). 

The Mariner 9 images formed the basis for the first formal 
geologic mapping of Olympus Mons at 1:5,000,000 scale (as 
part of a series of 30 quadrangles that cover the planet). 
Olympus Mons is included on ~wo maps in this series (Carr, 
1975; Morris and Dwornik, 1978) because of the locations of 
quadrangle boundaries. Viking-based 1:2,000,000-scale maps of 
the Tharsis region (Scott and others, 1981) that highlight lava
flow fronts also include Olympus Mons; important features of 
the Tharsis region are shown in figure 1 (sheet 2). More 
recently, the Olympus Rupes and vicinity in the southeastern 
part of the map area were mapped by Morris and others (1991); 
their map differs in detail from the current maps because of 
differences in interpretation. Global maps of Mars (Scott and 
Carr, 1978; Scott and Tanaka, 1986) place the volcano within a 
broader context. Finally, a special Transverse Mercator photo
mosaic base (fig. 2) was prepared by the U.S. Geological Survey 
(1981) for geologic mapping of Olympus Mons at 1:2,000,000 
scale. A reduced, 1:3,000,000-scale version of this photomosaic 
served as the base for an informal geologic map produced as 
part of a thesis dissertation (Tanaka, 1983). 

Our map (sheet 1) is the first formal geologic map focused 
on the Olympus Mons region. After compilation of this map was 
well underway, a 1:1,000,000-scale special topographic map of 
the shield area of the volcano (unpublished) was constructed 
from stereoscopic image pairs by using conventional photo
grammetric techniques and analytical stereoplotters (see Wu 
and others, 1981). We were able to use this base for detailed 
mapping of the shield (sheet 2). The topographic map permits 
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measurements of relief valuable in determining such factors as 
volcano volume, structural offsets, and lava-flow rheology. 
Except for the difference in extent of the areas mapped, the 
topographic information, the cartographic control (latitudes 
and longitudes of features may differ by as much as a few tenths 
of a degree), and the greater detail permitted by the larger scale 
base, the two maps are virtually the same. A comparison of our 
map units with those of other Viking-based maps is given in 
table 1. 

Unravellng the geology of the Olympus Mons region is not 
limited to a simple exercise in stratigraphy. Complex and 
difficult problems arise from the unresolved origin of major 
geologic features that include the at,Ireoles, the basal scarp, and 
the annular depression on the south and east flanks. However, 
our mapping does provfde stratigraphic and structural evidence 
that assists in solving these geologic problems. 

Table 1. Comparison of map units of this and previous maps 
of Olympus Mons region 

This map Scott and Tanaka Scott and 
Tanaka (1983) others 
(1986) (1981) 

Aar, Aah, 
Aab, Aas As As As 

Amr Ae,Amm, Aal, Aeu Aeu 
Amu 

Ams Ae,Amm, Aal, Aeu Aeu 
Amu 

Amp Ae, Amu Aeu Aeu 
Aa3 Aa3 Aap2, Apu Aps 
Aa1 Aa1 Aap1 AHoa1 
Aoc1-4 Aos Aom2 Aom2 
Aop Aop Aop, Avop Aop 

Aos1-4 Aos Aom2 Aom2 
Aoau Aoa4 AHoa4 Aau4 
Aoam8 Aoa3,4 AHoa3,4 AHoa3,5 
Aoamb Aoa1 ,3 AHoa1 ,2c AHoa2,3 
Aoamc Aoa3 AHoa2c AHoa3 
Aoamd Aoa2 AHoa2b AHoa2 
Aoame Aoa2 AHoa2a AHoa2 
Aoal Aoa1,2 AHoa1,2d AHoa2 
AHosc, HNosc Hf Aom1 Aom,, HNht 
Atm, AHtm At4, AHt3 Atm Atm, Aam3 
Acf AHcf A Hac Acf 
Aam Aam A Hac Aap3 
Hal Hal A Hac AHap2 
Hhf, Hhp, Hhh v HNvu AHap1 
Hf Hf HNpf HNht 
Nap Npl2 HNpr AHap1 
Nam v HNvu HNht 
Naf Nf Naf HNht 



Figure 2. Photomosaic of Olympus Mons region; forms base for sheet 1 (U.S. Geological Survey, 1981). 
Numbers show locations of figures cited in text. 
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PHYSIOGRAPHIC SETTING 
The Olympus Mons region encompasses more than 3 

million km2 on the northwest flank of the Tharsis-Syria rise (fig. 
1) . The huge shield volcano and its extensive aureole deposits 
cover more than 1. 7 million km2• Olympus Mons is bordered to 
the south and east by an arc of lava plains 100 to 200 km wide 
that in low- to moderate-resolution images (150-1,000 m/pixel) 
appear almost featureless. Within and beyond the plains is the 
set of grooved aureoles that completely surround the construct, 
extending more than 1,000 km northwest from the center of the 
volcano but only 600 km to the southeast. The north edge of the 
aureole deposits laps onto the semicircular, faulted mountain 
range of Acheron Fossae, which rises more than 1,000 m above 
surrounding plains (U.S. Geological Survey, 1989). West of 
Olympus Mons are the low, smooth plains of Amazon is Planitia, 
which descend northward into the lowlands of Arcadia Planitia. 
Northeast of Olympus Mons, the terrain rises toward the broad 
volcano Alba Patera. To the southeast are the three large shield 
volcanoes of the Tharsis Montes. To the southwest are rolling 
plains that lap up onto densely cratered terrain of the southern 
hemisphere. 

Olympus Mons is about 600 km across and rises more than 
25 km above the surrounding plains (sheet 2) . The summit is a 
broad, nearly flat dome more than 100 km across that slopes 
about 1.5° northward. The complex caldera in the northwestern 
part of the summit is 87x65 km across and consists of at least six 
coalesced collapse craters. The flanks slope away from the 
summit at 2° to 4°; the southwest, south, and east flanks are 
steepest. The upper flanks are terraced in a roughly concentric 
pattern; spacing between terraces ranges from 15 to 50 km. The 
northwest flank flattens at its base to form a gently sloping 
plateau almost 120 km across. Segments of the scarp sur
rounding the volcano have a considerable range in elevation 
above the basal plain: the north and northwest segments rise 8 
to 10 km; the southeast segment, 4 to 5 km; and the southwest, 
east, and northeast segments, which are nearly buried by young 
lava flows, rise about 2 to 4 km. 

STRATIGRAPHY 
The relative ages of geologic units have been determined 

mainly by stratigraphic relations, supplemented where possible 
by crater counts made on high- to medium-resolution images 
(50 to 150 m/pixel; table 2). Some of the units are of regional 
extent and are recognized far beyond the map area. The 
stratigraphic relations and crater densities were used to assign 
the map units to stratigraphic series and systems as defined by 
Scott and Carr (1978) and Tanaka (1986). Where possible, 
map-unit symbols agree with or are modified from those used 
by Scott and Tanaka (1986; table 1). 

NOACHIAN SYSTEM 
The Noachian System consists of the oldest and most 

extensively modified rocks on Mars, which have a high density 
of degraded impact craters. In the map area, Noachian rocks 
are limited to outcrops associated with Acheron Fossae. 

Acheron Fossae assemblage 
Acheron Fossae consist of an extensive system of fault 

scarps and grabens that cut a broad, semicircular mountain 
range more than 700 km long north of Olympus Mons. The 
range is made up of the oldest exposed rocks in the map area, 
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the fractured unit of the Acheron Fossae assemblage (unit 
Nat) . The north and west margins of this range are buried by 
young plains material (member 3 of the Arcadia Formation), 
and its east edge is covered largely by lava flows from Alba 
Patera. The structures of Acheron Fossae generally trend 
parallel with the main trend of the mountains. High-resolution 
images (fig. 3) show the fracturing and faulting to be most 
intense along the east edge of the mountain range, where many 
sliverlike fault blocks show varied amounts of displacement. In 
many parts of Acheron Fossae, small dendritic and parallel sets 
of channels cut crater walls, ridge flanks, and hummocky areas, 
and many low places appear to be resurfaced by lava flows, 
dunes, debris aprons, and mantle deposits (figs. 3 and 4) . Fields 
of small mesas and domes occur along the west and north 
margins of Acheron Fossae; many appear to be remnants of a 
rugged layer of weakly consolidated material that once blank
eted some areas. Other domes have summit craters and may be 
volcanoes. These various mesas and domes are mapped as the 
mountain unit of the Acheron Fossae assemblage (unit Nam; 
fig. 5). Some mesas and domes appear to be cut by Acheron 
Fossae faults (fig. 5). The arcuate form of the range and its 
location near Olympus Mons suggest that the Acheron Fossae 
material may be the remnant of an old shield volcano whose 
central part has subsided or collapsed (Scott and others, 1981). 

Figure 3. Part of eastern Acheron Fossae showing intense 
faulting in fractured unit of Acheron Fossae assemblage 
(unit Nat) . Older slopes and scarps show channels (C) 
and spurs and gullies (S). Grabens filled by lava flows (L) 
or debris aprons (D). Relatively smooth hill with summit 
pit may be volcano (V). North at top. [Viking image 
40830] 



Table 2. Crater densities of selected map units in Olympus Mons region 
[N=number of craters whose diameters are greater than 1 km (200 m for figures in parentheses) per 106 km2; a=standard 

deviation, square root of cumulative number of craters divided by area] 

Unit Map- Cumulative Area N±a Reference 
unit no. of (km2) 

s~mbol craters 
Rolling plains, striated members 64±20 to 

of Medusae Fossae Fm Amr, Ams 510±100 1 
Member 3 of Arcadia Fm Aa3 800 2 
Member 1 of Arcadia Fm Aa1 500 2 
Caldera member 3 of Olympus Mons Fm Aoc3 3 2,201 (1363±787) 3 
Caldera member 2 of Olympus Mons Fm Aoc2 19 8,239 (2306±529) 3 
Caldera member 1 of Olympus Mons Fm Aoc1 6 2,758 (2175±888) 3 
Caldera members 1-4 of Olympus Mons 

Fm Aoc1-4 672 110 4 
Plains member of Olympus Mons Fm Aop 17±6 to 48±12 5 

13 143,200 91±25 6 
>120 4 

Shield member 3 of Olympus Mons Fm Aos3 25 221,590 112±23 3 
Shield member 2 of Olympus Mons Fm Aos2 14 105,110 133±36 3 
Shield member 1 of Olympus Mons F m Aos1 8 16,180 494±175 3 

1,900 400±140 7 
Shield members 1-4 of Olympus Mons Fm Aos1-4 15±5 to 72±12 5 

243,454 27±11 8 
20 to 50 9 

25 156,400 160±32 6 
70 to 270 4 

Aureole members of Olympus Mons F m Aoau, Aoam8 _ 8 , 1,000 to 2,400 4 
Aoal 

Scarp members of Olympus Mons Fm AHosc, HNosc 2 1,180 1,700±1,200 10 
Ceraunius Fossae F m Acf 174 123,200 1,410±110 3 
Middle member of Alba Patera Fm Aam 1,900 to 2,200 3 
Lower member of Alba Patera Fm Hal 1,800 to 2,400 11 

2,300 and 3;900 9 
2,000 to 3,500 12 

227 176,000 1,290±100 6 
38,860 5,020 4 

1,600 2 
2,400 to 4,000 3 

Fractured plains material Hf 3,800 9 
248,200 290 to 1,840 4 

46,227 2,400±228 13 
10,479 4,t>00±663 13 

247 116,086 2,128±135 3 
Plains unit of Halex Fossae assemblage Hhp 2,400 to 4,000 11 

116 24,296 4,774±443 3 
Plains unit of Acheron Fossae assemblage Nap 2,000 to 5,500 3 
Fractured unit of Acheron Fossae 

assemblage Naf 3,500 to 5,800 3 
1Scott and Tanaka (1982) BPJescia and Saunders (1979) 
2D.H. Scott, oral communication, 1982 9Wise and others (1979) 
3This map JOT anaka ( 1983) 
4Hiller and others (1982) 11Schaber and others (1978) 
scarr and others (1977) 12Morris and Howard (1981) 
6Scott and Tanaka (1981) 13Plescia and Saunders (1982) 
78Jasius (1976) 

The Acheron mountain range encloses a shallow basin 
covered by the plains unit of the Acheron Fossae assemblage 
(unit Nap), which is a mantle of smooth material that appears to 
be draped over large impact craters. This material is marked by 
wrinkle ridges and may be pyroclastic or eolian. Some flows 
may have been erupted from the long ridge along the west edge 
of the basin, mapped as part of the mountain unit (fig. 6). The 

ridge appears to be a linear volcano, because it is cut by a 
crestal fissure that has been filled, presumably by volcanic 
material. The southern part of the plains unit is buried beneath 
the lower aureole and plains deposits of Olympus Mons. 
Although the Acheron Fossae materials have a Noachian 
stratigraphic position, their surfaces were somewhat modified 
in later periods. 
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Figure 4. Ancient, complexly degraded surfaces of fractured 
unit of Acheron Fossae assemblage (unit Nat). Slopes 
and crater wall cut by dendritic channels (C). Mass 
wasting and channeling have degraded high areas into 
knobs (K), some of which appear associated with local 
fractures (F). Many crater rims are subdued (S), indicating 
probable mantling. North at top. [Viking image 130A29] 

HESPERIAN SYSTEM 
The Hesperian System consists of moderately cratered 

rocks whose primary morphologies are relatively well preserved. 
Thus, more diagnostic landforms associated with lava flows, 
volcanic vents, and faulting are more common than in Noachian 
materials. In the map area, Hesperian rocks are mostly 
volcanic, exposed in the scarp of Olympus Mons and in 
surrounding plains. 

Halex Fossae assemblage 
Centered at lat 27.5° N., long 126.5°, Hal ex Fossae consist 

of a series of concentric, arcuate grabens that become more 
closely spaced to the west (fig. 7). They probably define an old, 
collapsed volcanotectonic center from which flows were erupted 
(Schaber and others, 1978; Hodges and Moore, 1979; Plescia 
and Saunders, 1979). Although the structure is largely buried, 
radii of the arcuate fractures indicate that it may be at least 250 
km across . The faulted material is mapped as the fractured unit 
of the Halex Fossae assemblage (unit Hht). Lavas that appear 
to have flowed away from the center of Halex Fossae and that 
bury some of the fractures are mapped as the plains unit (unit 
Hhp). Hills several kilometers in diameter surrounded by 
flowlike features near the center of the fractured area are 
formed by the hilly unit (unit Hhh; fig . 7); the hills appear to be 
volcanoes from which small lava flows emanated. 

Plains materials 
Southeast of Olympus Mons, smooth plains cut by closely 

spaced fractures (which trend N. 45°-50° W. and N. 10°-20° 
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W.) are formed of the fractured plains material (unit Ht). The 
fractures are part of the Tharsis-Syria Planum tectonic system 
that dominates the western hemisphere of Mars (Wise and 
others, 1979; Scott and Dohm, 1990). The plains were probably 
formed by flood lavas prior to the episode of fracturing; 
however, few flow fronts are observed. The fracturing may have 
developed prior to the main shield-building episode of the 
Tharsis region but possibly concurrently with postulated tec
tonic uplift of the region (Carr, 1975; Plescia and Saunders, 
1979). 

Northeast of Olympus Mons, the lower member of the 
Alba Patera Formation (unit Ha I) forms broad, low plains made 
up of large sheet and tube-fed flows (Schneeberger and Pieri, 
1991). Crater counts obtained on these flows have a wide range 
(table 2). The ejecta of some craters greater than 20 km in 
diameter are buried by the flows, indicating that the ejecta were 
emplaced on older plains material. 

Scarp members of Olympus Mons Formation 
As noted above, Olympus Mons is bordered by a basal 

scarp whose relief ranges from 2 to 10 km. Radial faults cut the 
scarp into segments, which form some 14 structural blocks or 
major sectors (Tanaka, 1983, fig. 4.1) that are partly buried by 
younger shield flows. Materials within these blocks are layered. 
Raised rims along the edge of the scarp in some of the the 
structural blocks suggest that the blocks are rotated down 

Figure 5. Northwestern part of Acheron Fossae showing 
fractured unit of Acheron Fossae assemblage (unit Nat) 
eroded into knobs (K), cut by grabens, and embayed by 
member 3 of Arcadia Formation (unit Aa3). Some large 
mountains (M) have small pit craters at their summits 
and may be volcanoes; they are mapped as mountain unit 
of Acheron Fossae assemblage (unit Nam). North at top. 
[Viking image 130A21] 



Figure 6. Part of fractured unit of Acheron Fossae assemblage 
(unit Nat) embayed by plains unit (unit Nap). In turn, 
plains unit is overlapped by lower aureole member of 
Olympus Mons Formation (unit Aoal); arrows indicate 
edge of aureole. Long ridge of mountain unit (unit Nam) 
has crestal rift that may be volcanic fissure . Plains unit 
has wrinkle ridges (W) and subdued and degraded 
craters. North at top. [Viking image 851A32] 

toward the center of Olympus Mons. We divide the materials of 
the scarp into eastern and western members. The eastern 
scarp member (unit HNosc) forms steep cliffs and ledges. The 
rough upper surfaces of the structural blocks on the rim of the 
scarp are intensely fractured and transected by grabens (fig. 8). 
These upper surfaces are similar to those of the fractured plains 
material 300 km to the southeast, which suggests that these 
units may be the same material (Hiller and others, 1982). 
Landslides are not present along the eastern scarp. In contrast, 
much of the western scarp member (unit A Hose) has collapsed 
to form landslides of slump blocks and debris flows. The unit is 
capped locally by a smooth, bright layer. Where this upper layer 
has been eroded away, fine-scale troughs and ridges appear (fig. 
9) . On the north edge of Olympus Mons, a block of the western 
scarp member appears to be thrust over aureole middle 
member c (unit Aoamc; fig. 10). The common occurrence of 
landslides along the western scarp and their absence along the 
eastern scarp may reflect a difference in the mechanical 
properties of the materials or the higher shear stresses 
developed in the higher relief western scarp member. 

AMAZONIAN SYSTEM 
Amazonian rocks form the youngest materials on Mars, 

and thus they are superposed by relatively few impact craters. 
Where resistant, these rocks preserve many pristine geomor
phic features . Subsequent to the extensive Hesperian Alba 
Patera volcanism, Amazonian eruptions deposited volcanic 
rocks in the Olympus Mons region from Tharsis Montes, Alba 
Patera, Ceraunius Fossae, fissures in Amazonis Planitia, and 
Olympus Mons itself. These rocks are part of the western 
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volcanic assemblage (Scott and Tanaka, 1986), here called the 
Tharsis assemblage to avoid overinterpretation (that is, some 
units such as the Olympus Mons aureoles may include non
volcanic materials). Other activity produced the Medusae 
Fossae and Arcadia Formations and landslide materials, indi
cating that the Amazonian Period was much more geologically 
active in the Olympus Mons region than elsewhere on Mars 
(Tanaka, 1986; Tanaka and others, 1988). 

The older member of the Tharsis Montes Formation (unit 
AHtm) is exposed southwest of Olympus Mons where overlying 
layers of the Medusae Fossae Formation have been deflated by 
wind (fig. 11). Renewed volcanic activity east of the map area 
produced the middle member of the Alba Patera Formation 
(unit Aam) and the Ceraunius Fossae Formation (unit Act); 
these units consist of sheet flows hundreds of kilometers long, a 
few of which extend into the plains in the northeastern part of 
the map area. The younger member of the Tharsis Montes 
Formation (unit Atm) partly buries Ulysses Fossae and eastern
most outcrops of the Medusae Fossae Formation. The broad 
sheet flows of the unit apparently originated from areas west of 
Arsia Mons (fig. 1) and flowed northwestward for hundreds of 
kilometers, lapping onto the edge of the lowermost aureole 
deposit of Olympus Mons. 

Figure 7. Arcuate grabens (G) in plains unit of Halex Fossae 
assemblage (unit Hhp) northeast of Olympus Mons. Hilly 
unit (unit H h h) forms small hills surrounded by flows; hills 
are probably volcanoes. Note small (lava?) channel (C) 
that passes near a probable volcano and crosses several 
grabens. Flows (F) radiate from fossae center (arrows 
indicate direction of flow) and bury some grabens. 
Southwestern part of plains unit buried by plains member 
of Olympus Mons Formation (unit Aop), whereas 
northeastern part buried by lower member of Alba 
Patera Formation (unit Hal). North at top. [Viking image 
43823] 



Figure 8. Blocks of eastern scarp member of Olympus Mons 
Formation (unit HNosc) embayed by shield member 3 
(unit Aos3) along southeastern part of scarp. Scarp 
materials fractured by grabens (G) and normal faults. 
Flows of shield member range from moderately degraded, 
narrow fingers (F) to broad sheets having smooth (S) or 
crenulated (C) surfaces; crenulations formed by large 
pressure ridges. North at top. [Viking image 468S64] 

Olympus Mons aureole members 
The aureoles of grooved terrain that surround Olympus 

Mons make up the most extensive unit type in the map area and 
one of the most remarkable features on Mars. The exposed 
area of the aureoles is 8.36x105 km2. The aureoles consist of at 
least seven separate, roughly circular, overlapping sheets of 
material of uncertain origin (Hodges and Moore, 1979; Lopes 
and others, 1980, 1982; Morris, 1982; Francis and Wadge, 1983; 
Tanaka, 1985). The stratigraphic sequence of the aureoles is 
also somewhat uncertain because overlap relations among 
some of the units are unclear. Earlier workers suggested 
various sequences (table 1; see also Morris, 1982, Francis and 
Wadge, 1983, Tanaka, 1985); we, conservatively, divide the 
aureoles into lower (unit Aoal), middle (units Aoama-e), and 
upper (unit Aoau) members. The lower member clearly 
underlies all other members, and the upper member overlies 
middle members a, b, and c but does not have exposed contact 
with middle members d and e. Also, middle member c overlies 
middle member b (fig. 12). 

The aureoles are characterized by curvilinear ridges and 
troughs 10 to 100 km long and 1 to 5 km wide that have 0.5 to1.5 
km of relief. The ridges and troughs form anastomosing 
patterns that differ in length and width within individual 
members and in scale and texture among the members; many 
ridges are parallel with the outer boundaries of the units. Close 
up, the ridges appear rugged, highly faulted, and flanked by 
talus slopes (fig. 13). Most individual members can be distin
guished from adjacent ones by average length, width, or 
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orientation of their ridges. The middle and upper members have 
larger ridges than the lower member. Most of the edge of middle 
member b is outlined by prominent ridges. In places, the ridge 
patterns are broken by sets of long, linear grooves, some of 
which may be eroded fracture zones of strike-slip faults.( fig. 12). 
The grooves are confined to individual membefS and do not 
cross boundaries to lower aureoles or other units. 

The lower aureole member (unit Aoal) thins toward its 
terminus, whereas the upper aureoles terminate in abrupt 
scarps or ridges. During emplacement, the lower aureole 
member was deflected around barriers such as crater rims, 
indicating flow (Carr and others, 1977; Morris, 1982). A marked 
difference in morphology between the lower member and the 
other members is evident-in the smaller dimensions of its ridges 
and troughs. The concentric ridges of this unit appear subdued 
over most of its exposure, and secondary sets of radially 
oriented ridges and grooves have developed in many areas (fig. 
14). These secondary sets have nearly obliterated the concentric 
structures in some places. If the secondary ridges result from 
local movements, their alignments are perpendicular to trans
port directions (Tanaka, 1985). In places, the secondary ridges 
have streamlined shapes and may be yardangs (McCauley, 
1973; Morris, 1982). If so, they indicate that the lower member is 
more susceptible to erosion than the others. However, the 
secondary ridges of the lower member must have been 
developed by the time of emplacement of the upper member, 
which buries them. Secondary ridge structures in the middle 
and upper members (larger but fewer than those in the lower 
member) appear to be mainly related to secondary movements 
(Tanaka, 1985). 

Figure 9. Block of western scarp member of Olympus Mons 
Formation (unit AHosc) embayed by shield member 3 
(unit Aos3) and hummocky apron material (unit Aah) . 
Note corrugated surface of scarp member, pits (P), 
extensive spurs and gullies (S), and talus slope (T) along 
scarp. Oblique view from northwest. North at left. 
[Viking image 476S26] 



The aureole deposits have few impact craters (Morris, 
1982). Only 51 craters larger than 1 km in diameter with 
coherent rims have been recognized. None of these craters 
have mappable ejecta blankets. About an equal number of 
incomplete circular features that could be highly degraded 
impact craters are found on the aureoles. The lack of kilometer
size craters on these units relative to even younger units that 
embay them indicates that craters are not retained, possibly 
because of rapid erosion due to the aureoles' composition and 
rugged topography. However, larger craters are more apt to be 
preserved, and smaller craters (< 500 min diameter) can be 
counted in selected areas. The density of craters larger than 5 
km, stratigraphic relations (Scott and Tanaka, 1986; Tanaka, 
1986), and counts of craters less than 1 km in diameter in 
selected areas (Hiller and others, 1982) ·suggest an Early to 
Middle Amazonian age. 

Figure 10. Section of northern scarp of Olympus Mons 
showing western scarp member of Olympus Mons 
Formation (unit AHosc) possibly thrust over middle 
aureole member c (unit Aoamc). Scarp member shows 
layers (arrows) of contrasting resistance to erosion. 
Aureole member buried by shield member 3 (unit Aos3). 
Dashed line shows approximate trace of fault where 
eastern scarp member may be thrust over western scarp 
member. Note blocky apron material (unit Aab) made up 
of several blocks of scarp material. Oblique view from 
north. North at bottom. [Viking image 48814] 

Olympus Mons shield members 
The flanks of Olympus Mons are covered by lava flows 

mapped as the shield members of the Olympus Mons Formation 
(units Aos 1-4). The flows partly bury the basal scarp on the 
north-northeast and south-southwest sides of the shield and 
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extend beyond the scarp as far as 170 km. Members 1-3 form 
extensive sequences of overlapping flows; individual flows are 
generally difficult to trace. Flows on the lower flanks (in units 
Aos1 2) are typically long, narrow, and leveed (fig. l5); they are 
sever~! hundred meters to a kilometer across and 10 to 100 km 
long. In some flat areas along the scarp where the flows abut 
high-standing outcrops of the scarp members, the flows form 
broad sheets; some display large pressure ridges (fig. 8) . The 

Figure 11. Plains-forming flows of older member of Tharsis 
Montes Formation (unit AHtm) and northern part of 
Gordii Dorsum (G) southwest of Olympus Mons. Striated 
and rolling plains members of Medusae Fossae Formation 
(units Ams, Amr) extensively deflated by wind. Note 
well-defined scarps (S) parallel to Gordii Dorsum. Ser
rated, pancake-shaped ejecta blankets (P) have protected 
underlying material from eolian erosion. Fractures and 
depressions (F) may be eruptive centers. North at top. 
[Viking image 355S03) 

flows of member 3 appear relatively fresh compared with the 
flows on the upper flanks (unit Aos2) and summit area (unit 
Aos1 ). The most recent flows (unit Aos4) have distinct lobate 
terminations and sharp boundaries and are found mostly on the 
south and north flanks . Flows on the upper flanks and near the 
summit are mostly indistinct, but some have rough, hummocky 
surfaces, some are stubby, and a few are broad and sheetlike. 
Chains and clusters of irregular to circular pit craters 100m to 1 
km in diameter occur near the summit and probably are 
collapsed lava tubes and vents. 

Hulme (1976) inferred the composition of an Olympus 
Mons flow from its dimensions, morphology, slope, and a 
rheological model. He suggested that the lavas are more silicic 
than the Hawaiian basalts. Moore and others (1978) derived 
similar results by comparing Bingham model yield strengths of 



Figure 12. Area north of Olympus Mons showing overlap 
(line at contact) of middle aureole member c of Olympus 
Mons Formation (unit Aoamc) on middle member b (unit 
Aoamb), which in turn overlies lower aureole member 
(unit Aoal) . Note differences in ridge and valley dimen· 
sions, relief, and patterns among members. Grooves (G) 
in middle member b are offset horizontally. Flows of 
plains member of Olympus Mons Formation (unit Aop; 
arrows indicate direction of flows) em bay aureoles as well 
as fractured unit of Acheron Fossae assemblage (unit 
Nat) and lower member of Alba Patera Formation (unit 
Hal) . North at top. [Viking image 852A08] 

terrestrial and Olympus Mons flows. However, the validity of 
these inferences of composition has been challenged because 
of the complex factors involved (Baloga, 1988). 

The complex nature of the flows on the flanks of Olympus 
Mons has hampered attempts to delineate the boundaries of 
the various flow sequences on the basis of morphology alone 
(Neal, 1981). A false-color image of Olympus Mons (sheet 2) 
that was processed to enhance albedo reveals recognizable 
differences in albedo of various parts of the shield. The summit 
and lower flanks are brighter than the middle flanks, although 
the boundaries of the albedo changes do not appear to coincide 
with lava flows that can be recognized in high-resolution 
pictures. However, because the albedo and morphologic 
differences of the flow units can be roughly correlated, we used 
albedo variations to delineate shield members 1-3. The albedo 
differences may be caused by thin coverings of transient eolian 
or pyroclastic material (Francis and Wood, 1982; Lee and 
others, 1982), or they may be due to compositional and· 
weathering differences among the flows . 

The local sources of most flows on the flanks of Olympus 
Mons cannot be identified. Carr and others (1977) suggested 
that most vents from which the flows originated are located on 
the terraced upper flanks (fig. 16). Flows on the lower flanks 
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may have been fed primarily by long distributary systems that 
included leveed channels and lava tubes. Also, many lava fans 
are found on the lower flanks and at the foot of the basal scarp. 
The complex and intricate boundaries between flow sequences 
also indicate complex distributive systems originating along 
concentric scarps (figs. 15, 17), unlike the systems of Hawaiian 
and other terrestrial shield volcanoes that erupt mainly along 
rift zones radial to the central caldera (Carr and Greeley, 1980, 
p. 41). On the other hand, Fiske and Jackson (1972) showed 
that eruption from concentric fractures may be expected for 
isolated shields; Olympus Mons' concentric terraces are con
sistent with this scenario. The central caldera of Olympus 
Mons, though not the vent for most of the flows that streamed 
down the flanks, truncates flows that originated within the 
summit area (fig. 17). The flows possibly are older than the main 
caldera-forming event, or they may have issued from fissures 
along the rim of the caldera after it formed, similar to eruptions 
from the rim of the Mokuaweoweo crater of Mauna Loa, Hawaii 
(Carr and Greeley, 1980, p. 7) . 

Determinations of the impact-crater density on Olympus 
Mons have been attempted by various workers. Because the 
methods used are different and the number of impact craters 
available for statistical analysis is small, some variance exists 
among the studies. However, all are in agreement that the 
surface is very young and that the lower flanks appear younger 
than the summit area (table 2). 

Figure 13. High-resolution image of part of upper aureole 
member of Olympus Mons Formation (unit Aoa u ). Small 
scarps and ridges aligned parallel and perpendicular to 
major ridge trend may be caused by faulting. Ridge flanks 
generally covered by talus (T); dark streaks in talus may 
be composed of dark material weathered from aureole. 
Dunes (D) cover some valley floors . Impact craters (C) 
common on ridge crests. North at top. [Viking image 
441808]. 



Figure 14. Ridges and valleys of lower aureole member of 
Olympus Mons Formation (unit Aoal) northwest of 
Olympus Mons. A, Aureole em bayed by plains of member 
3 of Arcadia Formation (unit Aa3). Complex sets of 
ridges and valleys of various orientations (arrows) devel
oped by late-stage movements during aureole emplace
ment or by erosion. Fracture (F) with depressions and 

Estimating the duration of Olympus Mons' formation is 
problematic. If the volcano accumulated at rates comparable to 
those of Hawaiian volcanoes (about 0.1 km3/yr; Swan.?on, 
1972), it would have attained its present volume of 2.56 x1Q6 km3 
(Wu and others, 1981) in about 25 million years. However, Carr 
(1981, p. 98) considered the volcano to have developed over 
billions of years because of the long duration of the development 
of the large shields of Tharsis Montes (whose crater ages have 
much greater range). Although hypotheses concerning the 
origin of the aureoles differ greatly, the more commonly 
accepted ideas are that the aureoles are made of volcanic rock 
and may even have originated from an earlier shield. (See 
section on origin of the aureoles.)Therefore, the large-scale 
volcanism that produced the Olympus Mons Formation dates 
at least back to the Early Amazonian (Scott and Tanaka, 1986), 
a minimum of nearly 2 billion years, according to crater-flux 
models (Tanaka, 1986). 

Olympus Mons plains member 
The youngest lava flows of the Olympus Mons region 

flooded the plains and aureoles below the volcano's scarp on its 
northeast, east, and south sides, forming the relatively smooth 
plains member of the Olympus Mons Formation (unit Aop). 
Most of the unit originated from an area of fissures, circular 
depressions, and small, low shields in the vicinity of !at 14°-17° 
N., long 124°-127° (fig. 18; Tanaka, 1983); this area has also 
been suggested to contain sites from which ground water was 
released (Mouginis-Mark, 1990). The member overlaps shield 
member 3 of Olympus Mons in some areas; however, in other 
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channels erupted lava or water. North at top. [Viking 
image 512A51] 8, Lower aureole member (unit Aoal) 
overlapped by upper aureole member (unit Aoau). Note 
primary (P) and secondary (S) ridges in lower aureole; 
these structures were well developed prior to emplace
ment of upper aureole. North at top. [Viking image 
45801] 

areas the shield flows may be younger. The plains member also 
buries several aureole members (fig. 12) and flows from 
Ceraunius Fossae, Alba Patera, Halex Fossae, and Arsia Mons. 
One patch of flows originated from an intensely fractured area 
of Acheron Fossae (!at 36° N ., long 131 °) and flowed southward, 
burying parts of the Acheron Fossae assemblage and Alba 
Patera Formation. 

Olympus Mons caldera members 
The complex caldera of Olympus Mons is about 10 to 20 

km north of the highest part of the summit (sheet 2). The 
caldera is 87 km across in the northeast direction and 65 km 
across northwest and consists of coalesced collapse craters. Its 
south wall is more than 2 km high, whereas the lowest part of its 
north wall is only several hundred meters high (sheet 2) .1ts east 
and west rims are bordered by smooth deposits that extend 
several kilometers from the rims. 

The caldera probably formed in a manner similar to that of 
large terrestrial calderas. Eaton and Murata (1960) described 
the formation of calderas of the Hawaiian shields as a process of 
cyclic intrusion of lava into a summit reservoir that causes 
inflation of the summit, eruption of the lava (withdrawing lava 
from the reservoir), and subsequent collapse of the roof of the 
evacuated chamber. If the Olympus Mons caldera formed by 
the same process (see cross section A-A'), at least six major 
collapses can be recognized within it (compare Mouginis-Mark, 
1982). Other craters could have formed and been destroyed by 
subsequent events. After collapse the craters were filled by lava 



Figure 15. Narrow flows of shield members 1 and 2 of 
Olympus Mons Formation (units Aos, 2) about 40 km 
southeast of caldera. Some thicker flows have discernible 
channels with levees (arrows). Scarp (S) may be formed 
by thrust faulting; depression (D) may be vent for flank 
flows. North at top. [Viking image 475S27] 

lakes; four distinct caldera-floor deposits are recognized. The 
oldest and largest lava lake filled the northeast half of the 
caldera, making up caldera member 1 (unit Aoc1 )_ The 
solidified lava lake was downwarped, producing concentric 
grabens alongside and within the crater (fig. 17). The south
western part of this deposit and part of the shield collapsed into 
about three coalesced craters (Mouginis-Mark, 1981) that were 
flooded with caldera member 2 (unit Aoc2). Further down
warping of caldera members 1 and 2 resulted in their overall 
inward-dipping floors (sheet 2) and the formation of wrinkle 
ridges trending dominantly northeast in the depressed caldera 
center (fig. 17). The ridges may have formed by squeeze-up 
(autointrusion) of molten lava through cracks in a cooling crust 
of a lava lake (Hodges, 1973; Lucchitta, 1976) or by compression 
and thrusting as the floor sagged due to withdrawal of lava 
beneath the crust of the cooling lava lake. The lava may have 
drained into an underlying magma chamber. 

A pit crater 20 km across cuts the southwestern part of 
caldera member 2 (fig. 19). The smooth floor material of this 
crater is mapped as caldera member 3 and is marked by a low, 
linear ridge across its northeast end. A narrow ridge along 
much of the caldera rim may represent the peak level of the 
now-solid lava lake that fills the crater. The member has a lower 
density of craters 200 m in diameter m larger than do caldera 
members 1 and 2 (table 2). Its elevation is slightly higher than 
the lowest part of member 2 (sheet 2), indicating that central 
downwarping of the caldera followed emplacement of member 
3. 
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A 15-km-diameter crater cuts the northeast edge of the 
caldera. Fault scarps are apparent in the crater wall, and 
wrinkle ridges run across the crater floor (fig. 17). The floor 
shares with member 2 the lowest elevation within the caldera. 
Because the floor probably underwent less later downwarping 
than member 2 (as indicated by less structural modification), we 
surmise that this crater represents the youngest collapse event 
in the caldera; therefore, we mapped its floor material as 
caldera member 4. Our sequence is generally consistent with 
that of Mouginis-Mark (1981); the minor differences are based 
on the detailed topographic data. 

No impact craters on the caldera floor are larger than 1 km 
in diameter, and most are less than 600 m. High-resolution 
photographs (fig. 19) show swarms of elongate and irregularly 
shaped secondary craters a few hundred meters in diameter on 
the floor of the caldera; the secondaries probably originated 
from an 11-km-diameter impact crater south of the caldera. 
This impact may have dislodged material from the caldera's rim, 
resulting in a small landslide (see fig. 19, not mapped; Mouginis
Mark, 1981). 

Other plains materials 
Plains-forming materials of the Arcadia and Medusae 

Fossae Formations (Scott and Tanaka, 1986) embay or bury 
extensive areas of aureole material and the Tharsis Montes 
Formation south, west, and north of Olympus Mons. Strati
graphic relations show that these plains materials are Amazo
nian in age; their morphologies indicate a variety of rock types. 

Figure 16. Part of south flank of Olympus Mons where 
scarps (S) possibly formed by thrust faulting are partly 
buried by lava flows . Scarps generally cut shield members 
1 and 2 of Olympus Mons Formation (units Aos, ,2; see 
maps) and are buried by members 3 and 4. Some flows 
make up irregular ridges (R) and fans (F) that may be 
formed by local, voluminous eruptions originating from 
buried faults. North at top. [Viking image 890A70] 



Figure 17. Caldera of Olympus Mons showing four main 
stages of collapse and lava-lake formation {1-4, cor
responding to units Aoc1-4) demonstrated by crosscut
ting and topographic relations. Collapse continued fol
lowing lava-lake solidification in each event, as shown by 
warped topography of some crater floors (see sheet 2) 
and their concentric grabens (G) and complex wrinkle 
ridges (W). Note that floors 1 and 2 each fill two 
coalesced craters of about the same age. Surrounding 
caldera, pits (P) are probable vent areas, and scarps (S) 
may be caused by thrust faulting. Note that caldera rim 
cuts shield flows that radiate from caldera area. North at 
top. [Viking image 890A68] 

Occurring northwest of the aureoles of Olympus Mons in 
Amazonis Planitia, member 1 of the Arcadia Formation (unit 
Aa 1) consists of rough and dissected flows with lobate scarps. 
Member 3 of the Arcadia Formation (unit Aa3) forms smooth 
plains mostly in the western part of the map area and embays 
member 1 and the west edge of the lower aureole member of the 
Olympus Mons Formation. Although the two Arcadia members 
are relatively featureless in medium-resolution images (except 
for a few lava-flow fronts), a mantle of giant ripples can be 
observed in high-resolution images (50 m/pixel). This mantle 
may consist of a mixture of eolian particles {fig. 20; Breed and 
others, 1987). 

Members of the Medusae Fossae Formation, distinguished 
by morphology, are the pitted (unit Amp), striated (unit Ams), 
and rolling plains (unit Am r) members. Along the south margin 
of Amazonis Planitia, the formation thickens considerably and 
laps onto densely cratered terrain (southwest of the map area). 
The materials have been proposed to be pyroclastic rocks 
(Scott and Tanaka, 1982), paleopolar deposits (Schultz and 
Lutz, 1988), or some other type of eolian deposit (Greeley and 
Guest, 1987). Alternatively, they may be derived from erosion 
and redeposition of aureole materials. 

12 

South of Olympus Mons, the pitted member commonly 
crops out where the Medusae Fossae Formation overlies the 
lower aureole member. The pits are crescent shaped (fig. 21), 
probably eolian features (blowouts) similar to fuljis of the 
Arabian deserts on Earth (Rhodes and Neal, 1981). The 
outcrops of the member form an east-northeast-trending 
serrated pattern subparallel to local striations; the pattern may 
reflect a paleowind direction. 

The striated member is made up of layers of easily eroded, 
striated materiaL It covers aureole members and Tharsis lava 
flows south of Olympus Mons, where its surfaces are broad and 
rolling. West of Olympus Mons, it fills shallow depressions in 
the lower, middle (unit Aoam8 ), and upper aureole members. 
The striations appear to be streamlined ridges and grooves, 
similar to terrestrial yardangs (McCauley, 1973; Ward, 1979). 
Their various orientations indicate control both by prevailing 
wind directions and by joint patterns (Scott and Tanaka, 1982). 
Eroded superposed impact craters have pancake-shaped ejecta 
blankets with serrated edges, which indicate that the ejecta are 
more resistant to erosion than the underlying member. 

The rolling plains member is exposed southwest of Olym
pus Mons (fig. 22), where it locally overlies aureole material and 
lava flows of the Arcadia and Tharsis Montes Formations. In 
some areas it grades into, in other areas it overlies the striated 
member. Many exposures are erosional remnants of a more 
extensive deposit. Some roughly circular outcrops having large 
irregular central pits or depressions may be volcanic vents or 
remnants of pancake impact craters (figs. 11 and 22). 

Figure 18. Volcanic plains east of Olympus Mons composed 
of plains member of Olympus Mons Formation {unit 
Aop) . Channels (C) emanating from fractures {F) may be 
formed by volcanic flows or catastrophic discharge of 
ground water. Note arcuate ridges along fractures 
(arrows). North at top. [Viking image 468552] 



Figure 19. Southwestern part of Olympus Mons caldera 
showing 20-km-diameter crater filled by caldera member 
3 of Olympus Mons Formation (unit Aoc3). Bench along 
crater wall (arrows) represents high-level mark of lava 
lake that filled crater. Small landslide (L) may have been 
triggered by impact that produced 11-km-diameter crater 
about 25 km to south, which also formed secondary 
craters (S) across shield and caldera floor. Wrinkle ridge 
(W) offsets crater wall. Northeast at top. [Viking image 
473S03] 

Apron materials 
In the Olympus Mons region, aprons can be classified as 

four morphologic types: smooth, blocky, hummocky, and 
ridged. Aprons are common along the west scarp of Olympus 
Mons (fig. 23). 

In Acheron Fossae, smooth apron material (unit Aas) 
covers fault scarps and crater walls and adjacent plains and 
valleys. Deposits apparently formed by periglacial mass wasting, 
as all are north of lat 35o N., within the Martian climate zone 
where many probable periglacial features are observed (Squyres 
and Carr, 1986). 

Blocky apron material (unit Aa b), found along the northern 
part of the scarp (fig. 10), is made up of several blocks or 
hummocky masses as large as 25 km across. The blocks are 
largely disrupted, and some have transverse ridges. These 
blocks were probably detached from the scarp by rotational 
and translational movements (Tanaka, 1982). 

Hummocky apron material (unit Aah) is characterized by 
hummocky surfaces at the heads and centers of broad, lobate 
aprons. The morphology of the aprons is similar to that of 
terrestrial debris flows and piedmont glaciers (Lucchitta, 1981). 
Melting of ground ice may have aided the disintegration of the 
scarp. Lucchitta (1981) suggested that considerable ice was 
involved in the flows, because their terminal ridges transgress 
the aureole ridges without deflection and appear to be super
posed on the ridges. 
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Two large sections of the west scarp, 50 and 100 km 
across, appear to have collapsed and flowed out onto the 
adjacent plain for more than 100 km. These relatively smooth 
areas of the aprons that make up the ridged apron material 
(unit Aar) have long, continuous, curvilinear ridges that are 
subparallel to the margin of the aprons. Near the scarp, the unit 
grades into hummocky apron material. 

STRUCTURE AND TECTONICS 
The intense faulting of Acheron Fossae north of Olympus 

Mons represents the oldest tectonic episode recorded in the 
map area. The grabens of the northern part of Acheron Fossae 
trend due west to N. 70° W., whereas those of the eastern and 
southeastern parts mostly trend N. 30°-40° W. and transect the 
more westerly faults. The northern faults are buried by the 
Acheron Fossae plains member and superposed by most large 
impact craters, indicating a Middle Noachian age for the faulting 
(Tanaka, 1986).1t may have been associated with the collapse 
of an ancient volcanic center (Scott, 1982). Another possibility 
is that local uplift and extension (or rifting) produced the fault 
sets. 

The eastern faults are less degraded by channeling and 
mass wasting than the northern faults and may be Late 
Noachian in age, predating the Acheron Fossae plains member. 
The faults parallel some of the faults of Ulysses Fossae and are 
radial to the Tharsis rise to the southeast just outside the map 
area. This faulting therefore may have developed due to 
stresses caused by Tharsis tectonic activity (Wise and others, 
1979; Plescia and Saunders, 1982; Solomon and Head, 1982), 
much of which occurred in Late Noachian and Early Hesperian 
time (Tanaka and Davis, 1988; Scott and Dohm, 1990). 

Figure 20. Giant ripples (fine linear pattern) on rolling plains 
made up of mantle of eolian material on member 3 of 
Arcadia Formation (unit Aa3) in Arcadia Planitia; arrows 
indicate trend of ripples. North at top. [Viking image 
111A28] 



Figure 21. Pitted member of Medusae Fossae Formation 
(unit Amp) and plains member of Olympus Mons Forma
tion (unit Aop) burying ridges and knobs of lower aureole 
member of Olympus Mons Formation (unit Aoal) south 
of Olympus Mons. Pits have crescentic shapes that 
indicate eolian erosion. Some arms of pits are elongated, 
forming striations transitional to those in striated member 
of Medusae Fossae Formation. Smooth areas (S) com
monly associated with knobs of aureole material may be 
thin eolian deposits. North at top. [Viking image 44820] 

When the Halex Fossae materials were emplaced, Acheron 
Fossae faulting had ceased. Halex Fossae are concentric faults 
that apparently have a local volcano tectonic origin. They must 
be at least Early Hesperian in age, because they are buried by 
the lower member of the Alba Patera Formation. A few 
younger, north-trending faults of Alba Fossae cut Halex Fossae 
and Alba Patera materials and probably are related to Early 
Amazonian faulting centered at Alba Patera (Tanaka, 1990). 

The age of formation of the basal scarp of Olympus Mons is 
somewhat uncertain. It is clearly older than the Middle and 
Upper Amazonian shield flows that bury it in places; however, 
its age relative to the aureoles is model dependent. Among 
various theories proposed for the formation of the scarp, two 
tectonic origins commonly advocated are (1) thrusting (see 
cross section A-A'; Harris, 1977; Morris, 1981; Borgia and 
others, 1990) and (2) detachment of lower flanks of the shield, in 
conjunction with a gravity sliding or spreading origin of the 
aureoles (Lopes and others, 1980, 1982; Francis and Wadge, 
1983; Tanaka, 1985). 

We interpret that, following emplacement of the aureoles, 
the load of Olympus Mons produced an annular basin on the 
southeast flank of the volcano. Distal parts of some aureole 
members (units Aoal , Aoamd, and Aoame) form topographic 
highs (sheet 2), indicating that proximal parts are downwarped. 
Recent plains flows (unit Aop) filled the depression that had 
formed. Circumferential grabens would be expected with 
subsidence; none are seen, but some could be buried by the 
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plains member of the Olympus Mons Formation. If no downwarp 
occurred, stress models indicate that the lithosphere would be 
at least 200 km thick-much thicker than at Tharsis and 
Elysium Mons (Comer and others, 1985). (Elysium Mons is 
centered at lat 25° N., long 213°.) 

Above the basal scarp, lower flanks of the shield are 
partitioned by radially oriented scarps. The scarps may indicate 
faults along which horizontal and vertical offsets occurred 
between blocks of shield material. On the upper flanks, 
concentric terraces may have been produced by thrust faulting 
(cross section A-A'; Morris, 1981), consistent with a finite
element deformation model (Thomas and others, 1990). The 
terraces, radial faults, basal scarp, and annular moat around 
Olympus Mons were formed contemporaneously, which raises 
the possibility that their deformations are interrelated and 
attributable to loading and relaxation of the shield and the 
underlying lithosphere. 

The craters making up the caldera of Olympus Mons 
resulted from collapse due to withdrawal of magma from an 
underlying chamber. Numerical-model studies that predict 
stress distributions (Zuber and Mouginis-Mark, 1990) indicate 
that that the top of the magma chamber is about 8 to 16 km 
below the summit (cross section A-A'). 

The north end of Gordii Dorsum forms an escarpment 
trending N. 25° W. in the southwestern part of the map area. 
Although interpreted by Forsythe and Zimbelman (1989) as an 
ancient (Noachian-Lower Hesperian) exhumed transcurrent 
fault, it cuts Amazonian rocks of the Medusae Fossae and 
Tharsis Montes Formations, and horizontal offsets are not 
seen. We therefore think that Gordii Dorsum is most likely the 
expression of a normal fault of Amazonian age. 

Figure 22. Relatively smooth rolling plains member of 
Medusae Fossae Formation (unit Amr) eroded away to 
expose striated member (unit Ams) . These units embay 
lower aureole member of Olympus Mons Formation (unit 
Aoal). Oblong pit (P) may be highly eroded impact crater 
or volcanic vent. North at top. [Viking image 355S09] 



Figure 23. Lobate apron materials along west edge of 
Olympus Mons interpreted to be landslides derived from 
western scarp member (unit A Hose) and shield member 
3 (unit Aos3) of Olympus Mons Formation. Apron 
materials bury shield flows and parts of middle aureole 
member a (unit Aoama). Distal apron material is smooth 
and concentrically ridged (unit Aar), whereas apron 
material near scarp is rough, hummocky, and locally 
pitted (unit Aah). North at top. [Viking image 512A63] 

ORIGIN OF THE OLYMPUS MONS AUREOLES 
Each of the various origins that have been proposed for the 

aureoles implies different relations between them and Olympus 
Mons. The aureoles have been considered to be (1) deeply 
eroded lava flows from Olympus Mons or from earlier volcanoes 
(McCauley and others, 1972; Morris and Dwornik, 1978); (2) 
eroded remnants of older volcanic shields (Carr, 1973); (3) 
thrust sheets caused by the weight of Olympus Mons on 
layered deposits (Harris, 1977); (4) the result of subglacial 
eruption of lavas (Hodges and Moore, 1979); (5) landslides from 
the scarp surrounding Olympus Mons (Lopes and others, 1980, 
1982); (6) pyroclastic deposits (Morris, 1982); and (7) deformed 
materials resulting from gravity spreading of the outer reaches 
of the Olympus Mons shield (Francis and Wadge, 1983; 
Battistini, 1985; Tanaka, 1985). The landslide and gravity
spreading mechanisms require a two-stage growth of Olympus 
Mons: first, an ancient shield formed whose flanks collapsed to 
form the aureoles, and second, the present shield developed on 
those older structures. 

The first four proposals have serious difficulties that 
subsequent research has brought to light; their problems have 
been reviewed by Morris ( 1982) and Fran cis and Wadge ( 1983). 
Therefore, we consider here only hypotheses involving the 
pyroclastic deposits and landsliding and gravitational spreading, 
which we favor. 
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Both of the hypotheses account for many of the observed 
characteristics of the aureoles, such as (1) their great size and 
continuity, (2) their susceptibility to erosion, (3) their gross 
morphologic characteristics that indicate flow, and (4) the large 
positive gravity anomaly that extends from Olympus Mons 
northwestward over the largest exposure of aureole material 
(Sjogren, 1979). Weaknesses in each hypothesis include the 
need for speculation in the explanation of the flow mechanism 
and source. The pyroclastic hypothesis does not readily explain 
the lack of calderas from which the aureoles would have 
erupted (see Francis and Wadge, 1983). On the other hand, this 
hypothesis does explain the circular form of the aureoles 
(particularly the upper member, whose center is about 200 km 
from the scarp) and their concentric pattern of ridges. The 
landsliding and gravity-spreading mechanisms require a lubri
cant such as water or ice (Tanaka, 1985); also, the volumes of 
the aureoles east of the volcano are smaller than the expected 
volume of missing material below the scarp, given the scarp 
height (Morris, 1987). If a huge, proto-Olympus Mons had 
formed (necessary for the landsliding and gravity-spreading 
mechanisms), extant lava-flow fields beyond the aureoles might 
be expected, but they are absent. However, the landsliding and 
gravity-spreading mechanisms can account for the large size of 
the ridges and troughs and the orientation of the fractures (that 
generally indicate flow away from the scarp, rather than from 
aureole centers). 

GEOLOGIC SUMMARY 
Olympus Mons is impressive in structural complexity and 

in size-the tallest mountain and largest volcanic shield known 
to man-and it poses difficult problems debated by volcanolo
gists, structural geologists, and geophysicists. The geologic 
events recorded in the rocks of the Olympus Mons region cover 
a major portion of Martian time-about 4 billion years. (The 
following discussion reflects the Hartmann-Tanaka model ages 
discussed in Tanaka, 1986.) The oldest rocks make up the 
densely cratered terrains of Acheron Fossae, which cut a 
broad, arcuate ridge that was a volcanotectonic center about 
3.5 to 4.0 b.y. ago. During the next billion years, volcanic 
activity spread to centers at Halex Fossae, Alba Patera, and 
other local sites. This activity probably resurfaced much of the 
map area, but only a few outcrops of lava plains remain from 
this period. Over the next 2.5 billion years, voluminous lava 
flows and fields were emplaced sporadically from Alba Patera, 
Ceraunius Fossae, the three large Tharsis shield volcanoes, 
Olympus Mons, and other local sources. These outpourings 
resulted in broad, flat sheet flows that cover the plains east and 
west of Olympus Mons. 

The aureoles of Olympus Mons, about 1.5 b.y. old, may be 
the result of great pyroclastic eruptions that preceded the 
growth of Olympus Mons, or they may be landslide or gravity
spreading features that formed on the flanks of an early, huge 
proto-Olympus Mons shield. The smooth, flat to gently rolling 
plains of the Medusae Fossae Formation south of Olympus 
Mons, which are locally superposed on the aureoles, may 
consist of pyroclastic deposits and eolian material derived from 
the aureoles. Amazonis Planitia, west of the aureoles, is also 
covered with a variety of plains-forming materials of the Arcadia 
Formation, including lava flows and eolian mantles; these 
materials are either contemporaneous with or somewhat 
younger than the aureoles. 



Beginning perhaps as early as the earliest aureole formation 
and continuing to about 500 m.y. ago, the great mass of the 
volcano caused (1) sagging of the lithosphere that produced an 
annular depression on the south and east sides of the volcano 
and (2) circumferential thrust faulting, resulting in concentric 
terraces, the basal scarp, and radial faults above the scarp. 
Following this deformation, lava flows were erupted over the 
shield and at the east base of Olympus Mons, filling the annular 
depression. Many of the shield flows contain leveed channels or 
lava tubes; their morphology and inferred rheologic properties 
are similar to those of basaltic flows on Earth. In places along 
the northwestern part of the shield, the immense basal scarp 
collapsed to form massive slides and slumps. Within the past 
100 m.y., a series of collapse events and lava eruptions at the 
summit of Olympus Mons produced the volcano's caldera 
complex of nested craters with lava-lake floors. Some lava flows 
on or adjacent to Olympus Mons appear on available images to 
be devoid of impact craters, indicating that volcanic activity has 
occurred within the past few million years. We should therefore 
not be too surprised if Olympus Mons were to resume its 
volcanic activity in the future. 
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