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Abstract: Visual observatioﬁs of éa]or diffefence; of Serenitatis mare
materials from orbit complement photography and other remotely sensad-
data. The light tan gray inmer fill of the Serenitatis basin is
younger tnan the dark biue gray-annu]us; the latter continues into and
appears to be contemporaneous with the fil1 of Mars Tranquillitatis.
Mare ridges occur in both the inner basin Ti11 and the dark annulus of
Serenitatis. Ridges are interpreted as the result of structural defor-
métion and up;doﬁing after the solidification of thz basaltic lavas.

On the southeaStern.rim of the Serenitatis basin is the darkest
biue gray unit within which Apollo 17 landed. High]and massifs surround-
ing this unit have unstabie slopes which are believed to he the result
of Jocalized tectonic activity. On the southwest rim of the basin are
the dark tan to brown gray mantling materials of the Sulpicius Gallus

Formation. Farther west on the rim are dark blue gray patches which

resemble the mare materfai of the Serenitatis dark annuius.
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INTRODUCTEON

The objective of visual observation from lunar orbit to complement
photbgraphy gnd other remotely sensed data was successfully fulfilied
on Apollo 17. Because the Apollo 17 ground cove}age duplicated about 80%
of that of Apollo 15, much was known about the overflown areas. For this
" reason emphasis was placed on the study of color tones of Iunar'sufface
units and on the details of small scale features. A selection of the |
comments made while in lunar orbit will appear fn'the-Apo110 17 Prelimi-
nary Science Report (FEvans and El1-Baz, 1973). This paper summarizes
the orbifal observations'reTatingft0~Mare-Seréﬁifatist‘ Phofogeo1ogic: 
interﬁ?etations-are included to confirm these observations and -to point
out their geological significance.

COLOR BOUNDARIES

£

The mare Fill of the Serenitatis basin has long been known to
diSp]ay units With'different a]ﬁedo characterisfics. It {ﬁc1udes some
of theraarkest (Tow albedo) units on the Moon (Pohn and.Wf1dey,'19?O;
E1-Baz, 1972a).. There is correlation between the albedo units and color units
detected by sbecia] photﬁgraphic and photoelectric methods (Whitaket,
1972; Strom, 1972). |

An attempt was made on Apb]]o 17 to diScern the color boundaries
and to elucidate their felationships to other nbtab]e co]of differences
in adjacent maria. The importance of this stems from groﬁndtruth data

which indicates that color differences reflect compositional variations;
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e.g9., the darker and bluer the mare, the more titanium in the basaTt..
The Apollo 11 and 17 sites are both Tlocated in dark mare units; the mare
basalts of both sites, as established by numerous investigators, are
relatively rich in titanium (Strom; 1972).

As shown in Figure 1, Mare Serenitatis dispiays two major albedo
units. The inner fill of the basin is characterized by _a higher albedo |
than that of the darker annulus. The latter was previousiy‘be1ieved to .
.be the youngér-of the two units {Carr, 1966; ﬁiihe]msrand'McCau]ey;_1971;
"ET-Baz, 1972a; and aothers). As will be shown belowé Apolio ITKpfovided
Ebﬁ%%akyﬂeﬁﬁﬁénce, through visual obée?VétiaﬁS"anq“orbjféTfﬁh@ﬁﬁQkéﬁp;iﬂ;;;m
that the lighter colored innerrfi11 is younger than the dark*énnu?us.

In addition to the dark annulus within the basin fhere are darker
areas on the southeastern and southwestern parts of the basin's rim.
Refering to these color differences, the CMP made the following comment
during the*Apo]10 17 missjon: "To me the Moon has a lot more color than
I had been led to believe. . (Prior to the mission) I had the impression
that'everyth{ng Qas the same colof; That is far from being true.”

Inithe»f0110wing discussion the regions of eastern, southern and

western Serenitatis will be treated separately.

A. Eastern Serenitatis

The dark material on the southeastern rim of the Serenitatis basin
(Fig. 2) s dark gray with a bluish tint. During the mission, the CMP
stated that it is similar in color to the dark floor fill of Maraldi Crater
to the east. At both localities, he also noted the presence of bluish

gray blocks around Targar cratérs; e.g., the 300-600 m craters clusterad
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in the Apollo 17 landing site area (Fig. 3).°

Prior to Apollo 17, photogeclogic investigations suggesfed that the
darker unit is relatively young {e.g., E1-Baz, 1972a). This was based
primarily on'the smooth appearance of the surface. In addition, the
premise that the bluer maria are younger (Whitaker, 1972), the relatively
16w number of craters within the dark unit (Greeley and Gault, 1973), and
the probability of the presence of a source of a pyroclastic mantle in
the form of volcanic vents or cinder cones in the area (E1-Baz and Worden,
1972), also suggestédrthat‘the darker unit is relatively young. Earth-
based rada} and IR studies (Thompson et. al, 1973) also supported the
interpretatidn-of an unusually sﬁooth sur?ace, which sugges£§ a low-
crater density and therefore a re]étive1y young surface. -

Age dating results indicate that the basalts of the Taurus/Littrow
landing site are.similar in age to the Apollo 11 ba;alts, about_3.? b. y.
old (Tera et. al, 1973)}. The dark color is probably due to the high
titanium content of the basalts (Strom, 1972) and/or a moderate amount -
of dark. glass beads and ffagments in the soil samples. There is_a]so
photographié evidence that the mare matefia] on the southeast rim of
Mare Serenitatis is embayed by, and therefare gider than, the dark annulus

materials (Fig. 2).

B. Sbuthern Serenitatis

Perhaps the sharpest demarcation between the two ﬁajor units of
Serenitatis js in the southernm part of the basin north of the craters
Plinius (Fig. 4) and Menelaus. Materials of the outer annuiusrare dark
blue gray in color, with a slight tannish tone. The mare in the inner '

part of the basin is 1ight tan gray.

i g



As shown in Figure 4, the mare of the dark annulus 1s more textured
{with small scale undulations and numerous arcuate rilles and lineamants}
and has more craters per unit area than the mare of the inner basfn. The
superpositioﬁ relationships are also clear: ‘Rilles and other depressions
in'the older annuTQs are encroached and flooded by the Tighter and younger
unit. The broad mare ridge which is a relatively young feature is also

confined to the light-colored unit.

C. Western Serenitatis

The dark blue gray mare material of the Sereﬁitatis annulus is.
exposed in the western part near Sulpicius Gallus Cratér, and the exposure
'continues northward in a broad zone bevond the point-of mergef'of Mare
Serenitatis and Mare Imbrium. Another dark.uhit is exposed in the area
of the Sulpicius Gallus Rilles on the western rim of the Serenitatis |
basin. This unit has a dark brownish tint. It apbears to i1 va]]éys
and ththy mantle small hills between the Haemus Mountains, whose tops
are not mantled.. fhe ¢01or and %éxture of this unit differ from'fhosé of
other terra mantling materials farther to the west, which form smooth and
flat patches of blue-gray materials (Fig. 5).

The Suipicius Gallus Rilles themselves arer1ocated in a dark brownish
gray unit that appears to mantle the rim materials of the Serenitatis

basin. This unit has been mapped as the Sulpicitus Gallus Formation (Carr,

1966)- It is in this area that several craters, probably of impact
origin, and irreqular elongate depressions of unknown origin, have a rﬁst—
colored or orange tint. Since the same tint was observed from orbit on

the north flank of Shofty Crater (Evans and E1-Baz> 1973), it is reasonable
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.. assume tnat the orange colors at both Tocalities are.caused by the
presence of orange-tinted glass beads which may be either volcanic or -

impact in origin.
MARE RIDGES

One major system of wrinkle ridges, and severa]_subsidiary ridges
occur in Mare Serenitatis. -The major circular system occurs within the
Tighter colored inner mare material of Serenitatis. The subsidiary ridges
that are either subparallel to the major ridge systém or radial to it, |
occur in both units of Mare Serenitatis.

One prominent subsidiary ridge is in thé'eastefn pért'of Mare -
Serenitatis. A part of this ridge unusually Taps up-against the south-
western carner of the flooded crater Le Monier (Fig. 6). It continues
to fhe éouth-as a broad ridge, with sharp discontinuous escarpments near
its borders. This characterisfic is also commen along the major ridges
system (Fig. 6).

Figure 4 {11ustr5fes'an'examp1e of a radial subsidiary ridge. As is
common,‘there are no crosscut relationships Qith the main circular ridge,
and both appear to have formed contemporanecusly. In this particular
example, the ridge abuts against the older mare material that forms the
dark annulus near the fim of Serenitatis. ,Theré are however, cases where 7
suEsidiary ridges extend through the.darker-annu1US, such as in the south-
eastern corner of Mare Serenitatfs (E1-Baz, 1972a). |

In most céses, there is clear evidence of correlation between the
Serenitatis mare ridges and fault éystems in and around the‘basfn (E1-Baz,

1972a}. It was previous]y shown (E1-Baz, 1972b) that relatively young
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mare flows in southwestern Mare Imbrium are pushed upward by ridges of

substantial elevation, which suggests that the ridges are younger than the

flows. This and supérposition of ridgeé on mare materials of Serenitatis

indicate that the ridges are formed after the emplacement and solidification

of the lava fill. The ridges are best explained by thrusting up of the

solid materials,with the exception of a few small extrusions and flow like
o ’ )

features that were probably Fluid in the eastekn part of the'Sérenitatis

ridge system (Strom, 1972).
HIGHLAND UNITS

Highland or terra units that sﬁrkound the laﬁ&ing site (both massif
-units and sculptured hil]s) constitute the best ekposures of Serenitatis
rim materials. . They were studfed from orbit and compared to maferia]s
surrounding Crisium and Imbrium basins. | |

Massif units sUrrdunding the Taurus—Littrow‘valley havé an uhusu&?]y_
high a]ﬁedo, A concentration of blocks occurs on the tops of the massifs’
that is matched only on the tops of central peaks of relatively fresh
craters such as Tsiolkovsky. Evidencé of downslope movement of material
including numeroﬁs tracks of downward moving blocks {Fig. 7) suggests
that the maésifs have unstable slopes. The Tight mantie in the landing
site area (Fig. 3) is believed to be a landslide that originated from
South Massif (ET—Baz,:1972a).

Massif units of comparable size surrounding Mare Crisium and Mare
Imbrium do not show similar features, although both Crisium and Imbrium
basins are believed to be younger than the Serenitatis basin (Wilhelms

and McCauley, 1971). Block exposures and downslope movement of material
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on ‘the Serenitatis massifs may have been trig'gered by relatively recent
tectonic activity in the area; one possibility is the tectonic movement
" that formed the Scarp (Fig. 3}).

The Scuiptured Hills have a lower albedo than that of the massifs
{("intermediate between that of the massifs and the dark mantle"), and are
light gray in colar. These hills which dominate the terrain nqrth.and
east of the landing site area are believed td be of differentiqrigin»'
from hii]y units surrounding Mare Crisium, although |both give-tﬁé 
s0-called corn-on-tﬁé-cob appearance at high Sun é]evationfgﬁéiégf:i?ﬁe_; : B
scu]pturiﬁg is believed to‘hdve beé#-eﬁhanced by ac;umulati&n:éfﬁdark “

‘materials in grooves hetween the highiand hills.
- CONCLUSIONS

The low albedo material which.forms the dark annu]ué of Mare Sereni-
tatis has the ﬁéme color and albedo as the fill of most of Mare-franqufl-
litatis. This is supported byﬂsi@j]aﬁifies in chemistry and.ih’cfystal1i-,‘
zation age of the Apolio 17 and Apollo 11 mare basalts. Mare material of
the dark annulus a;bears to be flooded by and therefore older than the
1ighter'mare fill in the inner part of the Serenitatis basin.

To-summarize the colors of the mare units of Serenitatis as observed
from orbit: The inner fill of ‘the basin is 1ight tan gray; the outer -
annulus is dark blue gray; the Taurus—Littrow;valley where the Apollo 17
LM landed is a darker blue gray; the Sulpicius Gallus Formation is dark
tan to brown gray and the mare-like pafches between the Haemus and

Apennine Mountains are, 1ike the annulus maté}iais, dark blue ray.

8<



These color characteristics are important in extrapolating ground-
truth data to larger areas of the Moon, as well as in the interpretation
of results of both Earth-based and orbita1_geochemi¢31 and geophysical
remote sensing.

A circular major ridge system is located in.the 1iaht inner mare
fill of Serenitatis. Subsidiary ridges, both subparallel and radial to
the major system cccur in both the light inner mare and in the dark annulus,
but none appear to be directly related to the lava extrusion. The ridges
are probably due to structural déformation'after th? solidification 6? the |
mare lavas. |

The brightness of the Serenitatis massifs, the numeraus blocks that
crown them, the tracks of downward moving blocks, aS well as the land~
slide that is bé]ieved fo have formed the tight mantle in the Apollo 17
Tandihgrsite are believed to be indications of re1afive1y tate tectdhic
movement. One possibi]it}lié the displacements that resu]fed in the

formation of the Scérp, which is probably older than the slide.
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Figure 1.

Figure 2.

Figure 3.

Figure'4.

CAPTIONS OF FIGURES

Oblique vfew looking westward across Mare TranquiTIitatis (Teft)
and Mare Serenitatis {right) showing the similarity in apparent
albedo and color of Tranqui]TitatiS and the dark annulus of
Serenitatis. The dark patch on the southeéstern rim of Serenitatis
is shown in more detail in Figure 2. Apollo 17 Hasse]b]ad
152-23328." |
The dark area (center-t@ lower edge) between highland massifs in
the southéaste+n~rim:of Mare Serenitatis. At.centef,ﬁf ﬁpﬁéfi:v
edge of photﬁgraph, fhe mare fill éf'the_Sefenitétis b%gind(tﬁe._
dark anhuTus-matériaT).appears tﬁ truncate, and theréfdre is .
younger-fhan, the dark unit on the Sefenitatis basin rim materfa]
(the darkest unit); see also Lunar Orbiter V, frame 66-M. .

The Apoilo 17 Taurus-Littrow landing site. - The two massif units

_aré separated by 8 km wide-dark deposit on which a'Tight'mantle - .~ .

is superposed. Blue gray colored blocks were observed in the“
ciuster of craters near the right edge. The Scarp which bisects .
the dark deposit continues across the lower slopes of North Massif
in a northwesterly trend.’ Apollo 17 Hasse]biad frame 150—23006.
Albedo/color boundary in southern Mére Serenitatis north of the .
crater Plinius whose rim appears on the lower edge'of the photo-
graph. Portion of the cirﬁu1ar mare ridgé system appears on the
upper edge of the‘photdgraph; a subsidiary ridge that is radial

to it abuts against the older and darker mare unit in thelmiddle

of the photograph. Apoilo 17 Hasselblad frame 150-2306.
- jl;}x
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Figure 5.

Figure 6.

Figure 7.

Oblique view looking westward of the western rim deposits of

the Serenitatis basin. The dark biue gray material of the
Serenitatis annulus 1s in the lower right corner. The Sulpicius
Gai]us Rilles (right edge) and the unit in the near field are

tan to brown gray in co1or._ This is contrasted to patches in the_
backgfound'of dark blue gray mare-like materials. Apollo 17
Hasselblad frame 153-23571.

Ridge systems of easterm Mare Serenitatis: top, portion of the

subsidiary ridge'syStém’ﬂn the dark annulus near the southwestern~'

rim of Le‘Menier Crater-(Apollo 17 Hasselblad frame. 153-23496);
bottom, portion of the major circular fidgé'systemVShowjng‘ﬁhg'“ '
sha}p escérpments on both sides of the broad ridge (Apollo 17
Hasselblad frame 150-23021). |

View from the Taurus-Littrow valley of Norfh Massif showing

bouiders (somé are circled)that moved downslope leaving conspi-

.. -cuous traeks. -Apotlo 17 3&sseib]ad'framgy}47-2254gfﬁj_‘; T
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