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New single-crystal, laser-fusion “*Ar/3>°Ar ages on plagioclase and alkali feldspar from the Brushy Basin
Member of the Morrison Formation range from 153 to 145 (+ about 1-2) Ma or Late Jurassic in age
(mostly Tithonian based upon Palmer, 1983). All but one of these new ages come from a section of
Brushy Basin Member near Montezuma Creek, Utah, USA. The other, which is the oldest sample at
153 Ma, comes from Dinosaur National Monument, from a bentonite previously dated at 135.2 + 5.5 Ma
(K-Ar biotite age) by Bowman ez al. (1986). The new feldspar ages are essentially concordant with
previously reported fission track ages from Notom, Utah, with ages ranging from 144 to 135 (& about
15) Ma in the lower two-thirds of the Brushy Basin Member, but contrast with fission track ages from the
upper one-third (about 15 m) of the Notom section, which ranged from 123 to 99 (+ about 13) Ma
(Kowallis & Heaton, 1987). However, none of the new ages comes from the upper part of the Brushy
Basin Member; the uppermost sample dated from the Montezuma Creek section is more than 20 m below
the top of the Morrison Formation. Precise ages from the uppermost part of the Brushy Basin Member
are still needed to determine if the Jurassic—Cretaceous boundary lies within the uppermost Brushy Basin
Member.
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1. Introduction

The Morrison Formation in the western United States has produced the most
spectacular, diverse and abundant dinosaur fossils of any formation in the world. Its
age, however, has long been a topic of debate, having been labelled as Jurassic,
Cretaceous, or Jurassic—Cretaceous over the years (e.g. Emmons et al., 1896;
Darton, 1922; Simpson, 1926; Stokes, 1944; Imlay, 1952; Imlay, 1980). The
controversy extends back to the earliest formal descriptions of the formation when
Emmons et al. (1896) wrote:
“As both molluscan and plant remains found at this horizon have too wide a range
to be of value in the determination of age of the enclosing beds, this determination
has been based exclusively upon the vertebrates. Although the latter have some
affinities with the European Wealden or Lower Cretaceous, to which Professor
Marsh was at first inclined to assign the horizon, he found the evidence in favor of
late Jurassic age to be so much stronger that he assigned to this period not only
these but other beds with a similar fauna, notably the Potomac beds of the East,
which on other grounds had been considered early Cretaceous and which present
many structural analogies with the Morrison beds.

From the point of view of the stratigrapher, the assignment of the Morrison
beds to the Lower Cretaceous rather than to the Upper Jurassic is much more
desirable, not only because it accords better with the sequence of sedimentation
thus far disclosed in the adjoining regions of Kansas and Texas, but because it
places the physical break whose effects are recognized over the whole continent
between these two great time divisions rather than in the midst of one of them.”
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More recently, papers presented during a special session dedicated to the
Morrison Formation at the Fourth North American Paleontological Convention in
1986, demonstrated that the problems have not been solved. Data presented there,
would allow the age of the Morrison to be as old as pre-Kimmeridgian (Hotton,
1986) and/or as young as Neocomian (Bowman ez al., 1986; Kowallis, 1986). The
new single crystal “°Ar/*’Ar ages presented here do not solve all the problems of
Morrison Formation chronostratigraphy, but they improve the picture.

Previous papers by Kowallis ez al. (1986) and Kowallis & Heaton (1987) gave
fission track ages for a section of the Morrison outside of Capitol Reef National Park
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Figure 1. Index map of Utah showing the location of the three sites discussed in the text, the Notom
section (NTM), the Montezuma Creek section (MC), and the Dinosaur National Monument section
(DINO). :
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near Notom, Utah (Figure 1). The 15 fission track ages obtained there from the
Brushy Basin Member suggested that the lower two-thirds of this member were
about 140 + 10 Ma and probably uppermost Jurassic, but possibly Lower Cret-
aceous, depending on the time scale used. The upper third (about 15 m of section) at
Notom was younger, ranging in age from about 125 to 100 + 10 Ma, definitely
Cretaceous in age. However, several problems exist with the Notom section. The
Brushy Basin Member there is unusually thin (only 45 m as opposed to about
100 m elsewhere); also, its top is not as clearly defined as in other sections because
of the lack of a well-developed basal conglomerate (Buckhorn Conglomerate
Member) in the overlying Cedar Mountain Formation; and, finally, although the
fission track ages are useful in providing some constraints on the age of the Brushy
Basin Member, they possess errors that are too large to be useful in more precise
correlations. In order to constrain better the age of the formation, we have obtained
new radiometric ages using “°Ar/*°Ar laser-probe dating techniques on individual
plagioclase and sanidine grains from altered volcanic ash layers.

2. Sample localities

The samples dated in this study come from three localities (Figure 1). Ages from one
of the sections (Notom) have been previously reported (see Section 1), but will be
re-examined here in light of the new data. The second section (Montezuma Creek)
was chosen because it has a relatively thick Brushy Basin Member and contains
numerous, closely spaced altered ash beds. The third locality was at Dinosaur
National Monument, where only three samples were collected.

2.1. Notom section

The lithostratigraphy of this section was presented by Petersen & Roylance (1982).
It contains a very bentonitic section of the Brushy Basin Member about 41.5 m
thick. The section is located about 5km east of Capitol Reef National Park at
111°06'W longitude and 38°14'N latitude. Nineteen samples from separate
bentonitic horizons were collected, of which 11 yielded enough zircon for fission
track dating as reported in Kowallis & Heaton (1987).

2.2. Montezuma Creek section

The Montezuma Creek section, Utah, is located at 109° 19'W, 37°19'N and there
the Brushy Basin Member is about 105 m thick. It was deposited within the
boundaries of Lake T’00’dichi’, a saline, alkaline lake that covered a large area in the
Colorado Plateau region during this interval of time (Bell, 1986; Peterson & Turner-
Peterson, 1987; Turner-Peterson & Fishman, 1988). The playa lake environment,
we felt, would be a more favorable environment for preservation of ash beds than
the fluvially dominated section at Notom. From the Montezuma Creek section
we collected samples from 40 altered ash layers. About one-fourth of the altered
ashes contained enough large (>60 mesh) feldspar for single crystal “°Ar/**Ar
dating. We chose five of these samples for age determination, including the lower-
most datable sample from about 30 m above the base of the Brushy Basin Member
and the uppermost one from 20 m below its top. The samples were labelled in
stratigraphic sequence with numbers increasing toward the top of the section.

2.3. Dinosaur National Monument section
Three bentonitic samples were collected near the visitor’s center at Dinosaur
National Monument, Utah. The entire section of Brushy Basin Member where the
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samples were collected is about 125m thick (Bilbey et al., 1974). Two of the
samples (DINO-1 and DINO-3) came from about 10 m above the main dinosaur-
bearing layer. These two samples were collected about 0.5 km apart in what was
thought to be the same bentonitic layer.

Zircon morphologies of these samples, seem to confirm that they are indeed from
the same ash layer. Individual zircon grains from these samples were examined on
scanning electron microscope (SEM) photos at magnifications of X100-200. Each
grain was classified using the system developed by Pupin (1980), which is based
upon the relative size and development of the (100) and (110) prism faces and the
(101) and (211) pyramid faces. This classification reduces the morphological data to
two indices; an A index, which is determined from the pyramid faces, and a T
index, which is determined from the prism faces. Kowallis et al. (1989) and Kowallis
& Christiansen (1989) have shown that average Pupin indices of zircons are
consistent for an individual ash bed even over several hundred kilometers. DINO-1
and -3 have average A indices of 400 £ 10 and 405 =+ 8, respectively, and average T
indices of 435+ 11 and 426+ 10, respectively. DINO-2, which came from a
different layer located immediately below the dinosaur-bearing layer, has an average
A index of 376 £ 11 and an average T index of 508 + 14, quite different from the
other two samples.

3. Sample collection and preparation

In the Notom and Montezuma Creek sections, every bentonitic horizon in the
Brushy Basin Member was sampled for possible dating. Samples were about 10 kg
each. Clays were removed by soaking the samples in water and then washing them
over a wilfley table. The residue from the washed samples was examined with a
binocular microscope to determine the phenocrysts present and to look for detrital
contaminants. Then the samples were further processed through heavy liquids and a
magnetic separator to concentrate heavy minerals and separate feldspars. Most of the
samples contained some obviously rounded, probably detrital grains. The most
common detrital grains were zircon (in a variety of colors), clear apatite, dark
yellowish-brown tourmaline, pink garnet, quartz and microcline: These were more
common in the Notom section and at Dinosaur National Monument than in the
Montezuma Creek section. The heavy mineral suite is essentially the same as that
described by Hansley (1986) from fine- to medium-grained sandstones of the
Morrison Formation in the Grants area of New Mexico. Many of the samples also
contained gypsum (or anhydrite) and barite. From the final mineral separates,
euhedral zircons and angular feldspars were hand picked for dating.

4. ““Ar/*Ar geochronology

Feldspar phenocrysts from five samples from the Montezuma Creek section and one
sample from Dinosaur National Monument were dated by the single-crystal,
laser-fusion “°Ar/**Ar method. The details of the preparation, irradiation, and
analysis of these samples follows closely those of Deino & Potts (1990).

The analytical accuracy of the plagioclase age determinations is not strongly
compromised by the necessity to correct the argon isotope analyses for *Ar and *°Ar
produced from Ca during neutron bombardment in the reactor. By far the more
important of these two corrections is **Ars,. We have determined the production
ratio *°Arc,/*’Arc, of the reactor through repeat analyses of optical grade fluorite,
with a precision of about 2% (Table 1). This translates to an uncertainty in the final






