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morphism are observable in the most 

highly metamorphosed iron formation. 
This suggests that isotopic equilibrium 
was approached within a given small 

system at the temperature maximum for 
that system. The magnitude of the retro- 

grade gradient suggests that, near the 
contact, measured oxygen isotopic frac- 
tionations between quartz and magnetite 
may be about one unit too high to cor- 
respond to maximum temperatures of 
metamorphism (9). 

Table 1 lists oxygen isotope data 
from a reconnaissance study of the 
eastern part of the Biwabik iron forma- 
tion. There is an abrupt change in 
oxygen isotope fractionation between 
2 and 3 km from the contact. This may 
be compared to the rapid series of 
mineralogical changes reported by 
French (10) in the same distance 
interval. 

Because the metamorphic aureole 
produced by the Duluth gabbro is quite 
narrow, it is possible to observe signifi- 
cant systematic variations in fractiona- 
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tion within the cores of drill holes 
which extend through the gabbro into 
the underlying iron formation or which 
are located so close to the basal gabbro 
contact that this contact can be ac- 

curately projected. Data from these 
cores are given in Table 2. In Fig. 2, 
1000 In aQ-M is plotted versus true dis- 
tance of the sample from the gabbro 
(2). 

Two things may be noted about Fig. 
2. First, the gabbro contact intercept 
of the quartz-magnetite fractionation 
is 7.5, which corresponds to an experi- 
mentally measured temperature of ap- 
proximately 700?C (3). Arbitrarily sub- 
tracting 1.0 for retrograde metamor- 
phism would increase this temperature 
to about 750?C. This is a rather high 
contact temperature (11) and it lies in 
the most accurately determined portion 
of the experimental system. Also, 
d In aoQ-/dD is small near the gabbro 
contact intercept and becomes larger at 
some distance from the intercept. Fig. 
2 shows that a temperature-distance 
plot with temperatures taken from 
O'Neil and Clayton (2) would have the 
same shape. These curves are convex in 
the opposite sense to that predicted for 
the intrusion and cooling of a simple 
tabular body (11). Such a shape and 
contact temperature might result from 
the periodic addition of heat to the sys- 
tem over an interval of time rather 
than in a single brief episode. 

Our work suggests that quartz-mag- 
netite fractionation can yield valuable 
information about the physical condi- 
tions under which metamorphic rocks 
formed, even though retrograde effects 
are by no means negligible. If the anom- 
alous shape of Fig. 2 results from 
repeated addition of heat to the system, 
a direct comparison between Jaegers' 
model (11) and Fig. 2 of the distance 
at which the temperature has dropped 
to half its contact value should result 
in a maximum estimate of the thickness 
of the marginal portion of the Duluth 
gabbro complex. Such an estimate gives 
a value on the order of 500 meters. 
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BILL BONNICHSEN 
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tude the straits may be due in part to 
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marine platform known as the Florida 
Plateau (1). To the east and south of 
the Florida Plateau is the Straits of 
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long and 90 to 145 km wide (Fig. 1). 
Depths along the axis of the Straits of 
Florida range from 2200 m south of 
Dry Tortugas to 740 m west of Little 
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been postulated for the Straits of 
Florida and the other troughs in the 
Florida-Bahama region. Agassiz (1) 
suggested that submarine erosion by 
the Gulf Stream was responsible for 
the formation of the Straits of Florida. 
Hess (2) interpreted the troughs in the 
Bahamas as drowned river valleys and 
the banks between the troughs as hav- 
ing been formed by upgrowth of reefs 
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Fig. 1. Bathymetric chart of the Straits of Florida showing the location of the 
seisnr ic profiles illustrated in Fig. 2. Base map from Uchupi (14). 
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Fig. 2. Continuous seismic profiles across the Straits of Florida. The profiles have a 
vertical exaggeration of 10 X. Areas marked by letters A to F indicate the special 
features described in the text. For location of profiles see Fig. 1. 
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along the valley sides and deposition 
behind the reefs. Newell (3) suggested 
that the banks were formed by carbo- 
nate deposition on a subsiding base- 
ment, and that the troughs represent 
areas of less active deposition. Pressler 
(4), Sheridan et al. (5), and Talwani 
et al. (6) stated that faulting may have 
played a significant role in the forma- 
tion of the Bahama troughs and the 
Straits of Florida. Jordan, Malloy, and 
Kofoed (7), Kofoed and Jordan (8), 
and Kofoed and Malloy (9) ascribed 
some of the topographic features on 
the western and northern sides of the 
Straits of Florida to faulting. 

Approximately 1000 km of contin- 
uous seismic lines were recorded in the 
Straits of Florida with a precision 
graphic recorder; a 10,500-joule spark- 
er was used as a sound source for de- 
termining the shallow structure of the 
Straits. Reflections from the bottom 
and sub-bottoms were received by a 
five-hydrophone array towed behind 
the ship. The sections shown in Fig. 2 
were drawn from the original record- 
ings obtained in the field. 

Profiles 80 and 81 extend from 
near the northwestern edge of Little 
Bahama Bank to Cape Kennedy (Figs. 
1 and 2). The structures shown by 
these profiles are depositional in ori- 
gin and were formed by upbuilding 
and progradation in a seaward direc- 
tion. Progradation and upbuilding from 
the mainland and Little Bahama Bank 
are essentially equal. Data from other 
profiles farther north and from the 
JOIDES (Joint Oceanographic Institu- 
tions Deep Earth Sampling Program) 
borings (10) suggest that the irregular 
reflector that ranges in depth from 0.30 
second on the northwest to 0.60 second 
on the southwest (A, profiles 80 and 81) 
may mark the top of the Cretaceous 
strata. If this assumption is correct, pro- 
files 80 and 81 show a maximum up- 
building of 1 km (if the velocity of 
sound is 2 km/sec in the sediments), 
and a progradation of about 50 km 
from the mainland and 100 km from 
Little Bahama Bank during the Ceno- 
zoic. Progradation toward the center of 
the Straits of Florida appears to have 
extended to the present edge of the 
Gulf Stream. 

It is possible that the irregular sur- 
face of the reflector marking the top of 
the Cretaceous strata may be due to 
erosion by the Gulf Stream. If so, in 
the past the stream was wider than it 
is at present. The small mounds (B, 
profiles 80 and 81) may represent coral 
mounds, because sediments from this 
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zone contain appreciable quantities of 
coral fragments. 

Prograding and upbuilding, similar 
to that illustrated by profiles 80 and 
81, can also be seen in profiles 79 and 
77. The isolated mounds west of Little 
Bahama Bank (B, profile 79) may be 
coral mounds, but this has not been 
verified by sampling. The sediment rise, 
midway along profile 77 (C), is the tip 
of the northwesterly trending slope off 
Great Bahama Bank. Profile 76 in 
Northwest Providence Channel, be- 
tween Little and Great Bahama Banks, 
indicates that the present slopes of the 
channel were formed by sediments 
prograding toward its axis. The other 
profiles (74 and 75, 73, 71, 69, 67) 
show a terrace in various stages of 
burial. In profiles 74 and 75, and 73, 
the sediments have partially buried the 
terrace along its western edge. Exten- 
sions of stratigraphic data from wells 
near Miami (11) suggest that the core 
of this terrace, known as Miami Ter- 
race, may consist of shallow water Su- 
wanee limestone (Oligocene strata) or 
the Hawthorn formation of Lower 
Miocene age. Along profiles 75 and 
74 (D) sediments have completely bur- 
ied the slope flanking the terrace on its 
seaward side. In this profile, deposition 
from the Bahamas side of the Straits 
of Florida is as great as that from 
Florida. 

Farther south (see profiles 73 and 
71), the slope flanking Miami Ter- 
race on the east is covered by a thin 
veneer of sediments and is separated 
from a broad sedimentary ridge to the 
east by a narrow depression (E, 73 and 
71). This sedimentary ridge, between 
the 800-m contours, extends to latitude 
26?N where it grades into the western 
side slope of the Straits of Florida 
(Fig. 1). It appears to have been 
formed by sediment progradation in 
a southward direction with some out- 
building to the east and west. Pro- 
files 73 and 71 clearly show that the 
depression west of the ridge is non-dep- 
ositional in origin, not erosional as 
suggested by Kofoed and Malloy (9). 

Along profile 71, Miami Terrace 
consists of a prominent ridge on the 
east (F) without any internal reflec- 
tors, and a filled trough to the west. 
Due to its high reflectivity, and from 
considerations of the regional geology, 
Rona and Clay (12) suggested that 
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the ridge are buried under a thick 
sedimentary prism. South of the 
Florida Keys (profile 67), the terrace 
(Pourtales Terrace) is again exposed. 
Irregularities on the surface of this ter- 
race appear to be due to folding and 
faulting. There is also some indication 
of drag folding along the slope, flank- 
ing the terrace on its seaward side. 
This slope is covered by a thick 
mantle of sediments, most of which 
appears to have been deposited from 
the mainland side of the Straits of 
Florida. 

Dredge samples (9, 13) suggest 
that country rock, forming the foun- 
dation of this terrace (as of the 
Miami Terrace), may be the shal- 
low-water limestones of the Hawthorn 
formation of Lower Miocene age. Pro- 
files 69, 70, and 71 clearly show that 
Pourtales and Miami Terraces were 
once continuous, but became sepa- 
rated recently by the emplacement 
of a large volume of sediments south- 
west of Miami. Kofoed and Malloy (9) 
suggested that the Miami Terrace was 
downdropped in relation to the Pour- 
tales Terrace. Evidence cited by them 
for the existence of a fault is the 
north-south linearity of the bottom con- 
tours southwest of Miami (Fig. 1). Seis- 
mic profiles across the location of this 
proposed fault (profiles 69, 70, 71) re- 
veal no indication of faulting. On the 
contrary, the surface of the terrace can 
be traced across the location of the 
fault zone without any disruption. 

Although stratigraphic well data are 
available from both sides of the Straits 
of Florida, the wells are too far apart 
to allow one to attempt to decipher the 
structure of the straits solely on well 
data. Consequently, the following spec- 
ulations on the origin of the straits are 
based on the seismic profiles. These 
profiles show that north of 26?30'N 
the Straits of Florida appear to be 
the result of differential upbuilding 
along the margins. No evidence of the 
fault postulated by Sheridan et al. 
(5) has been found in this area. In- 
stead, the lower elevation in the cen- 
ter of the trough may be related to a 
decrease in sedimentation beneath the 
Gulf Stream. In contrast, faulting may 
have played a role in molding the 
Straits of Florida south of 26?30'N. 
The steepness of the slopes flanking 
Miami and Pourtales terraces along 
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based on the seismic profiles. These 
profiles show that north of 26?30'N 
the Straits of Florida appear to be 
the result of differential upbuilding 
along the margins. No evidence of the 
fault postulated by Sheridan et al. 
(5) has been found in this area. In- 
stead, the lower elevation in the cen- 
ter of the trough may be related to a 
decrease in sedimentation beneath the 
Gulf Stream. In contrast, faulting may 
have played a role in molding the 
Straits of Florida south of 26?30'N. 
The steepness of the slopes flanking 
Miami and Pourtales terraces along 
their seaward sides, and the presence 
of drag folds along the slope south of 
Pourtales Terrace suggest that these 
features may be fault-line scarps. If 
faulting produced the slopes flanking 
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features may be fault-line scarps. If 
faulting produced the slopes flanking 

the terraces, it probably occurred in Mi- 
ocene or post-Miocene time, as the 
cores of both terraces consist of Lower 
Miocene limestones. It is tentatively sug- 
gested that the Straits of Florida were 
formed on a subsiding basement and 
that the formation was accompanied 
by upbuilding along the margins, with 
sedimentation toward the center re- 
stricted by the Gulf Stream. 
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Nucleotide Sequence of a Yeast 

Tyrosine Transfer RNA 

Abtract. The nucleotide sequence of 
a tyrosine transfer ribonucleic acid is 
described and compared to the known 
sequence of an alanine transfer RNA. 
It is possible to construct very similar 
base-paired models for the two mole- 
cules in spite of only limited similarities 
in sequences. The evidence indicates 
that the sequence containing guanosine, 
pseudouridine, and adenosine in the 
middle of the polynucleotide chain is 
the anticodon. 

The determination of the structure 
of alanine tRNA of yeast (1) proved 
that present techniques are adequate 
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