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Abstract
A magnetic polarity stratigraphy is established for a continuously cored 360 m thick section of the entire cyclical
lacustrine sequence and part of the sandy fluvial and eolian basal sequence of the Late Triassic Blomidon Formation in
the Fundy basin in Nova Scotia (Canada). In conjunction with published results for the Newark and Dan River basins,
the Fundy basin record allows us to precisely map the spatio^temporal distribution of climate-sensitive continental
lithofacies along a paleolatitudinal transect in eastern North America corresponding to the tropics of Pangea in the Late
Triassic. Indicators of high humidity such as coals and black shales tend to occur within 5³ of the paleoequator and
eolian dunes and other evidence of aridity occurs within 10³ of the paleoequator. Although steep, the latitudinal climate
gradient in the interior of the Pangea supercontinent is not that different from the average modern zonal variation in the
balance of evaporation to precipitation even though the distribution of continents was radically different and there is no
evidence of continental ice sheets in the Late Triassic. We suggest that the common perception of a dry paleoequator in
the Triassic is largely an artifact of observational bias because compilations of paleoclimate proxies usually have spatio^
temporal resolutions that are inadequate to delineate narrow zonal climate belts, giving an aliased impression of ancient
climate. ß 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction
The early Mesozoic, particularly the Triassic, is
usually regarded as being warm and arid with
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virtually no evidence of polar ice sheets [1,2]. Indeed, Wilson et al. [3] characterized the Triassic as
perhaps the most arid period of the Phanerozoic,
citing evidence for widespread deposition of evaporites at low- to mid-latitudes and the relative
ubiquity of similarly distributed redbeds and eolian deposits. Monsoonal atmospheric circulation
has been suggested to have dominated the Triassic
climate of Pangea to account for an apparently
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Fig. 1. (a) Mesozoic rifting within the supercontinent of Pangea positioned according to a mean Late Triassic paleopole for cratonic North America [41]. (b) Major early Mesozoic rift basins in eastern North America, including the Dan River, Newark and
Fundy basins discussed here.

dry equatorial belt [4,5] and the apparent expansion of deserts in the Triassic and Early Jurassic
to an extent not since repeated [6]. These features
of a hothouse world that are so very di¡erent
from our own have challenged climate modeling
e¡orts [7].
The Newark rift basins of eastern North America, which developed in the central part of the
fragmenting supercontinent of Pangea in the early
Mesozoic (Fig. 1), contain a unique record of

continental tropical climate [8]. Strong evidence
of aridity in the northern rift basins is given by
the discovery of eolian deposits [9], the presence
of sand patch fabrics and evaporites, and the absence of organic-rich shales in much of the Fundy
basin section [10,11]. The arid depositional environments in the Fundy basin section contrast with
the presence of coals and other indicators of high
humidity in the Dan River and other southern rift
basins [11]. The regional distribution of such cli-
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Fig. 2. The Fundy basin in the Canadian Maritimes showing the outcrop pattern for the Fundy basin section and the location of
the GAV-77-3 drill core. Position of the map in A shown in rectangle in inset B.

mate-sensitive rocks may have been strongly in£uenced by non-zonal monsoonal and orographic
climate patterns [3^5,12,13]. Alternatively, the climate-sensitive rocks re£ect a steep zonal north^
south tropical climatic gradient [9,11], an attractive hypothesis because of the simplicity and speci¢city of predictions that can be tested. Diagnostic tests, however, place stringent demands on the
spatio^temporal resolution of climate recorders as
well as independent paleolatitudinal control. This
is because the drift of North America across latitudinal belts needs to be considered given the
long duration (V30 Myr; [14]) of the Late Triassic. Moreover, aliasing of paleoclimate patterns
can result from miscorrelation of isolated and
geographically dispersed sections of continental
rock.
We attempt to gauge the applicability of a zonal climate in the tropics of Pangea during the
Late Triassic by (1) precisely correlating the
Fundy basin section with sequences of climatesensitive rocks from the more southerly rift basins
in eastern North America by using magnetic polarity stratigraphy, and (2) placing these widely
separated (V1000 km) continental deposits in
an independent paleolatitudinal framework based
on paleomagnetic inclinations. We have already
established a diagnostic magnetic polarity stratig-

raphy and paleolatitudes of deposition for the
several thousand m thick Newark and Dan River
basin sections [15,16]. Here we report the paleomagnetism of more than 300 m of Late Triassic
continental sediments recovered in a drill core in
the Fundy basin. These data enable us to evaluate
the gradient of climate-sensitive rocks of tropical
Pangea in the Late Triassic and to compare it to
modern zonal gradients in climate parameters.
2. Geological setting of the Fundy basin
The Fundy basin of Nova Scotia and New
Brunswick, Canada, is the most northerly and
one of the largest of the exposed early Mesozoic
rift basins of eastern North America (Fig. 2). The
basin ¢ll is divided into four formations [10]: the
basal mainly £uvial Wolfville Formation (Fm.)
that unconformably overlies Carboniferous and
older rocks; above it the cyclical largely lacustrine
Blomidon Fm. of Late Triassic to earliest Jurassic
age; the overlying lavas of the North Mountain
Basalt, and at the top, the £uvio^lacustrine rocks
of the McCoy Brook Fm. (including the Scots
Bay Member) of Early Jurassic age, complete
the preserved rift basin sequence. The cumulative
thickness of the exposed strata is only about 1 km
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although the total thickness beneath the Bay of
Fundy may be greater than 4 km [17]. Eolian
sandstones of the Red Head Member occur in
the basal Blomidon Fm. [9,18,19] and are of Norian age on the basis of a vertebrate fauna [20] and
tectonostratigraphic considerations [8]. The palynological Triassic/Jurassic boundary occurs in the
uppermost Blomidon Fm., just a few meters below the North Mountain Basalt [21]. Zircons
from the North Mountain Basalt produced
U/Pb dates of 202 þ 1 Ma which give important
age constraints on the Triassic/Jurassic boundary
[22].
Dramatic exposures of the Fundy basin section
occur along the north shore of Nova Scotia,
although a complete section of the gently dipping
beds would have to be assembled from faultbounded blocks. The continuous sampling that
is required for magnetostratigraphic and cycle
stratigraphic analyses is made further problematical by dissolution of evaporites on the cli¡ exposures. Previous paleomagnetic work on the Fundy
basin sedimentary section was based on outcrop
sampling and was not designed to produce a detailed magnetostratigraphy [23]. Fortunately, we
had access to a continuously cored section which
provided a complete section of the cyclical as well
as the basal £uvial and eolian (Red Head Member) parts of the Blomidon Fm. for detailed stratigraphic study.
3. GAV-77-3 drill core
The Getty Mines GAV-77-3 drill core (Lat =
45³5P38QN, Lon = 64³58P35QW) was spudded on
North Mountain Basalt on the Nova Scotia shore
of the Bay of Fundy (Fig. 2). A total of approximately 570 m of section was recovered, including
V210 m of North Mountain Basalt and V360 m
representing the entire cyclical part of the Blomidon and the £uvial and eolian basal part of the
formation (Red Head Member; [19]). The 3.5 cm
diameter core is stored at Acadia University
where it was made available to us for description
and sampling. The core was not oriented in azimuth but is assumed to have penetrated vertically
into nearly £at-lying beds as suggested by projec-

tion of regional stratal geometry indicating a V2³
northerly dip [24] and by the lack of discernible
systematic apparent dip in bedding-core intersections. A total of 183 half-round samples from the
cyclical part of the Blomidon Fm. and three samples from the North Mountain Basalt were analyzed for paleomagnetism. (We also took 16 reconnaissance samples from the sandier lithologies
near the base of the core but they did not yield
satisfactory results and are not considered further.) The up-core orientation was marked on
the samples, which were cut from the longest
available core pieces (i.e. those less likely to
have been accidentally inverted) with the most
uniform and undisturbed lithologies. The average
stratigraphic sampling interval was about 2 m.
The natural remanent magnetization (NRM) of
V10 cc specimen cubes cut from each sample was
subjected to complete thermal demagnetization to
680³C in 10 or more steps for isolation of magnetization components (Fig. 3a^c). IRM acquisition
and thermal demagnetization analysis on a representative suite of samples shows that hematite
with a maximum unblocking temperature of
680³C is the predominant magnetic mineral in
the sediments (Fig. 3d). Low to intermediate unblocking temperature components of NRM are
evidently some combination of storage, drilling
and in situ secondary magnetizations that combine to produce a steeply down inclination that
is of limited utility. Of greater signi¢cance is a
high unblocking temperature magnetization which
is more likely to represent acquisition close to the
time of deposition. This characteristic remanent
magnetization (ChRM) was usually isolated using
principal component analysis [25] on ¢ve demagnetization steps from 600³C to 680³C anchored to
the origin. Results from four out of 186 samples
were rejected due to unstable magnetizations
(MAD s 20³). A further six samples were rejected
because of steep inclinations ( s 60³) which are
likely to be heavily dominated by a recent magnetic overprint.
The high temperature ChRM component is
characterized by a bimodal distribution of relatively shallow directions. The populations of Blomidon samples with positive and negative inclinations are not exactly symmetric : the maximum
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Fig. 3. (a,b,c) Vector end-point diagrams of thermal demagnetization of NRM of representative samples from the GAV-77-3 drill
core. Open/closed symbols plotted on vertical/horizontal planes with arbitrary azimuth. Samples in (a) and (b) are from the Blomidon Fm. and are interpreted to have a reverse (a) and normal (b) characteristic magnetization (ChRM). A representative sample (c) from upper Wolfville Formation is dominated by steep overprints and does not yield a characteristic magnetization.
(d) Acquisition of IRM and its thermal demagnetization of a representative sample from Blomidon Fm. in GAV-77-3 drill core.
Note that saturation IRM is not achieved by 1.0T and that there is a concentration of unblocking temperatures just below
680³C, features that indicate hematite as the dominant magnetic mineral. Very similar magnetic properties are associated with the
Newark Supergroup redbeds in other basins.
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likelihood estimated mean inclination [26] for 76
samples with negative inclinations is 319.0³
whereas the 107 samples with positive inclinations
have a mean of 26.4³. The 7.4³ departure from
antiparallel apparently is signi¢cant because it exceeds the sum of the 95% con¢dence intervals for
the normal and reverse polarity directions (6.4³;
Table 1). We suggest that the maximum likelihood estimated mean of normal and (inverted)
reverse inclinations (23.4 þ 2.4³) minimizes the
bias resulting from residual overprinting that is
likely to have caused the asymmetry in directions.
This mean inclination corresponds to a paleolatitude of 12.2³N (+1.4³/31.3³) for the sampling locality.
Published paleomagnetic data from the Fundy
basin are widely dispersed for reasons that are
unclear. A reconnaissance study of sedimentary
rocks from the Late Triassic lower Fundy Group
gave a paleolatitude of only 2³N [23], similar to
results from V225 Ma plutons from southern
Maine [27]. On the other hand, steeper directions
suggesting paleolatitudes close to 30³N are typically found in the earliest Jurassic North Mountain Basalt [28]; the three samples of North
Mountain Basalt we analyzed from the GAV-773 core have a compatible mean inclination of
52.6³. It is possible that classical inclination error
has a¡ected the results from the lower Fundy
Group outcrop sediments, tilting has skewed the
pluton results, or unaveraged secular variation
has biased the North Mountain Basalt directions.
In any case, the paleolatitude of 12.2³N we obtained for the Blomidon falls within the range
of these estimates and, as will be shown below,

is in excellent agreement with paleolatitudes from
precisely age-correlative rocks in the Newark basin.
The high temperature component reveals a coherent polarity stratigraphy based on downward
( = normal) and upward ( = reverse) directions
(Fig. 4). A strict polarity interpretation of the inclinations should be tempered by the possibility of
inverted samples and other sources of ambiguity
resulting from the shallow directions and absence
of azimuthal control, especially in the case of single-sample polarity intervals. With this caveat in
mind, it is nevertheless possible to make a reasonable correlation of the GAV-77-3 magnetostratigraphy to the astronomically tuned geomagnetic
polarity time scale (GPTS) from the Newark basin [29] (Fig. 4). Key constraints are: (1) normal
polarity of North Mountain Basalt which should
correspond to Chron E24n; (2) consistent reverse
magnetizations ¢rst encountered down-hole at
sample level 240 m which should correspond to
Chron E22r or older assuming that the very short
E23r subchron would very likely be missed by our
sampling; and (3) the 76.5 m interval of normal
polarity between 413.6 m and 490.1 m which most
likely corresponds to Chron E16n, the longest
normal polarity interval in the Norian. These lines
of correlation suggest that the GAV-77-3 section
extends from the latter part of Chron E15n at
V213.2 Ma just above the Red Head Member
in the lower Blomidon Fm. (magnetozone B11n) to the early part of Chron E24n at V202
Ma in the immediately overlying North Mountain
Basalt (magnetozone NM-1n).
An average sedimentation rate of about 27

Table 1
Mean ChRM directions for samples from GAV-77-3 core
Blomidon Fm.
Normal polarity
Reverse polarity
Normal+MReverseM
North Mountain Basalt
Normal polarity

n

Inc

mle_Inc

k

a95

107
76
183

25.7³
318.7
22.8

26.4³
319.0
23.4

21
23
20

3.1³
3.4
2.4

3

52.5³

52.6³

275

6.5³

n is the number of samples analyzed, Inc is arithmetic mean inclination, mle_Inc is maximum likelihood estimate of mean inclination with associated precision parameter, k, and 95% con¢dence interval, a95.
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Fig. 4. Magnetostratigraphy of the Blomidon Formation in the GAV-77-3 drill core and correlation to the astronomically calibrated GPTS from the Newark basin [29]. High unblocking temperature ChRM inclinations are used to interpret polarity, positive is considered normal polarity (¢lled circles) and negative is reverse polarity (open circles, including samples with demagnetization trajectories trending toward reverse polarity but which do not quite achieve a negative inclination before obscured by
measurement noise). Histogram of ChRM inclinations includes all measured values except sample data rejected due to unstable
magnetizations (MAD s 20³ [25]) or inclinations greater than 60³ that are likely to represent overprinting in more recent times
(indicated by x's). Interpretation of polarity is shown by a ¢lled bar for normal, open bar for reverse and half-width bars for single-sample magnetozones. Designations of major normal/reverse polarity magnetozone couplets (pre¢xed by Bl for Blomidon and
NM for North Mountain) follow magnetostratigraphic nomenclature adapted from [15].
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m/Myr for the 300 m of cyclical Blomidon Fm.,
varying from around 42 m/Myr in the lower part
to only 15 m/Myr in the upper part of the unit, is
implied by this magnetostratigraphic correlation.
The sampling interval and low sedimentation
rates contribute to the lack of resolution in di¡erentiating Chrons E22 and E23 in the upper Blomidon Fm. and of delineation of short polarity
intervals, such as E23r, in general. We cannot
exclude the possibility of unconformities in the
sampled section. However, independent biostratigraphic constraints for a Norian age near the
basal part of the Blomidon Fm. [20] and a Triassic/Jurassic boundary age in the uppermost Blomidon Fm. [21] suggest that any hiatuses, if
present, are not long in duration.
4. Paleolatitudinal distribution of lithofacies
The magnetic polarity stratigraphy allows us to
place the Fundy section into a precise temporal
framework with respect to the Newark and Dan
River basin sections. It is evident that the sampled
magnetostratigraphic interval from the Fundy basin is younger than and does not overlap with the
magnetostratigraphic section from the Dan River
basin. However, the Newark basin section encompasses virtually the entire collective stratigraphic
range of these rift basins and supplies the overall
magnetostratigraphic and paleolatitudinal framework. The resulting spatio^temporal correlation
matrix (Fig. 5) for the Newark rift basins documents 10³ of northward drift over 30 Myr of the
Late Triassic [15]. Use of locally derived paleomagnetic data avoids problems with projecting
paleolatitudes from distant, tectonically rotated
localities such as the Colorado Plateau (see Kent
and Olsen [16] for discussion).
The Triassic sequence in the Dan River basin,
the southernmost rift basin with published paleomagnetic data [16], shows pronounced development of black shales and local coal deposits in
the Upper and Lower Cow Branch members of
the Leakesville Fm. during the Late Carnian [11].
This is consistent with deposition virtually on the
paleoequator as indicated by paleomagnetic results directly (1.8³N þ 1.9³N [16]) as well as those

projected from the Newark basin (V1³N; Fig. 5).
Extensive black shales are also developed in the
Lockatong Fm. of the Newark basin that were
deposited within 5³ north of the paleoequator
during the Late Carnian [15]. The succeeding Passaic Fm. shows general evidence of drying [11] as
deposition continued during northward drift to
almost 10³N by the top of the unit.
The sampled interval in the Fundy basin was
deposited in more northerly paleolatitudes than
the Newark basin and extends the Late Triassic
depositional record for eastern North America to
about 14³N paleolatitude. Virtually no black
shales developed in the Fundy basin. However,
the eolian dunes in the basal Blomidon Fm.
(Red Head Member) as well as small eolian sequences within the cyclical part of the formation
[9] were evidently deposited at paleolatitudes of
about 10^12³N according to projections of Newark paleomagnetic data as well as results from the
GAV-77-3 core. Sand patch sedimentary fabrics
and halite pseudomorphs in many intervals of
the Blomidon Fm. [11], along with one area of
eolian sandstones in the McCoy Brook Fm. [18],
extend the record of at least intermittent aridity
into the Early Jurassic at the Fundy basin locality.
Other Newark rift basins can be placed in this
spatio^temporal correlation matrix only approximately pending the availability of detailed magnetostratigraphic data. Nevertheless, it is generally
accepted that the black shales and coals in the
southern rift basins (e.g. Deep River and Richmond basins) are older than the indicators of
more arid conditions in the northern rift basins
(e.g. Hartford and Fundy basins) [11,30]. This
overall age-dependent facies pattern of drier
northward and up-section is consistent with
paleolatitudes for the southern rift basins that
are more equatorial and, therefore, expected to
be initially more humid than for the northern
rift basins as eastern North America drifted
northward during the Late Triassic.
There are some indications in the northern basins of more humid facies alternating with the arid
conditions starting at around the Triassic/Jurassic
boundary. Such a change in pattern is not expected from continued slow northward drift but
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Fig. 5. Paleolatitudinal nomogram (age^geography correlation matrix) for the Late Triassic of eastern North America. Paleolatitude contours are based on the sequence of paleopoles from oriented drill cores in Newark basin [15] and are extended over the
transect by taking into account present geographic relationships and a geocentric axial dipole ¢eld; 95% con¢dence intervals for
paleolatitude estimates average 1.3³. The age axis is based on astronomical GPTS from Newark basin [29], which provides the
basis for correlation of Dan River basin section [16] and Fundy basin section (this paper). Approximate stratigraphic range is
shown for several other Newark rift basin sections (DR, Deep River; R, Richmond; C, Culpeper; H, Hartford; see Fig. 1). In
lithology columns, dark stippling shows concentrations of black shales, open is for mainly red lacustrine and playa sediments,
and light stippling is for mainly £uvial sediments. Occurrences of other climate-sensitive lithologies [11] are indicated by: c, coals;
e, eolian deposits; s, saline minerals.

it could be associated with marine incursions into
Pangea as it began to fragment [8,19]. Greater
tectonic extension and deepening of basins accompanying widespread Central Atlantic Magmatic
activity in the Early Jurassic [31,32] may be
contributing factors for the facies change. This
is suggested by concomitant major increases in
sedimentation rate and the continued intermittent presence of eolian sandstones in Jurassic
strata of the Fundy basin [18] as well as the Hartford and Pomperaug basins just to the south
[33].

5. Comparison with recent zonal climate indicators
The sedimentary record from the rift basins of
eastern North America demonstrates that the
equatorial belt was certainly not arid in the Late
Triassic. However, black shales, providing evidence of high humidity, generally developed
only within 5³ of the paleoequator whereas eolian
dunes and other evidences of aridity are already
apparent by V10³ paleolatitude (Fig. 6a). This
implies the existence of a steep latitudinal gradient
in the balance between evaporation (E) and pre-
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Fig. 6. (a) Paleolatitudinal distribution of black shales (dark
stipple) to eolian sandstones (open stipple) from the Late
Triassic of eastern North America compared to (b) mean zonal variation in [E3P] (evaporation minus precipitation) for
the modern `land+ocean' surface [50] and (c) latitudinal percentage frequency of Holocene evaporite occurrences [34].

cipitation (P). However, the modern mean zonal
E3P also shows a narrow tropical humid zone
with negative E3P values very near to the equator and a sharp change to drier conditions with
positive E3P values within about 10³ of the equator (Fig. 6b). A parallel increase in the occurrence
of Holocene evaporites by about 10³ of latitude
(Fig. 6c) demonstrates that climate-sensitive rocks
can provide a reasonable proxy of E3P conditions in modern marine settings [34]. Presumably,
climate-sensitive rocks such as coals and eolian
sandstones in the Triassic^Jurassic rift basins
can also provide suitable proxies of E3P conditions in tropical continental environments.
6. Discussion
Analyses of early Mesozoic Pangean climate
tend to show that it was characterized by a unique
phytogeography with an extraordinarily limited
tropical humid zone [35]. Some studies even suggest that the tropical rain belt did not exist and

the equator was virtually dry [5,36]. However, the
paleoclimate record summarized here from the
Newark rift basins of eastern North America
shows clear evidence for the existence of a tropical
humid belt within about 5³ of the paleoequator in
the Late Triassic. The paleolatitudinal gradient to
more arid conditions is indeed steep, judging from
the occurrence of eolian dunes by about 10³
paleolatitude. However, neither the steepness of
the gradient nor its paleolatitudinal position are
especially anomalous when compared to modern
zonal patterns.
It is possible that paleotopography intensi¢ed
and focused monsoonal atmospheric circulation
and precipitation patterns over Pangea in the Triassic [37], albeit rather di¡erently than has been
suggested for the Late Paleozoic [38]. A principal
source of evidence for an anomalously dry equatorial belt in the Late Triassic [3,37] is a carbonate^evaporite sequence of presumed Carnian age
penetrated as the oldest rocks in some exploratory
wells o¡ the eastern margin of North America
[39]. However, given the uncertain age of the
evaporites which may be as young as Middle Jurassic [40], we see no compelling reasons to reject
the simple hypothesis of a predominantly zonal
climate gradient in the tropics of the central
part of Pangea in the Late Triassic.
Latitudinal drift of eastern North America in
the Late Triassic was only about 0.3³/Myr
([15,41]; but see [42]). The resulting vertical sequence of climate-sensitive facies in individual basins thus tended to change very gradually as the
basins drifted slowly across the zonal climate
belts. Slow northward drift helps to explain why
the southern rift basins tended to have persistent
humid facies (e.g. coals and black shales in the
Deep River and Dan River basins) whereas the
northern rift basins are associated with more
arid facies (e.g. evaporites, sand patch fabrics
and eolian sandstones in the Fundy basin). The
large change in overall sedimentation rates from
V500 m/Myr in the southernmost Dan River basin [16], V200 m/Myr in the Newark basin [15]
and only V30 m/Myr in the northernmost Fundy
basin is in part due to climate-related depositional
patterns as well as to di¡erent depths of post-rift
erosion.
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The modern tropical humid belt is narrow on
average and within V10³ of the equator, whether
measured directly from zero crossings of mean
zonal E3P values (Fig. 6b) or indirectly by climate proxies like the distribution of Holocene
evaporites (Fig. 6c). Evidence from the Newark
rift basins which takes into account time-transgressive facies due to northward drift suggests
that the tropical humid belt was of similar or
perhaps slightly narrower width in the Late Triassic (Fig. 6a). This poses a challenge for adequate spatio^temporal resolution in standard
compilations of paleoclimate data. For example,
even with slow latitudinal drift as in the Late
Triassic, the customary mapping of paleoclimate
data in 10^15 Myr time slices (e.g. the Carnian or
Norian^Rhaetian [3,13]) may obscure evidence for
narrow climate zones with steep latitudinal gradients, such as the tropical humid belt. This procedure is equivalent to projecting the occurrence
of climate-sensitive facies of di¡erent ages according to their present geographic separation (e.g.
horizontal axis in Fig. 5) and thereby distorting
their paleolatitudinal distribution.
Distortion of climate patterns will be exacerbated in compilations for intervals when latitudinal drift was much faster (e.g. 1³/Myr in the Jurassic [43]). In such cases, there is also the greater
likelihood of poor age registry and systematic o¡sets between the paleoclimate indicators and the
paleomagnetic observations that are inevitably
needed for the paleolatitudinal framework [6]. Artifacts of such cataloging provide a testable alternative explanation to local orographic and monsoonal e¡ects for what are sometimes interpreted
as contradictory geographic arrays of climate indicators (e.g. [12]).
In addition to the long-term signal of mean
climates across geographic zones, the rift basins
also provide an exquisite record of climate change
across the full spectrum of orbital or Milankovitch frequencies [44,45]. Milankovitch cyclicity
in the Newark basin was used to construct an
astronomically tuned GPTS for the Late Triassic
[29] that is the basis for precise basin to basin
chronostratigraphic correlations. Climate change
at Milankovitch frequencies is pervasive and its
e¡ects could potentially alias or become confused
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with the long-term expression of climate if inadequately sampled. The realization of the importance of very long (1.7^2.2 Myr) Milankovitch
cycles [45] emphasizes the importance of chronostratigraphic control and correlation in characterizing latitudinal gradients in paleoclimate. This
approach already reveals tantalizing evidence of
a zonal response to Milankovitch climate change
in the Newark rift basins transect. Given the polarity stratigraphy we have established in the
Fundy basin and its correlation to the Newark
basin, preliminary analysis of sedimentary cycles
in the Blomidon [46,47] suggests that the in£uence
of Milankovitch climate forcing at the obliquity
(V41 kyr) wavelength at the paleolatitude of the
Fundy basin was stronger than further south such
as in the Newark and Dan River basins which are
dominated by precessional cyclicity (V20 kyr)
and its modulation by eccentricity variations
[44,45]. Climate modeling [48,49] shows that precession-related insolation variations can produce
precipitation^evaporation cycles at Milankovitch
frequencies across Pangea.
7. Conclusions
The Newark rift basins provide a unique latitudinal transect of continental facies that are sensitive to the balance between evaporation and precipitation. These climate-sensitive facies can be
precisely correlated across the tropics of Pangea
and placed in an independent paleolatitudinal
framework using paleomagnetism. Our analysis
of the stratigraphic record from the Fundy basin,
in conjunction with published data from comparable studies of the more southerly Newark and
Dan River basins [15,16,44], leads to these conclusions:
1. The spatio^temporal distribution of Late Triassic paleoclimate indicators from eastern
North America shows that evidence of humid
conditions (lacustrine black shales and coals)
occurs within 5³ of the Late Triassic paleoequator whereas eolian deposits and other evidence of aridity occur by V10³ of paleolatitude. Therefore, the Late Triassic tropical
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humid belt may have been narrow but, in contrast to many interpretations of low-resolution
compilations of climate-sensitive rocks, it was
not dry at the paleoequator even in the middle
of Pangea.
2. The spatio^temporal distribution of Late Triassic paleoclimate indicators from eastern
North America is consistent with a predominantly zonal climate and does not require extraordinary monsoonal or other non-zonal climate mechanisms. Further useful tests of zonal
climate would be to obtain climate records
from other predicted positions of the paleoequator worldwide as well as from south of
the paleoequator to demonstrate hemispheric
symmetry.
3. A narrow tropical humid belt with a steep latitudinal moisture gradient inferred for the hothouse world of Late Triassic Pangea is not
very di¡erent from the latitudinal variation in
the balance of evaporation to precipitation of
the modern icehouse world of dispersed continents.
4. Continued improvements are needed in the effective spatio^temporal resolution in mapping
climate-sensitive facies to separate the e¡ects of
a dynamic paleogeography from climate dynamics.
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