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Abstract

Cave calcite (i.e., speleothem) proxy records that span abrupt warming events, such as those of the
last deglacial, may prologue regional responses of hydroclimate to 21% century warming. Proxy reliability
is advanced by an understanding of the modern hydrologic system and controls on calcite growth. Here
we integrate monitoring of Cave CWN in central Texas with high-resolution imaging and §'®0 analysis of
Stalagmite CWN-4 to understand how regional hydroclimate changed during a rapid deglacial warming
event - the transition from Heinrich Stadial 1 (HS1) to the Bolling-Allered (BA) warm period. This event
is recorded in CWN-4 as a rapid negative 8'*0 excursion of 1.7%, over ~ 210 years (HS1-BA §'*0
excursion = ‘HBQO’), followed by a 6-fold growth rate increase.

Monitoring demonstrates that modern calcite grows during cool seasons, growth rates follow drip
rate, and drip water and calcite 5'30 reflect the 3'30 of recharge. Because drip waters have interannual
epikarst residence times, their §'*0 values are well-mixed averages of their Gulf of Mexico (GoM)
moisture source 8'*0 values, which rapidly decreased during Laurentide Ice Sheet (LIS) melting events.
Confocal laser fluorescence microscopy imaging indicates that growth lamina are seasonal within U-
series age constraints. The timing of the HBO (14.7540.08 to 14.54+0.08 ka), corresponds with 1) the
onset of Belling warming in Greenland (14.64 ka), 2) AMOC reinvigoration (~14.61 - 14.25 ka), 3)
Meltwater Pulse 1a (14.65 - 14.31 ka), and 4) Meltwater Flood 3 (MWEF-3) - the most intense episode of
LIS meltwater discharge into the GoM (14.97 - 14.46 ka). The rapid increase in growth rates following
the HBO indicates an abrupt transition to a wetter hydroclimate in central Texas following these regional
and global events.

The HBO 8"0 excursion occurred monotonically, consistent with meltwater discharge being
continuous. This excursion also corresponds with climate change recognized across the HS1-BA
transition in marine and terrestrial records influenced by changes in North Atlantic climate, AMOC, and
ITCZ migrations. We infer that central Texas deglacial hydroclimate largely followed changes in AMOC,
linked via meltwater input to the GoM. Periods of fast (slow) speleothem growth coincide with warmer
(cooler) North Atlantic episodes, with the exception of the HS1 to BA transition. For this transition, slow
growth rates during MWF-3 may reflect protracted cooling of GoM SST and corresponding atmospheric
moisture reduction. The common timing and duration of the HBO with shifts toward wetter conditions
across the HS1-BA transition in many northern Hemisphere climate records supports common ocean-

atmosphere teleconnections related to AMOC intensity.

1. Introduction



Reconstructing past sources and amounts of moisture delivered to terrestrial environments is
significant for the Southwest US, which will face increasing water sustainability challenges with
atmospheric warming during the 21 Century (Nielsen-Gammon et al., 2020; Cook et al., 2015). Climate
records from such climate-sensitive, drought-prone regions during times of past warming offer
perspectives for how hydroclimate changed during comparable warming events. Whereas the Pliocene
and Eocene are useful analogs for the magnitude of 21* century warming (Burke et al., 2018), the last
deglacial period provides proxies with sufficient chronologic control to resolve a similar rate of warming
as that projected for the 21* century (Masson-Delmotte et al., 2013). Cave calcite deposits (speleothems)
have become widely applied as proxies of hydroclimate. Uranium-series methods provide absolute, high-
resolution ages that constrain growth rates, and in favorable cases regular alternations of growth banding
or chemical/isotopic compositions elucidate seasonal resolution (e.g., Shopov et al., 1994; Genty and
Quinif, 1996; Baker et al., 2008, 2015; Carlson et al., 2018). Oxygen isotopes and other geochemical
parameters in speleothems are used to reconstruct temporal changes in parameters such as moisture
source and moisture amount (e.g., Lachniet 2009; Feng et al., 2012, 2014a; Orland et al., 2015). Along
with these features come uncertainties in terms of the accuracy of proxy interpretation, resulting from
potential non-equilibrium isotope effects, multiple processes governing a given proxy, and the lack of
proxy assessment or calibration in modern settings (e.g., Genty et al., 2001; Mickler et al., 2004; Baldini
2010; Mariethoz et al., 2012; Feng et al., 2012; Railsback 2018). Monitoring of modern cave systems and
their associated calcite growth records yields insight into speleothem growth dynamics and how
hydroclimate parameters are transferred into the long-term physical and chemical record of speleothems.
In the larger Southwest U.S. region (SW US hereafter; Table 1), speleothems also provide significant
paleoclimate information not attainable by other means, particularly for the abrupt climate change events
that characterized the last deglacial (e.g., Wagner et al., 2010; Polyak et al., 2010; Feng et al., 2014b).

Here we consider the Late Pleistocene deglacial record preserved in a central Texas stalagmite
(CWN-4) from Cave Without a Name (CWN) (Fig. 1A), focusing on the abrupt transition from Heinrich
Stadial 1 (HS1) to the Bolling-Allered interstadial period (BA) at ca. 14.7 ka. Warming associated with
this transition is evident in Greenland ice cores (Rasmussen et al., 2014), where temperatures increased by
5-10°C within decades (Kienast et al., 2003; Buizart et al., 2014), and this abrupt event is widely
described as the Bglling Warming or Belling Transition (Severinghous and Brook, 1999). The transition
from HS1 to the BA (HS1-BA transition hereafter) is also evident in marine records that preserve
evidence of Meltwater Pulse 1a (MWP-1a), which contributed to 12-22 m of global sea level rise within a
few hundred years (Gornitz 2012; Deschamps et al., 2012). Temperature and precipitation changes in
both hemispheres related to latitudinal heat distribution and intensity of ocean circulation are well

documented (e.g., Severinghaus et al., 1999; Liu et al., 2009; Otto-Bliesner and Brady 2010; Markle et



al., 2016). These combined phenomena portray the HS1-BA transition as Earth’s most extreme natural
warming event over the past 25 k.y. (Kienast et al., 2003). Yet, summaries of North American climate
change during the last deglacial are dominated by records west and east of Texas (e.g., Clark et al., 2012).
There are relatively few comparable climate records in the SW US in general and in Texas in particular to
determine how the climate system in this region responded to such abrupt global events (Feng et al.,
2014b; Oster et al., 2016).

Slow growth rates pose challenges for high-resolution speleothem paleoclimate research in semi-arid
regions. Growth rates in central Texas stalagmites are on the order of 10s of pm/yr (Musgrove et al.,
2001), condensing decadal to millennial climate shifts into short stratigraphic intervals. Obtaining high-
temporal resolution isotopic and petrographic information thus requires high-spatial resolution sampling
and imaging. In the case of CWN-4, the HS1-BA transition occurs within 8 mm. This interval is
accompanied by a rapid negative 8'*0 excursion (HBO hereafter), attributed to a change in Gulf of
Mexico (GoM) 8'#0 between HS1 and the BA, resulting from meltwater (MW) input from the Laurentide
Ice Sheet (LIS). High resolution proxies of this input may yield insight to implications of rapid warming
events (e.g., Oster and Kelly, 2016; Oster et al., 2019; Aharon 2003, 2006; Ivanovic et al., 2017; Lin et
al., 2021). For example, how much time was required for the transition? Was the transition smooth and
continuous or punctuated? How did regional hydroclimate change over the transition? Although we focus
on the marked increase in growth rate across the HS1-BA transition (Fig. 2, red arrow 3), the deglacial in
CWN-4 appears to have involved at least two prior and one later transition to fast growth rates (Fig 2, red
arrows 1-2, 4). Thus, it is of interest to understand whether these growth rate variations were also linked
to changing deglacial hydroclimate.

Studies of CWN-4 demonstrate the regional influence of GoM-sourced moisture in the SW US during
the last deglacial and conclude that 1) 'O variations mainly reflect MW input into and transport of
moisture from GoM relative to Pacific sources, and 2) stalagmite growth rate variations reflect shifts
between dry and wet conditions (Feng et al., 2014b). To advance our understanding of the driving
mechanisms of hydroclimate change during the HS1-BA transition we present 1) multi-year physical and
chemical monitoring of drip waters and cave atmosphere that are key to interpreting the CWN-4 archive;
2) petrographic and textural observations, including confocal laser fluorescence microscopy (CLFM)
imagery, that elucidate the nature of growth increments; and 3) high-resolution 8'*0 SIMS and IRMS
data over the HS1-BA transition interval. These new contributions allow us to advance interpretations of
the links between LIS MW flood occurrence in the GoM and contemporaneous 5'*0 excursions in CWN-
4. This unique approach provides evidence that delivery of GoM moisture to the central Texas region was

suppressed during MWP-1a and then dramatically increased, and allows us to posit that deglacial



hydroclimate in central Texas largely followed changes in North Atlantic climate that perturbed

thermohaline circulation.

2. Hydrogeologic and hydroclimatic setting

2.1. Location and stalagmite CWN-4

CWN (Fig. 1A) developed within the lower Cretaceous Glen Rose Limestone associated with
karstification of the Edwards Plateau. The cave has many active drips and a stream network and is part of
the Trinity Aquifer system (Veni, 1994). We studied the upper 174 mm of the 500 mm-long stalagmite
CWN-4 through slabs and thin sections to decipher development of growth fabrics (Fig. 2A). CWN-4
grew from approximately 38.5 to 9.5 ka (Musgrove et al., 2001; Feng et al., 2014b). The upper 174 mm
grew from 29 ka to 9.5 ka, and contains the BA interval. CWN-4 consists of dense (sparitic) translucent
gray calcite with faint sub-mm-scale growth layering, discernable as alternations of darker and lighter
grey lamina. A prominent (palasidic) columnar calcite fabric, normal to growth layering, comprises
varyingly reflective elongate “supercrystal” domains (Braithwaite 1979). These domains radiate outward
from the central growth axis. Several prominent orange-brown growth band intervals correspond to

growth hiatuses at varying depths (Fig. 2A).

2.2. Present-day climate, seasonality and sources of moisture

Central Texas has a subtropical/sub-humid to semi-arid climate that is prone to droughts and floods,
experiences strong seasonality in temperature (2.7-33.4°C), and lacks a well-defined precipitation
seasonality (Wong et al., 2015). The Southern Great Plains Low-Level Jet is a major transporter of spring
and summer moisture from the GoM to the central U.S. (Uccellini and Johnson 1979; Higgins et al.,
1997). Mesoscale convective systems fed by this Low-Level Jet contribute 70% of warm season rainfall
over the Great Plains (Fritsch et al., 1986; Feng et al., 2019). Tropical storms, originating mostly from the
GoM and occasionally from the eastern tropical Pacific (Fig. 1B-C), can produce large rainfall in summer
and early fall. Late fall and winter rainfall is typically driven by the Pacific winter storm track. The CWN
region receives ~970 mm of annual rainfall with peaks during spring and late fall (US Climate Data,
2021). SW US drought mechanisms may be primarily driven by temperature or low rainfall (Weiss et al.,
2012). The onset and persistence of drought in Texas are governed by a strong coupling between soil
moisture and precipitation, with low antecedent soil moisture enhancing convective inhibition, making

summer droughts more persistent (Koster et al., 2004; Myoung and Nielsen-Gammon, 2010).



2.3. Climate patterns of the LGM and deglacial period

Based on paleoclimate reconstructions, the SW US was wetter during the Late Pleistocene glacials
and deglacials than the Holocene and present day (Musgrove et al., 2001; Toomey et al., 1993).
Explanations for this marked difference in moisture distribution include a deeper penetration of tropical
Pacific air to the continental U.S., shifts in latitude and strength of the polar jet, and shifts in atmospheric
circulation due to the presence of the LIS (e.g., Oster et al., 2016). Abrupt and large-magnitude climate
change events during the deglacial, such as the BA warming and Younger Dryas (YD) cooling, are well
documented in polar and equatorial regions, but lacking in many mid-latitude terrestrial environments. In
Texas, multiple moisture proxy records indicate that this region was responsive to abrupt climate change
events such as the YD cooling and early Holocene warming (Toomey et al., 1993; Holliday, 2000; Polyak
et al., 2004; Ellwood and Gose, 2006; Feng et al., 2014b; Wong et al., 2015), and abrupt deglacial climate
events are also recorded in GoM sediment cores (e.g., Aharon, 2003; Williams et al., 2012). These studies
portray the potential for higher temporal resolution and advancing proxy interpretations. Such
advancements may help address other key paleoclimate questions, such as the source(s) of MW pulses
that drove deglacial sea level rise and how hydroclimate variations influenced the distributions of earliest

Americans, such as pre-Clovis inhabitants in central Texas (Fig. 1A).

3. Methods

3.1. Cave monitoring, 8°0 analysis, age and digital reference model

Monitoring of diffuse flow drip sites (BD, Brain Dead; HOW, Hole of Wisdom) in CWN, linked to
local weather records, provide a five year-record (2012-2017) with near-monthly resolution of
environmental conditions within and above the cave, drip rates, drip water 8'*0 variation and calcite
accumulation on glass substrates. These findings, integrated with monitoring efforts from other central
Texas caves, offer predictions for how cave atmospheric conditions along with the amount and source of
recharging moisture should affect the growth and 8'30 calcite composition of associated stalagmites
during growth. To document growth fabrics and associated 8'%0 variations across the HS1-BA transition
study interval in stalagmite CWN-4, we performed high resolution petrographic and 8'*0 isotopic
analysis. Isotopic analysis was by secondary ion mass spectrometry (SIMS hereafter) with 10 um spots
and gas source isotope ratio mass spectrometry (IRMS hereafter) of 50 um micromill step samples, from
polished sub-samples, located left and right of the §'30 IRMS (200 pm micromill steps) traverse of Feng
etal. (2014b) (Fig. 2A). We subsequently refer to these 3'30 isotopic transects, and their respective
sampling resolutions, as SIMS, M50, and F200. The HS1-BA transition interval is recognized by a sharp -



1.7%o 8'*0 excursion (M50 transect) centered ~75 mm below the top of CWN4 (Fig. 2B). The study
samples, referred to as the SIMS chip, thin section K2, and slab K2, all span this stratigraphic interval
(Fig. 2A,C) and can be correlated on the basis of common growth lamina and isotopic maxima/minima.
The age model in Feng et al. (2014b) was modified to provide optimal age control over the study interval.
Integration of identically scaled high resolution imagery of the CWN-4 slabs sampled for U-series dating
and studied sub-samples provide a unified digital reference frame for precise positioning of age datums,
isotopic traverse datums, and growth fabric imagery. Methodological descriptions of cave monitoring
activities, stalagmite sampling and 8'30 analysis, and age model construction are further detailed in
Section S1 of Appendix A — Supplementary Information;Tables S2-3 show key reference datums for

correlating isotopic data over the HS1-BA transition study interval.

3.2. Petrography

We applied standard petrographic techniques to thin section/slab K2 and the polished SIMS chip to
examine CWN-4 growth band fabrics associated with the HS1-BA transition interval, and to identify
optimal transects for SIMS and IRMS sampling (Fig. 2A). We also examined fabrics in thin sections K1-
L (Fig. 2A), in order to compare the nature of growth band morphologies preserved in the CWN-4 growth
record above the HS1-BA transition study interval (~14,500 to 9500 ka) with insights gained about
modern speleothem growth from monitoring in CWN. Thin sections (K1-L) were prepared 150 um thick.
The lower portion of thin section K1 overlaps with the study interval (SIMS chip and thin section K2) and
is thus particularly relevant. In order to better interpret growth lamina fabrics and their stratigraphic
variation over the HS1-BA transition study interval, we compiled a high-resolution photomosaic of the

SIMS chip (Section S1.2).

3.3. Confocal laser fluorescence microscopy (CLFM)

CLFM uses radiation to stimulate fluorescence in speleothem samples, which often reveals growth
bands. CLFM imaging of fluorescent growth bands was performed in two growth axis-parallel transects
of the SIMS chip (Fig. 2C) using a Leica TCS SP5 X confocal laser fluorescence microscope in the
Imaging Core complex of the Dell Pediatric Research Institute (UT Austin). The right stratigraphic
transect directly overlapped the SIMS 8'0 transect. The other transect was positioned 3 mm to the left.
Due to the rhombohedral shape of the SIMS chip the base of the right transect records the lowest
stratigraphic position, whereas the top of the left transect records the highest stratigraphic position. Both

transects share a common stratigraphy over a distance of ~14.5 mm. Fluorescence was stimulated by



radiation at 488 nm, using a tunable Ar laser source. After experimenting with bandwidth filters,
fluorescent light collectively emitted between 495 and 669 nm was found to produce optimal images of
growth bands. When converted to the green channel of RGB images, grayscale values appear as green
fluorescent images. Images for each 775x775 um field of view (tile) were acquired using a 20x objective
(with 0.7 numerical aperture) by rastering with a 2.039 pm voxel. Each transect involved the acquisition
of 20 tiled images (with 10% overlay), a process that was repeated through 120 depth slices
(corresponding to a maximum penetration depth of 244.69 pum). Brightfield (all emission wavelengths)
images were simultaneously acquired. Stitching of tiles to obtain composite transect slices was performed
using open source software (xuvtools/xuv stitch). 2D flattening was performed using Imaris software,
after selecting a subset of depth slices that provided optimal imagery of growth bands. Adobe Photoshop

was used to linearly adjust brightness and contrast to best resolve growth laminae.

4. Results

4.1. Cave monitoring

Temporal variations in environmental conditions above and within CWN, as well as calcite monthly
growth rates on glass plate substrates, over the monitoring interval of Mar 2012-June 2017 are shown in
Figure 3 and tabulated in the data supplement (Table S1).

Above-cave conditions: Maximum daily temperatures above the cave show clear seasonal variations
(Fig. 3C; Sect. 2.2). Precipitation averaged 78 rainfall events and 879 mm per year Fig. 3B). Drought
conditions for the Edwards Plateau (Fig. 3A), as categorized by the Palmer Drought Severity Index, were
mainly moderate to severe drought through Fall 2014, then transitioned to moderately wet conditions
through Fall 2016 before resuming a trend toward mild drought conditions by end 2017 (Water Data for
Texas, 2021).

In-cave conditions: In-cave temperatures monitored at the two drip water sites (BD and HOW)
fluctuate over a narrow range (avg: 20.1£1.6 °C), with subtle seasonal maxima and minima that follow
external temperature variations (Fig. 3C). Cave-air CO; levels exhibit strong seasonal contrasts with
highest levels exceeding 20,000 ppm during warm months and lowest values (<1000 ppm) during cool
months (Fig. 3C). Cave-air CO; levels gradually rise (April-May) following winter thermal minima (Dec-
Jan), and decline rapidly with the arrival of consistent cold fronts in October. This seasonal CO; cycle is
similar to those found in other central Texas caves (Banner et al., 2007; Cowan et al., 2013). Drip rates

(Fig. 3B) at site BD are higher (avg: 0.14+0.14 drops/sec) and more variable (range: 0.002 to 0.596



drops/sec) compared to site HOW (avg: 0.03+0.01 drops/sec; range: 0.0147 to 0.084 drops/sec). No
correlation or lag period is evident between high-rainfall intervals/events and drip rate at either site (Fig.
3A-B). BD drip water §'*0 values (n=31) range from -4.9 to —3.9%o (avg: -4.5+0.2%o) (Fig. 3B). These
values are similar to the range of mean 8'®0 values of -4.9 to -4.3 for drip water for three other central
Texas caves over a ten-year interval (Pape et al., 2010). HOW drip water 5'30 values (n=22) range higher
than BD, from -4.7 to -1.6%o (avg: -3.6£0.7%0) SMOW (Fig. 3B). BD drip water 8D compositions (n =
16, Table S2) range from -31.7 to -18.0%o (avg: -25.4+3.1%0). HOW drip water 6D compositions (n=17,
Table S2) are systematically higher than BD, ranging from -25.9 to -9.8%o (avg: -19.6+4.4%o). Of the two
drip sites, calcite precipitation only occurs at BD, and only during periods of low cave CO» concentrations

(typically Oct-May; Fig. 3B vs 3C).

4.2. Age model and growth rate estimations

We advanced the age model of Feng et al. (2014b) by normalizing stratigraphic positions of U-series
datums to a common reference slab face, as shown in Table S2. Relative to the Feng et al. model, this
exercise results in absolute shifts among the 28 datums between 0.19 and 1.59 mm (avg: 0.57+0.3 1mm).
The SIMS chip and thin section/slab K2 span a maximum stratigraphic thickness of 18.1 mm. Age control
for this interval is provided by six ages spanning a stratigraphic thickness of 23.48 mm. The bracketing
ages (referenced to 1950) constrain the HS1-BA transition study interval to be between 15,300+£50 and
14,3804+80 BP, and allow estimation of growth rates for key study intervals (Table S2, Study interval
datums B-E). Over this bracketing interval, age datum shifts relative to Feng et al. range between 0.64
and 0.88 mm (avg; 0.79£0.11 mm). These shifts slightly change the duration of datum intervals
(calculated from average U-series age estimates) over a range between -3.6 and 25.3 years. Differences in
average estimated growth rates between the respective age models are small, ranging from -1.2 to 2.1
pm/yr. Uncertainties on the six U-series ages bracketing the HS1-BA transition study interval range from
50 to 80 years (avg: 6716 yrs). All of the ages are in stratigraphic order. Four of the ages fall within
analytical uncertainty of each other, preventing calculation of maximum estimated growth rates. Average
estimated growth rates over the HS1-BA transition study interval of the SIMS chip and adjacent thin
section/slab K2 vary by a factor of nearly six, between 15.2 and 89.5 um/yr. Growth rates before the
HBO average 37.4 um/yr (Table S2, Interval B). Within the HBO, growth rates slow to 15.2 and 20.7
um/yr (Table S2, Intervals C and D) then, above the HBO greatly increase to 89.5 um/yr (Table S2,
Interval E). Although the datum shifts and differences in growth rate estimates are relatively small
compared with the Feng et al. age model, the revised age model more precisely constrains the

chronostratigraphic framework of the HS1-BA transition interval in stalagmite CWN-4.



4.3. Microscopic characteristics of growth fabrics

4.3.1. Plane light petrography

Petrographic analysis of thin sections and the SIMS chip offer perspectives on growth fabric
development, which facilitate an understanding of how growth layers are physically manifest. A key
result is that growth layering is difficult (or impossible) to image in conventional thickness thin sections
compared with thicker sections (Fig. 4 vs. 5-6). In sections cut parallel to the stalagmite’s central growth
axis, growth layering is recognized as alternations of inclusion-poor and inclusion-dense horizons. The
inclusions are typically micron scale and too small to identify their content, but are interpreted as air or
fluid-filled voids that may contain detrital impurities such as clay or organic matter. Only when a
sufficient thickness of material is integrated (such as in transmitted light observation of thick sections or
stacked and flattened CLFM images) is the composite inclusion density sufficient to visually define
growth layers (Fig. 5-6). Inclusion-rich horizons in thickest sections (0.15-5 mm) viewed in transmitted
light tend to be associated with darker (light grey-brown) calcite compared to underlying relatively
inclusion-free horizons. Conventional 30 pm-thick thin sections (K2) are useful for resolving the scale of
columnar calcite domains, but are too thin to consistently resolve inclusion-rich horizons (Fig. 4).
Although inclusion horizons are more evident in 150 pum-thick thin sections (K1 & L), stratigraphically-
continuous layer counting is impractical and restricted to intervals with higher detrital contents (Fig. 5).
CLFM imagery of the 5 mm-thick SIMS chip, in particular, provided the clearest visualization of growth
layers (Fig. 7).

Thin section K2 (30 um-thick) demonstrates that coalesced columnar calcite, with negligible non-
carbonate impurities, comprises the predominant fabric in the study interval (Fig. 4A-F). Individual
columnar calcite crystals, best distinguished in cross-polarized light as domains of common
crystallographic continuity and extinction parallel to the growth axis, may extend several mm in length,
but eventually pinch out between bounding domains. Maximum widths of columnar domains near the
central growth axis range from 92 to 272 um (Fig. 4B-D). The columnar domains have length-to-width
ratios > 6:1 and display elongate columnar calcite fabric (Frisia and Borsato 2010). Individual columnar
calcite domains are composites of smaller sub-domains, as distinguished by slight differences in
extinction direction (Fig 4B-E). Evidence for possible growth layering in the 30 pm-thick thin section
(K2), in the form of diffuse horizons of fine spindle-shaped inclusions, was only found in the upper study
interval, above the HBO, associated with fastest estimated growth rates of ~90 pm/year (Fig. 4G-H).

Thin section L (150 pm thick) offers valuable perspectives on growth fabric development. The top of

this thin section preserves the final generation of calcite growth and demonstrates a complex surface
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topography consisting of vertically-elongate crystallites and their crystal terminations, in axial continuity
with underlying crystallite generations (Fig. 5A-B). Scales and cross-sectional morphologies of
crystallites are highly similar from layer to layer, but intercrystallite space decreases in underlying
crystallite generations, apparently by lateral coalescence between growing crystallites (Fig. 5B). Growth
during this upper interval was associated with much higher levels of impurities (detrital OM and/or clay?)
compared to the study interval, with abundant examples of brown-to-black detrital microlayers that thin
above crystal terminations and pond between adjacent crystallites (Fig. 5C-D). Unpublished LA-ICP-MS
spot analyses reveal elevated Al/Si in impurity-rich layers compared to impurity-poor layers, consistent
with the presence of clay minerals. Concentrations of impurities are mainly apparent above coalesced
crystallite growth layers as compared to within crystallite interiors, suggesting they accumulated when
crystallite growth was minimal or that detrital input fluctuated during growth (Fig. 5D, F). The scale and
cross-sectional morphologies of uncoalesced crystal terminations at the top of the section/stalagmite are
similar to those for crystal terminations in less-detrital and more-coalesced intervals lower in the same
thin section (Fig. SE-F). Such detrital-poor intervals approach the comparatively impurity-free highly-
coalesced growth fabrics comprising the HS1-BA transition study interval.

Alternating inclusion-poor and inclusion-rich couplet horizons are similarly detected in the
stratigraphically lower thin section K1, which has a lower impurity content and more coalesced fabric
than thin section L (Fig 5G-J). That these features are visible in the lower part of the 150 um-thick thin
section K1, but are virtually undetectable in the same stratigraphic interval of the 30 pm-thick thin section
K2 (cf. Fig 4G-H), demonstrates the importance of thin section thickness for petrographic visualization of
growth lamina. Furthermore, scales and morphologies of coalesced crystallite intervals in thin section K2,
imaged petrographically, are comparable to those observed in stratigraphically equivalent portions of the
adjacent SIMS chip imaged petrographically and by CLFM fluorescence imagery.

Figure 6 shows the composite transmitted light image mosaic for the 5 mm-thick SIMS chip, with the
corresponding CLFM image transects superimposed. Growth layers in the mosaic appear as alternating
darker (grey-brown) inclusion-dense and lighter (white-tan) inclusion-sparse couplets, that can be traced
laterally across the entire sample (including the CLFM image transects). The contrast between couplets
ranges from sharp to faint, and can vary laterally and vertically. Growth layering is obscured in three mm-
scale “murky” horizons (MH) in the lower half of the SIMS chip (labeled MH1-3 in Fig. 6). Thickest and
most prominent growth layers characterize the upper half of the sample, above MH3 (Fig. 6A-C). U-
series datums indicate a linear accumulation rate of 89.4 um/year for this interval, which is within the
lower BA. Next thickest are growth layers below MH1, for which U-series ages indicate a linear
accumulation rate of 37.4 um/yr, which is within the upper HS1 (Fig. 6E). The intervening interval
between MH1 and MH3 characterizes the HS1-BA transition and contains the thinnest growth layers,

11



with U-series-based accumulation rates of 15.2 - 20.7 um/yr. These layers are faint and difficult to trace
laterally (Fig. 6D). Although the resolution of growth layers is substantially improved in the SIMS chip
mosaic, contrasts between couplets are still too indistinct to be reliably counted throughout the entire
study interval. Nevertheless, the vertical scale of layering can still be gauged over much of the SIMS chip
and aspects of growth fabrics similar to those observed in thick sections K1 and L (Fig. 6A, cf. Fig. 5D,

F) are also apparent in the SIMS chip mosaic.

4.3.2. CLFM imagery

Flattened composite CLFM images demonstrate that growth layers consist of dimmer and brighter
fluorescent calcite couplets (Fig. 7). The contrast between couplets ranges from abrupt to gradational
(Fig. 7. A-A’, D-D”), with brighter fluorescent couplets often being thinner and coincident with tops of
crystallite growth fronts (e.g., Fig. 7 A-A’, E-G). Couplet contrast is reduced to some extent by the depth
integration of multiple CLFM images, which depending on the crystallographic relief of the growth front
can act to broaden the apparent thickness of fluorescent couplets. Cross-sectional relief of growth layers
ranges from relatively smooth and undulating (e.g., Fig. 7 D-D’) to higher relief chevron-shaped
crystallites (e.g., Fig. 7, B-B’), the latter associated with growth of larger crystallites. Some sample
intervals (Fig. 7 E-G) display dull-fluorescent calcite separated by very narrow bright fluorescent layers.
In the same field of view, the positions of crystallite terminations and inter-crystallite boundaries shift
when viewed in progressively deeper depth slices - consistent with differing cross-sectional exposures of
calcite polyhedra parallel to their growth axes (Fig. 7. E-G). This spatial amplification of fluorescence
gained by stacking the 2D layers are key to seeing the fluorescent couplets.

When superimposed over the transmitted light photomosaic (Fig. 6), bright green fluorescent couplets
consistently correspond to darker inclusion-rich intervals, whereas dimly fluorescent couplets correspond
to more coalesced (inclusion-free) columnar calcite fabric. Couplets in some intervals can be traced
laterally across the entire SIMS chip in both types of imagery (e.g., Fig. 7 A-A”). Consistent with
observations from the transmitted light SIMS chip photomosaic, substantially thicker growth couplets
occur in the upper half of the sample above MH3 (Fig. 7 A-A’, B-B”) and in the lower portion of the
sample below MH1 (Fig. 7 D-D’). Couplet resolution is not apparent over portions of the intervening
HS1-BA transition interval associated with slowest growth rates, particularly between MH1 and MH2.
Over this interval, thin growth bands can only be resolved within select stratigraphic windows (Fig 7 C-
C”). High amplitude stacked crystallite “chevrons” occur in each of the murky horizons, possibly

preserving high relief growth surfaces (Fig. 7, upper portion of C-C’ spans the transition to MH3).
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4.4. SIMS &5°0 results

SIMS 8'30 values, with sample datums adjusted to the digital reference model are shown in Figure
8A and tabulated in Table S4. The SIMS 8'30 data range from -4.9 to -3.3%o. Although the average 2SD
precision obtained for the calcite reference standard (UWC-3) represents about 22% of the total range of
measured 8'%0, the major negative excursion associated with the Bolling transition is distinctive as a drop
of 1.1%o between 76.7 (-3.3%o) and 74.0 (-4.4%0) mm below the top of CWN-4 (Fig. 8A). The trend of
decreasing 8'%0 increases stratigraphically upwards, toward a nadir of -4.6%o, but at a much-reduced rate.
Despite the small analytical footprint of SIMS, resolution of any higher frequency structure in the

stalagmite 8'%0 trend is limited by the low precision obtained relative to IRMS.

4.5. IRMS &6'°0 and 6C results

Datum-adjusted and age-calibrated IRMS stable isotope results for the F200 and M50 traverses are
shown in Figure 8B-C, and tabulated in Tables S5-6. In the longer F200 transect, the prominent Bolling
negative 3'80 excursion spans a thickness of ~8.2 mm, beginning with highest values of ~ -2.6%o at
78.083 mm and ending with values of ~ -4.4%o at 69.883 mm below the top of CWN-4 (A0 of -1.8%o;
Fig 2B). Within this span is a 3.4 mm-thick interval of particularly rapid decrease in §'*0 from values of -
3.0%o at 76.083 mm to -4.4 at 72.683 mm (A'®O of -1.4%o) (Fig. 8B). This initial portion of the negative
8'80 excursion featuring the highest stratigraphic rate of change defines the HBO event in this study (with
ABO of -1.7%o in the M50 transect, discussed in Section 5.6). The corresponding interval of the '*C
record (Fig. 8C) is an oscillating, higher frequency signal involving an overall decline to more negative
8"3C values (from -5 to -6.9%o), separated by an intermediate interval with more consistent values around
-6.3%o. The shorter but higher-sampling frequency (50 um steps) M50 transect exhibits a similar range of
8"3C values that tracks well with the lower resolution F200 record, including prominent maxima and
minima (red boxes in Figure 8C) used to validate the respective correlations of the isotope time series.
The upper 1.2 mm of the M50 §'%0 record tracks within precision of the corresponding F200 30 record,
but is systematically offset to heavier compositions by ~0.5%o (outside the precision of the measurements)
in the lower portion of transect (Fig. 8B). The consistent 5'°C agreement between the two transects
confirm the correlation between the records, suggesting that along-growth band 8'*0 variations may
differ by several tenths of a per mil over horizontal offsets of only a few mm (the maximum offset
between the F200 and M50 traverses). Despite the §'%0 offset, the main features of the HBO excursion

are consistent in terms of slopes and local inflections. The HBO 8'%0 excursion (Fig. 8) in both IRMS

13



transects and the SIMS transect, appears to begin close to the basal §'*C maxima (76.483 mm) and end at
72.725 mm below the top of CWN-4, shortly above the §!°C minima (73.709 mm). Although §'*O
stratigraphic variation between the techniques is similar overall, the range of SIMS 530 data are
compressed by ~0.88 relative to IRMS data, and the SIMS data are systematically lighter by ~0.5%o. A
similar offset between SIMS and IRMS &'%0 data was reported for Holocene planktic foraminifera
(Wychech et al, 2018).

5. Discussion

Based on our monitoring results, CWN-4 growth fabrics, and annual growth rates over the HS1-BA
transition study interval, we infer that: 1) CWN-4 growth layers were primarily deposited during cool
months, 2) the 8'%0 composition of CWN-4 calcite reflects the oxygen isotopic composition of GoM
surface waters, and 3) variations in CWN-4 growth rates mainly track the amount of effective moisture
(rainfall minus evapotranspiration) transmitted to the unsaturated zone. We discuss here the basis for
these proxy interpretations, then apply these as paleoproxies to the CWN-4 study interval to assess how
central Texas water availability changed during the HS1-BA transition. After comparing the CWN-4
record to other well-resolved northern hemisphere deglacial records, we lastly assess possible influences

of ocean-atmosphere teleconnections on deglacial hydroclimate in the circum-GoM region.

5.1. Controls on CWN drip water 6°0 values

Central Texas Moisture Source Variations. The strongest moisture source areas for continental
precipitation are located in proximal ocean basins (van der Ent and Savenije, 2013). The GoM coastline
(shelf break) lies within 260 km (360 km) of CWN. Geostrophic winds deliver GoM-sourced moisture to
Texas as low level jets, especially when the GoM is warm in Spring/Summer. Next closest oceanic
moisture sources are further removed by factors of 3 (Gulf of Baja, 1077 km), 4.3 (Caribbean Sea, 1577
km), and 4.6 (Atlantic Ocean, 1557 km; Pacific Oeaan, 1660 km.

Forward particle-tracking models that constrain global oceanic moisture sources (van der Ent and
Savenije, 2013), indicate the following sources contribute to annual rainfall in central Texas: (1) the
GoM/Caribbean (49%); (3) tropical Pacific (23%), (3) tropical E Atlantic (20%); (4) NE Pacific (4%) and
(5) NE Atlantic (3%). Recycled continental moisture also contributes to annual rainfall, at about 35% of
the total of these five source regions (van der Ent et al., 2010; Dirmeyer and Brubaker, 2007; Gimeno et
al., 2012). Adding recycled moisture to the budget yields normalized source contributions of

GoM/Caribbean (36%) > Recycled continental moisture (26%) > Tropical Pacific (17%) > Tropical E
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Atlantic (15%) > NE Pacific (4%) > NE Atlantic (2%). The predicted rainfall amounts from the moisture
source regions in these models (van der Ent et al., 2010; van der Ent and Savenije, 2013) account for ~30-
56% of annual rainfall amount in the CWN region, with model vs. annual rainfall difference likely
attributable to model underestimation rather than omission of significant moisture sources.

General circulation models of atmospheric moisture flow over North America (Seager et al., 2018)
provide further insight to temporal variations in central Texas moisture sources, notably that 1) lowest
precipitation amounts (1.5-2.0 mm/day) occur during winter months (ONDJFM) in association with net
NNE moisture transport; 2) highest precipitation amounts occur in spring (AMJ, 2.0-2.5 mm/day) and
summer (JAS; 2.5-3.0 mm/day) months in association with net NNW moisture transport; and 3) annual
moisture transport is predominantly N-trending. These results are consistent with particle back trajectory
models indicating that air masses associated with summer and winter precipitation events in central Texas
mainly have SE-NW and NW-SE trajectories, respectively (Feng et al., 2014b), and the year round
prevalence of SE- and SSE- winds from the GoM (Gulf of Mexico Data Atlas, 2021).

These observations point to the predominance of precipitation derived from S- and SE-moisture
sources, with the best-available estimates indicating that GoM/Caribbean moisture contributes about 50%
of annual rainfall (direct and recycled) to central Texas, with tropical Pacific (17%) and tropical Atlantic
(15%) of secondary importance. The annual persistence of diagnostic NNE- and NNW-trending moisture
flow (Seager et al., 2018) demonstrates that GoM/Caribbean moisture is a year-around source, whereas
lesser Pacific (and N Atlantic) sources contribute to annual rainfall mainly in winter months (Gimeno et
al., 2012; van der Ent and Savenije, 2013; Wong et al., 2015). Although particle and moisture flow
modeling does not parse GoM from Caribbean moisture amounts, the proximity and predominance of the
GoM evapocenter, along with its associated SE- and SSE-winds, indicate it is strongly coupled with
annual rainfall in central Texas.

Figure 1B shows relative monthly rainfall contributions for the SW US from its principal moisture
sources (GoM, recycled continental moisture, Pacific), based on a modern climate simulation. Because
recycled continental moisture originates from rainfall received from oceanic moisture sources, it can be
excluded from analysis of primary moisture sources. Figure 1C shows relative fractions of annual
precipitation across the US SW originating only from the GoM and Pacific, which indicates the
GoM:Pacific influence at CWN (~7:1). Although monsoonal and tropical storm rainfall from either
moisture source can have very low 8'*0 compositions (<10%. VSMOW; Pape et al., 2010), modern GoM
moisture has substantially higher 880 values (by ~10%o) compared to Pacific moisture (Feng et al.,
2014b). Also shown in Figure 1C are important deglacial 5'%0 records in the Gulf of Mexico, New

Mexico and Arizona, discussed later (Sections 5.7, S1.6), that also portray this relative influence.
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During the last deglacial, the §'*0 composition of Mississippi River discharge was significantly lower
(e.g., -38%o to -11%0 VSMOW) than GoM seawater (~1%0 VSMOW). This was due to contributions from
Laurentide Ice Sheet meltwater (LIS MW), particularly in the northern and western GoM, where modern
riverine inputs concentrate due to westward longshore currents and diminished influence of the Loop
Current (Oglesby et al., 1989; Vetter et al., 2017; Williams et al., 2012; Aharon 2003, 2006). GoM
moisture advected to central Texas should thus have proxied the influence of LIS MW input as negative
8'%0 excursions (Feng et al., 2014b). Because the temperature-dependent oxygen isotope fractionation
between GoM surface water and moisture during evaporation increases with lower temperature, GoM
SST cooling would cause a negative 5'%0 imprint, independent from meltwater input. To evaluate the
potential impact of surface water cooling (alone) on the HBO, we assessed the change in §'30 of
speleothem calcite resulting from deglacial SST reduction across contrasting time intervals (Section
S1.6). Our analysis, based on reported deglacial SST variations in the GoM (2-6°C), indicates that
moderate surface water cooling could account for no more than 30% of the -1.7%o0 HBO excursion, and
thus an additional source of isotopically depleted 8'30, such as meltwater input, is required.

Central Texas Precipitation 6°0 Variability. We compare the §'°0 variability of CWN drip waters to
that of Austin precipitation, as Austin is ~95 km from CWN and has comparable annual precipitation
amounts and average temperatures. 3'30 (VSMOW) of Austin precipitation, measured monthly to
bimonthly over the period 1999-2007, had a range of -12.6 to -1.1 and a mean value of -3.84+1.8%o (105),
with a poor relation to seasonal temperature variations (Pape et al., 2010). Event-based sampling over the
period 2015-2017 yielded a similar mean value of -3.9+3.3%o (Sun et al., 2019). When weighted for
rainfall amount, the average 8'%0 of Austin monthly to bimonthly precipitation was -4.1£1.8%o (Pape et
al., 2010). Tropical storm systems from either the GoM or the Pacific Ocean occasionally bring rainfall
with much lower 880 (~ -13%o) to the region (Pape et al., 2010, Sun et al., in review).

Central Texas Drip Water 5°0 Variability. Drip waters in many central Texas caves exhibit a similar
range of relatively constant §'*0 and 8D values through time (Fig. 3B, grey horizontal band), and plot
close to or slightly below the local meteoric water line (Guilfoyle, 2006; Pape et al., 2010; Feng et al.,
2012; 2014b; Carlson et al., 2018). This stability has been demonstrated for drip sites characterized by
both conduit and diffuse flow (e.g., Guilfoyle, 2006; Bunnel, 2019), demonstrating that infiltrating
meteoric water is well-mixed with residence times long enough to dampen the larger variations observed
among annual rainfall events in the region. Regional residence times therefore are likely to be at least
interannual. Mean 8'%0 values for central Texas drip sites commonly show an offset to lower values than
mean weighted rainfall 'O, consistent with a seasonal bias toward rainfall received during recharge

periods (Pape et al., 2010; Bunnell, 2019; Baker et al., 2019; Hu et al., 2021).

16



CWN Drip Water 80 Variability. Average §'°0 and 8D compositions of drip water at the slower
HOW drip site are higher and more variable (8'%0 = -3.4140.75%o; 8D = -19.6:4.4) than those at the
faster BD drip site (3'80 = -4.4+0.18%o; D = -24.4+5.3%o0). BD average 5'30 and 3D values plot on the
local meteoric water line of Pape et al. (2010), consistent with precipitation above CWN being sourced
from moisture masses comparable to those in the Austin area and with HOW drip water being affected
more by evaporation (Fig. 3B). The BD drip water §'0 average is identical to those from other central
Texas caves within 100 km of Austin (Fig. 3B; -4.3+0.4%o for Cave NB, -4.4+0.2%o for Cave IS; -
4.4+0.2%o for Cave WC; Pape et al., 2010; Carlson et al., 2018). This indicates that central Texas drip
waters reflect a regional meteoric water 3'30 signal (Pape et al., 2010; Feng et al., 2012; 2014b; Carlson
etal., 2018; Hu et al., 2021). The consistency of 8'%0 of the faster dripping and actively growing BD
monitoring site, along with lack of drip rate response to preceding rainfall events, indicates a well-mixed
meteoric water source in the epikarst. Similarly, drip rates at at different diffuse CWN drip sites waned
but did not stop during an historic drought (Schwartz et al., 2013). Precipitation infiltrating beyond the
reach of evapotranspiration (1-2 m) likely contributes to a well-mixed regional reservoir dominated by
matrix and fracture porosity with multiyear residence times (Schwartz et al., 2013). Monitoring and proxy
system model studies across central Texas indicate that drip sites most commonly reflect long-term
recharge 8'%0 values and rarely reflect intra-annual hydroclimate events, including droughts and floods
(Hu et al., 2021; Bunnell, 2019). Because the GoM is a consistent principal source of moisture for
precipitation in central Texas (Bomar, 1995; Slade and Patton, 2003; Wong et al., 2015), its weighted
average recharge %0 should mainly follow the composition of GoM vapor masses reaching central
Texas. Regional atmospheric temperature changes could be responsible for some of the deglacial §'*0
variation in the CWN-4 records, but we note that the 1.7%o decrease associated with the HS1-BA
transition would require a 9.5 °C temperature increase based on the temperature-dependent fractionation
relationship between water and cave calcite (-0.177%o C!; Tremaine et al., 2011). Given that
subtropical/tropical western Atlantic SST changes across Heinrich stadials are estimated to have been 3-
5°C (Arienzo et al., 2015), the HBO is far outside being controlled by temperature alone. Past changes in
convective vs. stratiform rainfall in mesoscale convective systems cannot be excluded as a contributor to
past rainfall 8'80 variability in the region (Sun et al., 2019; Maupin et al., 2021). The correspondence
between GoM surface water and CWN-4 §'%0 changes, in both timing and magnitude (Fig. 10-11; Feng et
al., 2014b), is consistent with GoM surface water evolution as a dominant control on CWN dripwater
decadal- to millennial-scale 8'®0 variations during the deglacial. Based on this, the multiyear residence
times, and consistent region-wide drip water 8'%0 signals, we interpret decadal- to millennial-scale

changes in stalagmite CWN-4 in the context of changing 6'30 of GoM surface waters.
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5.2. Controls of CWN calcite growth based on monitoring

Integration of monitoring results over the five-year interval at CWN and over 5-20 year intervals at
other caves in the region indicates that drip rate and ventilation-controlled cave-air CO, levels are primary
controls regulating CWN calcite growth (Banner et al., 2007; James et al., 2015; Casteel and Banner
2015). Mean drip rate for the BD site is five times faster than the HOW site. Although drip rates are
continuous throughout the year at both sites, calcite precipitation on glass plate substrates only occurs at
the faster drip site and only during seasonally cooler months, associated with low cave-air CO; levels
driven by cave ventilation (Fig. 3B-C). The continuous CO; logging data yields perspective on the role
and timing of cave-air CO; variations in regulating calcite accumulation. Transitions from high to low
cave-air CO; concentrations that initiate cool-season calcite growth are relatively fast, within the period
of monthly plate collection. Spring transitions to sustained high cave-air CO, concentrations are slower
compared to fall transitions to sustained low CO, concentrations, consistent with the sawtooth nature of
seasonal CO; shifts observed in this region (Banner et al., 2007; Wong and Banner 2010; Wong et al.,
2011; Cowan et al., 2013). For example, the increase from CO, values less than 1,000 ppm to sustained
values greater than 13,000 ppm occurred within 40 days (5/23/14 to 7/3/14), whereas the subsequent drop
from CO; values of 13,000 ppm to sustained values less than 1,000 ppm occurred in less than a week
(10/11/14 to 10/16/17). Although the monthly plate calcite collection rate cannot constrain the maximum
CO; concentration under which calcite precipitates, all periods of active growth occurred during cool
months (typically Oct-May) under relatively constant low CO; levels of < 1,000 ppm and within a narrow
atmospheric temperature range (avg: 18.7+0.5°C). This is consistent with the delineation of CO,

thresholds on calcite precipitation in central Texas caves by James et al., 2015).

5.3. Seasonality of CWN-4 growth fabrics

Based on the above monitoring results (Fig 3B-C), annual growth fabrics for CWN stalagmites
growing from diffuse flow drip sites like BD can be expected to consist of a series of fairly continuous
cool-month growth intervals that are abruptly punctuated by warm-month hiatuses. More continuous
annual calcite deposition might have occurred in the past if ventilated conditions were maintained over
longer intervals (longer winters) and/or if transitions to low CO, conditions were more gradual (climate
with reduced seasonal temperature gradient), but it is reasonable to expect that CWN-4 stalagmite growth
fabrics should preserve strong seasonality. The physical expression of calcite growth fabrics over the
HS1-BA transition interval, especially from inspection of thick sections and CLFM imagery of the SIMS

chip, is consistent with this prediction (Figs 5-7). We find that inclusion-rich horizons, with associated
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higher levels of impurities, closely correspond with tops of polyhedral calcite crystallites and associated
intercrystallite porosity, whereas the immediately underlying intervals are more coalesced and inclusion-
free. These alternating inclusion-rich and inclusion-poor growth layers accumulate over time in
crystallographic continuity and form multi-millimeter long columnar calcite domains. This observation
comports with the benchmark finding of Kendall and Broughton (1978) that columnar calcite fabrics in
most speleothems develop progressively through the orderly stacking and lateral coalescence of
polyhedral crystallites over many generations of syntaxial overgrowths. Based on estimated annual
growth rates over the study interval (15-90 pm/yr) from U-series ages, such multi-millimeter-scale
columnar domains must span decades to centuries of speleothem growth, whereas the finer-scale
inclusion-rich and inclusion-poor growth layers correspond with annual couplets.

Hiatuses in stalagmite growth often correspond to impurity-rich layers or dissolution surfaces (Tan et
al., 2006). We suggest that in CWN-4 growth layer couplets, the inclusion-rich lamina correspond to
warm season growth hiatuses and the increased abundance of impurities is associated with stalled
crystallite growth fronts. This reasoning follows from observations in the top portion of CWN-4, which 1)
preserves the morphology of the final stalled growth front and the increased intercrystallite porosity at the
top of the stalagmite (Fig. 5A-B), and 2) records an increased level of impurity input as detrital-rich
layers of variable thicknesses, some of which thin over crystal terminations and pond in valleys between
crystallites (Fig. 5C-D). Since U-series ages link thicker detrital microlayers to long-term hiatuses in
CWN-4’s growth history (Feng et al., 2014b), and impurities are mainly restricted to exposed upper
growth surfaces of crystallites, we infer that the amount of impurities (i.e., thickness of an inclusion-rich
layer) may scale with the amount of time that growth was stalled. These inclusion-rich layers thus bracket
episodes of more continuous calcite growth. Supporting this inference is CLFM imagery, which
demonstrates that sites of brightest fluorescence occur as distinct stratigraphic horizons that closely
correspond to the upper surfaces of polyhedral calcite crystals (Fig. 7E-G).

Organic compounds are widely considered to be the principal source of fluorescence in speleothems
(Baker et al., 1993; Shopov et al., 1994, Ramseyer et al., 1997). These may take the form of fluorophores,
possibly enriched in colloidal metals, adsorbed onto crystal faces, occupying inclusions or lattice defects.
The distinct orange to brown colors associated with thicker impurity layers (e.g., Fig. 2A) is consistent
with organic colloids. We note that closed fractures and edges of columnar calcite domains exposed in
vertical pores are also characterized by bright fluorescent emission (Fig. 7C-D), presumably caused by
light scattering associated with sharp edges. Smaller inclusions or pores associated growth layer fronts
could thus potentially fluoresce for similar reasons not associated with organic detrital enrichment.
Assuming detrital input is constant and sourced from drip water, evidence of ponding of detrital

microlayers between adjacent crystallites (Fig. 5, D-F) suggests that impurities tend to accumulate during
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warm season intervals when calcite growth stalls but drips remain active. By this reasoning, impurities are
diluted during cool season calcite growth. Alternative explanations include 1) that drip waters have higher
impurity contents during warm seasons; or 2) that impurities are substantially aeolian and either
concentrate over stalled crystallite growth fronts during warm seasons or enter the cave environment
episodically regardless of the season. The former explanation is consistent with a strong seasonal control
of growth fabrics. The latter explanation is at odds with the timing of cool season cave ventilation (air
movement into the cave), the regularity of growth layering documented within portions of the study
interval, and the occurrence of the high-impurity growth layers in stalagmites far from cave entrances. If
background detrital input is low, high inclusion densities (marking horizons of incomplete intercrystallite
coalescence), may instead provide the principal evidence of stalled growth fronts. Our interpretation of
inclusions (£ organic colloids) associated with seasonally stalled growth fronts driving fluorescence
differs from other cave systems having drip waters with subannual residence times in the epikarst. For
example, Orland et al. (2012) attribute bright-to-dim fluorescent growth band cycles in Soreq cave
speleothems to annual wet season flushing of organic acids that accumulated in the upper soil horizon
during the previous dry summer season. Speleothem fluorescence may thus have differing controls.
Although monitoring confirms that modern calcite accumulation in CWN has a seasonal periodicity,
CWN-4 growth fabric variations over the study interval could potentially have had a different recurrence
rate. We address this by counting the number of growth layers between well-dated U-series datums. The
CLFM imagery best resolves the inclusion-rich (i.e., inferred stalled summer growth front) horizons. We
compare the number of countable growth couplets in CLFM imagery to the number of annual growth
couplets predicted to occur over the same stratigraphic interval using bounding U-series dates. In the
upper portion of the SIMS chip, with an estimated growth rate of 89.4 pm/yr, we count 10 and 14 growth
bands in Figure 7A and 7B, over respective 1.032 mm and 1.235 mm intervals, versus counts of 11.5 and
13.8 predicted over the same distances from U-series constraints. In the lower portion of the SIMS chip,
with an estimated growth rate of 37.4 um/yr, we count 25 growth bands in 1 mm (Figure 7D), versus 26.9
predicted from U-series. In the middle of the SIMS chip with slowest estimated growth rates (15-21
um/yr), resolution of countable fluorescent layers is much more limited. We attempted growth band
counting in two laterally offset areas (Fig. 7C) from the study interval having slow growth rates of 20.7
um/yr. Counts of 23 and 25 fluorescent growth bands over distances of 0.625 mm and 0.752 mm are
lower than predicted counts of 30 and 36 from U-series. This discrepancy may result from undercounting
less distinct layers in the CLFM imagery and/or significant growth rate variations between the bounding
U-series age datums. Despite this inconsistency, we note that the stratigraphic frequency of growth layers
predicted from U-series interpolation is compatible with the vertical scale of the faint layering, where it is

best expressed in this interval (e.g., Figure 7D). The consistency of layer counting results obtained by
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these two independent approaches in the moderate and fast growth rate intervals strongly support 1) the
hypothesis that the growth layers in CWN-4 accumulated seasonally over the HS1-BA transition study
interval, and 2) the interpretation of temporal growth fabric development based on monitoring the modern

system and petrographic analysis.

5.4. Stalagmite 5°0 as a moisture source proxy

The extent to which drip water 8'*0 reflects rainfall 8'®0 is a function of several processes occurring
within and above the vadose zone (Section 5.1). In turn, the extent to which stalagmite 8'%0 reflects drip
water 830 requires knowledge of how in-cave processes may influence calcite-water oxygen isotope
fractionation through equilibrium and kinetic isotope effects. To assess this, we compare oxygen isotopic
compositions between drip water and associated calcite deposited on glass substrates for the period of
1998-2008 at four drip sites in two central Texas caves with analogous hydrogeologic and ventilation
settings as CWN (Natural Bridge, Cave NB, and Inner Space, Cave IS, Caverns; Feng et al., 2012).

Most substrate calcite 'O values from Caves NB and IS have modest departures from those
calculated for equilibrium fractionation: between -0.7%o and 1.4%o (using fractionation factor of Coplen
2007). Such departures are likely due to non-equilibrium (kinetic) isotope effects that may result from
rapid CO, degassing, calcite precipitation prior to dripping on to substrate surfaces (PCP), and/or
Rayleigh distillation as calcite precipitates along surfaces (Mickler et al., 2004; El-Shenawy et al., 2020;
Deininger et al., 2021). There is uncertainty around determining the most appropriate fractionation factor
to apply in speleothem water-calcite systems that limits our ability to precisely determine the direction
and magnitude that substrate calcite samples are offset from expected equilibrium values (Tremaine et al.,
2011; Feng et al., 2012; Deininger et al., 2021). Therefore, rather than quantifying the magnitude of
departures from isotopic equilibrium, we use constraints on processes (e.g., growth rate, evaporation) that
may control the extent of non-equilibrium isotope effects. There is good agreement between laboratory
experiments and field monitoring results at Caves NB and IS in terms of the relationship between calcite
growth rate and 8 'O values of calcite. The experimental relationship indicates a -0.8%o shift of calcite
8"80 for every ten-fold increase in growth rate (5 to 25 °C, pH = 8.3; Dietzel et al., 2009).

For Cave CWN, we suggest that the stalagmite 5'30 proxy of drip-water 8'30 should be most
accurate when fed from drip sites analogous to the BD diffuse flow monitoring locality (Fig. 3A), which
has sufficiently fast drip rates and sufficiently high humidity to render evaporative effects on drip-water
8'80 negligible (Feng et al., 2012). These conditions also support calcite accumulation during cool

months when seasonal ventilation results in low cave-air CO; levels (Fig. 3B-C). Cool season growth
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rates at the BD monitoring site average 4.34+3.3 mg/day. This modest range of growth rates, relative to the
range in Dietzel et al.”s (2009) experimental study, suggests that calcite § %0 values should be minimally
influenced (< 0.8%o) by calcite precipitation rates.

The consistency between local growth layer thickness and annual thickness predicted from bounding
U-series constraints within CWN-4, which yield growth rates that vary over a six-fold range (Section 5.3),
is similarly consistent with a minimal influence of growth rate on calcite §'*0. The SIMS, F200 and M50
8'80 transects over the same interval have some offset in absolute values, but all replicate the same
negative excursion (Fig. 8 A-C). If there are extents of kinetic effects that in some cases exceed the
analytical uncertainty of measurements, this replication suggests that the effects were consistent through
time. These findings, coupled with evidence for interannual vadose residence times of water supplying
drip sites, support that CWN stalagmite § 30 compositions are likely to proxy the modal §'*0 composition
of recharge water, and thus mainly long-term (multiyear) variations in the 3'30 composition of GoM-

sourced moisture.

5.5. Calcite growth rate as a moisture amount proxy

Growth rate of speleothems has been widely applied as a moisture amount proxy, typically by
inferring a correspondence between growth rate and drip rate, which in turn is inferred to reflect effective
moisture (e.g., United Kingdom: Baker et al., 1993; Botswana: Railsback et al., 1994; Norway: Lauritzen,
1995; Belgium: Genty and Quinif, 1996; Namibia: Holmgren et al., 1999; China: Qin et al., 1999;
Scotland: Procter et al., 2000; Tasmania: Zhao et al., 2001; Xia et al., 2001; Spain: Stoll et al., 2013;
Oman: Fleitmann et al., 2004). Low growth rates are logically expected in settings where rainfall is
limited because essential reactants for calcite deposition (H,0O, Ca?*, dissolved CO») depend on a positive
meteoric water balance to facilitate soil CO; production, water-rock interaction, and transport of evolved
meteoric water to the drip site (Emmerich, 2003; Mielnick et al., 2005). A number of studies, however,
show the complexity in applying this proxy and the need for studies at individual sites, caves or regions to
most rigorously assess the environmental processes that govern growth rate (Baker and Smart 1995;
Genty et al., 2001; Fairchild et al., 2006; Banner et al., 2007; Railsback 2018).

In moisture-limited regions of the SW US, speleothem growth rate and rainfall are correlated. This
has been documented both empirically and theoretically. Studies in New Mexico conclude that annual
band thickness in speleothems is a measure of effective moisture (Polyak et al., 2001, Rasmussen et al.,
2006, Asmerom et al., 2007, 2013). In Texas, long-term variations in speleothem growth rates across the
Edwards Plateau correspond to glacial - interglacial moisture supply variations since the LGM (Musgrove

et al., 2001). The growth rate proxy has also been assessed for several drip sites in multiple Texas caves
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through decadal-scale monitoring studies of cave meteorology, hydrogeology, and calcite growth on
artificial substrates placed below drip sites. Such studies demonstrate that average calcite growth rate is a
function of average drip rate, with seasonal CO; variations - whereby high summer CO; levels inhibit
calcite precipitation - as a secondary, higher-frequency control (Banner et al., 2007; Cowan et al., 2013;
Feng et al., 2014b; James et al., 2015). A role of drip rate in controlling calcite growth is now suggested
in CWN, whereby only the faster dripping BD locality accumulates calcite (Fig. 3B). Although the
characteristics of the drip site supplying reactants to CWN-4 are unknown, its growth fabric
characteristics are consistent with seasonal deposition occurring under steady hydrological conditions that
changed systematically through time. These empirical relationships for central Texas caves are consistent
with models of calcite deposition kinetics and speleothem growth that accurately predict the effects of
variations in water supply (Dreybrodt 1988, 1999, Baker et al., 2014). Although growth rate is unlikely to
be a simple proxy for water supply, particularly in non-water-limited settings (e.g., Frisia et al., 2003),
available moisture is a major control on growth rate for ventilation-style caves across the Edwards

Plateau.

5.6. Timing and duration of Bolling negative 5°0 excursion in CWN-4

The onset of the BA coincides with a major drop in the §'%0 value of speleothem calcite in CWN-4,
which based on monitoring of the modern cave system we interpret to follow a significant change in the
8'80 value of advected moisture from the Gulf of Mexico into central Texas. The overall negative §'30
excursion spanning the entire BA is protracted over a 1600 yr interval, from 14.8 to 13.2 ka, involving a
decline of ~2.5%0 over ~56 mm (Fig. 2C). However, 70% of the total excursion (~1.7%o) occurs in the
initial ~4 mm, and it is this narrow stratigraphic interval within the HS1-BA transition that we refer to as
the HBO (Heinrich Stadial 1-Belling oxygen isotope excursion event). Specifically, the interval from 76.4
mm to 72.7 mm below the top of CWN-4 contains the most abrupt 8'%0 decline in both the 200- and 50-
micron step 8'%0 transects (Fig. 8B).

We use the datums in the 50-micron transect to constrain the timing and duration of the HBO. Three
U-series ages within 5.53 mm, two bracketing and one within the HBO interval, indicate respective linear
accumulation rates of 15.2 and 20.67 um/year (Fig. 8D), which also correspond with the slowest growth
rate intervals in the entire HS1-BA transition study interval. The extrapolated lower and upper ages of
14,749 and 14,536 BP, respectively, indicate that the HBO spans a duration of 213 years. The lower
bounding U-series age of 14,800 yrs (77.200 mm), marking the onset of slow growth rates in Interval C
(Table S3) of the age model, precedes the HBO by 51 yrs (0.783 mm). The upper bounding U-series age
of 14,485 (71.679 mm), marking the onset of fast growth rates in interval E (Table S3), follows the HBO
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by 49 yrs (1.055 mm). These U-series ages have associated uncertainties of £ 50-80 years (Table S3),
which result from instrumental errors and the uncertainty associated with the estimated initial 2*°Th/>*?Th
ratio of detrital Th incorporated into a given calcite growth layer; the latter uncertainty has a larger range
and is less constrained. The agreement between estimated annual growth rates and the number of growth
layers (as quantified in Section 5.3) is consistent with the estimated 213-year duration of HBO. The age
datums constraining slow growth rates (intervals C and D in Table S3) are within the range of U-series
analytical uncertainty of the extrapolated upper and lower HBO ages. Thus, it is possible that the entire
interval of slow growth corresponds with the HBO, or that slow growth initiation slightly preceded the
HBO. Regardless, the HBO was entirely associated with markedly slow growth rates, after which growth
rates dramatically increased by a factor of 4-6 (Fig. 8D).

5.7. Comparisons with other records of the last deglaciation

The onset of the BA as an interval of abrupt northern Hemisphere warming and global sea level rise is
well documented in ice-cores, as well as in marine and terrestrial deglacial climate records around the
world. Here we assess how the 14.75-14.54 ka HBO interval documented in the CWN-4 stalagmite record
compares to these deglacial records. A significant challenge for such comparisons is the extent to which
precise and accurate age control can be established among respective records, and expressed in calendar
years before present (YBP or BP), or kiloyears before present (ka) where by convention YBP/BP/ka
refers to 1950 AD (e.g., Dutton et al., 2017). We review and integrate the locations (Figure 9), types of
proxies and the timing of their abrupt deglacial changes (Table 2, Figure 10-11), and the uncertainties on
the various geochronologic methods used to construct the proxy time series (Sections S2-3). In Figures
10-11, the CWN-4 record is positioned as the lowest record and the stadial-interstadial subdivisions
derived for Greenland ice cores are shown at the top, and extended vertically. The occurrence of hiatuses
(light blue bands) and the HBO (dark blue band) in CWN-4, and the mid-point positions of Heinrich
events [dashed black lines: H1.1 (17.1-15.55 ka) and H1.2 (~15.9-14.3 ka)] recognized in the polar North
Atlantic (Hodell et al., 2017) are also extended vertically in these figures for comparison with other

records.

5.7.1. Greenland ice cores

We compare our central Texas stalagmite record with the sentinel climate record (8'*0, Ca*") of the
Greenland ice cores (Fig. 11A). High latitude temperature perturbations, such as those that occurred
during the last deglacial, can propagate into tropical latitudes via atmosphere-surface ocean interactions
within a few years, changing precipitation and wind intensities (Chiang and Bitz, 2005; Cvijanovic and

Chiang, 2013), yet for many regions the teleconnections with high latitude regions are not well known. In
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the INTIMATE compilation of Greenland ice cores (Rasmussen et al., 2014), the boundary age (onset of
Gl-1e) between Greenland Stadial 2.1a (~equivalent to HS1) and Greenland Interstadial 1 (equivalent to
the BA) is 14,642+4 BP, with a maximum seasonal ice layer counting error of 186 yrs (Tables 2, S7). The
individual core records indicate that the period of most rapid change had durations of ~39-53 years. The
estimated onset of the HBO at 14,749 BP is within uncertainty of the start of Greenland Interstadial 1 (GI-
le). Thus, the HBO in central Texas corresponds with the climatic transition from cold stadial to warm
interstadial conditions in the North Atlantic, and the single greatest episode of LIS meltwater input to the
GoM (Section 5.7.4). Several highly resolved deglacial records (including CWN-4) discussed below show
proxy alternations that correspond with GI-1 (BA) interstadial variations between warmer (a, cl, c3, e)
and cooler (b, c2, d) climate states, the latter of which have been termed the intra-Belling cold period,
Older Dryas, inter-Allered cold period in various records (e.g., Hughen et al., 1996; Karpuz and Janzen,
1992) The letters x-y-z are superimposed on these records in Figures 10-11 to indicate possible

correlations with these GI-1 subzone events.

5.7.2. AMOC records

21Pa/>Th sediment records for the western subtropical Atlantic document deglacial fluctuations in
the intensity of Atlantic Meridional Overturning Circulation (AMOC, Fig. 10B). In the Bermuda Rise,
high #*'Pa/**°Th production ratios, indicative of sluggish circulation, characterized HS1 and YD stadials,
and vigorous circulation marked by low **'Pa/**°Th production ratios characterized the BA (McManus et
al., 2004). The abrupt shift in that record from sluggish to vigorous circulation occurs between ~14.66 and
14.51 ka, (Table 2) and coincides with an abrupt 0.7%o 5'*0O depletion trend in planktonic foraminifera
(G. inflata) in the same core. Similarly timed transitions to lower 2*'Pa/**°Th production ratios occur off
South America in the Ceara Rise (Ng et al., 2018; core EW9209-1JPC) between 15.06-14.11 ka, with
fastest decline after 14.42 ka, and Brazil margin (Multitza et al, 2017; core GeoB16202-2) between 15.29-
14.12 ka, with fastest decline after 14.57 ka.

5.7.3. Meltwater Pulse — 1a records

The last deglaciation (ca. 19-11 ka) involved several episodes of rapid sea-level rise (Fig. 10D),
termed Meltwater Pulses (Clark et al., 2004, 2012; Lambeck et al., 2014). The most significant MW
pulse, known as Meltwater Pulse 1a (MWP-1a), is inferred to have involved a 12-22 m sea-level rise
within 340 years that approximately coincided with the transition to the BA, ~14.7-14.2 ka (Clark et al.,
2012; Deschamps et al., 2012; Ivanovic et al., 2016). Meltwater discharging into the North Atlantic likely
disrupted AMOC, leading to cold conditions in the North Atlantic and climate change elsewhere through

coupled atmosphere-ocean teleconnections (Broecker et al., 1989; Licciardi et al., 1999; Tarasov and
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Pelter, 2005). In contrast to MW pulses that accompanied cold HS1 and YD stadials, MWP-1a was
curiously associated with a resumption in AMOC and North Atlantic warming. The MW source
responsible for this rapid flux of freshwater to the ocean over this interval is unresolved, with studies
advocating 1) a largely southern hemisphere (Antarctic) source (Weaver et al., 2003; Bassett et al, 2007,
Carlson 2009), 2) limited Antarctic contributions (< 4.3 m of eustatic sea level equivalent) (Licht, 2004;
Whitehouse et al., 2012; Mackintosh et al., 2014; Golledge et al., 2014), and 3) mainly northern
hemisphere contributions (Peltier 2005; Gregoire et al., 2012; Tarasov et al., 2012; Lin et al., 2021).

The timing and magnitude of MWP-1a is best constrained by U-Th dated Tahiti coral records, that
indicate a sea level rise of 14-18 m between 14.65 — 14.31 ka, coincident with the Bglling warming period
(Deschamps et al., 2012). This timing is consistent with sea level rise records from the Sunda Shelf, Huon
Peninsula, and Hawaii (Table 2, Fig. 10E). The age of the HBO event in the CWN-4 record (14.75+0.08
to 14.54+0.08 ka) falls within the lower and upper age constraints for MWP-1a (14.65+0.02 to
14.31+0.04), consistent with the notion that the same rapid melting episode was the driver of both events.
Recognizing the uncertainties of identifying inception and termination points from paleodepth indicators,
the 340-year duration for MWP-1a is considered a maximum estimate (Deschamps et al., 2012). The
estimated 212 year duration for the HBO event is thus not only compatible with MWP-1a, but it may also
constrain the timing of a particularly prominent episode of LIS-derived MW input to the GoM. This is
consistent with a sea level fingerprinting study that concludes that 65-80% of MWP-1a’s meltwater came
from North America, followed by Scandinavia, with a relatively minor Antarctic contribution (Lin et al.,

2021).

5.7.4. GoM 8"*0 records

CWN’s location is most proximal to the northwestern part of the GoM (Fig. 1). Particle tracking and
water accounting models for the present-day conclude that 1) the most frequent air mass trajectories
between CWN and the GoM trend NW-SE from the northwestern GoM, 2) the majority of summer and
winter precipitation events are associated with these trajectories, and 3) the most common identifiable
sources of moisture to central Texas are the GoM and recycled terrestrial moisture (Feng et al., 2014b;
Wong et al., 2015). We thus address here deglacial 'O records of GoM seawater, in particular from the
northwestern GoM.

The low density and significantly lower §'0 value (e.g., -35 to -25%0 SMOW; Aharon 2006) of
deglacial LIS MW compared to open seawater (e.g., 1-2%o, Vetter et al., 2017) should have entered the
GoM as cool, hypopycnal flows that formed a widespread low density surface layer with a 5'30 value
more negative than GoM seawater (Emiliani et al., 1978; Oglesby et al., 1989; Aharon 2003). Direct input

of LIS MW into the GoM was originally inferred from foraminiferal 3'30 time series for cores from the
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western and northeastern GoM, where §'*0 anomalies on the order of -2%o were superimposed on the
expected deglacial seawater 3'%0 curve (Kennett & Shackleton, 1975; Emiliani et al., 1975, 1978).
Subsequent studies extended foraminiferal §'0 time series in the northern, southern, western, and
northeastern GoM (e.g., Leventer et al., 1982; Williams, 1984; Poore et al., 2003; Niirnberg et al., 2008,
2015). Precise temporal resolution of MW input is limited in most shelfal localities by slow sedimentation
rates, bioturbation, and relatively few accelerator mass spectrometry radiocarbon dates. A synthesis of
studies along the Louisiana shelf and the Orca Basin slope shows that localities south and west of the
Mississippi River Delta preserve evidence of MW input, (Williams 1984; Flower et al., 2011). LIS MW
signatures may have been constrained within the GoM to occur west of the influence of the Loop Current
(Emiliani et al., 1975; Niirnberg et al., 2015), or delivered to the deep ocean as well-mixed hyperpycnal
flows (Roche et al., 2007). Regardless, northwestern GoM surface waters were most likely to have
tracked the input of LIS MW into the GoM through time.

Foraminiferal §'®0 time series between the Louisiana Shelf and Orca Basin (Fig. 10M-N) provide a
basis for reconstructing the timing and magnitude of MW flood events for comparison with the CWN-4
record (Fig. 10F). These northwestern GoM records, separated by up to 185 km, demonstrate that
prominent MW influence in the GoM began during HS1 and continued through the BA (Williams et al.,
2012) and, as noted by Feng et al., 2014b), there is a striking similarity between the deglacial CWN-4
8'%0 record and corresponding GoM foraminiferal 8'*0 records (Fig. 10F, M-N). LIS MW input likely
involved several MW flood (MWF) episodes rather than one continuous event (Aharon 2003). With an
advanced chronology, Aharon (2006, personal communication) identified MWF-3 (14.97-14.46 ka) as
most closely approximating MWP-1a (Table 2). The MWF-3 signature is recorded in two Louisiana shelf
cores 100 km apart by foraminifera that lived in both shallow and deep parts the water column. Regional
evidence, including changes in erosion intensity (e.g., spike in reworked nannofossils in Orca Basin core
EN32-PC4 234-256cm; Marchitto and Wei, 1995), sediment load, and runoff, supports the hypothesis that
MWEF-3 was an exceptionally strong MW flood event that involved hyperpycnal flows over a substantial
area of the GoM, and was likely contemporaneous with MWP-1a (Aharon 2006).

A high-resolution Orca Basin core (MD02-2550, Biller 2012) has a conspicuous foraminifera-barren
interval (homogeneous interval at 456-437 cm; Mecker, 2008), constrained by a radiocarbon age model to
be 14.66-14.11 (£0.40) ka, and may thus reflect an influx of terrigenous material and low-salinity water
associated with MWP-1a (Table 2). The age and duration of the HBO event in the CWN-4 record
(14.75+0.08 to 14.54+0.08 ka, ~210 yrs) occurred within uncertainty of this foram-barren interval. This
temporal agreement supports a significant influx of LIS MW into northwestern GoM that coincided with

MWP-1a and the Bglling warming period, but also suggests that the impact of MWP-1a on GOM surface
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water 8'*0 composition is likely missing or dampened in Orca Basin foraminiferal records. The CWN-4
record may thus provide new insights as an index of GoM surface water 3'30 composition, considering its
seasonal deposition from drip water that is likely a well-mixed average of predominantly GoM-sourced
annual precipitation. On the other hand, CWN-4 did not grow during portions of cold stadials (HS1, YD),
and thus provides no record of the GoM moisture source, except that it did not provide significant

recharging moisture to central Texas during these periods.

Over the HBO, 50 um spatial sampling resolution for the M50 IRMS transect (Fig. 8) corresponds to
temporal sampling resolution between 0.6 and 3.3 years, and is thus likely to be comparable to the
interannual residence times of drip waters. Even if capable of 'O precision equivalent to IRMS, the
small sampling footprint of SIMS (~10 um), offering temporal resolution between 0.1 and 0.7 years,
could only obtain an interannual average of precipitation. The lack of evidence for strong 5'30
oscillations in the HBO record (Fig. 8) suggests that the flux and/or 6'*0 of LIS MW input was relatively
constant over this timescale. Vetter et al. (2017) suggest that LIS MW entering the GoM was isotopically
heterogenous, ranging between -11%o and -38%o, and becoming more negative between 15.5 to 13.3 ka.
Considering that LIS MW input was likely highest during summers, some seasonality in GoM surface
water 6'*0 compositions is possible. However, preservation of such high resolution 8'80 variations from

the CWN-4 record would be obscured by the interannual residence time of dripwater.

5.7.5. Western North American speleothems

Statistical analysis and network visualizations of speleothem 5'30 records from western North
America (WNA) show temporal shifts associated with climate change events of the last deglaciation that
are broadly consistent within the WNA region, and that reflect differing controls on the 'O of rainfall
across the region (Oster and Kelly, 2016). These speleothem records are also consistent with deglacial

records from other regions, including those discussed throughout Section 5.7 and shown in Table 2.

Exemplifying the WNA trend is a regional transect from Texas to New Mexico to Arizona (Fig. 10F,
C). The Texas CWN-4 stalagmite exhibits a broad decrease in 8'*0 of nearly 3%o, starting ~15.5 ka and
ending with a nearly equivalent 5'30 increase across the BA to YD transition (~13-12.5 ka). In contrast,
both the New Mexico and Arizona stalagmites show an increase and then decrease in 8'%0 across this
same interval (Feng et al., 2014b). The initial increase in Arizona closely coincides with the initial CWN-
4 decline, whereas the increase in New Mexico lags by ~ 100 yrs. The most abrupt CWN-4 §'30 decline
(1.7%0) within that interval this defines the HBO of the present study (Table 2; Fig. 8). The HBO

intersects with a ~500 yr plateau in §'0 values in the Arizona record and with a distinct ~ 1.5%o negative
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excursion spanning ~290 years in New Mexico (Fig. 10F, C; Table 2). Although the Arizona record has
limited age control, the opposite sign and broadly synchronous timing of the Texas deglacial response
relative to the New Mexico and Arizona response (and most other WNA speleothem records) can be
accounted for by the same process — mixing of multiple moisture sources having different 3'30 values and
temporal patterns. A dominant, persistent influence from a GoM moisture source (high 3'%0) for Texas
contrasts with a dominantly westerly storm Pacific moisture source (low 3'%0) relative to the GoM for the
other WNA localities (Feng et al., 2014b). The unique temporal trend of a rapid decrease in GoM §'%0
through the deglaciation is mirrored by the CWN-4 record (Fig. 10F), yet it is also consistent with §'*0
increases observed through the same time interval in New Mexico and Arizona (Fig. 10C, Table 2). In
this scenario, periods of increased moisture flux from the GoM relative to the normally dominant Pacific
moisture source to WNA, results in a net increase in speleothem 3'®0 because the meltwater-influenced
GoM &'80 signal is still higher than the Pacific 8'0 moisture signal (Feng et al., 2014b). A major
contrast for CWN-4 is its growth rate of zero during the prior deglacial (~17.3-15.6 ka; within HS1), but
all three records stopped growing within the YD. Hiatus initiation appears to have been ~800 years earlier
at CWN-4 (~12.3 ka) than at New Mexico (~11.4 ka) and Arizona (~11.5 ka), perhaps because the
suppression of GoM moisture had a large/earlier impact in Texas compared to New Mexico and Arizona,
which must lose both GoM and Pacific sources to go ‘full hiatus’. Among these records, stalled or
reduced growth rates thus notably accompanied cold stadial intervals. Compared with other WNA
speleothem 8'%0 records, CWN-4 stands out in displaying moderate to strong positive correlations with
Cariaco Basin (0.80) and Indo-Asian Monsoon records (0.59-1.00, avg: 0.78), considered below, which
have been linked to deglacial changes in AMOC and latitudinal migration of the ITCZ (Oster and Kelly,
2016).

5.7.6. Cariaco Basin

Sediment reflectance records in the anoxic Cariaco basin (Fig. 10G) show seasonal variations inferred
to be driven by north-south migrations of the ITCZ over the last 15 kyr (Hughen et al., 1996). Lighter
laminae (marine components) are deposited in winter (southward ITCZ shift) in response to enhanced
Ekman upwelling caused by stronger trade winds. Darker laminae (terrigenous components) are deposited
in summer (northward ITCZ shift) reflecting higher rainfall and runoff from the Venezuelan margin.
These reflectance changes follow the intensity of North Atlantic trade winds, which respond to changes in
the temperature gradient in the North Atlantic (Hughen et al., 1996; Overpeck et al., 1989; Rind et al.,
1986). The Cariaco record parallels the Greenland ice core records, with cold stadials corresponding to

periods with higher trade wind activity and marine productivity and vice versa for warm interstadials. The
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rapid transition to the BA warming interval occurred between 14.73 and 14.53 ka, with the most abrupt
increase occurring during the initial 56 years. Following this ~200 yr transition, which overlaps in time
within uncertainty of the HBO at CWN-4 (14.75+0.08 to 14.54+0.08 ka; Table 2), trade wind intensity
waned and precipitation increased in the Cariaco Basin. At CWN-4, growth rates jumped from ~21 pm/yr
to ~89 um/yr between 14.62+0.08 and 14.485+0.08 ka (Fig. 2, 8), similar in time to the inferred increased
levels of precipitation in the Cariaco Basin at 14.53 ka. Similar forcing mechanisms are required to
account for the synchronicity of decadal to centennial-scale climate events between the Cariaco and the
North Atlantic (Hughen et al., 1996). The ~200-yr duration of the HBO in CWN-4 may be somewhat
longer than the abrupt transition to higher rainfall in the Cariaco record. This may reflect the longer
transfer time for atmospheric warmth to initiate significant LIS melting, compared to a change in trade

wind conditions.

5.7.7. Indo-Asian Monsoon speleothems

A series of highly-resolved stalagmite 8'*O records from localities influenced by changes in the
Indian and East Asian Monsoon (Table 2, Fig. 10H-L) track variations in the intensity of monsoon
precipitation (Pausata et al., 2011). Strong correspondence of these isotopic variations with Greenland ice
core temperature records indicate that changes in monsoon strength in this region followed the pace of
millennial-scale climate variations (D-O events) and Heinrich cooling events in the North Atlantic (e.g.,
Wang et al., 2001). These speleothem time series preserve 1 to 3.5%o depletions that indicate monsoon
intensification events and offer age constraints relative to the HS1-BA transition for comparison with the
HBO in CWN-4. These include records from Yemen (depletion event centered at 14.51 ka; Fig. 10H),
northern India (14.6 ka; Fig. 10I), south China (14.7 ka; Fig. 10J), central China (14.76 ka to 14.66 ka;
Fig. 10K), and eastern China (14.74 ka to 14.54 ka, and 14.74 ka to 14.55 ka for two records; Fig. 10L).
Initial rapid portions of excursions in best-resolved records have ~200 year durations similar to the HBO

in CWN-4 (Table 2, Section S3).

5.7.8. Circum-GoM terrestrial localities

Climatic transitions at the start of the BA are also recognized in several terrestrial circum-GoM
localities shown in Figure 11. Although age control in these records is sparser and of lower precision
compared to the records examined above, the interpreted temperature and precipitation patterns
demonstrate a broadly synchronous pattern of climate change in much of the circum-GoM region. Among

these, records from Florida and to a lesser extent Cuba show important contrasts.
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Yucatan. Sediment mineralogy and ostracod 3'30 studies of Lake Petén Itza, Guatemala (Hodell et
al., 2008; Escobar et al., 2012; Perez et al., 2013) reflect alternating wet and dry deglacial climate
conditions (Fig. 11C). The wet-dry time series is similar to the temperature record of Greenland ice cores,
whereby cold stadials correspond to arid conditions. A switch from arid to moist conditions occurs
between HS1 and the BA at ~14.7 ka, with moist conditions persisting until a sharp return to dry
conditions at the onset of the YD (~12.8 ka). CWN-4 growth rates mirror this behavior, with stalled
accumulation during HS1 (17.3 to 15.5 ka) and YD (13.0 to 9.9 ka) — when Petén Itza recorded dry
conditions, and fastest growth rates during the BA — when Petén Itza records wet conditions. The lake
rapidly filled across the HS1-BA transition (Fig. 11C), consistent with a rapid increase in moisture
delivery to the region at this time (Perez et al., 2013).

Northeast Mexico. The sedimentary record for El Potosi Basin (Roy et al., 2016) records wetter
conditions (proxied by abundance of Ti-bearing clastics) that increased during the last deglaciation (HS1-
BA) and reversed during the YD (Fig. 11D).

Bahamas. Paired fluid inclusion and calcite 8'30 values for four stalagmites from a submerged cave
are used to reconstruct temperature across HS 1-3 (Fig. 11E; Arienzo et al., 2015, 2017). Stadial to
interstadial transitions are marked by negative 5'*0 excursions, with lower temperatures during Heinrich
stadials. The HS1-BA transition is best recorded as a rapid ~1-2%o decrease in 8'*0 between ~14.9 and
13.9 ka and inferred ~4°C temperature increase. Within the sparse age control, the timing and duration for
the HS1-BA transition are compatible with the HBO in CWN-4 (Table 2). This is consistent with a shift
to warmer and wetter conditions in the northern tropics at the start of the BA in response to the
resumption in AMOC following HS1, that increased North Atlantic SST and shifted the ITCZ northward
(Peterson et al., 2000; McManus et al., 2004).

Cuba. 50 values for Stalagmite CM from Cuba are interpreted to follow precipitation amount, with
higher values corresponding to drier conditions (Warken et al., 2019; Fig. 11F). North Atlantic climate
variability, insolation, and AMOC strength are inferred to be linked to precipitation, with comparatively
cool and/or dry climatic conditions during Heinrich stadials and the YD, and wetter conditions during
warm D-O cycles. However, the last deglacial from HS1 through the YD, is characterized by the highest
8'%0 values, interpreted to indicate the driest and coolest conditions. Growth rates were slow between 24-
17 ka, with hiatuses from 17 to 16.5 ka and from 12.9 to 9.9 ka, but the fastest growth occurred between
16.4 and 13.0 ka. This growth pattern is similar to CWN-4 (Fig. 11A), which has comparable hiatuses
during HS1 (17.32-15.47 ka) and YD (12.38-9.90 ka) and fastest growth rates in the intermediate time
interval (late HS1 through BA). There is little paleoclimate variation in Cuba when many other circum-
GoM records show prompt climate shifts, such as across the HS1 through BA transition. Cuban

precipitation over this time may have followed from a weakened northern branch of the Caribbean Low-
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Level Jet while the ITCZ shifted south, but the increase in growth rates between HS1 and YD stadials
could be consistent with an increase in precipitation.

Central Florida. Lake sediment (Grimm et al, 2006; Arnold et al, 2018) and speleothem (van Beynen
et al., 2017) reconstructions indicate warmer and wetter conditions in Florida during cold North Atlantic
stadials (HS1, YD). The transition from HS1 to the BA is only sampled in the Lake Tulane pollen record
(Fig. 11G). The transition to the BA in this record coincides with pollen shifts that indicate a change from
warm and wet conditions during HS1 and to colder and drier conditions during the BA. The opposing
polarity of these climate states compared to other circum-GoM records may be attributable to an
abundance of heat in waters flanking Florida as Loop Current and Gulf Stream heat transport decreased

during cold North Atlantic stadials with slowdowns in AMOC (Grimm et al., 2006).

5.8. Central Texas hydroclimate variation over the HS1-BA transition

The comparison of the HBO in CWN to other highly resolved deglacial records demonstrates that it
coincided with 1) the strongest episode of LIS MW input to the GoM, namely MWF-3 of Aharon (2003,
2006) that uniquely involved hyperpycnal flows, 2) MWP-1a, as recognized in different ocean basins, and
3) strong shifts in precipitation patterns in subtropical North Atlantic and Indo-Asian records influenced
by latitudinal migrations of the ITCZ and associated wind and pressure systems (Table 2, Fig. 10G-L).
The 213 year duration of the HBO in CWN is remarkably similar to comparable HS1-BA excursions in
the Cariaco Basin (200 yr), best constrained East Asian Monsoon stalagmite records in Hulu (~195 yr)
and Dongge (~189 yr) caves, and the INTIMATE Greenland ice core composite (210 yr). Individual
Greenland ice core records indicate that the period of most rapid change had shorter durations of ~39-53
years, which is also similar to the fastest rate of change within the Cariaco Basin HS1-BA sediment
reflectance record (56 yr). The ~200 year duration of the HBO in CWN and other records is also similar
to the ~100-200 year transit time for deep water in the Atlantic Basin (Broecker et al., 1979; Broecker,
1998; McManus et al., 2004). The interval from 14.75-14.55 ka was clearly a dynamic episode that
rapidly and significantly affected Northern Hemisphere climate regimes, while also contributing 14-18 m
of sea level rise (Deschamps et al., 2012). The further broad synchroneity of dry-wet climate trends across
the HS1-BA transition between CWN-4 and many other circum-GoM records (Fig. 11B-E) demonstrates
that the regional hydroclimate shift across the HS1-BA transition was not limited to central Texas.

Recognizing this broad coincidence in Northern Hemisphere climate change, and the similarity
between CWN-4 §'%0 and other deglacial climate records that were affected by changing North Atlantic
conditions, it is worth considering how hydroclimate in central Texas may have changed across the HS1-

BA transition. The HS1-BA transition study interval in CWN-4 shows a clear, marked slowdown in
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growth rate coincident with the HBO (20-15 um/yr), and then a rapid six-fold increase (89 um/yr)
immediately following this excursion. From our inference that growth rate followed effective
precipitation, advection of GoM moisture to central Texas was substantially limited during the HBO, and
then greatly increased. The density of U-series dates is sufficient to identify two previous slow-fast
growth intervals beginning above a hiatus that occurred from 17.32-15.42 ka: 1) a fast growth episode
with growth rates in excess of 80 um/yr between 15.42 and 15.30 ka, and 2) a second episode between
14.91 and 14.80 ka with growth rates of 37 um/yr (Fig. 2B). It is notable that slow growth episodes
preceding these initial fast growth intervals coincide with Heinrich events H1.1 (~16.2 ka) and H1.2
(~15.1 ka), recognized as times of meltwater input to the north Atlantic (Fig. 10F). These alternations
between slow and fast growth indicate that moisture delivery to central Texas was episodic during the
early deglacial. There is some correspondence between slow growth in CWN-4 following decreases in
880, that could indicate an association between LIS MW input to the GoM and suppressed moisture
advection. In any scenario, the HBO by far involved the greatest single decrease in §'%0, consistent with
it reflecting the largest deglacial meltwater flood episode.

The predominant moisture source for central Texas and North America are warm waters of the GoM,
Caribbean Sea, and tropical North Atlantic, which collectively define the North Atlantic Warm Pool
(NAWP) (Wang and Enfield, 2001). Atmospheric circulation dictating moisture transfer from the NAWP
depends on the respective positions of the Jet Stream, the North Atlantic Subtropical High (NASH)
pressure cell (aka, Bermuda High, Azores High), which corresponds to the descending limb of the Hadley
cell, and the ITCZ (Forman et al., 1995; Liu and Fearn, 2000; Knox, 2003) (Fig. 12). These highs and the
ITCZ all shift latitudinally with seasonal changes in Northern Hemisphere insolation and SST
(Leichleitner et al., 2017; Wang and Fiedler 2006; Wang and Fu, 2007). During boreal winter, when the
ITCZ is furthest south, warm tropical waters are limited to the southeastern GoM, whereas in boreal
summer, when the ITCZ is furthest north (~15°, Hodell et al., 2008), the AWP reaches its northern and
western extent (Wang and Enfield, 2001; Poore et al., 2004; Niirnberg et al., 2008; Ziegler et al., 2008).
Because moisture tends to move clockwise around high pressure systems in the Northern Hemisphere, the
transfer of moisture in the circum-GoM region often occurs as Low Level Jet (LLJ) systems (e.g.,
Caribbean Low Level Jet, Southern Great Plains Low Level Jet) that develop along the western ridge of
the NASH. These LLJ systems can have southern branches that transport moisture inland to central
America, Mexico and western North America as part of the North American Monsoon system, and
northern branches that route moisture directly into the southern US. Heating of the elevated Rocky
Mountains forms a summertime low pressure system and the region between the Rockies and NASH
define a pressure gradient that also influences the trajectories of LLJ systems. The meridional position of

northward moisture flow associated with LLJ systems thus depends on the size and location of the NASH
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with respect to the Jet Stream and ITCZ, which during the deglacial were likely governed by high- and
low-latitude forcing; in addition to the presence of the LIS (Montero-Seranno et al., 2011). Periods of
rapid CWN-4 growth may have followed deglacial intervals when the size and positions of the NAWP
and NASH established enduring LLJ systems that routed moisture conditioned from the warm Caribbean
and GoM surface waters into central Texas (e.g., Forman et al., 1995).

Tropical atmospheric circulation is sensitive to AMOC variability and to sea ice extent (Chiang and
Bitz, 2005, Hughen et al., 1996; Peterson et al., 2000; Ziegler et al, 2008). When AMOC is weak and sea
ice extends south, the ITCZ shifts south. When AMOC is active and sea ice extent retreats, the ITCZ
shifts north. Cold stadials had larger thermal gradients that enhanced trade winds and seasonality, whereas
warm interstadials had reduced thermal gradients and seasonality (Hughen et al., 1996, 1998; Cheng et
al., 2012). The entire Hadley circulation cells and jet streams shifted south (cold stadials) and north
(warm interstadials) with these respective changes in AMOC state, which in turn influenced the location
and size of high pressure zones associated with sinking air (dry conditions) and peripheral low pressure
systems associated with rising air (that can bring wet conditions at inversions with dry air masses).
During the last deglaciation, these variations extended to subtropical and mid-latitudes and were
synchronous within U-series age precision (Oster and Kelly, 2016). Many circum-GoM records, including
CWN-4, demonstrate drier conditions with reduced runoff or slow downs/hiatuses in speleothem records
during HS1 and YD stadials associated with cold North Atlantic climate states. These records indicate
changes in atmospheric circulation and reduced atmospheric moisture associated with sluggish or stopped
AMOC. Many of the same records, including CWN-4, show evidence of a shift to wetter conditions and
faster speleothem growth during the BA, when AMOC intensity resumed. As a potential modern analog,
Lietal. (2011) demonstrated that the western ridge of NASH has shifted westward by ~6° over recent
decades (1948-2007) in response to warming North Atlantic SST, which has changed summer
precipitation across the southeast US. The NASH system is expected to intensify, expand and move
further west with increasing atmospheric CO; levels and warming North Atlantic SST. Generally similar
variations in the NASH system may have occurred across the HS1-BA transition in the circum GoM
region, when AMOC vigorously resumed at the beginning of the Belling warming and the ITCZ shifted
northward. These records can be reconciled by a scenario involving greatly enhanced moisture transfer to
central Texas following the HBO in response to warming GoM SST and enhanced activity of LLJ
systems established along the western ridge of NASH. Some of the anomalous circum-GoM records may
be explained by proximity to high pressure or major heat-transporting ocean currents. For example, the
inferred reduced overall precipitation amounts spanning HS1-BA-YD time for W. Cuba (Warken et al.,
2019) could be explained by the dominance of high pressure limiting LLJ moisture transport, perhaps
related to NASH proximity.
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5.8.1. Why was moisture amount limited during the HBO?

The considerable hiatuses accompanying HS1 and the YD in the CWN-4 record demonstrate that
advection of GoM moisture to central Texas was limited during cold stadials (Fig. 10F). These were times
when AMOC was sluggish and the ITCZ was shifted south. The BA onset is thought to correspond with
rapid North Atlantic warming associated with a vigorous resumption of AMOC (McManus et al., 2004),
and a northward shift in the ITCZ and associated Hadley circulation. The temperature increase across the
HS1-BA boundary in Greenland ice cores (GS-2.1a to GI-1e) at 14,642 BP, with a 186 year maximum
counting error (Rasmussen et al., 2014), is consistent with the HBO in CWN-4 between 14.75+0.08 ka
and 14.54+0.08 ka, within the uncertainties of age determinations (Table 2). Given the combined age
uncertainties, the HBO could also have predated the onset of the BA (GI-1e), allowing for exploration to
two scenarios bearing on central Texas deglacial hydroclimate: 1) If the HBO preceded the onset of the
BA (GI-1e), then the slow growth conditions in CWN-4 during the HBO could correspond with the last
gasp of cold North Atlantic climate conditions, and their associated ocean-atmosphere teleconnections in
central Texas. This scenario would be consistent with cold, arid conditions during HS1 and the YD in
CWN-4 and other northern hemisphere terrestrial localities influenced by AMOC stagnation. 2) However,
if the HBO coincides with the onset of the BA (GI-1e), then slow growth conditions in CWN-4 occurred
at the same time that AMOC reinvigorated and Greenland warmed. In this case the reorganization of
ocean/atmosphere teleconnections is expected to shift toward increased precipitation and faster
speleothem growth rates — so the slowdown during the HBO is perplexing, and requires an alternative
scenario.

Regardless of timing, the CWN-4 §'80 record demonstrates that the HBO coincided with the
tremendous addition of LIS MW, most likely as MWF-3 (Aharon 2006) and MWP-1a (Deschamps et al.,
2012). Indeed, a significant contribution of LIS MW to sites of NADW formation, via the GoM, Loop
Current, and Gulf Stream, has previously been considered in relation to AMOC reduction and cold north
Atlantic conditions (Flower et al., 2004; Stanford et al., 2006; Roche et al., 2007; Erlingsson, 2008;
Gregoire et al., 2012). Such additions would seem to require extensive and progressive LIS melting, but
other more rapid scenarios have been considered. Erlingsson (2008), for example, postulated that a sub-
glacial outburst flood may have discharged into the GoM, coincident with MWP-1a, and stimulated the
Gulf Stream to reinvigorate AMOC and trigger the Bolling warming phase. Gregoire et al. (2012)
suggested that MW outflows related to rapid melting of the saddle between the Laurentide and
Cordilleran ice sheets, involving delivery of large amounts of MW to the GoM, could explain the rapid
sea level rise during MWP-1a. As highly-resolved GoM foraminiferal 5'30 records during MWF-
3/MWP-1a are thus far lacking, it is difficult to constrain the volume of LIS MW addition that
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accompanied this exceptional flood event and its potential impact on AMOC stability. However,
considering the similarity between the ~200 year duration of the HBO in CWN-4 and the transit time for
deep water in the north Atlantic, it is conceivable that the MWF-3 coincided with rapid resumption of
AMOC and northward transfer of heat accumulated in southern hemisphere oceans during HS1, as the
bipolar seesaw flipped to resume enhanced north Atlantic deep water formation (Broecker, 1998).
Assessing a causal relationship between MWF-3 and the resumption of AMOC is beyond the scope of
this study, but slow growth rates over the HBO demonstrate that GoM moisture advection was suppressed
over a ~200 yr interval.

Considering the strong effect of SST on atmospheric moisture content, protracted cooling of GoM
surface waters in response to MWF-3 might explain slow growth rates in CWN-4 during the HBO.
Oglesby et al. (1989) modelled this effect using an atmospheric general circulation model, for various
cooling scenarios (3°, 6°, 12°C). The rationale for appreciable GoM SST cooling during MW flood
episodes follows from arguments that: 1) modern riverine input is 5-10° C cooler than GoM SST; 2) MW
addition should further enhance cooling, considering the melting ice source, large flow volumes,
relatively short travel distance (~1000 km), and limited vertical exchange with denser underlying GoM
water; 3) deglacial GoM surface waters were likely cooler anyway because lower sea level would have
reduced Loop Current flow through shallow (~250 m) depths of the Florida Strait and thus reduced heat
exchange with GoM waters and because Caribbean surface waters feeding the Loop Current were ~2°C
cooler during the LGM; and 4) winter month insolation may have been insufficient to increase SSTs
above cooling levels reached during voluminous MW input the previous summer. From the model
boundary conditions, all scenarios reduced GoM SST and sharply decreased the flow of moist air
advected northward, resulting in cooler and drier conditions. Thus, if MWF-3 caused exceptional cooling
of GoM surface waters, the regional effect of dampened moisture transport over ~200 yrs might account
for the slow growth rates in CWN-4 that accompanied the HBO. At the end of MWF-3, GoM SSTs must
have increased, enhancing water vapor production. The coincidence of slow growth rates and decreasing
8"%0 in the CWN-4 record is consistent with increasing MW input to the GoM during this SST cooling
period.

The temperature-sensitive Mg/Ca proxy of planktonic foraminifera (Flower et al., 2004; Williams et
al., 2010, 2012; Vetter et al., 2017) could conceivably corroborate significant cooling episodes associated
with MW flood events. Evidence of GoM SST conditions during the HBO are unfortunately lacking
because studies have only been conducted from Orca Basin cores (Fig. 10M-N), which conspicuously
lack foram preservation during MWF-3/MWP-1A (Aharon et al., 2006). In the Mg/Ca-SST study of
Flower et al. (2004) for Orca Basin core EN32-PC6, the all-year Globigerinoides ruber (white) species

indicates a 1.5°C decline in consecutive samples above the foram-sparse interval (~14.16-14.07 ka;
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Fig.10M purple arrow). In the Mg/Ca-SST study of Williams et al. (2012) for Orca Basin core MD02-
2550, the non-winter G. ruber (pink) species also indicates a cooling trend on the order of 2° C in nine
samples (~14.34-14.19 ka) immediately above the foram-barren interval (Fig. 10M grey arrow); similar
comparisons for the all-year G. ruber (white) species were not reported over the same interval. Whether
or not these intervals represent a continuation or recovery from cooler SSTs during MWF-3/MWP-1a is
unclear, but substantially cooler SSTs during the HBO cannot be excluded. From analysis of individual
planktonic foraminifer specimens (Obulina universa) in the same core, Vetter et al. (2017) documented a
broad range of deglacial salinities (Ba/Ca: 0.6 to 4.8 umol/mol) and temperatures (10.4-27.3°C, based on
Mg/Ca) bounding the foram-barren interval between ~17.4 and ~13.4 ka.

6. Conclusions

Monitoring the CWN Karst system in central Texas demonstrates that drip water and calcite §'*O
reflect the §'%0 of effective precipitation, and that calcite grows during cool seasons when the cave has
low cave-air CO» levels. Growth lamina express alternations (couplets) in inclusion density and in
confocal laser fluorescence microscopy (CLFM) imagery. Monitoring insights support the inference that
inclusion-poor lamina grew during the cool season and high-fluorescence, inclusion-rich lamina grew
during warm seasons. The couplets are annual based on the correspondence of the stratigraphic frequency
of lamina counted in CLFM with those calculated from U-series age constraints. These seasonal fabrics
are visible in CLFM, but only when using unconventionally-thick sections (150-500 microns). This
method may help reveal seasonal lamina in speleothems from other localities.

Speleothem moisture source and moisture amount proxies, developed from monitoring of the modern
cave system and high-resolution petrographic and 8'*0 analysis of stalagmite CWN-4 growth fabrics, are
used to reconstruct hydroclimate in central Texas and the Gulf of Mexico (GoM). Key to interpreting
these hydroclimate proxies is the coupling between the GoM as the primary moisture source for central
Texas, and the signal of low 5'*0 Laurentide Ice Sheet (LIS) meltwater that changed the composition of
GoM surface waters, as the transition from Heinrich Stadial 1 to the Bolling warming period (HS1-BA
transition) corresponds with a rapid negative §'*0 excursion (-1.7%o) within CWN-4 (abbreviated as the
HBO episode). Growth rates were slow (~15-20 um/yr) during the HBO, then increased six-fold (~90
um/yr). The dominant hydroclimate response in central Texas to the most significant natural warming
event of the last deglacial, the HS1-BA transition, was a pronounced increase in regional rainfall.

The CWN-4 §'80 time series constrains the HBO to a duration of ~210 years, between 14.75+0.08
and 14.54+0.08 ka. Within the age uncertainties, the HBO episode in Texas coincides with the onset of

Bolling warming in Greenland ice core temperature records, the resumption of AMOC, Meltwater Pulse
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la (MWP-1a) and Meltwater Flood 3 (MWF-3) in the GoM, among other northern Hemisphere climate
records. The coincidence of the HBO with MWP-1a and MWF-3 corroborates that the most significant
episode of LIS meltwater input to the GoM was contemporary with MWP-1a. As MWF-3 uniquely
involved hyperpycnal flows (Aharon 2006) and foraminifera are sparse or barren in this interval of Orca
Basin (GoM) cores (Vetter et al., 2017), the impact of MWF-3 on GoM hydrography may not be fully
appreciated. CWN-4 3'®0 time series support that meltwater delivery to the GoM during MWF-3 (and
MWP-1a) was continuous.

We infer that deglacial hydroclimate in central Texas largely followed changes in AMOC, with a
linkage of LIS meltwater input to the GoM. In this scenario, slow growth intervals in CWN-4
corresponded with cold North Atlantic episodes and fast growth followed warm North Atlantic episodes,
with the possible exception of the HBO. The impact of AMOC variations in this region was to change the
interplay of factors affecting atmospheric moisture content and circulation, likely related to alternation in
interactions between the North Atlantic Warm Pool and North Atlantic Subtropical High that governed
the meridional position of north-directed low level jet systems. For the HBO, in particular, slow growth
rates during MWF-3 could have been related to protracted cooling of GoM surface waters and reduction
in atmospheric moisture. The common timing and duration of the HBO with shifts toward wetter
conditions in many Northern Hemisphere climate records suggests common ocean-atmosphere
teleconnections related to AMOC intensity. Based on these connections, we speculate that changes in
GoM surface water 8'*0 and growth rate recorded in speleothems could proxy AMOC variations. This
hypothesis may be tested by reconstructing new deglacial growth rates and 8'*0 records in speleothems
from regions like the Edwards Plateau, where 1) effective precipitation is predominantly sourced from the
GoM, and 2) the warm, semi-arid climate makes the region’s climate sensitive to small changes in
effective precipitation (Koster et al., 2004). Recognition that central Texas ventilation-style caves encode

growth fabric seasonality will advance studies of regional impacts of abrupt global change events.
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Table 1. Acronyms and abbreviations used in this paper

Common Usage
AMOC
BA
CLFM
GoM
HSI
HS1-BA transition
IRMS
ITCZ
LGM
LIS

LLJ

MW
MWF
MWEF-3
MWP-1a
NASH
NAWP
SIMS
SST

SW US
WNA
YD

Archive-specific
BD

CWN

CWN-4

F200

HBO

HOW

M50

MH

SIMS chip

Atlantic Meridional Overturning Circulation
Bolling-Allerad

confocal fluorescence laser microscopy

Gulf of Mexico

Heinrich Stadial 1

transition from Heinrich Stadial 1 to the Belling warming interval
(gas source) isotope ratio mass spectrometry
Intertropical Convergence Zone

Last Glacial Maximum

Laurentide Ice Sheet

low level jet

meltwater

meltwater flood

most intense LIS meltwater flood event in GoM, involving hyper-and hypo-pycnal flows
Meltwater Pulse 1a

North Atlantic Subtropical High-pressure cell
North Atlantic Warm Pool

Secondary ion mass spectrometry

sea surface temperature

southwest U.S. region

western North America

Younger Dryas

Brain Dead monitoring site in CWN

Cave Without a Name

study stalagmite

200pum micromill-step IRMS transect of Feng et al., 2014b

negative 8'80 excursion occurring in CWN-4 at the HS1- BA transition
Hole of Wisdom monitoring site in CWN

50pm micromill-step IRMS transect in this study

murky horizon

rhombohedral sample used for petrography and SIMS



Table 2. Regional proxy records, climate change interpretation, and timing of change associated with onset of BA warming

No. of T5- No. of
Manu- Proxy change 14 ka . Avg unc of
N Proxy change N N 15-14 A a
Location® seript Record Change, amount R DD time period ka Reference(s) Age Model Basis® proxy Kka spanning dates Calendar year dates and uncertainties” bracketing 15-14 ka interval
Fi; b - in k;
igure (£ unc”) m':::'i:e i in kyr (n)
Greenland Ice Core localities
Greenland Decrease in dust source/ Max counting [22c> Dased O TAyeT CTTONOTOZY W T TITUTIT TITOT DCIWCCTT T7U-33U YIS TOT
i 2 D se, 100 ppb 14.73 - 14. Rasmuss tal., . - i site i is bas - i is i is
(NGRIP, GRIP, loa [|Pustas proxied by Ca ecrease, pp! transport paths (1% 020)53 aﬂmu;;t; etal Seasonal layer counting 300 1000 | errors 033 - |the 11'5d14 k: interval. }(]:ompgme m; c‘;)re(;'ecord is be;;eg onf?(l)) y:haveragfng.l This u}t;.czrlamly is
GISP2) ) Tncrease, 6% Local temperature increase g 0.17 applied to the proxy change interval, but datums could be off by the previously specified counting
AMOC localities
. " . AMS "*C on G. inflata, .
Bermuda Rise . 2315, 230, Shift to more vigorous 14.61 - 14.25 . Three bracketing ages: 16097 + 50, 14523 + 50, 14401 + 50, 14401 £ 50, 13915 = 50 BP.
(OCE326-GCCS) Sediment = Pa/""Th Decrease, 0.019 AMOC (0.05) MeManus etal. 2004 G- mb/e rc(4|(-)1? i 1;.)1&:198 3 3 0:050() | Average 26 uncertaintics for these dates tabulated.
alib 4.3
AMS 1“C lank Three dates constrain the 15-14 ka interval: 16.188 +0.272, 14.484 + 0.34, 12.3575 + 1.4835 ka.
Ceara Rise Sediment ' Pa/Th Decrease, 0.022 Shift to more vigorous 14.42 - 14.11 Na etal. 2018 foram 'O(Z(foa/n 5 1 1113) Uncertainties (26) for proxy change interval are from radiocarbon to calendar year age model.
(EW9209-3JPC) cdime ccrease, 0. AMOC (£0.404) ectal, orams A1 Uncertainties (20) for 15-14 ka interval are average uncertainties for closest bracketing dates
MarineCall3)
(bold).
Mulitza et al 2017: Core GeoB16202-2 age model is based on 13 accelerator mass spectrometry
10B AMS "C on plank radiocarbon dates on planktonic foraminifera (Globigerinoides ruber and Globigerinoides
Brazil Margin Sediment >*'Pa/**Th Decrease. 0.027 Shift to more vigorous 14.57 - 14.11 Mulitza et al.. 2017 foralmp 5 1 037 3) sacculifer). Intervals of interes tabulated heret have three bracketing ages: 16.365+0.398;
(GeoB16202-2) se, B AMOC (£0.483) - (4004200 /15[Ca113) § 14.528+0.471; 13.047+0.242 ka. Uncertainty (0.47 kyr) for proxy record interval is average 26
based on radiocarbon to calendar year age model. Uncertainty (0.37 kyr) for 15-14 ka interval is
average 20 uncertainty based on radiocarbon to calendar year age model for bracketing ages.
AMS “C lank Age control for this composite is based mainly on AMS '*C. Uncertainties for proxy change
N. & Tropical Sediment **'Pa/”**Th (9 Decrease, 0.021 Shift to more vigorous 15.52 - 14.07 Ne etal. 2018 f O(‘“t(foa’“ 15 6 0265 (6) interval are 2o based on radiocarbon age conversion model for proxy change period and based on
Atlantic Sites (13) pt mov avg) T AMOC (£0.290) € N orams . : age error of datums. Uncertainties for 15-14 ka interval are 26 based on the average of bracketing
MarineCall3) i
dates; from Ng et al., 2018; personal communcation 2021.
Meltwater Pulse — la records
Fairbanks 1989; Bard Proxy change time period from Deschamps et al. (2012). Proxy time period ages and uncertainties
Sea level rise of 20 m 14.082+0.056 - |et al., 1990; Fairbanks (converted to 20) from Peltier and Fairbanks (2006) for sample RFG 9-8-2 and average of
i 13.605 (£0.042) | et al., 2005; Peltier samples RFG 12-21-7 and RFG-21-10. No. of 15-14 ka measurements and uncertainties (1o x 2)
Coral (mainly and Fairbanks, 2006 0 7 0.044 (7) from Peltier and Fairbanks (2006).
Aci e Imate Al deepeni f 2
Barbados cropora palmata) | Abrupt decpening o Sea level rise from . - 20Ty
elevations/sea level coral assemblages . Liu and Milliman,
indicator reappraisal of coral depth 14.3-14.0 2004 Same as above
ranges
. Description from Biller (2012) with reference to Mortlock et al. (2010); this presentation included
a level rise bas 1 Mortlock 1.,2010; . . .
Sea leve o :::Ed OV 14,6 - 13.9 (22) "'i‘n";i"f‘r“z o 20 0: ? 2 2 new (unpublished) Barbados drill core data demonstrating that the onset of MWP-1A was ~14.6
h © ka, consistent with Tahiti. (Mortlock, personal communication).
Tahiti Coral elevations/sea | Abrupt deepening of Sea level rise of 14-18 m 14.65+0.02 - Deschamps et al., 207U 47 47 0.04 (49) Dates from Desch etal. (2012) suppl table S2. Tabulated 2c age uncertainties from this
10D-E level indicator coral assemblages 14.31+0.04 2012 i} reference; average uncertainty reported for 15-14 ka interval.
Proxy change time period from Dy ctal. (2012) suppl : "Using the IntCal09
Mangrove AMS "C on in situ calibration curve30, the mean calendar age of the “Sunda™ MWP-1A can be refined to the 1o
Sunda Shelf elevations/sea level Shoreward migration Sharp < 16m sea level rise kX kil Hanebuth et al., 2000 mangrove OM (0 / 17 17 0.475 (17) interval 14.18 - 14'.62 ka BP, or o 14.14 - .14'94 ka BP considering the 2¢ interval. .Tabulaled
indicator of mangroves (£0.475) INTCAL9S-CALIB4) average 26 uncertainty spanning 15-14 ka is calculated from the average 1o uncertaintys for
bracketing (17) samples in Hanebuth et al. 2000 supplement. This 26 uncertainty is extended to
the proxy change time period.
1 (Ac sp. Idest post-glacial reef . .
Huon Peninsula Ce‘l‘:a[io;?ﬁzgale:’zl) Oq:czei(cj E M‘: arc: Slowdown of sea level rise; 14.61 (:0.05) Edwards et al., 1993; 200/ 1 1 0.05 (1) Tabulated date and 2o uncertainty from Cutler et al., 2003. Note that Deschamps et al. (2012)
* oo e WL end of MWP-1a : : Cutler et al., 2003 : report 14.56 (+0.05) first post-MWP-1a coral for the tabulated references..
Coral (Porites) Youngest in situ coral Onset of MWP-1a: rapid sea Two 15-14 ka dates for in situ coral samples T291-R16 and T291-R8A of 14.74+0.09 and
Hawaii elevations; sea level | before reef drowning; i level rise: pics <14.74 (£0.09) | Webster et al., 2004 #OTh/U 2 2 0.09 (1) 14.87+0.11 ka, respectively; youngest date constrains onset of MWP-1a. Tabulated 2s uncertainty
indicator MWP-1a lower age is for youngest date.
Western North America localities
Increase in isotopic
New Mexico (Fort B <18 composition of ppn (rain & | 14.74 - 14.55 |Asmerom et al., 2010; 230, Eight bracketing dates: 15147 + 107, 14746 + 65, 14573 + 69, 14439 + 76, 14082 + 67, 14059 +
tal; te F. I se, 1.34% h “"Th/l 62 6 0.095 (8 .
Stanton) Stalagmite FS 570 nerease, Yo snow); greater influence of (x0.10) Feng et al., 2014b v > ? ® 128, 14104 + 183, 13752 + 62. Tabulated 20 age uncertainty is avg.
. GOM?
10C — -
Increase in isotopic
Arizona (Cave of . 18, N composition of ppn (rain & | 14.71- 14.44 | Wagner etal., 2010; 230 Three bracketing dates: 16.746+0.12, 14.641+0.105, 13.137+0.218. Average 2s age uncertainty
X h . 3 .=
the Bells) Stalagmite CoB 870 Increase, 0.6% snow); greater influence of (£0.15) Feng et al., 2014b ThU 19 ! 0.148 3) over bracketing interval tabulated.

GOM?




Table 2. Regional proxy records, climate change interpretation, and timing of change associated with onset of BA warming (cont.)

No. of T5- No. of
Manu- Proxy change 14 ka i Avg unc of
o Proxy change o 5 15-14 . a
Location® seript Record Change, amount St time period ka Reference(s) Age Model Basis® proxy Kka spanning dates Calendar year dates and uncertainties” bracketing 15-14 ka interval
5 b -
Figure (£ unc”) measure- g in kyr (n)
Cariaco Basin and Indo-Asian localities
1,
Cariaco Basin Increase in rainfall rAMS (?(I)“lllﬂé:k' Age control provided by 20 AMS 14C dates on Globigerina bulloides from core PLO7-39PC.
” ediment reflectance; pid transition to terrigenous runoff) an 73 - 14. C N ese datums projected into other cores based on correlation of distinct laminations. Tabulated 2s
(offﬁh:sre 10G Sed 1l Rapid f d Lkt = I Hughen et al., 2000 2;“0“7 ,l )Z (you 623 29 0.164 (29) These d d h based ! fd ! Tabulated 2
§ g core PLO7-58PC darker sediments decrease in wind-driven (£0.18) s - (420 calendar year : uncertainty (0.18 kyr) for proxy change period, and (0.164 kyr) for the 15-14 ka interval are avgs
Venezuela) L. conversion from varve N RN . s .
productivity of 5 and 29 model age conversions, respectively, in Hughen et al 2000 supplement.
chronology)
Yemen (Moomi s, o . - 14.53 - 14.43 230 Six bracketing dates: 15.908+0.214, 14.931+0.183, 14.534+0.122, 14.428+0.168, 14.199+0.183,
Cave) 10H Stalagmite 5 "O Decrease, 1-2%o Monsoon intensity increase (20.17) Shakun et al., 2007 Th/U 62 4 0.176 (6) 13.55840.183. Average 2 age uncertainties tabulated.
North India 101 Stalagmite §'°0 Decrease, 2% Monsoon intensity increase 152-143 Sinha et al.. 2005 207U 30 2 0281 (3) Three bracketing dates: 145804410, 14220+230, 13800+200. Average 2s age uncertainties
(Timta Cave) € i Y (20.3) o =218 liabulated
South China 100 Stalagmite 5"°0 Decrease, 1.8%o Monsoon intensity increase 14.76 - 14.57 Dykoski et al.. 2005 201 24 5 0.104 (4) Four bracketing dates: 15,541+95, 14,835+114, 14,117+103, 13,638+104. Average 2s age
(Dongge Cave) B > Sty > (20.11) yKOS - . uncertainties tabulated
Central China . . 15 . - 14.74 - 14.54 230 . -
L 1.4%o0 . . 1 15.140.1; 13.5%0.1.
Sanbao Cave) 10K Stalagmite SB §'°O Decrease, 1.4% Monsoon intensity increase (20.10) Wang et al., 2008 Th/U 49 0 0.100 (2)  |Two bracketing dates: 15.1+0.1; 13.5+0.1. Average 2s age uncertainties tabulated
PD3; | PD0.361 (3); Three stalagmites with 7 bracketing dates: PD 0.361 (3): 15123 +464, 14555 £391, 12962 +227;
Eastern China Stalagmite YT, H82 e . . TR 14.74 - 14.55 g . 230, PD 15: YT X ' *[YT 0.101 (2): 15908 59, 14613 £71; HB 0.101 (2): 16115 £105, 11052 £97. Average 2s age
Hulu Cave 10L 50 Decrease, 1.4-2% | Monsoon intensity increase +0.06 Wang etal,, 2001 ThU s2:1B220 | YL | YTOA012)s | o minties tabulated: fastest d180 decrease of 180 yrs centered at 14.645:0.060 based on band
HBO | HBO0.101 (2)
| counting.
Circum-GoM terrestrial localities
Stalagmite CWN-4 §'*0 Decrease, 1.6%o Meltwater input to GoM kel This study 106
Texas (Cave 10F. 11A e T (£0.08) 207/ 6 0.080 (8) Eight bracketing dates: 13910+70, 14060+50, 14380480, 14485+50, 14620+80, 14800480,
Without A Name) ’ G h rat Increase, 4.3 Increase i infall 14.62 - 14.49 F tal. 2014b 6 . 14910450, 15300+50.Max 2c age uncertainties among bracketing dates tabulated.
Growth rate ncrease, 4.3x ncrease in rainfal (20.08) eng ctal.,
y 4n . Eight bracketing dates: 13.953 (+0.144/-0.157), 14.033 (+0.162/-0.157), 14.662 (+0.461/-0.41),
Ez\l:'i“(’:é\fe(om TIMEN, | ke foraminifera | FoTam barren core MW-driven salinity 14.66 - 14.11 | Williams et al, 2010; Ail:lks chzze‘:'l(‘:gs&/ 3 P 0330 () 14418 (0.33210.499), 14437 (+0.3281-0.491), 14.833 (+0.3441-0.341), 14444 (:0.329/-
12B interval 455-431 cm reduction (£0.33) Vetter et al., 2017 P g ) 0.49), 15.042 (+0.423/-0.219) ka. Tabulated 2s uncertainty (0.330 kyr) is average among
MD02-2550) MARINE09) . o
bracketing ages in Williams et al. (2010)..
Meltwater Flood-3 involvi Revised age model from 6 AMS radiocarbon dates from G. ruber (white) shells in Aharon 2003
NW GoM (LOUIS Not Planktonic and ch waerc_rangoh - Omv:“\;;ng 14.97 - 14.46 AMS "C on white G coverted to calendar years using most recent CALIB 5.0 at 2s confidence level. For 15-14ka
e, oait | shown | Penthonie foraminifera Decrease, 2% ﬂafv‘; (Comemy‘;rgry . e Abaron 2003, 2006 | SRS 0 /CXLIBS’(‘)) 39 2 227(4)  |interval, constraining 14C ages (Isunc) are 14.4£0.32, 12.6£0.13, 12.240.12, 11.240.19, which
P 8o MWP-‘l’a) 4 o : correspond to age model calendar years of 16.85, 14.59, 14.09, and 12.83 ka. Corresponding
calendar year uncertainty not published.
Increase, ~0.25% 15-145 AMS MC on bulk sed (0 Two bracketing dates: 19,690 (+220/-130), 13,890 (+170/-140) BP; tabulated 2s uncertainty is the
ortheast Mexico asin sediment Ti ~17.5t0 13 ka'" with ncrease in rate of runno: (10— 17)' oy etal., JINTCAL13 unpublishe . average from age model (from Table 1, Roy et al., . Approximate age range of increase in
Northeast Mexi 11D Basin sediment Ti tt I i f ff R 1., 2016 on bulk sed ( blished| 0 0.165 (2 i del (from Table 1, R 1, 2016). A f
pulse at ~15-14.5 ka : ) Ti% obtained graphically from Fig. 6, Roy et al., 2016).
Decrease in Pinus Eight dates over proxy change time period: 16,050 (+193/-208, 15,007 (+131/-113), 13,862
o . Deglacial transition to cooler ~15.6-12.8 . AMS "C on bulk sed (0 (+72/-80), 13,585 (+84/-96), 13,542 (+73/-85, 12,901 (+27/-36), 12,813 (+39/-30), 11,857
~40%:
Florida 16 Lake pollen 40%; Increase in and drier climate +0.19 Grimm et al., 2006 /INTCALO04 4 0 0.1922) +134/-134) BP; uncertainties are 1s about the 50% median probability age. Tabulated (0.192 kyr
Quercus, ~30% p y ag y
uereus, ¢ uncertainty is average 2s for 15-14 ka ages used in the age model
Decrease, 2.4%o0 14.98-
. - . 14.98-13. Arienzo etal., 2015, 2 Bracketing dates (4 :17,244+246,14,902+174; 14,872+178; 14,468+166 BP. Tabulated 2s
Bahamas 11E Stalagmite 80 | 13.93; Rapid decrease, Post HS1 warming SRR rienzo et a 20Th/U 218 3 0.191 (4) |Pracketing dates (4) are: ’ : abulated =
2% 14.98-14.96 ka (£0.2) 2017 age uncertainty (0.191) is average of bracketing dates.
0 14.98-14.96 ka
Increase, 4x between
. 3 Unexplained in reference;
Stalagmite growth rate | slow growth/hiatuses . . .
" Increase in deglacial rainfall? ) VP ) )
during H1.1 and YD Deglacial age model based on: MC-ICP-MS: 24.34+0.21, 20.11+0.19, 16.39+0.17; 15.8942.13;
8 16.39 (+0.17) - , € g 8
Cuba LIF Rel constant (- Persi d lati 13.0 (20.16) Warken et al., 2019 20Th/U 100 1 0.903 (3)  |14.55+0.42; 13.00+0.16 ka; TIMS: 9.29+0.23; 8.19+0.46 ka. Tabulated 2s age uncertainty (0.903
Stalagmite 3'°0 4.240.6%) from HI.1 ;;j;syl:][;ci‘:;“dciz Zoc zll,livﬁce? . . kyr) is average of bracketing ages (bold). Hiatus from 13-9.29 ka.
to YD; higher than Caribbean LLI?
Holo
P, 14.74 (-0.40/ ) .
Magnetic susceptibility | o 33 Sl units | Post HSI wetter climate  |#0.38) - 14.64 (-| Hodell etal., 2008; » 03
(SI) of lake lithologies 0.43/40.40) Escobar et al., 2012 AMS "Con 44
Post HSI warmin 14 68 _1;‘ 20 terrestrial macrofossil
Yucatan Peninsula e Ostracod 5'°0 Decrease, 1.4%o recipitation incr 8 (10 40)‘ Escobar et al., 2012 | from 3 cores, mutually 39 1 0402 3) Bracketing dates are: 15,860+629.5; 14,565+438.5; 13,734+139 BP, with 2s uncertainties from
(Lake Petén Itza) Tnorease i doop water Lrevpitie i correlated from age model in Escobar 2012. Tabulated (0.402 kyr) uncertainty is average from bracketing ages.
. P . Increase in lake level Parallels mag magnetic susceptibility,
Ostracod paleoecology, fauna; Decrease in . 3 )
5%0. 513C 550, 2.5%: Decrease associated with post HS1 susc. increase Perez etal., 2013 (0 /INTCAL09)
’ ’in 5”0’. A% warmer and wetter climate (above)
* Details of proxy records given in Supplementary Information; * Uncertainty is typical uncertainty for age determinations used to bracket interval of interest. Details of h logy given in Supp y Information; * For AMS'*C geochronology, parentheses enclose the reservoir correction years applied and

method used to derive calendar years (# / method); ¢ Uncertainties are 2-sigma; unless otherwise specified.
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Figure S1.3. Revised age model diagram for CWN-4, showing stratigraphic intervals of fast (red numbered arrows, cf.
Fig. 2C) and slower growth. North Atlantic cold events, specifically the Last Glacial Maxiumum (LGM), Heinrich
events H1.1 and H1.2 (ages in Hodell et al., 2017), and the Younger Dryas, overlap with hiatuses or slow growth
intervals in CWN-4. The transition between Heinrich Stadial 1 and the Belling-Allerod is characterized by a growth
slowdown and a sharp negative 8'*O excursion (HBO).



Figure Captions

Figure 1. A. Location map of Cave Without a Name (CWN) and other monitored caves (IS = Inner
Space Cavern, NB = Natural Bridges Cave) within the Edwards Plateau karst system of central Texas
(left), showing regional precipitation gradient (after Musgrove et al., 2001). CWN is a tourist cave
(29°53°10” N, 98°37°0” W) containing speleothems as old as ~40 ka. The cave is 15-30 m deep and
extends laterally for more than 4 km. Early Americans inhabited the region during the HS1-BA
transition study interval as evidenced by 15.5-13.2 ka pre-Clovis occupation (Waters et al., 2011; but
see Morrow et al., 2012). B. Monthly normalized fractions of annual precipitation supplied to
central Texas from three predominant moisture sources comprising ~70% of rainfall (see Section
5.1): Gulf of Mexico, recycled continental moisture (Land), and Pacific Ocean, based on a modern
climate simulation (1975-2013) of evaporative moisture transport across the SW US; Wong et al,,
2015). Simulation uses Community Atmosphere Model (v. 5)/Community Land Model (v. 4) with
1.9x2.5° grid resolution and AMIP-style set-up, where SSTs and sea ice are set and
atmosphere/land evolves freely. Lesser moisture sources (Gulf of California and N. Atlantic) not
shown. Vertical axis units are relational only, with a maximum cumulative value of one meaning
that all precipitation comes from one or more regions, and a value of zero meaning no model
region supplies precipitation. C. Since recycled continental moisture derives from rainfall
received from primary oceanic moisture sources, the simulation can be used to characterize the
relative fractions of annual average precipitation originating from the Gulf of Mexico (isopachs)
vs. Pacific/Gulf of California (contours). For central Texas, annual rainfall supplied from the Gulf of
Mexico is ~7 times higher than that supplied from Pacific rainfall. Also shown are important §'*0
chronostratigraphy localities discussed: COB = Cave of the Bells, AZ; FS = Fort Stanton, NM; OB =
Orca Basin, NW GoM. North Atlantic thermohaline circulation involves surface flow through the Gulf
of Mexico via the dynamic (eddy shedding) Loop Current (LC); the LC also acts to limit riverine input,

mainly from the Mississippi River, to northern and western portions of the GoM.

Figure 2. Temporal and spatial context of deglacial growth rate and §'%0 variations over the HS1-BA
transition study interval. A. Schematic illustration of sub-samples (SIMS chip, Slab/Thin Section K2)
from B below (inset A), showing positions of high-spatial resolution transects used for CLFM imaging
and SIMS and IRMS §'®0 sampling. B. Color image of CWN-4 slab face II showing positions of thin
sections and sub- samples used in this study, the axial micromill 200um step sampling transect of Feng

et al. (2014b) to establish 8'*0 stratigraphy, and previous U-series datums (pink boxes - this slab; green



boxes - opposite slab) and growth hiatuses. Thin section K2 was prepared 30um thick from the slab face
shown, whereas thin sections K1 and L were prepared 150um thick from the opposing slab face. The
lower portion of thinsection K1 overlaps with the study interval and thin section K2. Thin section L
includes the top of CWN-4 and has a higher detrital content that is associated with hiatuses. C.
Stratigraphic cross-plot of IRMS §'%0 (black curve) and growth rate variations (blue field), showing
associated U-series age control; see Feng et al. (2014b, their Figure 3) for corresponding 8"*C
stratigraphy. The abrupt decline in 'O occurring between 76.4 mm and 72.7 mm below the top of
CWN-4, termed the HBO, marks the central position of the HS1-BA transition study interval. Red
numbered arrows show positions of fast growthrate intervals during the deglacial. Growth rates increase
4-6-fold across the HBO (red arrow #3). Error bar at bottom of figure (inside inset box) shows typical 2c

uncertainty of £0.08%o for IRMS §'*0 measurements.

Figure 3. 2012-2017 monitoring results for Cave Without a Name. A. Palmer Drought Severity Index
(PDSI) for the Edwards Plateau climate region of Texas, showing varied drought conditions experienced
over the monitoring interval. B. Drip §'%0 values (solid lines), drip rates (dashed lines) and associated
plate calcite accumulation for Brain Dead (BD) and Hole of Wisdom (HOW) monitoring localities,
relative to daily rainfall (blue “icicles”). Horizontal dashed lines show the estimated average (bold dash)
and standard deviation (light dashes) §'*0 value for precipitation weighted for rainfall amount in the
central Texas region for the period 1999-2007 (Pape et al., 2010); total 3'*0O range for single rainfall
events over this interval was -12.6 to -1.1%o.. Horizontal grey band shows the range of average drip water
8'80 values in other central Texas caves. Drip rates at both localities are non-zero, but variable, with no
obvious relationship to prior precipitation patterns. HOW consistently has slow drip rates with no annual
accumulation of plate calcite (not plotted), whereas BD has slow to moderate drip rates and strong
seasonal calcite growth during cool months (Oct-May). Minor negative values in plate calcite
accumulation result from typical weighing uncertainties. C. Comparison of cave CO; levels and daily
maximum temperatures (red curve). Cave CO; concentrations exhibit strong seasonal fluctuations,
increasing from low levels (~1000 ppm) during cool season months to levels above 20,000 during warm
season months. The rise in in-cave CO; levels lags seasonal temperature increases by several months,
whereas cave ventilation to low CO» values closely corresponds with seasonal temperature decline.
Integration of data demonstrates that drip sites with moderate drip rates only accumulate calcite during

winter months associated with low in-cave CO, concentrations.

Figure 4. Petrographic images of highly coalesced CWN-4 growth fabrics in thin section K2 (30 pm



thick). For higher-resolution imagery, the reader is referred to the on-line version of the manuscript. A.
Transmitted light overview of thin section K2 showing the location of the F200 micromill §'*O transect
(vertical gap running along the left edge) and inset locations of close-up images B-H. Sharp intercrystal
boundaries and elongate pores reveal the outward-radiating orientation of columnar calcite fabric, sub-
normal to the stalagmite growth surface; left-to-right arrows show increasing lateral radiation away
fromthe principal growth axis (bold arrow). B-D. Crossed polarized images of columnar calcite fabrics
above (B-C) and below (D) the HBO negative 8'*0 excursion interval. These intervals have fast growth
rates of 89.5 um/yr and 37.4 um/yr, respectively (black vertical bars), yet there is no obvious indication
of growth layering. The pairs of horizontal thin black lines show locations where widths of columnar
calcite domains were measured in each image; scale bars are 500 pm. E-F. Columnar calcite fabrics in
cross- polarized (E) and transmitted light (F) within the HBO negative 8'*0 excursion interval. Traced
outlines of columnar domains over a portion of the images show that columnar (super)crystals can be
several mm in length. However, the supercrystals are comprised of smaller vertically elongate
subcrystals. This interval has slow growth rates of 20.8 pm/yr (dash widths); like images B-D, there is
no indications of horizontal growth layers. G-H. Close-up transmitted light images of the fast growth
interval above the HBO negative 8'*0 excursion, showing faint horizons of vertically oriented
“spindle-shaped” inclusions(between black arrows). The spacing between the upper two inclusion
horizons is reasonably close to theestimated growth rate for this interval from U-series age datums
(black vertical bar in H). This was the only area of the thin section revealing evidence of horizontal
layering. In stalagmites like CWN-4 with low impurity levels and highly coalesced growth fabrics,
conventional 30 um-thick thin sections are useful for petrographic imaging of columnar calcite fabrics,

but offer only faint indications of horizontal growth layering.

Figure 5. Transmitted polarized light images of growth fabrics in 150 pm- thick sections L and K1,
comprising the upper 85 mm of CWN-4. Upper left diagram shows stratigraphic positions of thin
sectionsrelative to the HS1-BA transition study interval. Labeled insets in whole thin section images
show respective locations of images A-J. Scale bars in petrographic images A-J are 100 microns. Thin
section L (images A-F) preserves the final generation of calcite growth at the top of CWN-4 and reveals
the axial continuity and lateral coalescence of crystallite growth; blue epoxy reveals intercrystallite
porosity (A-B). Intermittently higher levels of background detritus in this thin section reveal breaks in
calcite growth, with detritus concentrating above polyhedral growth fronts, and with thick detrital-rich
intervals corresponding with growth hiatuses (C-D). Ponding of detritus between adjacent crystallites
(C-F) suggests that accumulation occurred while calcite growth was slow, or that detrital input was

episodic. Layer truncation or microerosional surfaces consistent with Type E surfaces (Railsback et al.,



2013) were not observed. Stratigraphic alternation of detrital poor and detrital rich zones reveals
herringbone growth front patterns with tops and bottoms of “V’s” respectively marking crystallite
terminations and contact points between adjacent crystallites (D, F). Inter-crystallite contact points
define vertical boundaries of columnar calcite domains that span many generations of calcite growth (B,
D, F). Scales of herringbone growth fronts are similar to those frozen in time at the top of the stalagmite
(cf. A-B). Thin section K1 (images G-J) overlaps with the HS1-BA transition study interval and has a
less-detrital, more-coalesced, fabric compared to the upper portion of thin section L above. Here the tops
of relic growth fronts appear to be preserved as stratigraphic horizons of fine inclusions that alternate
with more coalesced horizons (G-H). Image G demonstrates several inclusion-dense horizons with
vertical spacing on the order of 100 pm (lateral arrows). This interpretation is supported by close lateral
inspection of inclusion-dense horizons that occasionally revealsinclusions that define V-shaped tops and
valleys between adjacent crystallites (I, dashed circles in J). More generally, inclusions defining visible
horizons occur at different depths below the thin section surface but can be reasoned to correspond with
gaps in coalescence (detrital-free inclusions) and/ordetrital surface layers that formed above a stalled

complex 3D polyhedral crystallite growth surface.

Figure 6. Composite transmitted light image mosaic of the 5 mm-thick SIMS chip, with corresponding
CLFM image transects (green) superimposed. U-series ages constraining growth rates are shown left of
datums (black triangles). The SIMS §'%0 transect is centered within the right CLFM transect. Small
blackopaque areas correspond to surface pores where the gold coating required for SIMS analysis could
not be removed. Insets A-E in the mosaic are enlarged in the right column images (scale bars are 100
pum for ease of comparison with Fig. 5 images). Insets 4-4’ through D-D’ correspond to the CLFM
image enlargements shown in Figure 7. Stratigraphic variations in inclusion-dense and inclusion-sparse
horizonsreveal growth laminae that can be traced laterally across the entire sample. Significant
variations in lamina thickness demonstrate significant changes in growth rate between moderate (~37.4
um/yr) rates during the final portion of HS1 (E), slow (15-20 um/yr) rates during the HS1-BA transition
(D), and substantially faster(~89.4 um/yr) rates during the initial BA (A-C). Resolution of growth
lamina is substantially obscured in three murky horizons (MH1-3) in the lower half of the sample.
Aspects of growth fabric observed in thicksections (Fig. 5, K1, L) such as columnar calcite domains
(vertical traces evident in A-E) and herringbonegrowth fabric (image A) are similarly evident in the

composite mosaic.

Figure 7. CLFM composite images of growth fabrics over the study interval (refer to Fig. 6 insets for

locations). Image pairs A-A’, B-B’, and C-C’ are laterally superimposed from the left and right CLFM



transects, respectively; individual SIMS §'*0 sample pits can be seen in shallow flattened CLFM
images (e.g., Image C’). Comparatively fluorescent and non-fluorescent laminae define horizontal
growth layers,many of which can be traced laterally between left and right transects (e.g., while tie lines
between brightly fluorescent bands in A-A’). Counting of fluorescence lamina in different portions of
images provide estimates of average growth layer thickness (white pm labels). Brighter fluorescent
bands correspond with outer surfaces of crystallites, which define nested herringbone overgrowth
patterns within a broader columnar calcite fabric (e.g., image A-A’, E-G). Fabric scale is similar to that
observed petrographically in thin sections L and K1 (Fig. 5) and the SIMS chip (Fig. 6A); scale bars in
all images are 100 um for comparison. Sub-vertical patterns of fluorescence define faint boundaries
between adjacent columnar calcite domains, which clearly span multiple growth layers (e.g., E-G).
Other brightly fluorescent areas correspond with fractures (e.g., image C) and surface planes between
columnar calcite domains when they are oriented parallel to the imaging plane (e.g., image D). Breaks
in image contrast (e.g., image A’, C’) correspond to joins between different tiled and flattened images.
Images A-A’ and B-B’, from the upper half of the SIMS chip above MH3, correspond to fast growth
rates associated with onset of the Bolling warming interval. Average thicknesses of countable
fluorescent couplets (103.2 and 94.7 um) are reasonably close to the U-series interpolated growth rate of
89.4 pm/year. Images C-C’, from between MH2 and MH3, correspond with slow growth rates during
the HS1-BA transition. Average thicknesses of countable fluorescence couplets in three areas (26.2-28.2
um/yr) correspond with 20.7 pm/yr for the U- series growth rate estimate. Images D-D’, from below
MHI, correspond to moderate growth rates at the end of HS1. An average thickness of 40.0 pm for
countable fluorescence couplets closely compares to theU-series growth rate estimate of 37.4pm/yr.
Images E-G (from within Image A), show the same field of view for single voxel (z) layers at the
surface (E), depths 10 pm (F) and 20 pm (G) deeper. The surface trace of a brightly fluorescent layer
and bounding columnar calcite domains in image E is superimposed on images F and G. The mismatch
of the surface trace position in deeper images is consistent with changing cross-sectional exposures of a

complex polyhedral crystallite growth surface.

Figure 8. Stable isotope results for the Bolling transition study interval in CWN-4. A. SIMS §'*0
results(n = 384). B-C. IRMS §'%0 and §'°C transect results for continuous micromill sampling. The
F200 transect corresponds to 200 pm sampling steps in Feng et al. (2014b). The M50 transect (this
study) wassampled in continuous 50pum steps (n =89). Red boxes in C outline corresponding §'"°C
minima and maxima used to correlate F200 with the M50 transect. Horizontal error bars in A-C show
corresponding2-sigma precisions obtained for standard replicates (Section 3.4 and 3.5). D. Growth rate

estimates determined from U-series ages. The main negative §'*0 excursion marking the transition



from Heinrich Stadial 1 to the Bolling-Allered (the HBO event) corresponds with an interval of slow
growth rates. Linear extrapolation from U-series ages indicate the HBO event spans a 213-year

interval, from 14,749 £80 to 14,536 + 80 years before present.

Figure 9. Global deglacial proxy records considered in this study. CWN, FS, and COB denote Cave
Without a Name in central Texas, Fort Stanton Cave in New Mexico, and Cave of the Bells in Arizona,
respectively. NGRIP, GRIP, and GISP2 are Greenland ice core records synchronized for the
INTIMATEevent stratigraphy compilation (Rasmussen et al., 2014).

Figure 10. Comparison of Texas stalagmite CWN-4 §'%0 and growth rate record with other deglacial
records over the 20-8 ka time window. Red boxes show 15-14ka age control in each record as compiled
in Table 2. A. Greenland ice core 5'0 (%SMOW) and Ca (dust) concentrations, based on 20-year
means, and corresponding stadial-interstadial subdivisions (Rasmussen et al., 2014). MCE = mean layer
counting error. Heinrich Stadial 1 (aka Mystery Interval), Belling-Allered, and Younger Dryas climate
intervals respectively correspond with GS-2.1a, GI-1, and GS-1 ice core intervals, although are defined
in other archives. Within GS-2.1, the mid-point temporal positions of Heinrich events H1.1 (~16.2ka;
17.1-15.5 ka) and H1.2 (~15.1 ka; 15.9-14.3 ka) in Hodell et al. (2017) are shown as vertical dashed
lines. Within G1-1 (Bglling-Allered), warm (tan intervals: a, c1, c3, 4) and cold (blue intervals: b, c2, d)
episode are continued downwards in the background for comparison with other records. B. Atlantic
meridional overturning circulation (AMOC) records (*'Pa/~*°Th) and C age control in the western
subtropical Atlantic: Bermuda Rise (red curve, McManus et al., 2004); Brazil Margin (green curve,
Multiza et al., 2017); Ceara Rise (blue curve) and Atlantic composite (purple curve, Ng et al., 2018,
described in Supplement Section 3). C. Western North American (WNA) speleothem records and U-
series age control from New Mexico (Fort Stanton Cave, Asmerom et al., 2010) and Arizona (Cave of
Bells, Wagner et al., 2010). D. Estimated ice-volume corrected sea level (ESL), and MWP-1a based on
integration of global proxy records (Lambeck et al., 2014). Timeframes for proxy records delimiting
MWP-1A and for MWF-3 and Orca Basin foram-barren intervals in the Gulf of Mexico also shown. E.
Detailed relative sea-level (RSL) records spanning MWP-1, including U-Th dated corals (Barbados,
Hawaii, Huon, Tahiti) and '*C-dated mangrove organic matter (Sunda), as modified from Deschamps et
al. (2012). Pacific Ocean records are consistent with MWP-1a occurring 14.65-14.30 ka (purple vertical
rectangle), whereas the Barbados record indicates MWP-1a occurred 14.08-13.61 ka (light green
vertical rectangle). Glacial meltwater discharge (ESL) in mm/yr and sverdrup (Sv) volumetric flow units

(Sv; 1 Sv = 1*10° m?/s) estimated from the Tahiti Record. F. Texas CWN-4 §'*0 and growth rate record



(pink histogram). Positions of hiatuses (light blue fields) and the prominent negative §'*0 excursion
between Heinrich Stadial 1 and the Bolling-Allerad (HBO, dark blue field) are continued upward for
comparison with other records. Red numbered arrows show positions of fast-growth intervals. Letters x,
y, z show small §'*0 inflections that may correlate to warm and cold events within Greenland G1-1. G.
Cariaco Basin sediment gray scale reflectivity for core PLO7-56PC (Hughen et al., 2000). Lighter
colored intervals (higher gray scale values) correspond with higher wind-driven upwelling and
productivity, considered to have been driven by higher thermal gradients associated with cold north
Atlantic climate states. Darker colored intervals (lower gray scale values) correspond with greater
proportions of detrital runoff when latitudinal thermal gradients were lower (warmer north Atlantic) and
productivity was lower. Accelerator mass spectrometry radiocarbon dates on foraminifera integrated
with varve chronology from core PL0O7-58PC provide nearly continuous age control. H-K. Indo-Asian
stalagmite 8"%0 records demonstrating changing summermonsoon intensity: H. Moomi Cave, Yemen; L.
Timta Cave, India; J. Dongge Cave, China; K. Sanbao Cave, China; L. Hulu Cave, China, stalagmites
MSD, H82, PD; letters x-y-z in various records denote possible correlations with warm and cold events
within GI-1. U-series age control shown for each record; some records correlated from annual band
counting and &'*0 inflections. M-N. Gulf of Mexico Mg/Ca SST estimates (M) and 8'*O variations (N)
from Orca Basin foraminifera in cores MD02-2550 (black curve; Williams et al., 2012) and EN32-PC6
(purple curve; Flower et al., 2004). Foraminiferal '*C ages converted to calendar years provide age
control (shown between M and N). Dashed boxes show positions of homogeneous foram-barren units,
considered to have been caused by MWF-3 (Aharon, 2006). Downward arrows in M show potential
SST cooling across MWEF-3. Letters x-y-z in N show possible correlations with the CWN-4 record (F)

that may correspond to warm and cold events in the Greenland GI-1 ice core record (A).

Figure 11. Comparison of CWN-4 §'80 and growth rate record with circum-Gulf of Mexico deglacial
records over the 20-8 ka time window. Same as Fig. 10, Greenland stadial and interstadial divisions
are shown at the top and GI-1 warm (yellow: a, c1, c3, 3) and cool (blue: b, c2, d) episodes, North
Atlantic Heinrich events H1.1, H1.2, and the CWN-4 HBO (dark blue) and hiatus (light blue)
intervals are stretched vertically for comparison with other records. Red boxes show 15-14 ka age
control in each record. A. Texas stalagmite CWN-4 §'30 and growth rate record (same as Fig. 11F).
B. Orca Basin foraminiferal 8'*0 record from cores MDO2-2550 (black curve) and EN32-PC6
(purple curve), showing position of MWF-3 and foram-barren interval (same as Fig. 11M). C. Lake
Peten Itza (Guatemala, Yucatan Peninsula) drill core records and ostracod 8'*0 (Hodell et al., 2008;

Escobar et al., 2012; Perez et al., 2013). Magnetic susceptibility (SI, red curve) of lake sediments



fluctuates between enrichments in clay (high SI, wet climate), such as characterized the BA, and
gypsum (low SI, arid climate), such as characterized the LGM, HS1 and YD. Benthic ostracod
Limnocythere opesta 8"°0 values (blue curve) are more depleted during warm intervals associated
with high lake levels (black dashed curve). The timing of SI and ostracod §'*0 fluctuations in the
Guatemala record are similar to 8'*O fluctuations in the Orca Basin foraminifera and Texas CWN-4
stalagmite record. Ostracod-estimated lake level indicates an abrupt 60m increase near the HBO
consistent with a rapid shift to a wetter climate. x-y-z letters show possible correlations between the
Guatemala SI record and Greenland GI-1 warm-cold fluctuations. D. El Potosi Basin (NE Mexico)
deglacial lake sedimentary evolution (Roy et al., 2016) has sparse '*C age control, but demonstrates
an overall increase in riverine runoff (wetter climate) as proxied by sedimentaryTi abundance, which
increases near the HBO boundary through the BA and then decreases in the YD. Carbonate content is
a proxy of authigenic carbonate formation from saline waters. Low carbonate content through the 19-
12 ka interval, and its negative correlation with Ti abundance, indicate more salinebasin waters in the
LGM and YD when climate was dryer. E. Bahamas (Abaco Island) submerged stalagmite AB-DC-09
880 record and U-series age control (Arienzo et al., 2015). The HS1-BA transitionto 1-2%o lighter

8"%0 values (dashed red box) is interpreted to reflect a temperature increase on the order of 4°C. An
interval of slow growth in HS1 overlaps with the HS1 hiatus in the Texas CWN-4 record, consistent
with cool-arid conditions. F. Western Cuba stalagmite CM §'0 record (Warken et al., 2019).
Enriched 8'*0 values for the HS1-BA interval compared to Holocene (and older) values were
interpretedto reflect lower relative levels of rainfall. Hiatuses at 17.3-15.6 and 12.3-10.1 ka are
reasonably consistentwith the CWN-4 record, although U-series age control is sparse and variable in
the Cuba record. G. Central Florida, Lake Tulane pollen record (Grimm et al., 2006) indicates that
deglacial climate shifts were opposite those recorded in other circum-GoM localities. Rather than
cold-dry stadials (HS1, YD) and a warm-wet BA, pollen abundances suggest the HS1-BA transition
was toward a cooler and dryerclimate (Quercus > Pinus). Accelerator mass spectrometry radiocarbon

dates on wood and sediment provide age control.

Figure 12. Factors regulating tropical moisture transport to central Texas and the southern US. A
pressuregradient forms during warm months between a low-pressure cell associated with the Rocky
Mountains and a high-pressure cell formed in the North Atlantic Ocean as a portion of the descending
Hadley cell, known as the Bermuda High or North Atlantic Subtropical High (NASH). The summer jet
stream wobbles latitudinally and the intertropical convergence zone (ITCZ) migrates ~10° further north
than its winter latitude. With increasing summer insolation, waters of the western Atlantic, Caribbean

Sea and Gulf of Mexico warm anomalously to form the Western Atlantic Warm Pool (light red shaded



area). Moisture-rich low level jet systems (green arrows) are routed northward into the southern US and
Mexico by cyclonic movement around the western ridge of the NASH cell. North Atlantic thermohaline
circulation involves surface flow through the Gulf of Mexico via the dynamic (eddy shedding) Loop
Current (LC). Mississippi River system is shown in purple. Fine black lines connect deglacial localities
compared with the CWN-4 record (cf. Fig. 9), including speleothems from COB - Cave of the Bells,
AZ; FS - Fort Stanton Cave, NM; WC - W. Cuba; and BAH - Bahamas; terrestrial basin/lakes from EP
— El Potosi Basin, N. Mex; PI - Lake Peten Itza, Guatemala; and CF - Central Florida; marine sediment
cores from LS — Louisiana Slope and OB - Orca Basin, N. Gulf of Mexico; CB - Cariaco Basin,
offshore N. Venezuela; BAR-Barbados coral records, and BER - Bermuda Rise. Figure modified after

Montero- Serrano et al. (2011) and references therein.
Supplement Figures

Figure S1.3. Revised age model diagram for CWN-4, showing stratigraphic intervals of fast (red
numbered arrows, cf. Fig. 2C) and slower growth. North Atlantic cold events, specifically the Last
Glacial Maximum (LGM), Heinrich events H1.1 and H1.2 (Hodell et al., 2017), and the Younger Dryas,
overlap with hiatuses or slow growth intervals in CWN-4. The transition between Heinrich Stadial 1
and the Bolling-Allerad is characterized by a growth slowdown and a sharp negative 'O excursion

(HBO).
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Table S1. Cave Without a Name monitoring data

CO, (ppm) Plate Calcite Growth Rates
Continuous Logger Monthly Manual BD Locality HOW L
Co2 Co2
Date/time (ppm) Date (ppm) Date mg/day Date
3/18/1211:06 1050 6/16/13 13030 5/21/13 1.35 5/21/13
3/18/1214:06 1100 7/23/13 19370 7/3/13 -0.08 7/3/13
3/18/1217:06 1020 8/24/13 16420 8/6/13 -0.12 8/6/13
3/18/12 20:06 830 9/14/13 15400 9/3/13 -0.19 9/3/13
3/18/12 23:06 860 10/26/13 710 10/5/13 1.87 10/5/13
3/19/12 2:06 750 11/17/13 680 11/6/13 6.21 11/6/13
3/19/12 5:06 690 12/20/13 640 12/3/13 7.76 12/3/13
3/19/12 8:06 880 2/1/14 700 1/10/14 21.29 1/10/14
3/19/12 11:06 750 5/7/14 620 2/14/14 6.07 2/14/14
3/19/12 14:06 850 6/19/14 5000 3/18/14 6.48 3/18/14
3/19/1217:06 1050 7/16/14 15730 4/21/14 4.34 4/21/14
3/19/12 20:06 680 8/26/14 16230 5/23/14 2.06 5/23/14
3/19/12 23:06 120 9/28/14 8000 6/27/14 -0.20 6/27/14
3/20/122:06 1000 10/25/14 810 8/5/14 -0.09 8/5/14
3/20/12 5:06 770 12/6/14 790 9/11/14 -0.26 9/11/14
3/20/12 8:06 940 4/4/15 550 2/3/15 5.19 2/3/15
3/20/1211:06 1000 6/30/15 7220 5/17/15 2.52 5/17/15
3/20/12 14:06 950 8/13/15 18540 7/22/15 -0.26 7/22/15
3/20/1217:06 1090 9/19/15 10021 8/26/15 0.07 8/31/15
3/20/12 20:06 880 11/18/15 1090 10/9/15 -0.02 10/14/15
3/20/12 23:06 720 12/11/15 570 11/24/15 0.10 11/24/15
3/21/12 2:06 910 1/18/16 440 12/30/15 1.26 12/30/15
3/21/12 5:06 660 2/20/16 490 2/3/16 4.24 2/3/16
3/21/12 8:06 870 3/26/16 470 3/8/16 1.82 3/8/16
3/21/1211:06 1050 4/23/16 1390 4/9/16 4.57 4/9/16
3/21/12 14:06 900 5/28/16 3990 5/10/16 4.58 5/10/16
3/21/12 17:06 880 6/17/16 7190 6/7/16 0.03 6/7/16
3/21/12 20:06 810 7/26/16 20100 7/6/16 -0.15 7/6/16
3/21/12 23:06 850 8/16/16 17900 8/5/16 -0.33 8/5/16
3/22/12 2:06 670 9/17/16 21300 9/1/16  48.48 9/1/16
3/22/12 5:06 760 10/29/16 1480 10/8/16 0.25 10/8/16
3/22/12 8:06 630 11/20/16 520 11/9/16 1.39 11/9/16
3/22/12 11:06 880 12/20/16 620 12/5/16 1.97 12/5/16
3/22/12 14:06 450 1/21/17 580 1/5/17 3.99 1/5/17
3/22/12 17:06 930 2/11/17 510 1/31/17 2.20 1/31/17
3/22/12 20:06 670 3/11/17 600 2/25/17 3.58 2/25/17
3/22/12 23:06 790 4/8/17 560 3/25/17 6.38 3/25/17
3/23/12 2:06 750 5/9/17 520 4/23/17 1.01 4/23/17
3/23/125:06 910 6/9/17 20550 5/24/17 0.08 5/24/17
3/23/12 8:06 830
3/23/12 11:06 970 Outliers (not plotted)

3/23/1214:06 970



3/23/1217:06
3/23/12 20:06
3/23/12 23:06
3/24/12 2:06
3/24/12 5:06
3/24/12 8:06
3/24/12 11:06
3/24/12 14:06
3/24/1217:06
3/24/12 20:06
3/24/12 23:06
3/25/12 2:06
3/25/12 5:06
3/25/12 8:06
3/25/1211:06
3/25/12 14:06
3/25/12 17:06
3/25/12 20:06
3/25/12 23:06
3/26/12 2:06
3/26/12 5:06
3/26/12 8:06
3/26/12 11:06
3/26/12 14:06
3/26/12 17:06
3/26/12 20:06
3/26/12 23:06
3/27/12 2:06
3/27/125:06
3/27/12 8:06
3/27/12 11:06
3/27/12 17:06
3/27/12 20:06
3/27/12 23:06
3/28/12 2:06
3/28/12 5:06
3/28/12 8:06
3/28/12 11:06
3/28/12 14:06
3/28/1217:06
3/28/12 20:06
3/28/12 23:06
3/29/12 2:06
3/29/12 5:06
3/29/12 8:06
3/29/12 11:06
3/29/12 14:06
3/29/1217:06

750
800
870
780
940
730
870
880
860
720
840
720
950
950
930
1210
1060
920
740
890
910
790
950
950
1030
830
780
760
800
910
850
970
770
780
620
990
880
660
820
860
730
640
800
780
730
820
940
1110



3/29/12 20:06
3/29/12 23:06
3/30/12 2:06
3/30/12 5:06
3/30/12 8:06
3/30/1211:06
3/30/12 14:06
3/30/1217:06
3/30/12 20:06
3/30/12 23:06
3/31/12 2:06
3/31/12 5:06
3/31/12 8:06
3/31/12 11:06
3/31/12 14:06
3/31/1217:06
3/31/12 20:06
3/31/12 23:06
4/1/12 2:06
4/1/12 5:06
4/1/12 11:06
4/1/12 14:06
4/1/12 17:06
4/1/12 20:06
4/1/12 23:06
4/2/12 2:06
4/2/12 5:06
4/2/12 8:06
4/2/12 11:06
4/2/12 14:06
4/2/12 17:06
4/2/12 20:06
4/2/12 23:06
4/3/12 2:06
4/3/125:06
4/3/12 8:06
4/3/12 11:06
4/3/12 14:06
4/3/12 17:06
4/3/12 20:06
4/3/12 23:06
4/4/12 2:06
4/4/12 5:06
4/4/12 8:06
4/4/12 11:06
4/4/12 14:06
4/4/12 17:06
4/4/12 20:06

810
690
850
990
690
1000
940
850
940
890
840
940
940
920
1060
1040
1110
920
910
880
1970
970
1160
1020
600
900
1050
760
890
960
960
920
550
660
880
560
1100
1120
980
870
630
810
900
810
760
970
900
950



4/4/12 23:06
4/5/12 2:06
4/5/12 5:06
4/5/12 8:06

4/5/12 11:06

4/5/12 14:06

4/5/12 17:06

4/5/12 20:06

4/5/12 23:06
4/6/12 2:06
4/6/12 5:06
4/6/12 8:06

4/6/12 11:06

4/6/12 14:06

4/6/12 17:06

4/6/12 20:06

4/6/12 23:06
4/7/12 2:06
4/7/12 5:06
4/7/12 8:06

4/7/12 11:06

4/7/12 14:06

4/7/12 17:06

4/7/12 20:06

4/7/12 23:06
4/8/122:06
4/8/12 5:06
4/8/12 8:06

4/8/12 11:06

4/8/12 14:06

4/8/12 17:06

4/8/12 20:06

4/8/12 23:06
4/9/12 2:06
4/9/12 5:06
4/9/12 8:06

4/9/12 11:06

4/9/12 14:06

4/9/12 17:06

4/9/12 20:06

4/9/12 23:06

4/10/12 2:06

4/10/12 5:06

4/10/12 8:06

4/10/12 11:06
4/10/12 14:06
4/10/12 17:06
4/10/12 20:06

880
620
570
770
410
990
920
860
740
780
750
720
740
910
900
880
860
160
860
730
910
960
1000
1050
850
930
930
800
730
980
860
900
690
770
810
670
700
950
870
790
1030
1290
680
950
870
920
820
770



4/11/12 2:06
4/11/12 5:06
4/11/12 8:06
4/11/12 11:06
4/11/12 14:06
4/11/12 17:06
4/11/12 20:06
4/11/12 23:06
4/12/12 2:06
4/12/12 5:06
4/12/12 8:06
4/12/12 11:06
4/12/12 14:06
4/12/12 17:06
4/12/12 20:06
4/12/12 23:06
4/13/122:06
4/13/12 5:06
4/13/12 8:06
4/13/12 11:06
4/13/12 14:06
4/13/12 17:06
4/13/12 20:06
4/13/12 23:06
4/14/12 2:06
4/14/12 5:06
4/14/12 8:06
4/14/12 11:06
4/14/12 14:06
4/14/12 17:06
4/14/12 20:06
4/14/12 23:06
4/15/12 2:06
4/15/12 5:06
4/15/12 8:06
4/15/12 11:06
4/15/12 14:06
4/15/12 17:06
4/15/12 20:06
4/15/12 23:06
4/16/12 2:06
4/16/12 5:06
4/16/12 8:06
4/16/12 11:06
4/16/12 14:06
4/16/12 17:06
4/16/12 20:06
4/16/12 23:06

950
470
840
790
880
890
880
690
970
450
2410
700
1100
990
930
670
640
900
880
790
730
460
670
630
770
730
610
670
760
920
700
630
680
520
590
930
890
920
890
740
720
530
640
920
710
840
860
730



4/17/12 2:06
4/17/12 5:06
4/17/12 8:06
4/17/12 11:06
4/17/12 14:06
4/17/12 17:06
4/17/12 20:06
4/17/12 23:06
4/18/12 2:06
4/18/12 5:06
4/18/12 8:06
4/18/12 11:06
4/18/12 14:06
4/18/12 17:06
4/18/12 20:06
4/18/12 23:06
4/19/12 2:06
4/19/12 5:06
4/19/12 8:06
4/19/12 11:06
4/19/12 14:06
4/19/12 17:06
4/19/12 20:06
4/20/12 2:06
4/20/12 5:06
4/20/12 8:06
4/20/12 11:06
4/20/12 14:06
4/20/12 17:06
4/20/12 20:06
4/20/12 23:06
4/21/12 2:06
4/21/12 5:06
4/21/12 8:06
4/21/12 11:06
4/21/12 14:06
4/21/12 17:06
4/21/12 20:06
4/21/12 23:06
4/22/12 2:06
4/22/12 5:06
4/22/12 8:06
4/22/12 11:06
4/22/12 14:06
4/22/12 17:06
4/22/12 20:06
4/22/12 23:06
4/23/12 2:06

670
850
750
790
770
730
670
880
720
850
680
630
850
840
400
530
840
670
720
770
900
2550
700
790
720
960
860
760
810
730
590
770
810
620
880
920
920
640
640
740
700
640
920
790
820
710
700
730



4/23/12 5:06
4/23/12 8:06
4/23/12 11:06
4/23/12 14:06
4/23/12 17:06
4/23/12 20:06
4/23/12 23:06
4/24/12 2:06
4/24/12 5:06
4/24/12 8:06
4/24/12 11:06
4/24/12 14:06
4/24/12 17:06
4/24/12 20:06
4/24/12 23:06
4/25/12 2:06
4/25/12 5:06
4/25/12 8:06
4/25/12 11:06
4/25/12 14:06
4/25/12 17:06
4/25/12 20:06
4/25/12 23:06
4/26/12 2:06
4/26/12 5:06
4/26/12 8:06
4/26/12 11:06
4/26/12 14:06
4/26/12 17:06
4/26/12 20:06
4/26/12 23:06
4/27/12 2:06
4/27/12 5:06
4/27/12 8:06
4/27/12 11:06
4/27/12 14:06
4/27/12 17:06
4/27/12 20:06
4/27/12 23:06
4/28/12 2:06
4/28/12 5:06
4/28/12 8:06
4/28/12 11:06
4/28/12 14:06
4/28/12 17:06
4/28/12 20:06
4/28/12 23:06
4/29/12 2:06

580
800
580
800
750
750
680
620
670
620
800
740
710
590
770
630
650
280
700
710
540
710
700
570
700
690
730
710
850
870
580
820
510
810
950
880
780
800
660
730
780
720
910
880
900
750
350
630



4/29/12 8:06
4/29/12 11:06
4/29/12 14:06
4/29/12 17:06
4/29/12 20:06

4/30/12 2:06

4/30/12 5:06

4/30/12 8:06
4/30/12 11:06
4/30/12 14:06
4/30/12 17:06
4/30/12 20:06
4/30/12 23:06

5/1/12 2:06
5/1/12 5:06
5/1/12 8:06

5/1/12 11:06

5/1/12 14:06

5/1/12 17:06

5/1/12 20:06

5/1/12 23:06

5/2/12 2:06
5/2/12 5:06
5/2/12 8:06

5/2/12 11:06

5/2/12 14:06

5/2/12 17:06

5/2/12 20:06

5/2/12 23:06

5/3/12 2:06
5/3/12 5:06
5/3/12 8:06

5/3/12 11:06

5/3/12 14:06

5/3/12 17:06

5/3/12 20:06

5/3/12 23:06

5/4/12 2:06
5/4/12 5:06
5/4/12 8:06

5/4/12 11:06

5/4/12 14:06

5/4/12 17:06

5/4/12 20:06

5/4/12 23:06

5/5/12 2:06
5/5/12 5:06
5/5/12 8:06

880
570
720
1020
580
720
790
550
1060
910
990
970
780
640
990
690
1120
1280
990
1050
1110
1080
1190
1180
1450
1480
1540
1920
2120
2420
2860
2850
2770
3340
3330
3560
3590
3870
4130
4170
4340
4530
5200
5160
5300
5290
5640
5580



5/5/12 11:06
5/5/12 14:06
5/5/12 17:06
5/5/12 20:06
5/5/12 23:06
5/6/12 2:06
5/6/12 5:06
5/6/12 8:06
5/6/12 11:06
5/6/12 14:06
5/6/12 17:06
5/6/12 20:06
5/6/12 23:06
5/7/12 2:06
5/7/12 5:06
5/7/12 8:06
5/7/12 11:06
5/7/12 14:06
5/7/12 17:06
5/7/12 20:06
5/7/12 23:06
5/8/12 2:06
5/8/12 5:06
5/8/12 8:06
5/8/12 11:06
5/8/12 14:06
5/8/12 17:06
5/8/12 20:06
5/8/12 23:06
5/9/12 2:06
5/9/12 5:06
5/9/12 8:06
5/9/12 11:06
5/9/12 14:06
5/9/12 17:06
5/9/12 20:06
5/9/12 23:06
5/10/12 2:06
5/10/12 5:06
5/10/12 8:06
5/10/12 11:06
5/10/12 14:06
5/10/12 17:06
5/10/12 20:06
5/10/12 23:06
5/11/12 2:06
5/11/12 5:06
5/11/12 8:06

5550
5730
5860
5940
6150
6190
6200
6080
6280
6490
6590
7150
7240
7690
7890
8000
8730
8670
9080
9680
9640
9170
9010
8810
8290
8310
8140
8280
7920
7810
7490
6990
6870
6740
6700
6650
6690
6620
6190
6220
5640
5650
5580
5320
5060
5010
4900
4520



5/11/1211:06
5/11/12 14:06
5/11/1217:06
5/11/12 20:06
5/11/12 23:06
5/12/12 2:06
5/12/125:06
5/12/12 8:06
5/12/1211:06
5/12/12 14:06
5/12/1217:06
5/12/12 20:06
5/12/12 23:06
5/13/12 2:06
5/13/125:06
5/13/12 8:06
5/13/1211:06
5/13/12 14:06
5/13/1217:06
5/13/12 20:06
5/13/12 23:06
5/14/12 2:06
5/14/125:06
5/14/12 8:06
5/14/1211:06
5/14/12 14:06
5/14/1217:06
5/14/12 20:06
5/14/12 23:06
5/15/12 2:06
5/15/125:06
5/15/12 8:06
5/15/12 11:06
5/15/12 14:06
5/15/1217:06
5/15/12 20:06
5/15/12 23:06
5/16/12 2:06
6/10/1212:44
6/10/12 15:44
6/10/12 18:44
6/10/12 21:44
6/11/12 0:44
6/11/12 3:44
6/11/12 6:44
6/11/12 9:44
6/11/1212:44
6/11/12 15:44

4450
4350
4440
4390
4180
4170
3950
3850
3760
3820
3710
3870
3660
3410
3290
3260
3220
3050
3310
3120
3240
3160
2890
2900
2700
2630
2710
2820
2680
2710
2680
2450
2250
2360
2120
2310
2240
2270
14230
16560
16470
16790
17040
16990
16880
15890
16370
16820



6/11/12 18:44
6/11/12 21:44
6/12/12 0:44
6/12/12 3:44
6/12/12 6:44
6/12/12 9:44
6/12/12 12:44
6/12/12 15:44
6/12/12 18:44
6/12/12 21:44
6/13/12 0:44
6/13/12 3:44
6/13/12 6:44
6/13/12 9:44
6/13/12 12:44
6/13/12 15:44
6/13/12 18:44
6/13/12 21:44
6/14/12 0:44
6/14/12 3:44
6/14/12 6:44
6/14/12 9:44
6/14/12 12:44
6/14/12 15:44
6/14/12 18:44
6/14/12 21:44
6/15/12 0:44
6/15/12 3:44
6/15/12 6:44
6/15/12 9:44
6/15/12 12:44
6/15/12 15:44
6/15/12 18:44
6/15/12 21:44
6/16/12 0:44
6/16/12 3:44
6/16/12 6:44
6/16/12 9:44
6/16/12 12:44
6/16/12 15:44
6/16/12 18:44
6/16/12 21:44
6/17/12 0:44
6/17/12 3:44
6/17/12 6:44
6/17/12 9:44
6/17/12 12:44
6/17/12 15:44

16630
16840
17010
16800
17090
17200
17450
17010
17420
16920
17090
17090
17120
16870
17060
17320
16930
17200
17240
17300
17120
17000
17090
17050
17210
17210
17310
16990
17050
17120
17090
16920
17330
17530
16680
17530
17390
17570
17700
17440
17780
17910
18000
18150
18350
18210
17800
18420



6/17/12 18:44
6/17/12 21:44
6/18/12 0:44
6/18/12 3:44
6/18/12 6:44
6/18/12 9:44
6/18/12 12:44
6/18/12 15:44
6/18/12 18:44
6/18/12 21:44
6/19/12 0:44
6/19/12 3:44
6/19/12 6:44
6/19/12 9:44
6/19/12 12:44
6/19/12 15:44
6/19/12 18:44
6/19/12 21:44
6/20/12 0:44
6/20/12 3:44
6/20/12 6:44
6/20/12 9:44
6/20/12 12:44
6/20/12 15:44
6/20/12 18:44
6/20/12 21:44
6/21/12 0:44
6/21/12 3:44
6/21/12 6:44
6/21/12 9:44
6/21/12 12:44
6/21/12 15:44
6/21/12 18:44
6/21/12 21:44
6/22/12 0:44
6/22/12 3:44
6/22/12 6:44
6/22/12 9:44
6/22/12 12:44
6/22/12 15:44
6/22/12 18:44
6/22/12 21:44
6/23/12 0:44
6/23/12 3:44
6/23/12 6:44
6/23/12 9:44
6/23/12 12:44
6/23/12 15:44

18410
18390
18100
18180
17890
18180
18060
18410
18150
18280
18290
18030
18380
17350
17560
17680
17070
16470
15780
15940
16330
16780
16500
16180
16250
16390
16720
16740
16880
17310
17100
17170
17160
17660
17820
18100
18350
18120
18290
18570
18550
18930
18870
18740
18810
18950
19040
18890



6/23/12 18:44
6/23/12 21:44
6/24/12 0:44
6/24/12 3:44
6/24/12 6:44
6/24/12 9:44
6/24/12 12:44
6/24/12 15:44
6/24/12 18:44
6/24/12 21:44
6/25/12 0:44
6/25/12 3:44
6/25/12 6:44
6/25/12 9:44
6/25/12 12:44
6/25/12 15:44
6/25/12 18:44
6/25/12 21:44
6/26/12 0:44
6/26/12 3:44
6/26/12 6:44
6/26/12 9:44
6/26/12 12:44
6/26/12 15:44
6/26/12 18:44
6/26/12 21:44
6/27/12 0:44
6/27/12 3:44
6/27/12 6:44
6/27/12 9:44
6/27/12 12:44
6/27/12 15:44
6/27/12 18:44
6/27/12 21:44
6/28/12 0:44
6/28/12 3:44
6/28/12 6:44
6/28/12 9:44
6/28/12 12:44
6/28/12 15:44
6/28/12 18:44
6/28/12 21:44
6/29/12 0:44
6/29/12 3:44
6/29/12 6:44
6/29/12 9:44
6/29/12 12:44
6/29/12 15:44

18780
19510
19300
18740
19060
18550
18680
19160
19990
19070
19060
19130
19350
18560
18320
19780
18700
18460
18920
18740
18280
19300
18750
18170
18400
18120
18770
17950
17770
18140
18140
18090
18120
17960
17900
17960
17950
17430
17670
18050
17390
17880
18030
17800
19440
17590
17760
17710



6/29/12 18:44
6/29/12 21:44
6/30/12 0:44
6/30/12 3:44
6/30/12 6:44
6/30/12 9:44
6/30/12 12:44
6/30/12 15:44
6/30/12 18:44
6/30/12 21:44
7/1/12 0:44
7/1/12 3:44
7/1/12 6:44
7/1/12 9:44
7/1/12 12:44
7/1/12 15:44
7/1/12 18:44
7/1/12 21:44
7/2/12 0:44
7/2/12 3:44
7/2/12 6:44
7/2/12 9:44
7/2/12 12:44
7/2/12 15:44
7/2/12 18:44
7/2/12 21:44
7/3/12 0:44
7/3/12 3:44
7/3/12 6:44
7/3/12 9:44
7/3/12 12:44
7/3/12 15:44
7/3/12 18:44
7/3/12 21:44
7/4/12 0:44
7/4/12 3:44
7/4/12 6:44
7/4/12 9:44
7/4/12 12:44
7/4/12 15:44
7/4/12 18:44
7/4/12 21:44
7/5/12 0:44
7/5/12 3:44
7/5/12 6:44
7/5/12 9:44
7/5/12 12:44
7/5/12 15:44

17130
17810
18170
17750
17720
17540
17590
17730
17740
17800
18430
18220
17650
18320
18560
18260
18780
16750
17910
17910
17680
18470
18240
18180
18090
18480
18050
14520
18760
18530
18670
19110
19240
20440
20060
19100
19120
19740
19790
19370
18910
19370
19670
19940
19650
19740
19320
21710



7/5/12 18:44
7/5/12 21:44
7/6/12 0:44
7/6/12 3:44
7/6/12 6:44
7/6/129:44
7/6/1212:44
7/6/12 15:44
7/6/12 18:44
7/6/12 21:44
7/7/12 0:44
7/7/12 3:44
7/7/12 6:44
7/7/12 9:44
7/7/1212:44
7/7/12 15:44
7/7/12 18:44
7/7/1221:44
7/8/12 0:44
7/8/12 3:44
7/8/12 6:44
7/8/129:44
7/8/1212:44
7/8/12 15:44
7/8/12 18:44
7/8/1221:44
7/9/12 0:44
7/9/12 3:44
7/9/12 6:44
7/9/12 9:44
7/9/12 12:44
7/9/12 15:44
7/9/12 18:44
7/9/12 21:44
7/10/12 0:44
7/10/12 3:44
7/10/12 6:44
7/10/129:44
7/10/1212:44
7/10/12 15:44
7/10/12 18:44
7/10/1221:44
7/11/12 0:44
7/11/12 3:44
7/11/12 6:44
7/11/129:44
7/11/1212:44
7/11/1215:44

19500
20140
20070
20250
19880
20190
20770
20200
20090
20940
20500
18020
20080
20330
21010
20680
20370
18780
20530
20100
19620
20490
20270
20810
20570
19400
21980
19830
19900
19820
20470
19460
19830
19560
20410
20120
20240
19370
19590
20610
20200
19990
20090
19820
20350
19920
20210
19920



7/11/12 18:44
7/11/1221:44
7/12/12 0:44
7/12/12 3:44
7/12/12 6:44
7/12/129:44
7/12/1212:44
7/12/1215:44
7/12/1218:44
7/12/1221:44
7/13/120:44
7/13/12 3:44
7/13/12 6:44
7/13/129:44
7/13/1212:44
7/13/1215:44
7/13/1218:44
7/13/1221:44
7/14/12 0:44
7/14/12 3:44
7/14/12 6:44
7/14/12 9:44
7/14/1212:44
7/14/12 15:44
7/14/12 18:44
7/14/1221:44
7/15/12 0:44
7/15/12 3:44
7/15/12 6:44
7/15/12 9:44
7/15/1212:44
7/15/12 15:44
7/15/12 18:44
7/15/1221:44
7/16/12 0:44
7/16/12 3:44
7/16/12 6:44
7/16/129:44
7/16/1212:44
7/16/12 15:44
7/16/1218:44
7/16/1221:44
7/17/120:44
7/17/12 3:44
7/17/12 6:44
7/17/129:44
7/17/1212:44
7/17/12 15:44

20370
20180
20510
20030
20270
19740
20740
19970
20590
20720
20770
20060
20360
20410
20040
20170
20260
20640
20630
20440
20440
21070
19360
20920
20330
20350
20450
20550
20270
20210
20370
20690
19810
19520
19950
19960
20000
21200
17510
20130
20360
20950
20040
20400
20750
20060
20820
20330



7/17/1218:44
7/17/1221:44
7/18/12 0:44
7/18/12 3:44
7/18/12 6:44
7/18/129:44
7/18/1212:44
7/18/1215:44
7/18/1218:44
7/18/1221:44
7/19/12 0:44
7/19/12 3:44
7/19/12 6:44
7/19/129:44
7/19/1212:44
7/19/1215:44
7/19/1218:44
7/19/1221:44
7/20/12 0:44
7/20/12 3:44
7/20/12 6:44
7/20/129:44
7/20/1212:44
7/20/12 15:44
7/20/1218:44
7/20/1221:44
7/21/120:44
7/21/12 3:44
7/21/12 6:44
7/21/129:44
7/21/1212:44
7/21/1215:44
7/21/1218:44
7/21/1221:44
7/22/120:44
7/22/123:44
7/22/12 6:44
7/22/129:44
7/22/1212:44
7/22/1215:44
7/22/1218:44
7/22/1221:44
7/23/120:44
7/23/123:44
7/23/126:44
7/23/129:44
7/23/1212:44
7/23/1215:44

21440
20410
20610
22010
20590
20570
20890
20330
20070
20690
21460
21830
19770
21340
20870
21030
21170
21440
21090
20450
21040
20970
20820
21420
21390
21330
20510
23570
20910
19610
21010
20970
21220
18900
20580
20390
20680
20380
20790
20000
20410
20480
19900
20410
20400
20500
20060
20410



7/23/1218:44
7/23/1221:44
7/24/120:44
7/24/12 3:44
7/24/12 6:44
7/24/129:44
7/24/1212:44
7/24/1215:44
7/24/1218:44
7/24/1221:44
7/25/12 0:44
7/25/12 3:44
7/25/12 6:44
7/25/129:44
7/25/1212:44
7/25/1215:44
7/25/1218:44
7/25/1221:44
7/26/120:44
7/26/12 3:44
7/26/12 6:44
7/26/129:44
7/26/1212:44
7/26/12 15:44
7/26/1218:44
7/26/1221:44
7/27/120:44
7/27/123:44
7/27/126:44
7/27/129:44
7/27/1212:44
7/27/1215:44
7/27/1218:44
7/27/1221:44
7/28/120:44
7/28/123:44
7/28/12 6:44
7/28/129:44
7/28/1212:44
7/28/1215:44
7/28/1218:44
7/28/1221:44
7/29/12 0:44
7/29/12 3:44
7/29/12 6:44
7/29/129:44
7/29/1212:44
7/29/12 15:44

19700
21040
20070
19910
18720
20740
20620
20510
19770
21210
20170
20670
20870
20910
20230
19280
18790
20150
20010
19710
20480
20690
20360
20730
20180
21330
19620
20150
20590
20750
19700
21550
20690
20880
23050
22110
22090
22900
21050
20040
18880
20100
22740
23660
20540
21150
20270
21210



7/29/1218:44
7/29/1221:44
7/30/12 0:44
7/30/12 3:44
7/30/12 6:44
7/30/129:44
7/30/1212:44
7/30/1215:44
7/30/1218:44
7/30/1221:44
7/31/120:44
7/31/123:44
7/31/126:44
7/31/129:44
7/31/1212:44
7/31/1215:44
7/31/1218:44
7/31/1221:44
8/1/12 0:44
8/1/12 3:44
8/1/12 6:44
8/1/12 9:44
8/1/12 12:44
8/1/12 15:44
8/1/12 18:44
8/1/12 21:44
8/2/12 0:44
8/2/12 3:44
8/2/12 6:44
8/2/12 9:44
8/2/12 12:44
8/2/12 15:44
8/2/12 18:44
8/2/12 21:44
8/3/12 0:44
8/3/12 3:44
8/3/12 6:44
8/3/129:44
8/3/1212:44
8/3/12 15:44
8/3/12 18:44
8/3/1221:44
8/4/12 0:44
8/4/12 3:44
8/4/12 6:44
8/4/12 9:44
8/4/12 12:44
8/4/12 15:44

22300
20710
21390
19970
20070
20420
21130
20360
20170
20720
15820
20390
20270
19960
19430
21840
20030
18100
19370
20010
20280
19560
20910
19280
20040
19930
19930
18230
19520
18680
19470
19430
19550
18770
19640
19420
19290
20140
19320
19290
19350
19400
19270
19490
19370
23590
19460
19470



8/4/12 18:44
8/4/12 21:44
8/5/12 0:44
8/5/12 3:44
8/5/12 6:44
8/5/12 9:44
8/5/12 12:44
8/5/12 15:44
8/5/12 18:44
8/5/12 21:44
8/6/12 0:44
8/6/12 3:44
8/6/12 6:44
8/6/12 9:44
8/6/12 12:44
8/6/12 15:44
8/6/12 18:44
8/6/12 21:44
8/7/12 0:44
8/7/12 3:44
8/7/12 6:44
8/7/12 9:44
8/7/12 12:44
8/7/12 15:44
8/7/12 18:44
8/7/12 21:44
8/8/12 0:44
10/6/12 16:09
10/6/12 19:09
10/6/12 22:09
10/7/12 1:09
10/7/12 4:09
10/7/12 7:09
10/7/12 10:09
10/7/12 13:09
10/7/12 16:09
10/7/12 19:09
10/7/12 22:09
10/8/12 1:09
10/8/12 4:09
10/8/12 7:09
10/8/12 13:09
10/8/12 16:09
10/8/12 19:09
10/8/12 22:09
10/9/12 1:09
10/9/12 4:09
10/9/12 10:09

19340
19570
19550
19270
19110
20140
19380
19170
20470
20460
19830
20000
19620
19690
19990
19900
19430
20810
19360
19240
19530
20500
19130
19340
18810
18970
19040
7420
5990
5290
3500
2570
1800
430
1790
1440
640
890
810
20
1930
610
130
760
780
740
840
770



10/9/12 13:09
10/9/12 16:09
10/9/12 19:09
10/9/12 22:09
10/10/12 1:09
10/10/12 4:09
10/10/12 7:09
10/10/12 10:09
10/10/12 13:09
10/10/12 16:09
10/10/12 19:09
10/10/12 22:09
10/11/12 1:09
10/11/12 4:09
10/11/12 10:09
10/11/12 13:09
10/11/12 16:09
10/11/12 19:09
10/11/12 22:09
10/12/12 1:09
10/12/12 4:09
10/12/127:09
10/12/12 10:09
10/12/12 13:09
10/12/12 16:09
10/12/12 19:09
10/12/12 22:09
10/13/12 1:09
10/13/12 4:09
10/13/127:09
10/13/12 10:09
10/13/12 13:09
10/13/12 16:09
10/13/12 19:09
10/13/12 22:09
10/14/12 1:09
10/14/12 4:09
10/14/127:09
10/14/12 10:09
10/14/12 13:09
10/14/12 16:09
10/14/12 19:09
10/14/12 22:09
10/15/12 1:09
10/15/12 4:09
10/15/12 7:09
10/15/12 10:09
10/15/12 13:09

2230
1470
1040
1300
1000
2290

910

760
1710

940
1640

950
1550
2120
1720
1510
1360
1860
1930
7110
2600
1680
2320
1970

760
3460
2640
2550
2550
2660
3050
3180
2080
2870
3220
4380
2430
3620
2850
3980
5830
4220
5320
4390
3690
2950
2500
2740



10/15/12 16:09
10/15/12 19:09
10/15/12 22:09
10/16/12 1:09
10/16/12 4:09
10/16/12 7:09
10/16/12 10:09
10/16/12 13:09
10/16/12 16:09
10/16/12 19:09
10/16/12 22:09
10/17/12 1:09
10/17/12 4:09
10/17/127:09
10/17/12 10:09
10/17/12 13:09
10/17/12 16:09
10/17/12 19:09
10/17/12 22:09
10/18/12 1:09
10/18/12 4:09
10/18/12 7:09
10/18/12 10:09
10/18/12 13:09
10/18/12 16:09
10/18/12 19:09
10/18/12 22:09
10/19/12 1:09
10/19/12 4:09
10/19/12 7:09
10/19/12 10:09
10/19/12 16:09
10/19/12 19:09
10/19/12 22:09
10/20/12 1:09
10/20/12 4:09
10/20/12 7:09
10/20/12 10:09
10/20/12 13:09
10/20/12 19:09
10/20/12 22:09
10/21/12 1:09
10/21/12 4:09
10/21/12 10:09
10/21/12 13:09
10/21/12 16:09
10/21/12 19:09
10/21/12 22:09

3030
4640
3490
4080
3920
4420
3010
2620
3420
3370
3960
3990
4170
3710
3780
3520
3150
3920
5540
5060
4500
2790
2770
4150
4230
6180
3710
2090
1310
1060
1740
1370
2590
4300
1530
1620
1270
1180
1260
1320
2970
2480

420

810
1160
1800

640

810



10/22/12 1:09
10/22/12 4:09
10/22/127:09
10/22/12 10:09
10/22/12 13:09
10/22/12 16:09
10/22/12 19:09
10/22/12 22:09
10/23/12 1:09
10/23/12 4:09
10/23/127:09
10/23/12 10:09
10/23/12 13:09
10/23/12 16:09
10/23/12 19:09
10/23/12 22:09
10/24/12 1:09
10/24/12 4:09
10/24/12 7:09
10/24/12 10:09
10/24/12 13:09
10/24/12 16:09
10/24/12 19:09
10/25/12 1:09
10/25/12 4:09
10/25/12 7:09
10/25/12 10:09
10/25/12 13:09
10/25/12 16:09
10/25/12 19:09
10/25/12 22:09
10/26/12 1:09
10/26/12 4:09
10/26/12 7:09
10/26/12 10:09
10/26/12 13:09
10/26/12 16:09
10/26/12 19:09
10/27/12 1:09
10/27/12 4:09
10/27/127:09
10/27/12 10:09
10/27/12 13:09
10/27/12 16:09
10/27/12 19:09
10/27/12 22:09
10/28/12 4:09
10/28/127:09

1160
1060
1340
1810
1960
5710
2430
1880
1570
2210
3780
2030
5890
2010
2250
2770
2900
2590
2770
1650
2430
2940
3170
2930
2960
2260
3050
3420
2490
4250
4050
4360
2590
2480

450

690

590

390
1040
2150
1070

980
2760
1050
1280

750

850

610



10/28/12 10:09
10/28/12 13:09
10/28/12 16:09
10/28/12 19:09
10/28/12 22:09
10/29/12 1:09
10/29/12 4:09
10/29/12 10:09
10/29/12 13:09
10/29/12 16:09
10/29/12 19:09
10/29/12 22:09
10/30/12 1:09
10/30/12 4:09
10/30/12 7:09
10/30/12 10:09
10/30/12 13:09
10/30/12 16:09
10/30/12 19:09
10/30/12 22:09
10/31/12 1:09
10/31/12 4:09
10/31/12 7:09
10/31/12 10:09
10/31/12 13:09
10/31/12 16:09
10/31/12 19:09
10/31/12 22:09
11/1/12 1:09
11/1/12 4:09
11/1/12 10:09
11/1/12 13:09
11/1/12 19:09
11/1/12 22:09
11/2/12 1:09
11/2/12 4:09
11/2/12 7:09
11/2/12 10:09
11/2/12 13:09
11/2/12 16:09
11/2/12 19:09
11/2/12 22:09
11/3/12 1:09
11/3/12 4:09
11/3/12 7:09
11/3/12 10:09
11/3/12 13:09
11/3/12 16:09

570
660
1330
560
830
490
1790
1060
790
690
930
560
960
1400
1560
780
720
720
740
780
850
100
530
1070
450
880
790
710
510
1420
730
720
1020
750
660
350
550
660
810
840
3180
620
610
760
630
480
760
850



11/3/12 19:09
11/3/12 22:09
11/4/12 1:09
11/4/12 4:09
11/4/12 7:09
11/4/12 10:09
11/4/12 13:09
11/4/12 19:09
11/4/12 22:09
11/5/12 1:09
11/5/12 4:09
11/5/12 7:09
11/5/12 10:09
11/5/12 13:09
11/5/12 16:09
11/5/12 19:09
11/5/12 22:09
11/6/12 1:09
11/6/12 4:09
11/6/12 7:09
11/6/12 10:09
11/6/12 13:09
11/6/12 16:09
11/6/12 19:09
11/6/12 22:09
11/7/12 1:09
11/7/12 4:09
11/7/12 7:09
11/7/12 10:09
11/7/12 13:09
11/7/12 16:09
11/7/12 19:09
11/7/12 22:09
11/8/12 1:09
11/8/12 4:09
11/8/12 7:09
11/8/12 10:09
11/8/12 13:09
11/8/12 16:09
11/8/12 19:09
11/8/12 22:09
11/9/12 1:09
11/9/12 4:09
11/9/12 7:09
11/9/12 10:09
11/9/12 13:09
11/9/12 16:09
11/9/12 19:09

980
770
630
70
490
950
900
1080
540
630
480
2310
1070
930
800
580
530
90
550
860
1190
970
770
780
300
730
530
1300
830
570
940
640
500
810
780
1100
1210
760
630
620
620
290
580
610
490
630
940
640



11/9/12 22:09
11/10/12 1:09
11/10/12 4:09
11/10/12 7:09
11/10/12 10:09
11/10/12 13:09
11/10/12 16:09
11/10/12 19:09
11/10/12 22:09
11/11/12 1:09
11/11/12 4:09
11/11/127:09
11/11/12 10:09
11/11/12 13:09
11/11/12 12:26
11/11/12 15:26
11/11/12 18:26
11/11/12 21:26
11/12/12 0:26
11/12/12 3:26
11/12/12 6:26
11/12/129:26
11/12/1212:26
11/12/12 15:26
11/12/12 18:26
11/12/12 21:26
11/13/12 0:26
11/13/12 3:26
11/13/12 6:26
11/13/129:26
11/13/1212:26
11/13/12 15:26
11/13/12 18:26
11/13/12 21:26
11/14/12 0:26
11/14/12 3:26
11/14/12 6:26
11/14/12 9:26
11/14/12 12:26
11/14/12 15:26
11/14/12 18:26
11/14/12 21:26
11/15/12 0:26
11/15/12 3:26
11/15/12 6:26
11/15/12 9:26
11/15/1212:26
11/15/12 15:26

620
650
1040
980
1000
800
420
520
410
760
630
750
440
320
810
790
820
840
600
530
580
610
680
1390
640
500
750
430
670
460
790
740
500
750
760
460
630
620
650
530
850
680
680
620
750
580
720
590



11/15/12 18:26
11/15/12 21:26
11/16/12 0:26
11/16/12 3:26
11/16/12 6:26
11/16/129:26
11/16/12 12:26
11/16/12 15:26
11/16/12 18:26
11/16/12 21:26
11/17/12 0:26
11/17/12 3:26
11/17/12 6:26
11/17/129:26
11/17/12 12:26
11/17/12 15:26
11/17/12 18:26
11/17/12 21:26
11/18/12 0:26
11/18/12 3:26
11/18/12 6:26
11/18/129:26
11/18/1212:26
11/18/12 15:26
11/18/12 18:26
11/18/12 21:26
11/19/12 0:26
11/19/12 3:26
11/19/12 6:26
11/19/129:26
11/19/12 12:26
11/19/12 15:26
11/19/12 18:26
11/19/12 21:26
11/20/12 0:26
11/20/12 3:26
11/20/12 6:26
11/20/129:26
11/20/12 12:26
11/20/12 15:26
11/20/12 18:26
11/20/12 21:26
11/21/12 0:26
11/21/12 3:26
11/21/12 6:26
11/21/129:26
11/21/1212:26
11/21/12 15:26

630
750
740
710
1370
730
740
910
720
660
690
660
590
690
490
740
500
720
660
590
540
680
810
530
430
650
790
630
680
590
860
650
730
600
510
820
560
710
850
820
730
750
560
620
610
780
500
730



11/21/12 18:26
11/21/12 21:26
11/22/120:26
11/22/12 3:26
11/22/12 6:26
11/22/129:26
11/22/1212:26
11/22/12 15:26
11/22/12 18:26
11/22/12 21:26
11/23/12 0:26
11/23/12 3:26
11/23/12 6:26
11/23/129:26
11/23/1212:26
11/23/12 15:26
11/23/12 18:26
11/23/12 21:26
11/24/12 0:26
11/24/12 3:26
11/24/12 6:26
11/24/12 9:26
11/24/12 12:26
11/24/12 15:26
11/24/12 18:26
11/24/12 21:26
11/25/12 0:26
11/25/12 3:26
11/25/12 6:26
11/25/129:26
11/25/1212:26
11/25/12 15:26
11/25/12 18:26
11/25/12 21:26
11/26/12 0:26
11/26/12 3:26
11/26/12 6:26
11/26/129:26
11/26/12 12:26
11/26/12 15:26
11/26/12 18:26
11/26/12 21:26
11/27/12 0:26
11/27/12 3:26
11/27/12 6:26
11/27/129:26
11/27/1212:26
11/27/12 15:26

610
1080
690
710
610
800
620
630
690
640
370
610
770
570
900
810
790
640
750
600
680
840
680
830
650
780
540
670
770
640
570
880
600
630
600
900
610
680
840
820
800
700
760
660
800
730
660
620



11/27/12 18:26
11/27/12 21:26
11/28/120:26
11/28/12 3:26
11/28/12 6:26
11/28/129:26
11/28/1212:26
11/28/12 15:26
11/28/12 18:26
11/28/12 21:26
11/29/12 0:26
11/29/12 3:26
11/29/12 6:26
11/29/129:26
11/29/1212:26
11/29/12 15:26
11/29/12 18:26
11/29/12 21:26
11/30/12 0:26
11/30/12 3:26
11/30/12 6:26
11/30/129:26
11/30/12 12:26
11/30/12 15:26
11/30/12 18:26
11/30/12 21:26
12/1/12 0:26
12/1/12 3:26
12/1/12 6:26
12/1/129:26
12/1/12 12:26
12/1/12 15:26
12/1/12 18:26
12/1/12 21:26
12/2/12 0:26
12/2/12 3:26
12/2/12 6:26
12/2/129:26
12/2/12 12:26
12/2/12 15:26
12/2/12 18:26
12/2/12 21:26
12/3/120:26
12/3/12 3:26
12/3/12 6:26
12/3/129:26
12/3/1212:26
12/3/12 15:26

590
560
720
620
710
730
630
800
790
660
740
610
740
680
720
670
700
700
730
610
630
640
670
900
730
690
780
580
750
620
730
590
590
700
630
690
730
620
660
740
780
580
810
660
690
620
750
660



12/3/12 18:26
12/3/12 21:26
12/4/12 0:26
12/4/12 3:26
12/4/12 6:26
12/4/12 9:26
12/4/12 12:26
12/4/12 15:26
12/4/12 18:26
12/4/12 21:26
12/5/12 0:26
12/5/12 3:26
12/5/12 6:26
12/5/129:26
12/5/12 12:26
12/5/12 15:26
12/5/12 18:26
12/5/12 21:26
12/6/12 0:26
12/6/12 3:26
12/6/12 6:26
12/6/12 9:26
12/6/12 12:26
12/6/12 15:26
12/6/12 18:26
12/6/12 21:26
12/7/120:26
12/7/12 3:26
12/7/12 6:26
12/7/129:26
12/7/12 12:26
12/7/12 15:26
12/7/12 18:26
12/7/12 21:26
12/8/12 0:26
12/8/12 3:26
12/8/12 6:26
12/8/129:26
12/8/1212:26
12/8/12 15:26
12/8/12 18:26
12/8/12 21:26
12/9/12 0:26
12/9/12 3:26
12/9/12 6:26
12/9/12 9:26
12/9/12 12:26
12/9/12 15:26

530
700
760
630
720
650
640
590
870
620
750
700
740
860
680
820
610
960
710
660
590
730
690
650
840
670
610
520
700
660
660
610
710
690
580
650
670
650
950
800
550
780
710
550
660
600
750
860



12/9/12 18:26
12/9/12 21:26
12/10/12 0:26
12/10/12 3:26
12/10/12 6:26
12/10/129:26
12/10/12 12:26
12/10/12 15:26
12/10/12 18:26
12/10/12 21:26
12/11/12 0:26
12/11/12 3:26
12/11/12 6:26
12/11/129:26
12/11/1212:26
12/11/12 15:26
12/11/12 18:26
12/11/12 21:26
12/12/12 0:26
12/12/12 3:26
12/12/12 6:26
12/12/129:26
12/12/1212:26
12/12/12 15:26
12/12/12 18:26
12/12/12 21:26
12/13/120:26
12/13/12 3:26
12/13/12 6:26
12/13/129:26
12/13/1212:26
12/13/12 15:26
12/13/12 18:26
12/13/12 21:26
12/14/12 0:26
12/14/12 3:26
12/14/12 6:26
12/14/12 9:26
12/14/12 12:26
12/14/12 15:26
12/14/12 18:26
12/14/12 21:26
12/15/12 0:26
12/15/12 3:26
12/15/12 6:26
12/15/12 9:26
12/15/12 12:26
12/15/12 15:26

960
500
570

40
690
520
760
710
690
630
640
530
760
540
450
630
710
610
590
680
750
740
550
740
660
670
650
650
710
600
760
580
690
650
780
680
650
670
650
700
720
590
780
780
690
540
600
540



12/15/12 18:26
12/15/12 21:26
12/16/12 0:26
12/16/12 3:26
12/16/12 6:26
12/16/12 9:26
12/16/12 12:26
12/16/12 15:26
12/16/12 18:26
12/16/12 21:26
12/17/12 0:26
12/17/12 3:26
12/17/12 6:26
12/17/129:26
12/17/1212:26
12/17/12 15:26
12/17/12 18:26
12/17/12 21:26
12/18/12 0:26
12/18/12 3:26
12/18/12 6:26
12/18/129:26
12/18/1212:26
12/18/12 15:26
12/18/12 18:26
12/18/12 21:26
12/19/12 0:26
12/19/12 3:26
12/19/12 6:26
12/19/12 9:26
12/19/12 12:26
12/19/12 15:26
12/19/12 18:26
12/19/12 21:26
12/20/12 0:26
12/20/12 3:26
12/20/12 6:26
12/20/129:26
12/20/1212:26
12/20/12 15:26
12/20/12 18:26
12/20/12 21:26
12/21/12 0:26
12/21/12 3:26
12/21/12 6:26
12/21/129:26
12/21/1212:26
12/21/1212:26

630
700
610
750
680
570
650
470
610
690
680
530
520
630
730
700
510
640
630
640
680
580
540
600
680
640
670
650
580
600
700
680
590
710
620
610
710
560
560
650
740
660
600
690
650
750
700
650



12/21/12 15:26
12/21/12 18:26
12/21/12 21:26
12/22/12 0:26
12/22/12 3:26
12/22/12 6:26
12/22/129:26
12/22/1212:26
12/22/12 15:26
12/22/12 18:26
12/22/12 21:26
12/23/120:26
12/23/12 3:26
12/23/12 6:26
12/23/129:26
12/23/1212:26
12/23/12 15:26
12/23/12 18:26
12/23/12 21:26
12/24/12 0:26
12/24/12 3:26
12/24/12 6:26
12/24/12 9:26
12/24/12 12:26
12/24/12 15:26
12/24/12 18:26
12/24/12 21:26
12/25/12 0:26
12/25/12 3:26
12/25/12 6:26
12/25/12 9:26
12/25/1212:26
12/25/12 15:26
12/25/12 18:26
12/25/12 21:26
12/26/12 0:26
12/26/12 3:26
12/26/12 6:26
12/26/129:26
12/26/12 12:26
12/26/12 15:26
12/26/12 18:26
12/26/12 21:26
12/27/12 0:26
12/27/12 3:26
12/27/12 6:26
12/27/129:26
12/27/1212:26

700
760
620
740
640
690
560
610
660
1010
650
610
620
630
760
670
770
740
670
620
610
690
680
560
710
660
550
680
590
580
710
450
720
630
550
630
600
650
660
630
650
630
770
610
660
540
620
690



12/27/12 15:26
12/27/12 18:26
12/27/12 21:26
12/28/12 0:26
12/28/12 3:26
12/28/12 6:26
12/28/129:26
12/28/1212:26
12/28/12 15:26
12/28/12 18:26
12/28/1221:26
12/29/12 0:26
12/29/12 3:26
12/29/12 6:26
12/29/129:26
12/29/12 12:26
12/29/12 15:26
12/29/12 18:26
12/29/12 21:26
12/30/12 0:26
12/30/12 3:26
12/30/12 6:26
12/30/129:26
12/30/1212:26
12/30/12 15:26
12/30/12 18:26
12/30/12 21:26
12/31/12 0:26
12/31/12 3:26
12/31/12 6:26
12/31/129:26
12/31/1212:26
12/31/12 15:26
12/31/12 18:26
12/31/12 21:26
1/1/130:26
1/1/13 3:26
1/1/136:26
1/1/139:26
1/1/1312:26
1/1/1315:26
1/1/1318:26
1/1/13 21:26
1/2/130:26
1/2/13 3:26
1/2/136:26
1/2/139:26
1/2/1312:26

690
710
800
720
630
590
760
720
650
730
620
660
640
640
710
700
740
650
700
680
640
690
670
750
740
630
650
640
620
720
710
730
650
720
730
680
720
630
730
590
800
650
680
730
770
550
650
570



1/2/13 15:26
1/2/13 18:26
1/2/13 21:26
1/3/130:26
1/3/13 3:26
1/3/13 6:26
1/3/139:26
1/3/13 12:26
1/3/13 15:26
1/3/13 18:26
1/3/13 21:26
1/4/13 0:26
1/4/13 3:26
1/4/13 6:26
1/4/13 9:26
1/4/13 12:26
1/4/13 15:26
1/4/13 18:26
1/4/13 21:26
1/5/13 0:26
1/5/13 3:26
1/5/13 6:26
1/5/13 9:26
1/5/13 12:26
1/5/13 15:26
1/5/13 18:26
1/5/13 21:26
1/6/13 0:26
1/6/13 3:26
1/6/13 6:26
1/6/13 10:43
1/6/13 13:43
1/6/13 16:43
1/6/13 19:43
1/6/13 22:43
1/7/13 1:43
1/7/13 4:43
1/7/13 7:43
1/7/13 10:43
1/7/13 13:43
1/7/13 16:43
1/7/13 19:43
1/7/13 22:43
1/8/13 1:43
1/8/13 4:43
1/8/13 7:43
1/8/13 10:43
1/8/13 13:43

610
720
740
670
610
710
550
700
740
760
750
540
700
610
620
680
690
810
640
550
650
610
650
720
650
620
730
730
700
760
620
760
520
720
650
610
750
600
640
680
770
600
730
780
660
680
640
680
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1/8/1319:43
1/8/13 22:43
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1/9/13 4:43
1/9/137:43
1/9/1310:43
1/9/13 13:43
1/9/13 16:43
1/9/1319:43
1/9/13 22:43
1/10/13 1:43
1/10/13 4:43
1/10/13 7:43
1/10/13 10:43
1/10/13 13:43
1/10/13 16:43
1/10/13 19:43
1/10/13 22:43
1/11/13 1:43
1/11/13 4:43
1/11/13 7:43
1/11/1310:43
1/11/1313:43
1/11/13 16:43
1/11/1319:43
1/11/13 22:43
1/12/13 1:43
1/12/13 4:43
1/12/13 7:43
1/12/1310:43
1/12/13 13:43
1/12/13 16:43
1/12/1319:43
1/12/13 22:43
1/13/13 1:43
1/13/13 4:43
1/13/13 7:43
1/13/1310:43
1/13/1313:43
1/13/13 16:43
1/13/1319:43
1/13/13 22:43
1/14/13 1:43
1/14/13 4:43
1/14/13 7:43
1/14/1310:43
1/14/13 13:43

600
620
690
670
680
790
720
860
830
810
700
660
630
680
770
810
710
730
760
750
710
780
620
790
850
810
670
760
620
710
760
600
840
720
530
810
620
670
620
650
570
630
670
610
760
590
570
650



1/14/13 16:43
1/14/1319:43
1/14/13 22:43
1/15/13 1:43
1/15/13 4:43
1/15/13 7:43
1/15/1310:43
1/15/13 13:43
1/15/13 16:43
1/15/1319:43
1/15/13 22:43
1/16/13 1:43
1/16/13 4:43
1/16/13 7:43
1/16/13 10:43
1/16/13 13:43
1/16/13 16:43
1/16/13 19:43
1/16/13 22:43
1/17/13 1:43
1/17/13 4:43
1/17/13 7:43
1/17/1310:43
1/17/13 13:43
1/17/13 16:43
1/17/1319:43
1/17/13 22:43
1/18/13 1:43
1/18/13 4:43
1/18/13 7:43
1/18/1310:43
1/18/13 13:43
1/18/13 16:43
1/18/1319:43
1/18/13 22:43
1/19/13 1:43
1/19/13 4:43
1/19/13 7:43
1/19/1310:43
1/19/13 13:43
1/19/13 16:43
1/19/1319:43
1/19/13 22:43
1/20/13 1:43
1/20/13 4:43
1/20/13 7:43
1/20/13 10:43
1/20/13 13:43

530
600
700
630
670
570
660
690
630
580
580
660
650
640
630
650
670
730
650
710
600
640
640
690
620
640
750
640
700
820
770
670
720
580
720
770
770
740
740
780
670
540
690
750
680
780
650
740
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1/20/13 19:43
1/20/13 22:43
1/21/13 1:43
1/21/13 4:43
1/21/137:43
1/21/1310:43
1/21/13 13:43
1/21/13 16:43
1/21/1319:43
1/21/1322:43
1/22/13 1:43
1/22/13 4:43
1/22/13 7:43
1/22/1310:43
1/22/1313:43
1/22/13 16:43
1/22/1319:43
1/22/13 22:43
1/23/13 1:43
1/23/13 4:43
1/23/137:43
1/23/1310:43
1/23/1313:43
1/23/13 16:43
1/23/1319:43
1/23/1322:43
1/24/13 1:43
1/24/13 4:43
1/24/13 7:43
1/24/1310:43
1/24/13 13:43
1/24/13 16:43
1/24/1319:43
1/24/13 22:43
1/25/13 1:43
1/25/13 4:43
1/25/13 7:43
1/25/1310:43
1/25/13 13:43
1/25/13 16:43
1/25/1319:43
1/25/13 22:43
1/26/13 1:43
1/26/13 4:43
1/26/13 7:43
1/26/13 10:43
1/26/13 13:43

740
620
690
700
700
650
660
580
780
720
630
800
720
770
590
750
610
580
560
740
750
720
530
630
630
700
720
750
740
610
650
590
750
540
670
630
670
570
650
1530
670
740
700
510
650
850
640
720
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1/26/13 19:43
1/26/13 22:43
1/27/13 1:43
1/27/13 4:43
1/27/13 7:43
1/27/13 10:43
1/27/13 13:43
1/27/13 16:43
1/27/13 19:43
1/27/13 22:43
1/28/13 1:43
1/28/13 4:43
1/28/13 7:43
1/28/13 10:43
1/28/13 13:43
1/28/13 16:43
1/28/13 19:43
1/28/13 22:43
1/29/13 1:43
1/29/13 4:43
1/29/13 7:43
1/29/13 10:43
1/29/13 13:43
1/29/13 16:43
1/29/13 19:43
1/29/13 22:43
1/30/13 1:43
1/30/13 4:43
1/30/13 7:43
1/30/13 10:43
1/30/13 13:43
1/30/13 16:43
1/30/13 19:43
1/30/13 22:43
1/31/13 1:43
1/31/13 4:43
1/31/13 7:43
1/31/13 10:43
1/31/13 13:43
1/31/13 16:43
1/31/13 19:43
1/31/13 22:43
2/1/13 1:43
2/1/13 4:43
2/1/137:43
2/1/13 10:43
2/1/13 13:43
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100
570
830
1150
820
650
850
790
370
660
640
680
720
580
620
870
720
670
700
770
630
550
830
800
750
690
440
580
680
760
730
700
710
730
660
670
410
720
590
580
700
720
640
660
600
780
680
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2/1/13 19:43
2/1/1322:43
2/2/13 1:43
2/2/13 4:43
2/2/137:43
2/2/13 10:43
2/2/13 13:43
2/2/13 16:43
2/2/1319:43
2/2/13 22:43
2/3/13 1:43
2/3/13 4:43
2/3/13 7:43
2/3/13 10:43
2/3/13 13:43
2/3/13 16:43
2/3/13 19:43
2/3/1322:43
2/4/13 1:43
2/4/13 4:43
2/4/13 7:43
2/4/13 10:43
2/4/13 13:43
2/4/13 16:43
2/4/13 19:43
2/4/13 22:43
2/5/13 1:43
2/5/13 4:43
2/5/13 7:43
2/5/13 10:43
2/5/13 13:43
2/5/13 16:43
2/5/13 19:43
2/5/13 22:43
2/6/13 1:43
2/6/13 4:43
2/6/13 7:43
2/6/13 10:43
2/6/13 13:43
2/6/13 16:43
2/6/13 19:43
2/6/13 22:43
2/7/13 1:43
2/7/13 4:43
2/7/137:43
2/7/13 10:43
2/7/13 13:43

660
670
620
680
680
650
680
730
760
660
700
630
580
740
700
760
750
720
590
630
710
640
640
970
630
700
620
870
720
730
690
580
660
680
740
630
640
740
590
640
550
700
630
680
630
700
560
810



2/7/13 16:43
2/7/13 19:43
2/7/1322:43
2/8/13 1:43
2/8/13 4:43
2/8/13 7:43
2/8/13 10:43
2/8/13 13:43
2/8/13 16:43
2/8/13 19:43
2/8/13 22:43
2/9/13 1:43
2/9/13 4:43
2/9/13 7:43
2/9/13 10:43
2/9/13 13:43
2/9/13 16:43
2/9/13 19:43
2/9/13 22:43
2/10/13 1:43
2/10/13 4:43
2/10/13 7:43
2/10/13 10:43
2/10/13 13:43
2/10/13 16:43
2/10/13 19:43
2/10/13 22:43
2/11/13 1:43
2/11/13 4:43
2/11/137:43
2/11/13 10:43
2/11/13 13:43
2/11/13 16:43
2/11/1319:43
2/11/1322:43
2/12/13 1:43
2/12/13 4:43
2/12/13 7:43
2/12/13 10:43
2/12/13 13:43
2/12/13 16:43
2/12/1319:43
2/12/1322:43
2/13/13 1:43
2/13/13 4:43
2/13/13 7:43
2/13/13 10:43
2/13/13 13:43

750
690
670
620
770
600
690
610
860
550
680
830
660
680
610
630
740
620
620
890
790
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570
640
540
650
600
650
660
670
630
650
640
640
770
700
690
620
610
700
650
740
670
600
660
690
680
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2/13/1319:43
2/13/13 22:43
2/14/131:43
2/14/13 4:43
2/14/137:43
2/14/1310:43
2/14/13 13:43
2/14/13 16:43
2/14/1319:43
2/14/13 22:43
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2/15/1310:43
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2/15/1319:43
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2/16/131:43
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2/16/13 10:43
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2/17/1313:58
2/17/1316:58
2/17/1319:58
2/17/13 22:58
2/18/131:58
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2/18/137:58
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2/18/1313:58
2/18/1316:58
2/18/1319:58
2/18/13 22:58
2/19/131:58
2/19/13 4:58
2/19/137:58
2/19/1310:58

660
680
680
690
650
670
700
730
510
580
660
610
680
700
670
670
710
730
670
650
610
730
660
560
840
970
1030
910
800
880
820
830
1010
940
840
880
810
870
880
790
950
910
730
700
800
770
860
900



2/19/13 13:58
2/19/13 16:58
2/19/13 19:58
2/19/13 22:58
2/20/13 1:58
2/20/13 4:58
2/20/13 7:58
2/20/13 10:58
2/20/13 13:58
2/20/13 16:58
2/20/13 19:58
2/20/13 22:58
2/21/13 1:58
2/21/13 4:58
2/21/137:58
2/21/13 10:58
2/21/13 13:58
2/21/13 16:58
2/21/1319:58
2/21/13 22:58
2/22/13 1:58
2/22/13 4:58
2/22/13 7:58
2/22/1310:58
2/22/13 13:58
2/22/13 16:58
2/22/1319:58
2/22/1322:58
2/23/13 1:58
2/23/13 4:58
2/23/13 7:58
2/23/13 10:58
2/23/13 13:58
2/23/13 16:58
2/23/13 19:58
2/23/13 22:58
2/24/13 1:58
2/24/13 4:58
2/24/13 7:58
2/24/13 10:58
2/24/13 13:58
2/24/13 16:58
2/24/13 19:58
2/24/13 22:58
2/25/13 1:58
2/25/13 4:58
2/25/13 7:58
2/25/13 10:58

870
820
870
750
860
750
890
830
930
780
1020
800
870
810
840
850
760
870
930
700
850
780
890
820
770
770
910
850
750
810
790
880
1020
1040
920
870
900
950
920
810
780
900
860
790
850
890
900
880



2/25/13 13:58
2/25/13 16:58
2/25/13 19:58
2/25/13 22:58
2/26/13 1:58
2/26/13 4:58
2/26/13 7:58
2/26/13 10:58
2/26/13 13:58
2/26/13 16:58
2/26/13 19:58
2/26/13 22:58
2/27/13 1:58
2/27/13 4:58
2/27/13 7:58
2/27/13 10:58
2/27/13 13:58
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2/28/13 22:58
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3/1/1322:58
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3/2/137:58
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3/2/13 19:58
3/2/13 22:58
3/3/131:58
3/3/13 4:58
3/3/137:58
3/3/1310:58

880
830
720
870
680
800
910
820
850
820
900
900
910
820
900
830
840
740
670
920
880
780
920
860
1000
780
810
880
810
910
830
810
1030
780
800
860
930
900
900
950
860
910
850
900
980
890
830
970
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3/3/1322:58
3/4/13 1:58
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3/5/1322:58
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3/6/13 10:58
3/6/13 13:58
3/6/13 16:58
3/6/13 19:58
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3/7/13 1:58
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3/7/137:58
3/7/1310:58
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3/7/13 16:58
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3/9/13 10:58

850
1050
910
930
850
860
880
830
890
1010
880
970
920
1060
1080
880
930
770
910
880
930
870
870
800
870
950
840
920
920
960
900
910
840
900
760
860
940
980
840
880
830
800
890
870
830
820
890
840
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3/10/13 7:58
3/10/13 10:58
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3/14/13 19:58
3/14/13 22:58
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910
840
800
980
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560
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1160
760
900
840
850
960
840
980
1180
750
760
860
900
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930
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1110
1130
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860
960
1050
820
1060
1220
930
860
850
870
1020
840
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1230
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890
800
880
800
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1050
1070
1010
890
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920
940
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750
830
880
750
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710
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960
810
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830
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920
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870
880



3/21/1313:58
3/21/1316:58
3/21/1319:58
3/21/1322:58
3/22/131:58
3/22/13 4:58
3/22/137:58
3/22/1310:58
3/22/1313:58
3/22/1316:58
3/22/1319:58
3/22/1322:58
3/23/131:58
3/23/13 4:58
3/23/137:58
3/23/1310:58
3/23/1313:58
3/23/1316:58
3/23/1319:58
3/23/1322:58
3/24/131:58
3/24/13 4:58
3/24/137:58
3/24/1310:58
3/24/1312:33
3/24/13 15:33
3/24/1318:33
3/24/1321:33
3/25/13 0:33
3/25/13 3:33
3/25/13 6:33
3/25/139:33
3/25/1312:33
3/25/13 15:33
3/25/13 18:33
3/25/1321:33
3/26/13 0:33
3/26/13 3:33
3/26/13 6:33
3/26/13 9:33
3/26/1312:33
3/26/13 15:33
3/26/13 18:33
3/26/13 21:33
3/27/13 0:33
3/27/13 3:33
3/27/13 6:33
3/27/139:33

750
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780
850
810
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800
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830
810
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800
940
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890
1040
910
770
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880
830
880
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860
870
900
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750
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790
840
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3/31/1312:33
3/31/13 15:33
3/31/13 18:33
3/31/1321:33
4/1/13 0:33
4/1/13 3:33
4/1/13 6:33
4/1/13 9:33
4/1/13 12:33
4/1/13 15:33
4/1/13 18:33
4/1/1321:33
4/2/13 0:33
4/2/13 3:33
4/2/13 6:33
4/2/13 9:33

830
800
920
820
850
930
850
810
840
770
900
820
960
950
880
750
830
840
940
730
970
800
880
870
960
1020
980
800
900
820
800
990
970
880
780
790
860
870
820
990
900
810
930
790
860
860
790
760



4/2/13 12:33
4/2/13 15:33
4/2/13 18:33
4/2/13 21:33
4/3/13 0:33
4/3/13 3:33
4/3/13 6:33
4/3/13 9:33
4/3/13 12:33
4/3/13 15:33
4/3/13 18:33
4/3/13 21:33
4/4/13 0:33
4/4/13 3:33
4/4/13 6:33
4/4/13 9:33
4/4/13 12:33
4/4/13 15:33
4/4/13 18:33
4/4/1321:33
4/5/13 0:33
4/5/13 3:33
4/5/13 6:33
4/5/13 9:33
4/5/13 12:33
4/5/13 15:33
4/5/13 18:33
4/5/13 21:33
4/6/13 0:33
4/6/13 3:33
4/6/13 6:33
4/6/13 9:33
4/6/13 12:33
4/6/13 15:33
4/6/13 18:33
4/6/13 21:33
4/7/13 0:33
4/7/13 3:33
4/7/13 6:33
4/7/13 9:33
4/7/13 12:33
4/7/13 15:33
4/7/13 18:33
4/7/1321:33
4/8/13 0:33
4/8/13 3:33
4/8/13 6:33
4/8/13 9:33

1020
840
920
880
920
800
860
850
830
910
860

1030
810
950
830
810

1080
860
830
780
810
950
780
900
920
930
920
840
840
900
760
820

1450

1560

1160

1110
840

1010
840
890

1020

1230
820
780
740
840
920
920



4/8/13 12:33
4/8/13 15:33
4/8/13 18:33
4/8/13 21:33
4/9/13 0:33
4/9/13 3:33
4/9/13 6:33
4/9/13 9:33
4/9/13 12:33
4/9/13 15:33
4/9/13 18:33
4/9/13 21:33
4/10/13 0:33
4/10/13 3:33
4/10/13 6:33
4/10/13 9:33
4/10/13 12:33
4/10/13 15:33
4/10/13 18:33
4/10/13 21:33
4/11/13 0:33
4/11/13 3:33
4/11/13 6:33
4/11/13 9:33
4/11/13 12:33
4/11/13 15:33
4/11/13 18:33
4/11/13 21:33
4/12/13 0:33
4/12/13 3:33
4/12/13 6:33
4/12/13 9:33
4/12/13 12:33
4/12/13 15:33
4/12/13 18:33
4/12/13 21:33
4/13/13 0:33
4/13/13 3:33
4/13/13 6:33
4/13/13 9:33
4/13/13 12:33
4/13/13 15:33
4/13/13 18:33
4/13/1321:33
4/14/13 0:33
4/14/13 3:33
4/14/13 6:33
4/14/13 9:33

760
900
800
740
920
890
730
840
910
990
820
850
700
890
880
690
870
920
660
830
910
730
650
730
770
850
1040
860
860
870
860
880
870
830
910
820
790
870
920
890
860
950
910
860
880
850
870
1050



4/14/13 12:33
4/14/13 15:33
4/14/13 18:33
4/14/13 21:33
4/15/13 0:33
4/15/13 3:33
4/15/13 6:33
4/15/13 9:33
4/15/13 12:33
4/15/13 15:33
4/15/13 18:33
4/15/13 21:33
4/16/13 0:33
4/16/13 3:33
4/16/13 6:33
4/16/13 9:33
4/16/13 12:33
4/16/13 15:33
4/16/13 18:33
4/16/13 21:33
4/17/13 0:33
4/17/13 3:33
4/17/13 6:33
4/17/13 9:33
4/17/13 12:33
4/17/13 15:33
4/17/13 18:33
4/17/13 21:33
4/18/13 0:33
4/18/13 3:33
4/18/13 6:33
4/18/13 9:33
4/18/13 12:33
4/18/13 15:33
4/18/13 18:33
4/18/13 21:33
4/19/13 0:33
4/19/13 3:33
4/19/13 6:33
4/19/13 9:33
4/19/13 12:33
4/19/13 15:33
4/19/13 18:33
4/19/13 21:33
4/20/13 0:33
4/20/13 3:33
4/20/13 6:33
4/20/13 9:33

770
920
1070
940
890
890
770
880
880
1010
880
850
810
850
810
770
770
850
780
950
790
790
760
800
950
850
770
970
860
800
780
800
800
1010
840
840
830
690
780
670
710
880
850
860
790
1010
970
890



4/20/1312:33
4/20/13 15:33
4/20/13 18:33
4/20/13 21:33
4/21/13 0:33
4/21/13 3:33
4/21/13 6:33
4/21/139:33
4/21/1312:33
4/21/1312:38
4/21/13 15:38
4/21/13 18:38
4/21/1321:38
4/22/13 0:38
4/22/13 3:38
4/22/13 6:38
4/22/139:38
4/22/1312:38
4/22/13 15:38
4/22/13 18:38
4/22/1321:38
4/23/13 0:38
4/23/13 3:38
4/23/13 6:38
4/23/139:38
4/23/1312:38
4/23/13 15:38
4/23/13 18:38
4/23/1321:38
4/24/13 0:38
4/24/13 3:38
4/24/13 6:38
4/24/13 9:38
4/24/1312:38
4/24/13 15:38
4/24/13 18:38
4/24/1321:38
4/25/13 0:38
4/25/13 3:38
4/25/13 6:38
4/25/13 9:38
4/25/1312:38
4/25/13 15:38
4/25/13 18:38
4/25/1321:38
4/26/13 0:38
4/26/13 3:38
4/26/13 6:38

920
1020
960
870
700
820
870
1060
1040
790
910
840
780
850
860
990
960
820
900
810
960
880
830
770
900
1090
970
790
960
780
860
740
810
750
840
860
930
990
800
840
780
990
860
960
790
750
930
880



4/26/13 9:38
4/26/13 12:38
4/26/13 15:38
4/26/13 18:38
4/26/1321:38

4/27/13 0:38

4/27/13 3:38

4/27/13 6:38

4/27/13 9:38
4/27/13 12:38
4/27/13 15:38
4/27/13 18:38
4/27/13 21:38

4/28/13 0:38

4/28/13 3:38

4/28/13 6:38

4/28/13 9:38
4/28/13 12:38
4/28/13 15:38
4/28/13 18:38
4/28/13 21:38

4/29/13 0:38

4/29/13 3:38

4/29/13 6:38

4/29/13 9:38
4/29/1312:38
4/29/13 15:38
4/29/13 18:38
4/29/1321:38

4/30/13 0:38

4/30/13 3:38

4/30/13 6:38

4/30/13 9:38
4/30/13 12:38
4/30/13 15:38
4/30/13 18:38
4/30/13 21:38

5/1/13 0:38
5/1/13 3:38
5/1/13 6:38
5/1/139:38

5/1/13 12:38

5/1/13 15:38

5/1/13 18:38

5/1/1321:38

5/2/130:38
5/2/13 3:38
5/2/13 6:38

800
920
900
650
840
800
850
800
710
850
970
1010
900
790
970
680
890
770
950
880
720
840
910
730
880
820
880
730
800
1020
910
800
840
920
960
910
910
790
780
860
760
820
950
910
750
990
970
700



5/2/139:38
5/2/1312:38
5/2/13 15:38
5/2/13 18:38
5/2/13 21:38
5/3/130:38
5/3/13 3:38
5/3/13 6:38
5/3/139:38
5/3/1312:38
5/3/1315:38
5/3/13 18:38
5/3/1321:38
5/4/13 0:38
5/4/13 3:38
5/4/13 6:38
5/4/13 9:38
5/4/13 12:38
5/4/13 15:38
5/4/13 18:38
5/4/13 21:38
5/5/13 0:38
5/5/13 3:38
5/5/13 6:38
5/5/139:38
5/5/1312:38
5/5/13 15:38
5/5/13 18:38
5/5/13 21:38
5/6/13 0:38
5/6/13 3:38
5/6/13 6:38
5/6/139:38
5/6/1312:38
5/6/13 15:38
5/6/13 18:38
5/6/13 21:38
5/7/13 0:38
5/7/13 3:38
5/7/13 6:38
5/7/139:38
5/7/1312:38
5/7/13 15:38
5/7/13 18:38
5/7/1321:38
5/8/130:38
5/8/13 3:38
5/8/13 6:38

770
840
700
860
870
850
810
810
880
930
940
910
820
820
1000
750
870
800
950
1040
1100
960
970
930
900
770
920
830
930
900
850
1010
980
750
1000
1040
880
890
890
1020
870
1040
960
960
1050
770
830
770



5/8/139:38
5/8/1312:38
5/8/13 15:38
5/8/13 18:38
5/8/1321:38

5/9/13 0:38

5/9/13 3:38

5/9/13 6:38

5/9/139:38
5/9/1312:38
5/9/13 15:38
5/9/13 18:38
5/9/13 21:38
5/10/13 0:38
5/10/13 3:38
5/10/13 6:38
5/10/13 9:38
5/10/1312:38
5/10/13 15:38
5/10/13 18:38
5/10/1321:38
5/11/13 0:38
5/11/13 3:38
5/11/13 6:38
5/11/13 9:38
5/11/1312:38
5/11/13 15:38
5/11/1318:38
5/11/1321:38
5/12/13 0:38
5/12/13 3:38
5/12/13 6:38
5/12/139:38
5/12/1312:38
5/12/13 15:38
5/12/1318:38
5/12/1321:38
5/13/13 0:38
5/13/13 3:38
5/13/13 6:38
5/13/139:38
5/13/1312:38
5/13/1315:38
5/13/1318:38
5/13/1321:38
5/14/13 0:38
5/14/13 3:38
5/14/13 6:38

830
910
830
820
900
820
730
800
790
850
910
980
780
960
790
870
950
1060
930
950
990
870
860
870
790
1150
1090
1000
1010
1050
830
860
900
900
1080
990
950
870
980
890
850
880
850
760
1030
920
1000
820



5/14/13 9:38
5/14/1312:38
5/14/13 15:38
5/14/13 18:38
5/14/1321:38

5/15/13 0:38

5/15/13 3:38

5/15/13 6:38

5/15/13 9:38
5/15/1312:38
5/15/13 15:38
5/15/13 18:38
5/15/1321:38

5/16/13 0:38

5/16/13 3:38

5/16/13 6:38

5/16/13 9:38
5/16/1312:38
5/16/13 15:38
5/16/13 18:38
5/16/1321:38

5/17/13 0:38

5/17/13 3:38

5/17/13 6:38

5/17/13 9:38
5/17/1312:38
5/17/13 15:38
5/17/13 18:38
5/17/1321:38

5/18/13 0:38

5/18/13 3:38

5/18/13 6:38

5/18/139:38
5/18/1312:38
5/18/13 15:38
5/18/1318:38
5/18/1321:38

5/19/13 0:38

5/19/13 3:38

5/19/13 6:38

5/19/13 9:38
5/19/1312:38
5/19/13 15:38
5/19/13 18:38
5/19/1321:38

5/20/13 0:38

5/20/13 3:38

5/20/13 6:38

830
1120
960
900
990
690
820
870
790
960
970
920
930
790
970
810
850
1130
970
950
1050
1130
980
1070
940
1000
1030
1360
1770
2070
2100
1950
1490
2260
2110
1870
2110
2620
2130
1480
1300
2050
2180
2290
2400
2460
2370
2300



5/20/13 9:38
5/20/1312:38
5/20/13 15:38
5/20/13 18:38
5/20/13 21:38

5/21/13 0:38

5/21/13 3:38

5/21/13 6:38

5/21/139:38
5/21/1312:38
5/21/13 15:38
5/21/1318:38
5/21/1321:38

5/22/13 0:38

5/22/13 3:38

5/22/13 6:38

5/22/139:38
5/22/1312:38
5/22/1315:38
5/22/1318:38
5/22/1321:38

5/23/13 0:38

5/23/13 3:38

5/23/13 6:38

5/23/13 9:38
5/23/1312:38
5/23/1315:38
5/23/1318:38
5/23/1321:38

5/24/13 0:38

5/24/13 3:38

5/24/13 6:38

5/24/13 9:38
5/24/1312:38
5/24/13 15:38
5/24/13 18:38
5/24/1321:38

5/25/13 0:38

5/25/13 3:38

5/25/13 6:38

5/25/13 9:38
5/25/1312:38
5/25/13 15:38
5/25/13 18:38
5/25/1321:38

5/26/13 0:38

5/26/13 3:38

5/26/13 6:38

2030
2130
2210
2300
2610
2470
2450
2560
2010
2260
2320
2760
3290
3830
3860
3330
3370
2920
3010
3090
3890
4240
4410
4790
4700
4280
4290
4590
4860
5290
4990
5180
5210
5230
4920
4910
4940
4600
4540
4520
5070
5440
5490
5260
5320
5160
5130
4980



5/26/13 9:38
5/26/1312:38
5/26/13 15:38
5/26/13 18:38
5/26/1321:38

5/27/13 0:38

5/27/13 3:38

5/27/13 6:38

5/27/13 9:38
5/27/1312:38
5/27/13 15:38
5/27/13 18:38
5/27/1321:38

5/28/13 0:38

5/28/13 3:38

5/28/13 6:38

5/28/139:38
5/28/1312:38
5/28/13 15:38
5/28/13 18:38
5/28/1321:38

5/29/13 0:38

5/29/13 3:38

5/29/13 6:38

5/29/13 9:38
5/29/1312:38
5/29/13 15:38
5/29/13 18:38
5/29/1321:38

5/30/13 0:38

5/30/13 3:38

5/30/13 6:38

5/30/139:38
5/30/1312:38
5/30/13 15:38
5/30/1318:38
5/30/1321:38

5/31/13 0:38

5/31/13 3:38

5/31/13 6:38

5/31/139:38
5/31/1312:38
5/31/1315:38
5/31/1318:38
5/31/1321:38

6/1/13 0:38
6/1/13 3:38
6/1/13 6:38

5160
4710
4910
5040
4700
4710
4700
4400
4380
4500
4410
4180
4200
4210
4140
3850
3790
3760
3550
3440
3440
3300
3280
3190
3020
2680
2750
2840
2750
2580
2520
2540
2330
2220
2090
2250
2480
2970
3000
3190
3150
3270
3270
3730
4180
4510
4440
4960



6/1/13 9:38
6/1/1312:38
6/1/13 15:38
6/1/13 18:38
6/1/13 21:38

6/2/13 0:38

6/2/13 3:38

6/2/13 6:38

6/2/13 9:38
6/2/1312:38
6/2/13 15:38
6/2/13 18:38
6/2/1321:38

6/3/13 0:38

6/3/13 3:38

6/3/13 6:38

6/3/139:38
6/3/1312:38
6/3/13 15:38
6/3/13 18:38
6/3/1321:38

6/4/13 0:38

6/4/13 3:38

6/4/13 6:38

6/4/13 9:38
6/4/1312:38
6/4/13 15:38
6/4/13 18:38
6/4/13 21:38

6/5/13 0:38

6/5/13 3:38

6/5/13 6:38

6/5/13 9:38
6/5/1312:38
6/5/13 15:38
6/5/13 18:38
6/5/1321:38

6/6/13 0:38

6/6/13 3:38

6/6/13 6:38

6/6/13 9:38
6/6/1312:38
6/6/13 15:38
6/6/13 18:38
6/6/1321:38

6/7/13 0:38

6/7/13 3:38

6/7/13 6:38

5020
5200
5230
5470
5900
5950
6260
6650
7050
7330
7500
7810
8340
8590
8210
7420
7070
6690
7010
7120
7480
8030
8310
7990
7590
7680
7530
7970
8150
8600
8610
8540
8180
8310
8240
8440
9080
9290
9510
9990
9590
9730
9680
9880
10550
11080
10910
10700



6/7/13 9:38
6/7/1312:38
6/7/13 15:38
6/7/13 18:38
6/7/1321:38

6/8/13 0:38

6/8/13 3:38

6/8/13 6:38

6/8/139:38
6/8/1312:38
6/8/13 15:38
6/8/13 18:38
6/8/1321:38

6/9/13 0:38

6/9/13 3:38

6/9/13 6:38

6/9/13 9:38
6/9/1312:38
6/9/13 15:38
6/9/13 18:38
6/9/1321:38
6/10/13 0:38
6/10/13 3:38
6/10/13 6:38
6/10/13 9:38

6/10/13 12:38
6/10/13 15:38
6/10/13 18:38
6/10/13 21:38
6/11/130:38
6/11/13 3:38
6/11/13 6:38
6/11/139:38
6/11/1312:38
6/11/13 15:38
6/11/13 18:38
6/11/13 21:38
6/12/13 0:38
6/12/13 3:38
6/12/13 6:38
6/12/139:38
6/12/1312:38
6/12/13 15:38
6/12/13 18:38
6/12/1321:38
6/13/130:38
6/13/13 3:38
6/13/13 6:38

10490
10030
10330
10350
10690
10300
9540
8260
7610
7930
7590
7770
7740
8170
8130
8170
7580
7600
7970
7850
8670
8800
8530
8280
7960
7940
8010
9030
9000
9760
9940
9560
9760
9700
10150
10190
10360
10630
10830
10920
10900
10700
10840
10870
11660
11600
11770
11600



6/13/139:38
6/13/1312:38
6/13/1315:38
6/13/13 18:38
6/13/13 21:38
6/14/13 0:38
6/14/13 3:38
6/14/13 6:38
6/14/139:38
6/14/1312:38
6/14/13 15:38
6/14/13 18:38
6/14/13 21:38
6/15/13 0:38
6/15/13 3:38
6/15/13 6:38
6/15/13 9:38
6/15/1312:38
6/15/13 15:38
6/15/13 18:38
6/15/13 21:38
6/16/13 0:38
6/16/13 3:38
6/16/13 6:38
6/16/13 9:38
6/15/13 23:12
6/16/13 2:12
6/16/13 5:12
6/16/13 8:12
6/16/1311:12
6/16/13 14:12
6/16/1317:12
6/16/13 20:12
6/16/13 23:12
6/17/13 2:12
6/17/13 5:12
6/17/13 8:12
6/17/1311:12
6/17/13 14:12
6/17/1317:12
6/17/13 20:12
6/17/13 23:12
6/18/13 2:12
6/18/13 5:12
6/18/13 8:12
6/18/1311:12
6/18/13 14:12
6/18/1317:12

11800
11840
12070
11970
12410
12170
12390
12510
12540
12440
12400
12800
13200
13410
13880
13600
13630
14270
13900
13840
14120
14110
15050
14290
14120
12660
14170
14400
14550
15050
15440
14880
14770
14400
14830
14980
15080
15260
15160
15410
15540
15340
15070
15140
15840
15490
15440
15760



6/18/13 20:12
6/18/13 23:12
6/19/13 2:12
6/19/13 5:12
6/19/13 8:12
6/19/1311:12
6/19/13 14:12
6/19/1317:12
6/19/13 20:12
6/19/13 23:12
6/20/13 2:12
6/20/13 5:12
6/20/13 8:12
6/20/1311:12
6/20/13 14:12
6/20/1317:12
6/20/13 20:12
6/20/13 23:12
6/21/13 2:12
6/21/135:12
6/21/13 8:12
6/21/1311:12
6/21/13 14:12
6/21/1317:12
6/21/13 20:12
6/21/13 23:12
6/22/13 2:12
6/22/135:12
6/22/13 8:12
6/22/1311:12
6/22/13 14:12
6/22/1317:12
6/22/13 20:12
6/22/13 23:12
6/23/13 2:12
6/23/135:12
6/23/13 8:12
6/23/1311:12
6/23/1314:12
6/23/1317:12
6/23/13 20:12
6/23/13 23:12
6/24/13 2:12
6/24/13 5:12
6/24/13 8:12
6/24/1311:12
6/24/13 14:12
6/24/1317:12

15740
15200
15420
15470
15630
15710
15690
15480
14960
14470
14340
14730
15020
14930
14730
14960
14870
13850
14300
14350
14910
14690
15060
15200
15320
14840
14790
14680
15840
15840
16120
16090
15390
15520
15740
15720
15780
16230
15620
15520
15390
14110
15180
15240
15650
15830
14900
15290



6/24/13 20:12
6/24/13 23:12
6/25/13 2:12
6/25/13 5:12
6/25/13 8:12
6/25/13 11:12
6/25/13 14:12
6/25/13 17:12
6/25/13 20:12
6/25/13 23:12
6/26/13 2:12
6/26/13 5:12
6/26/13 8:12
6/26/13 11:12
6/26/13 14:12
6/26/13 17:12
6/26/13 20:12
6/26/13 23:12
6/27/13 2:12
6/27/13 5:12
6/27/13 8:12
6/27/13 11:12
6/27/13 14:12
6/27/1317:12
6/27/13 20:12
6/27/13 23:12
6/28/13 2:12
6/28/13 5:12
6/28/13 8:12
6/28/13 11:12
6/28/13 14:12
6/28/13 17:12
6/28/13 20:12
6/28/13 23:12
6/29/13 2:12
6/29/13 5:12
6/29/13 8:12
6/29/13 11:12
6/29/13 14:12
6/29/13 17:12
6/29/13 20:12
6/29/13 23:12
6/30/13 2:12
6/30/13 5:12
6/30/13 8:12
6/30/13 11:12
6/30/13 14:12
6/30/13 17:12

15490
14400
15260
15220
15150
15540
16040
15490
15170
16010
15280
15500
17040
16330
17280
16550
17490
17250
17420
17710
17800
18030
18200
17900
17650
17560
18540
18220
18210
18310
17850
17620
17000
18060
18120
17810
18260
17960
18110
18580
17830
16270
17720
17390
16810
17710
17660
17400



6/30/13 20:12
6/30/13 23:12
7/1/13 2:12
7/1/13 5:12
7/1/13 8:12
7/1/13 11:12
7/1/13 14:12
7/1/13 17:12
7/1/13 20:12
7/1/13 23:12
7/2/13 2:12
7/2/13 5:12
7/2/13 8:12
7/2/13 11:12
7/2/13 14:12
7/2/13 17:12
7/2/13 20:12
7/2/13 23:12
7/3/13 2:12
7/3/13 5:12
7/3/13 8:12
7/3/13 11:12
7/3/13 14:12
7/3/13 17:12
7/3/13 20:12
7/3/13 23:12
7/4/13 2:12
7/4/13 5:12
7/4/13 8:12
7/4/13 11:12
7/4/13 14:12
7/4/13 17:12
7/4/13 20:12
7/4/13 23:12
7/5/13 2:12
7/5/13 5:12
7/5/13 8:12
7/5/13 11:12
7/5/13 14:12
7/5/13 17:12
7/5/13 20:12
7/5/13 23:12
7/6/13 2:12
7/6/13 5:12
7/6/13 8:12
7/6/13 11:12
7/6/13 14:12
7/6/13 17:12

16970
17240
17270
17730
17350
17310
16790
15320
14850
12080
13040
13190
14260
14740
14830
13310
13440
11760
10100
11570
11920
12770
12170
10940
10910
10090

9690
10900
11020
11360
10970
11280
11170
11420
11620
12230
12220
13150
12580
13510
12980
13140
14100
13990
14500
14900
14820
15390



7/6/13 20:12
7/6/13 23:12
7/7/13 2:12
7/7/13 5:12
7/7/13 8:12
7/7/13 11:12
7/7/13 14:12
7/7/13 17:12
7/7/13 20:12
7/7/13 23:12
7/8/13 2:12
7/8/13 5:12
7/8/13 8:12
7/8/13 11:12
7/8/13 14:12
7/8/13 17:12
7/8/13 20:12
7/8/13 23:12
7/9/13 2:12
7/9/13 5:12
7/9/13 8:12
7/9/13 11:12
7/9/13 14:12
7/9/13 17:12
7/9/13 20:12
7/9/13 23:12
7/10/13 2:12
7/10/13 5:12
7/10/13 8:12
7/10/13 11:12
7/10/13 14:12
7/10/13 17:12
7/10/13 20:12
7/10/13 23:12
7/11/13 2:12
7/11/13 5:12
7/11/13 8:12
7/11/13 11:12
7/11/13 14:12
7/11/1317:12
7/11/13 20:12
7/11/13 23:12
7/12/13 2:12
7/12/13 5:12
7/12/13 8:12
7/12/13 11:12
7/12/13 14:12
7/12/1317:12

16030
16470
16710
15930
16680
17540
17120
17610
17000
17680
16790
17050
17610
17770
17950
18010
17270
17790
17730
18250
17900
18890
18810
18020
18550
18950
18930
18210
18490
18950
18220
19100
18100
19130
18330
19090
18710
19120
18340
19160
18960
19460
18680
18440
18800
18230
18640
18640



7/12/13 20:12
7/12/13 23:12
7/13/13 2:12
7/13/135:12
7/13/13 8:12
7/13/13 11:12
7/13/13 14:12
7/13/1317:12
7/13/13 20:12
7/13/13 23:12
7/14/13 2:12
7/14/135:12
7/14/13 8:12
7/14/13 11:12
7/14/13 14:12
7/14/1317:12
7/14/13 20:12
7/14/13 23:12
7/15/13 2:12
7/15/135:12
7/15/13 8:12
7/15/13 11:12
7/15/13 14:12
7/15/1317:12
7/15/13 20:12
7/15/13 23:12
7/16/13 2:12
7/16/135:12
7/16/13 8:12
7/16/13 11:12
7/16/13 14:12
7/16/1317:12
7/16/13 20:12
7/16/13 23:12
7/17/13 2:12
7/17/135:12
7/17/13 8:12
7/17/13 11:12
7/17/13 14:12
7/17/1317:12
7/17/13 20:12
7/17/13 23:12
7/18/13 2:12
7/18/135:12
7/18/13 8:12
7/18/13 11:12
7/18/13 14:12
7/18/1317:12

18990
19100
18840
19120
18730
18840
18880
18990
19200
18810
18760
18950
19290
19150
18790
18670
18240
18970
18650
18610
18730
19020
18470
18380
19100
18480
18440
17620
19080
18980
18350
18100
18070
18730
18550
18170
18820
18080
18430
18590
18640
19230
18940
18290
18600
19360
19480
19480



7/18/1320:12 19570
7/18/1323:12 19710
7/19/132:12 19560
7/19/135:12 19410
7/19/138:12 19520
7/19/1311:12 20110
7/19/1314:12 20320
7/19/1317:12 19730
7/19/1320:12 19560
7/19/1323:12 20120
7/20/132:12 19330
7/20/135:12 19610
7/20/138:12 20290
7/20/1311:12 20740
7/20/13 14:12 19840
7/20/1317:12 20110
7/20/1320:12 20260
2/1/140:00 730
2/1/140:00 960
2/1/140:00 940
2/1/140:00 870
2/1/140:00 970
2/2/140:00 830
2/2/140:00 870
2/2/140:00 860
2/2/140:00 840
2/2/140:00 1040
2/2/140:00 850
2/2/140:00 940
2/2/140:00 870
2/3/140:00 870
2/3/140:00 800
2/3/140:00 970
2/3/140:00 820
2/3/140:00 810
2/3/140:00 800
2/3/140:00 850
2/3/140:00 770
2/4/140:00 1040
2/4/140:00 880
2/4/140:00 930
2/4/140:00 820
2/4/14 0:00 760
2/4/140:00 950
2/4/140:00 930
2/4/14 0:00 890
2/5/140:00 1000
2/5/14 0:00 920



2/5/14 0:00
2/5/14 0:00
2/5/14 0:00
2/5/14 0:00
2/5/14 0:00
2/5/14 0:00
2/6/14 0:00
2/6/14 0:00
2/6/14 0:00
2/6/14 0:00
2/6/14 0:00
2/6/14 0:00
2/6/14 0:00
2/6/14 0:00
2/7/140:00
2/7/14 0:00
2/7/14 0:00
2/7/140:00
2/7/14 0:00
2/7/14 0:00
2/7/140:00
2/7/14 0:00
2/8/14 0:00
2/8/14 0:00
2/8/14 0:00
2/8/14 0:00
2/8/14 0:00
2/8/14 0:00
2/8/14 0:00
2/8/14 0:00
2/9/14 0:00
2/9/14 0:00
2/9/14 0:00
2/9/14 0:00
2/9/14 0:00
2/9/14 0:00
2/9/14 0:00
2/9/14 0:00
2/10/14 0:00
2/10/14 0:00
2/10/14 0:00
2/10/14 0:00
2/10/14 0:00
2/10/14 0:00
2/10/14 0:00
2/10/14 0:00
2/11/14 0:00
2/11/140:00

950
860
880
780
910
740
820
820
760
880
810
950
820
780
1000
820
990
950
930
940
910
750
900
920
800
780
900
960
810
910
920
900
900
870
740
880
790
990
770
890
920
900
850
870
960
840
810
880



2/11/14 0:00
2/11/14 0:00
2/11/140:00
2/11/14 0:00
2/11/14 0:00
2/11/140:00
2/12/140:00
2/12/14 0:00
2/12/140:00
2/12/140:00
2/12/14 0:00
2/12/140:00
2/12/140:00
2/12/14 0:00
2/13/140:00
2/13/14 0:00
2/13/14 0:00
2/13/140:00
2/13/14 0:00
2/13/14 0:00
2/13/140:00
2/13/14 0:00
2/14/14 0:00
2/14/14 0:00
2/14/14 0:00
2/14/14 0:00
2/14/14 0:00
2/14/14 0:00
2/14/14 0:00
2/14/14 0:00
2/15/14 0:00
2/15/14 0:00
2/15/14 0:00
2/15/14 0:00
2/15/14 0:00
2/15/14 0:00
2/15/14 0:00
2/15/14 0:00
2/16/14 0:00
2/16/14 0:00
2/16/14 0:00
2/16/14 0:00
2/16/14 0:00
2/16/14 0:00
2/16/14 0:00
2/16/14 0:00
2/17/14 0:00
2/17/140:00

900
920
790
980
870
830
940
860
780
860
940
970
790
950
840
810
910
870
810
910
760
840
930
900
890
810
860
920
730
870
960
760
980
950
820
1060
850
920
930
920
920
1020
920
830
850
860
780
930



2/17/14 0:00
2/17/14 0:00
2/17/140:00
2/17/14 0:00
2/17/14 0:00
2/17/140:00
2/18/14 0:00
2/18/14 0:00
2/18/14 0:00
2/18/14 0:00
2/18/14 0:00
2/18/14 0:00
2/18/14 0:00
2/18/14 0:00
2/19/14 0:00
2/19/14 0:00
2/19/14 0:00
2/19/14 0:00
2/19/14 0:00
2/19/14 0:00
2/19/14 0:00
2/19/14 0:00
2/20/14 0:00
2/20/14 0:00
2/20/14 0:00
2/20/14 0:00
2/20/14 0:00
2/20/14 0:00
2/20/14 0:00
2/20/14 0:00
2/21/140:00
2/21/14 0:00
2/21/140:00
2/21/140:00
2/21/14 0:00
2/21/140:00
2/21/140:00
2/21/14 0:00
2/22/140:00
2/22/140:00
2/22/14 0:00
2/22/140:00
2/22/140:00
2/22/14 0:00
2/22/140:00
2/22/140:00
2/23/14 0:00
2/23/140:00

880
1060
930
870
900
900
690
1000
980
930
920
900
840
820
820
930
860
870
860
900
810
740
810
740
790
780
800
860
900
980
890
730
850
940
880
900
750
850
1030
950
830
850
910
920
810
870
860
810



2/23/14 0:00
2/23/14 0:00
2/23/140:00
2/23/14 0:00
2/23/14 0:00
2/23/140:00
2/24/14 0:00
2/24/14 0:00
2/24/14 0:00
2/24/14 0:00
2/24/14 0:00
2/24/14 0:00
2/24/14 0:00
2/24/14 0:00
2/25/14 0:00
2/25/14 0:00
2/25/14 0:00
2/25/14 0:00
2/25/14 0:00
2/25/14 0:00
2/25/14 0:00
2/25/14 0:00
2/26/14 0:00
2/26/14 0:00
2/26/14 0:00
2/26/14 0:00
2/26/14 0:00
2/26/14 0:00
2/26/14 0:00
2/26/14 0:00
2/27/14 0:00
2/27/14 0:00
2/27/14 0:00
2/27/14 0:00
2/27/14 0:00
2/27/14 0:00
2/27/14 0:00
2/27/14 0:00
2/28/14 0:00
2/28/14 0:00
2/28/14 0:00
2/28/14 0:00
2/28/14 0:00
2/28/14 0:00
2/28/14 0:00
2/28/14 0:00

3/1/14 0:00

3/1/140:00

980
820
840
970
890
880
890
870
930
830
820
840
930
770
770
810
750
830
870
1030
820
760
1000
900
950
810
880
820
910
860
830
840
890
840
840
810
870
840
960
860
750
860
1000
850
840
820
840
870



3/1/14 0:00
3/1/140:00
3/1/14 0:00
3/1/14 0:00
3/1/140:00
3/1/14 0:00
3/2/140:00
3/2/140:00
3/2/14 0:00
3/2/140:00
3/2/140:00
3/2/140:00
3/2/140:00
3/2/140:00
3/3/14 0:00
3/3/14 0:00
3/3/14 0:00
3/3/14 0:00
3/3/14 0:00
3/3/14 0:00
3/3/14 0:00
3/3/140:00
3/4/140:00
3/4/14 0:00
3/4/140:00
3/4/140:00
3/4/140:00
3/4/140:00
3/4/140:00
3/4/140:00
3/5/14 0:00
3/5/14 0:00
3/5/14 0:00
3/5/14 0:00
3/5/14 0:00
3/5/14 0:00
3/5/14 0:00
3/5/14 0:00
3/6/14 0:00
3/6/140:00
3/6/14 0:00
3/6/14 0:00
3/6/140:00
3/6/14 0:00
3/6/14 0:00
3/6/140:00
3/7/140:00
3/7/140:00

830
730
900
850
710
860
680
910
900
930
970
840
970
760
1000
860
820
950
930
850
900
810
860
840
830
800
790
860
890
880
870
900
980
860
880
840
800
910
920
780
1010
920
930
800
920
940
1010
1040



3/7/14 0:00
3/7/140:00
3/7/140:00
3/7/14 0:00
3/7/140:00
3/7/140:00
3/8/14 0:00
3/8/140:00
3/8/14 0:00
3/8/14 0:00
3/8/140:00
3/8/14 0:00
3/8/14 0:00
3/8/140:00
3/9/14 0:00
3/9/14 0:00
3/9/14 0:00
3/9/14 0:00
3/9/14 0:00
3/9/14 0:00
3/9/14 0:00
3/9/14 0:00
3/10/14 0:00
3/10/14 0:00
3/10/14 0:00
3/10/14 0:00
3/10/14 0:00
3/10/14 0:00
3/10/14 0:00
3/10/14 0:00
3/11/140:00
3/11/14 0:00
3/11/140:00
3/11/140:00
3/11/14 0:00
3/11/140:00
3/11/140:00
3/11/14 0:00
3/12/140:00
3/12/140:00
3/12/14 0:00
3/12/140:00
3/12/140:00
3/12/14 0:00
3/12/140:00
3/12/140:00
3/13/140:00
3/13/140:00

870
940
930
920
800
780
850
860
830
910
1000
1010
940
940
930
890
1070
780
930
900
710
840
940
760
1000
880
1060
1120
920
910
880
900
930
910
1070
920
760
950
860
960
910
710
910
780
960
870
910
890



3/13/14 0:00
3/13/140:00
3/13/140:00
3/13/14 0:00
3/13/140:00
3/13/140:00
3/14/14 0:00
3/14/140:00
3/14/140:00
3/14/14 0:00
3/14/14 0:00
3/14/140:00
3/14/14 0:00
3/14/14 0:00
3/15/140:00
3/15/14 0:00
3/15/140:00
3/15/140:00
3/15/14 0:00
3/15/140:00
3/15/140:00
3/15/14 0:00
3/16/140:00
3/16/14 0:00
3/16/14 0:00
3/16/140:00
3/16/14 0:00
3/16/14 0:00
3/16/140:00
3/16/14 0:00
3/17/140:00
3/17/140:00
3/17/140:00
3/17/140:00
3/17/140:00
3/17/140:00
3/17/140:00
3/17/140:00
3/18/140:00
3/18/140:00
3/18/140:00
3/18/140:00
3/18/140:00
3/18/140:00
3/18/140:00
3/18/140:00
3/19/14 0:00
3/19/14 0:00

950
840
860
910
870
920
950
970
880
840
1020
1030
990
790
830
820
940
810
1010
1070
860
810
880
900
820
1000
1000
960
1090
880
890
770
870
720
860
790
740
810
830
870
830
840
830
910
810
820
850
790



3/19/14 0:00
3/19/140:00
3/19/14 0:00
3/19/14 0:00
3/19/140:00
3/19/14 0:00
3/20/14 0:00
3/20/14 0:00
3/20/14 0:00
3/20/14 0:00
3/20/140:00
3/20/14 0:00
3/20/14 0:00
3/20/140:00
3/21/140:00
3/21/140:00
3/21/140:00
3/21/140:00
3/21/140:00
3/21/140:00
3/21/140:00
3/21/140:00
3/22/140:00
3/22/140:00
3/22/140:00
3/22/140:00
3/22/140:00
3/22/140:00
3/22/140:00
3/22/140:00
3/23/140:00
3/23/140:00
3/23/140:00
3/23/140:00
3/23/140:00
3/23/140:00
3/23/140:00
3/23/140:00
3/24/14 0:00
3/24/14 0:00
3/24/140:00
3/24/14 0:00
3/24/14 0:00
3/24/140:00
3/24/14 0:00
3/24/14 0:00
3/25/140:00
3/25/140:00

810
970
890
780
860
870
930
820
850
870
930
900
830
930
840
830
880
1020
990
890
750
870
840
900
700
1010
890
1050
1340
860
950
760
900
1020
1000
980
730
860
810
670
810
740
870
780
1040
1030
770
830



3/25/14 0:00
3/25/140:00
3/25/140:00
3/25/14 0:00
3/25/140:00
3/25/140:00
3/26/14 0:00
3/26/140:00
3/26/140:00
3/26/14 0:00
3/26/140:00
3/26/140:00
3/26/14 0:00
3/26/140:00
3/27/140:00
3/27/140:00
3/27/140:00
3/27/140:00
3/27/140:00
3/27/140:00
3/27/140:00
3/27/140:00
3/28/140:00
3/28/140:00
3/28/140:00
3/28/140:00
3/28/140:00
3/28/140:00
3/28/140:00
3/28/140:00
3/29/14 0:00
3/29/140:00
3/29/14 0:00
3/29/14 0:00
3/29/140:00
3/29/14 0:00
3/29/14 0:00
3/29/140:00
3/30/14 0:00
3/30/14 0:00
3/30/14 0:00
3/30/14 0:00
3/30/14 0:00
3/30/14 0:00
3/30/14 0:00
3/30/14 0:00
3/31/140:00
3/31/140:00

910
800
950
900
810
890
830
930
790
970
860
770
860
780
940
790
820
850
800
870
880
940
870
950
770
780
840
890
960
790
930
910
750
820
1050
1070
760
780
860
900
1000
930
850
860
920
820
820
930



3/31/140:00
3/31/140:00
3/31/140:00
3/31/140:00
3/31/140:00
3/31/140:00
4/1/14 0:00
4/1/140:00
4/1/14 0:00
4/1/14 0:00
4/1/140:00
4/1/14 0:00
4/1/14 0:00
4/1/140:00
4/2/14 0:00
4/2/14 0:00
4/2/140:00
4/2/14 0:00
4/2/14 0:00
4/2/140:00
4/2/14 0:00
4/2/14 0:00
4/3/140:00
4/3/14 0:00
4/3/14 0:00
4/3/140:00
4/3/14 0:00
4/3/14 0:00
4/3/140:00
4/3/14 0:00
4/4/14 0:00
4/4/140:00
4/4/14 0:00
4/4/14 0:00
4/4/140:00
4/4/14 0:00
4/4/14 0:00
4/4/140:00
4/5/14 0:00
4/5/14 0:00
4/5/14 0:00
5/7/14 14:13
5/7/14 17:13
5/7/14 20:13
5/7/14 23:13
5/8/14 2:13
5/8/14 5:13
5/8/14 8:13

810
790
900
810
830
890
770
870
930
820
780
830
790
760
690
650
860
850
850
880
680
810
840
780
910
830
780
860
910
800
690
750
860
1060
780
950
770
990
970
960
800
1000
770
730
860
840
790
670



5/8/14 11:13
5/8/14 14:13
5/8/14 17:13
5/8/14 20:13
5/8/14 23:13
5/9/14 2:13
5/9/14 5:13
5/9/14 8:13
5/9/14 11:13
5/9/14 14:13
5/9/14 17:13
5/9/14 20:13
5/9/14 23:13
5/10/14 2:13
5/10/14 5:13
5/10/14 8:13
5/10/14 11:13
5/10/14 14:13
5/10/14 17:13
5/10/14 20:13
5/10/14 23:13
5/11/14 2:13
5/11/145:13
5/11/14 8:13
5/11/1411:13
5/11/14 14:13
5/11/1417:13
5/11/1420:13
5/11/14 23:13
5/12/14 2:13
5/12/145:13
5/12/14 8:13
5/12/1411:13
5/12/14 14:13
5/12/14 17:13
5/12/1420:13
5/12/1423:13
5/13/142:13
5/13/145:13
5/13/14 8:13
5/13/14 11:13
5/13/14 14:13
5/13/1417:13
5/13/14 20:13
5/13/1423:13
5/14/14 2:13
5/14/145:13
5/14/14 8:13

810
940
900
770
870
690
860
860
950
830
800
850
960
900
1090
1040
710
1060
940
740
970
880
880
820
860
960
900
910
770
730
690
740
990
890
880
900
1090
860
770
820
760
990
760
900
750
750
700
940



5/14/14 11:13
5/14/14 14:13
5/14/1417:13
5/14/14 20:13
5/14/1423:13
5/15/14 2:13
5/15/14 5:13
5/15/14 8:13
5/15/14 11:13
5/15/14 14:13
5/15/14 17:13
5/15/14 20:13
5/15/14 23:13
5/16/14 2:13
5/16/14 5:13
5/16/14 8:13
5/16/14 11:13
5/16/14 14:13
5/16/14 17:13
5/16/14 20:13
5/16/14 23:13
5/17/14 2:13
5/17/145:13
5/17/14 8:13
5/17/14 11:13
5/17/14 14:13
5/17/14 17:13
5/17/14 20:13
5/17/14 23:13
5/18/14 2:13
5/18/14 5:13
5/18/14 8:13
5/18/14 11:13
5/18/14 14:13
5/18/14 17:13
5/18/14 20:13
5/18/14 23:13
5/19/14 2:13
5/19/14 5:13
5/19/14 8:13
5/19/14 11:13
5/19/14 14:13
5/19/14 17:13
5/19/14 20:13
5/19/14 23:13
5/20/14 2:13
5/20/145:13
5/20/14 8:13

910
760
1030
910
830
810
800
1010
860
900
1000
760
850
840
850
740
890
980
740
760
770
700
780
800
890
860
990
920
840
690
720
740
890
850
990
770
920
800
830
760
880
820
730
740
770
710
780
770



5/20/14 11:13
5/20/14 14:13
5/20/14 17:13
5/20/14 20:13
5/20/14 23:13
5/21/14 2:13
5/21/145:13
5/21/14 8:13
5/21/1411:13
5/21/14 14:13
5/21/14 17:13
5/21/14 20:13
5/21/1423:13
5/22/14 2:13
5/22/145:13
5/22/14 8:13
5/22/1411:13
5/22/14 14:13
5/22/1417:13
5/22/1420:13
5/22/1423:13
5/23/14 2:13
5/23/145:13
5/23/14 8:13
5/23/14 11:13
5/23/14 14:13
5/23/1417:13
5/23/1420:13
5/23/1423:13
5/24/14 2:13
5/24/145:13
5/24/14 8:13
5/24/1411:13
5/24/14 14:13
5/24/14 17:13
5/24/14 20:13
5/24/14 23:13
5/25/14 2:13
5/25/14 5:13
5/25/14 8:13
5/25/14 11:13
5/25/14 14:13
5/25/14 17:13
5/25/14 20:13
5/25/14 23:13
5/26/14 2:13
5/26/145:13
5/26/14 8:13

750
990
770
880
640
760
660
920
800
970
740
820
800
690
850
890
810
800
800
840
800
690
860
880
720
990
800
870
830
800
770
790
880
980
880
1120
1230
1130
1160
1100
1070
1350
1310
1260
1260
1280
1180
860



5/26/1411:13
5/26/14 14:13
5/26/1417:13
5/26/1420:13
5/26/1423:13
5/27/142:13
5/27/145:13
5/27/148:13
5/27/1411:13
5/27/14 14:13
5/27/1417:13
5/27/1420:13
5/27/1423:13
5/28/142:13
5/28/145:13
5/28/148:13
5/28/1411:13
5/28/14 14:13
5/28/1417:13
5/28/1420:13
5/28/1423:13
5/29/14 2:13
5/29/145:13
5/29/14 8:13
5/29/1411:13
5/29/14 14:13
5/29/1417:13
5/29/1420:13
5/29/1423:13
6/19/14 10:47
6/19/14 11:47
6/19/1412:47
6/19/14 13:47
6/19/14 14:47
6/19/14 15:47
6/19/14 16:47
6/19/14 17:47
6/19/14 18:47
6/19/14 19:47
6/19/14 20:47
6/19/14 21:47
6/19/14 22:47
6/19/14 23:47
6/20/14 0:47
6/20/14 1:47
6/20/14 2:47
6/20/14 3:47
6/20/14 4:47

1160
1180
1460
1040
1290
1110
1210
1310
1150
1390
1160
1310
1430
1310
1150
1310
1380
1160
1440
1330
1360
1270
1320
1330
1130
1320
1290
1540
1810
4090
4930
4680
4690
4670
4870
5150
5160
5590
5540
5700
5760
5890
6270
6020
6310
6320
6170
6050



6/20/14 5:47
6/20/14 6:47
6/20/14 7:47
6/20/14 8:47
6/20/14 9:47
6/20/14 10:47
6/20/14 11:47
6/20/14 12:47
6/20/14 13:47
6/20/14 14:47
6/20/14 15:47
6/20/14 16:47
6/20/14 17:47
6/20/14 18:47
6/20/14 19:47
6/20/14 20:47
6/20/1421:47
6/20/14 22:47
6/20/14 23:47
6/21/140:47
6/21/14 1:47
6/21/142:47
6/21/14 3:47
6/21/14 4:47
6/21/14 5:47
6/21/14 6:47
6/21/147:47
6/21/14 8:47
6/21/149:47
6/21/1410:47
6/21/1411:47
6/21/1412:47
6/21/1413:47
6/21/14 14:47
6/21/14 15:47
6/21/14 16:47
6/21/1417:47
6/21/14 18:47
6/21/1419:47
6/21/14 20:47
6/21/1421:47
6/21/1422:47
6/21/14 23:47
6/22/140:47
6/22/14 1:47
6/22/14 2:47
6/22/14 3:47
6/22/14 4:47

5920
6240
6070
6460
6350
6040
6460
6220
6260
6550
6320
6780
6870
6780
6890
7230
7200
7490
7450
7660
7750
7830
8060
7940
8150
7770
8210
8210
8320
8160
7980
8020
8220
8320
8310
8320
8420
8760
8890
9010
9070
9020
9620
9730
9900
10020
9880
9920



6/22/14 5:47
6/22/14 6:47
6/22/147:47
6/22/14 8:47
6/22/149:47
6/22/1410:47
6/22/1411:47
6/22/1412:47
6/22/1413:47
6/22/14 14:47
6/22/14 15:47
6/22/14 16:47
6/22/1417:47
6/22/14 18:47
6/22/1419:47
6/22/14 20:47
6/22/1421:47
6/22/1422:47
6/22/14 23:47
6/23/14 0:47
6/23/14 1:47
6/23/142:47
6/23/14 3:47
6/23/14 4:47
6/23/14 5:47
6/23/14 6:47
6/23/147:47
6/23/14 8:47
6/23/14 9:47
6/23/14 10:47
6/23/1411:47
6/23/1412:47
6/23/14 13:47
6/23/14 14:47
6/23/14 15:47
6/23/14 16:47
6/23/1417:47
6/23/14 18:47
6/23/1419:47
6/23/14 20:47
6/23/1421:47
6/23/1422:47
6/23/14 23:47
6/24/140:47
6/24/14 1:47
6/24/14 2:47
6/24/14 3:47
6/24/14 4:47

9630

9990
10080

9990
10020

9970
10160
10280

9840

9990
10060

9890
10050

9740
10080
10450
10080
10300
10550
10190
10190
10790
10590
10220
10410
10430
10270
10260
10090
10130
10230

9940

9720
10190
10020
10280
10210
10120
10690
10550
10370
10790
10580
11000
10960
11240
10920
10900



6/24/14 5:47
6/24/14 6:47
6/24/147:47
6/24/14 8:47
6/24/14 9:47
6/24/14 10:47
6/24/1411:47
6/24/1412:47
6/24/14 13:47
6/24/14 14:47
6/24/14 15:47
6/24/14 16:47
6/24/14 17:47
6/24/14 18:47
6/24/1419:47
6/24/14 20:47
6/24/1421:47
6/24/1422:47
6/24/14 23:47
6/25/14 0:47
6/25/14 1:47
6/25/14 2:47
6/25/14 3:47
6/25/14 4:47
6/25/14 5:47
6/25/14 6:47
6/25/147:47
6/25/14 8:47
6/25/14 9:47
6/25/14 10:47
6/25/1411:47
6/25/14 12:47
6/25/14 13:47
6/25/14 14:47
6/25/14 15:47
6/25/14 16:47
6/25/1417:47
6/25/14 18:47
6/25/1419:47
6/25/14 20:47
6/25/1421:47
6/25/1422:47
6/25/14 23:47
6/26/14 0:47
6/26/14 1:47
6/26/14 2:47
6/26/14 3:47
6/26/14 4:47

11080
10720
10940
11110
10880
10680
11240
10970
11220
11250
11010
11260
11500
11050
11800
11490
11810
11820
12030
11980
11870
11950
11700
11880
12010
11940
11890
11690
11730
10790
11220
11040
11240
11330
10970
11390
11640
11480
11210
10930
10550
10090
10520
10750
10980
10770
10690
10730



6/26/14 5:47
6/26/14 6:47
6/26/147:47
6/26/14 8:47
6/26/14 9:47
6/26/14 10:47
6/26/1411:47
6/26/14 12:47
6/26/14 13:47
6/26/14 14:47
6/26/14 15:47
6/26/14 16:47
6/26/14 17:47
6/26/14 18:47
6/26/1419:47
6/26/14 20:47
6/26/1421:47
6/26/1422:47
6/26/14 23:47
6/27/140:47
6/27/14 1:47
6/27/14 2:47
6/27/14 3:47
6/27/14 4:47
6/27/14 5:47
6/27/14 6:47
6/27/147:47
6/27/14 8:47
6/27/149:47
6/27/14 10:47
6/27/1411:47
6/27/1412:47
6/27/14 13:47
6/27/14 14:47
6/27/14 15:47
6/27/14 16:47
6/27/1417:47
6/27/14 18:47
6/27/1419:47
6/27/14 20:47
6/27/1421:47
6/27/1422:47
6/27/14 23:47
6/28/14 0:47
6/28/14 1:47
6/28/14 2:47
6/28/14 3:47
6/28/14 4:47

10870
10780
10510
10330
10870
10660
10400
10430
10550
10750
10870
10530
10720
10670
11010
10990
11190
10810

9750

9880
10230
10860
10630
10170
10500
10710
10120
10390
10390
10190

9920
10040
10150

9960
10310

9910
10410
10220
10230
10090

9850

9760

9760

9840

9620

9450

9790

9480



6/28/14 5:47
6/28/14 6:47
6/28/147:47
6/28/14 8:47
6/28/14 9:47
6/28/14 10:47
6/28/1411:47
6/28/1412:47
6/28/1413:47
6/28/14 14:47
6/28/14 15:47
6/28/14 16:47
6/28/1417:47
6/28/14 18:47
6/28/1419:47
6/28/14 20:47
6/28/1421:47
6/28/1422:47
6/28/14 23:47
6/29/14 0:47
6/29/14 1:47
6/29/14 2:47
6/29/14 3:47
6/29/14 4:47
6/29/14 5:47
6/29/14 6:47
6/29/14 7:47
6/29/14 8:47
6/29/14 9:47
6/29/14 10:47
6/29/1411:47
6/29/14 12:47
6/29/14 13:47
6/29/14 14:47
6/29/14 15:47
6/29/14 16:47
6/29/14 17:47
6/29/14 18:47
6/29/1419:47
6/29/14 20:47
6/29/1421:47
6/29/1422:47
6/29/14 23:47
6/30/14 0:47
6/30/14 1:47
6/30/14 2:47
6/30/14 3:47
6/30/14 4:47

9850
9350
9440
9440
9090
9210
8910
8660
9490
8830
8720
8950
8940
9060
9090
9330
9320
9470
8970
9080
9130
9270
9280
9430
9320
8640
9250
8720
8500
8460
8860
8020
8440
8330
8200
8110
8180
8090
8480
8550
8880
8920
9110
9390
9210
9490
9050
9290



6/30/14 5:47
6/30/14 6:47
6/30/14 7:47
6/30/14 8:47
6/30/14 9:47
6/30/14 10:47
6/30/1411:47
6/30/14 12:47
6/30/14 13:47
6/30/14 14:47
6/30/14 15:47
6/30/14 16:47
6/30/14 17:47
6/30/14 18:47
6/30/14 19:47
6/30/14 20:47
6/30/14 21:47
6/30/14 22:47
6/30/14 23:47
7/1/14 0:47
7/1/14 1:47
7/1/14 2:47
7/1/14 3:47
7/1/14 4:47
7/1/14 5:47
7/1/14 6:47
7/1/14 7:47
7/1/14 8:47
7/1/14 9:47
7/1/14 10:47
7/1/14 11:47
7/1/14 12:47
7/1/14 13:47
7/1/14 14:47
7/1/14 15:47
7/1/14 16:47
7/1/14 17:47
7/1/14 18:47
7/1/14 19:47
7/1/14 20:47
7/1/14 21:47
7/1/14 22:47
7/1/14 23:47
7/2/14 0:47
7/2/14 1:47
7/2/14 2:47
7/2/14 3:47
7/2/14 4:47

9210
9450
8600
8680
8660
8640
8220
8500
8480
8620
8450
8450
8590
8880
8920
8840
8920
9170
9260
8890
9170
9280
9380
9030
9390
9040
9270
9100
9310
9270
9180
9040
8870
8810
9220
8930
8960
9040
9290
9310
9590
9760
9570
9450
9590
10030
9780
9990



7/2/145:47
7/2/14 6:47
7/2/147:47
7/2/14 8:47
7/2/14 9:47
7/2/1410:47
7/2/1411:47
7/2/1412:47
7/2/1413:47
7/2/1414:47
7/2/14 15:47
7/2/14 16:47
7/2/1417:47
7/2/14 18:47
7/2/1419:47
7/2/1420:47
7/2/1421:47
7/2/1422:47
7/2/1423:47
7/3/14 0:47
7/3/141:47
7/3/142:47
7/3/14 3:47
7/3/14 4:47
7/3/145:47
7/3/14 6:47
7/3/147:47
7/3/14 8:47
7/3/14 9:47
7/3/1410:47
7/3/1411:47
7/3/1412:47
7/3/1413:47
7/3/1414:47
7/3/14 15:47
7/3/14 16:47
7/3/1417:47
7/3/14 18:47
7/3/1419:47
7/3/1420:47
7/3/1421:47
7/3/1422:47
7/3/1423:47
7/4/14 0:47
7/4/141:47
7/4/142:47
7/4/14 3:47
7/4/14 4:47

10170
10240

9950
10500
10160
10260
10270
10060
10330
10270
10430
10370
10410
10770
10890
10990
11200
11080
11300
11380
11490
11880
11630
11890
12450
12090
12260
12100
12050
12440
12200
12350
12280
12480
12320
12320
12300
12590
12640
13010
12880
13240
13170
13080
13150
13040
12990
13350



7/4/145:47
7/4/14 6:47
7/4/147:47
7/4/14 8:47
7/4/14 9:47
7/4/1410:47
7/4/1411:47
7/4/1412:47
7/4/1413:47
7/4/14 14:47
7/4/14 15:47
7/4/14 16:47
7/4/1417:47
7/4/14 18:47
7/4/1419:47
7/4/1420:47
7/4/1421:47
7/4/1422:47
7/4/1423:47
7/5/14 0:47
7/5/141:47
7/5/14 2:47
7/5/14 3:47
7/5/14 4:47
7/5/145:47
7/5/14 6:47
7/5/147:47
7/5/14 8:47
7/5/14 9:47
7/5/1410:47
7/5/1411:47
7/5/1412:47
7/5/1413:47
7/5/14 14:47
7/5/14 15:47
7/5/14 16:47
7/5/1417:47
7/5/14 18:47
7/5/1419:47
7/5/1420:47
7/5/14 21:47
7/5/1422:47
7/5/1423:47
7/6/14 0:47
7/6/141:47
7/6/142:47
7/6/14 3:47
7/6/14 4:47

13250
13290
13050
12640
12680
12560
13270
12800
12760
12990
13200
12860
13360
13120
12990
13470
12950
13410
13240
13170
12810
13230
13260
13360
13380
13380
13550
12820
12910
12910
12920
13310
13070
13280
13290
13550
13430
13430
13240
13560
13530
13940
13740
13750
13250
13560
13810
13450



7/6/145:47
7/6/14 6:47
7/6/147:47
7/6/14 8:47
7/6/14 9:47
7/6/1410:47
7/6/1411:47
7/6/1412:47
7/6/1413:47
7/6/1414:47
7/6/14 15:47
7/6/14 16:47
7/6/1417:47
7/6/14 18:47
7/6/1419:47
7/6/1420:47
7/6/1421:47
7/6/1422:47
7/6/1423:47
7/7/14 0:47
7/7/141:47
7/7/142:47
7/7/14 3:47
7/7/14 4:47
7/7/145:47
7/7/14 6:47
7/7/147:47
7/7/14 8:47
7/7/14 9:47
7/7/1410:47
7/7/1411:47
7/7/1412:47
7/7/1413:47
7/7/1414:47
7/7/14 15:47
7/7/14 16:47
7/7/1417:47
7/7/14 18:47
7/7/1419:47
7/7/1420:47
7/7/1421:47
7/7/1422:47
7/7/1423:47
7/8/14 0:47
7/8/141:47
7/8/142:47
7/8/14 3:47
7/8/14 4:47

13810
13790
14000
13910
13610
13880
13590
13700
13620
13840
13720
14070
13610
13860
13790
14030
14470
13950
14110
14470
14220
14670
14280
14250
13990
14450
14370
14260
14320
14390
14240
14320
14230
14160
14350
14530
14440
14570
14630
14570
14740
14820
15130
14660
15160
14710
14730
14830



7/8/145:47
7/8/14 6:47
7/8/147:47
7/8/14 8:47
7/8/14 9:47
7/8/1410:47
7/8/1411:47
7/8/1412:47
7/8/1413:47
7/8/1414:47
7/8/14 15:47
7/8/14 16:47
7/8/1417:47
7/8/14 18:47
7/8/1419:47
7/8/1420:47
7/8/1421:47
7/8/1422:47
7/8/1423:47
7/9/14 0:47
7/9/141:47
7/9/14 2:47
7/9/14 3:47
7/9/14 4:47
7/9/145:47
7/9/14 6:47
7/9/147:47
7/9/14 8:47
7/9/14 9:47
7/9/1410:47
7/9/1411:47
7/9/1412:47
7/9/1413:47
7/9/14 14:47
7/9/14 15:47
7/9/14 16:47
7/9/1417:47
7/9/14 18:47
7/9/1419:47
7/9/1420:47
7/9/1421:47
7/9/1422:47
7/9/1423:47
7/10/14 0:47
7/10/14 1:47
7/10/14 2:47
7/10/14 3:47
7/10/14 4:47

14800
14580
14630
15050
14470
14940
14900
15030
14540
14950
14760
14780
14500
14940
14850
15190
14700
14560
14810
15180
15170
14720
14830
15180
14960
15010
15350
15000
15320
15300
15420
15370
14680
14620
14830
15090
14880
15170
15250
15620
15750
15580
15470
15120
15400
15570
15280
15390



7/10/145:47
7/10/14 6:47
7/10/14 7:47
7/10/14 8:47
7/10/14 9:47
7/10/1410:47
7/10/1411:47
7/10/1412:47
7/10/1413:47
7/10/1414:47
7/10/14 15:47
7/10/1416:47
7/10/1417:47
7/10/14 18:47
7/10/1419:47
7/10/14 20:47
7/10/14 21:47
7/10/14 22:47
7/10/14 23:47
7/11/140:47
7/11/141:47
7/11/14 2:47
7/11/14 3:47
7/11/14 4:47
7/11/145:47
7/11/14 6:47
7/11/147:47
7/11/14 8:47
7/11/149:47
7/11/1410:47
7/11/1411:47
7/11/1412:47
7/11/1413:47
7/11/1414:47
7/11/14 15:47
7/11/1416:47
7/11/1417:47
7/11/14 18:47
7/11/1419:47
7/11/1420:47
7/11/1421:47
7/11/1422:47
7/11/1423:47
7/12/140:47
7/12/141:47
7/12/14 2:47
7/12/14 3:47
7/12/14 4:47

15340
15140
15210
15160
14990
14670
14360
14380
14630
14700
15030
14820
14740
15090
15110
14670
14440
14330
13890
14600
14270
14620
14740
14700
14460
14350
14570
14580
14500
14400
14920
14000
14430
14010
14440
14600
14240
14580
14380
14400
14530
14710
14120
14690
14760
14580
14650
14680



7/12/145:47
7/12/14 6:47
7/12/14 7:47
7/12/14 8:47
7/12/149:47
7/12/1410:47
7/12/1411:47
7/12/1412:47
7/12/1413:47
7/12/1414:47
7/12/14 15:47
7/12/1416:47
7/12/1417:47
7/12/14 18:47
7/12/1419:47
7/12/1420:47
7/12/1421:47
7/12/1422:47
7/12/1423:47
7/13/140:47
7/13/141:47
7/13/14 2:47
7/13/14 3:47
7/13/14 4:47
7/13/145:47
7/13/14 6:47
7/13/14 7:47
7/13/14 8:47
7/13/149:47
7/13/1410:47
7/13/1411:47
7/13/1412:47
7/13/1413:47
7/13/1414:47
7/13/14 15:47
7/13/1416:47
7/13/1417:47
7/13/14 18:47
7/13/1419:47
7/13/1420:47
7/13/1421:47
7/13/1422:47
7/13/1423:47
7/14/140:47
7/14/141:47
7/14/14 2:47
7/14/14 3:47
7/14/14 4:47

14520
14480
14570
14970
14600
14560
14380
14810
14950
14380
14530
14970
15100
14560
14810
15310
15170
15110
14950
15150
15150
15080
15650
15680
15380
15510
15450
15430
15290
15500
15320
15360
15470
15590
15520
15490
15810
15860
15640
15660
15630
15870
16030
16010
15970
15520
16020
16000



7/14/145:47
7/14/14 6:47
7/14/14 7:47
7/14/14 8:47
7/14/149:47
7/14/1410:47
7/14/1411:47
7/14/1412:47
7/14/1413:47
7/14/1414:47
7/14/14 15:47
7/14/1416:47
7/14/1417:47
7/14/14 18:47
7/14/1419:47
7/14/1420:47
7/14/1421:47
7/14/1422:47
7/14/1423:47
7/15/14 0:47
7/15/141:47
7/15/14 2:47
7/15/14 3:47
7/15/14 4:47
7/15/145:47
7/15/14 6:47
7/15/14 7:47
7/15/14 8:47
7/15/14 9:47
7/15/1410:47
7/15/1411:47
7/15/1412:47
7/15/1413:47
7/15/1414:47
7/15/14 15:47
7/15/1416:47
7/15/1417:47
7/15/14 18:47
7/15/1419:47
7/15/1420:47
7/15/1421:47
7/15/1422:47
7/15/1423:47
7/16/14 0:47
7/16/141:47
7/16/14 2:47
7/16/14 3:47
7/16/14 4:47

16030
15700
16100
16400
15670
15770
15510
16120
16260
16410
15600
16070
16300
16120
15900
15620
15750
15970
16220
16140
15920
15590
16000
16330
16440
15640
15830
16100
15970
16150
15770
16010
15830
15630
16000
16130
15800
15900
15820
16070
15940
16270
15800
15650
15780
15860
15730
15700



7/16/14 5:47
7/16/14 6:47
7/16/14 7:47
7/16/14 8:47
7/16/14 9:47
7/16/14 10:47
7/16/14 11:47
7/16/14 12:47
7/16/14 13:47
7/16/14 14:05
7/16/14 17:05
7/16/14 20:05
7/16/14 23:05
7/17/14 2:05
7/17/14 5:05
7/17/14 8:05
7/17/14 11:05
7/17/14 14:05
7/17/14 17:05
7/17/14 20:05
7/17/14 23:05
7/18/14 2:05
7/18/14 5:05
7/18/14 8:05
7/18/14 11:05
7/18/14 14:05
7/18/14 17:05
7/18/14 20:05
7/18/14 23:05
7/19/14 2:05
7/19/14 5:05
7/19/14 8:05
7/19/14 11:05
7/19/14 14:05
7/19/14 17:05
7/19/14 20:05
7/19/14 23:05
7/20/14 2:05
7/20/14 5:05
7/20/14 8:05
7/20/14 11:05
7/20/14 14:05
7/20/14 17:05
7/20/14 20:05
7/20/14 23:05
7/21/14 2:05
7/21/14 5:05
7/21/14 8:05

16070
16180
16070
16140
16110
15690
15680
16070
15890
16270
15610
15860
15730
15620
15620
15990
15740
15330
15590
15290
15720
15610
15870
15770
15810
16100
16110
15910
15570
15840
15490
15360
15630
15790
15370
15880
15950
15670
15930
15890
15930
15950
16150
16110
15850
15050
15520
15640



7/21/14 11:05
7/21/14 14:05
7/21/14 17:05
7/21/14 20:05
7/21/14 23:05
7/22/14 2:05
7/22/14 5:05
7/22/14 8:05
7/22/1411:05
7/22/14 14:05
7/22/14 17:05
7/22/14 20:05
7/22/14 23:05
7/23/14 2:05
7/23/14 5:05
7/23/14 8:05
7/23/14 11:05
7/23/14 14:05
7/23/14 17:05
7/23/14 20:05
7/23/14 23:05
7/24/14 2:05
7/24/14 5:05
7/24/14 8:05
7/24/14 11:05
7/24/14 14:05
7/24/14 17:05
7/24/14 20:05
7/24/14 23:05
7/25/14 2:05
7/25/14 5:05
7/25/14 8:05
7/25/14 11:05
7/25/14 14:05
7/25/14 17:05
7/25/14 20:05
7/25/14 23:05
7/26/14 2:05
7/26/14 5:05
7/26/14 8:05
7/26/14 11:05
7/26/14 14:05
7/26/14 17:05
7/26/14 20:05
7/26/14 23:05
7/27/14 2:05
7/27/14 5:05
7/27/14 8:05

15690
16050
15960
15810
16100
16080
15850
16050
15840
15620
16380
15570
15880
15570
15470
15660
15250
15640
15410
15560
14990
15060
14990
14920
14920
14720
14560
14530
14560
14870
14720
14480
14670
14510
14470
14230
14790
14090
14340
14520
14240
14180
14280
14170
14680
14530
14270
14350



7/27/14 11:05
7/27/14 14:05
7/27/14 17:05
7/27/14 20:05
7/27/14 23:05
7/28/14 2:05
7/28/14 5:05
7/28/14 8:05
7/28/14 11:05
7/28/14 14:05
7/28/14 17:05
7/28/14 20:05
7/28/14 23:05
7/29/14 2:05
7/29/14 5:05
7/29/14 8:05
7/29/14 11:05
7/29/14 14:05
7/29/14 17:05
7/29/14 20:05
7/29/14 23:05
7/30/14 2:05
7/30/14 5:05
7/30/14 8:05
7/30/14 11:05
7/30/14 14:05
7/30/14 17:05
7/30/14 20:05
7/30/14 23:05
7/31/14 2:05
7/31/14 5:05
7/31/14 8:05
7/31/14 11:05
7/31/14 14:05
7/31/14 17:05
7/31/14 20:05
7/31/14 23:05
8/1/14 2:05
8/1/14 5:05
8/1/14 8:05
8/1/14 11:05
8/1/14 14:05
8/1/14 17:05
8/1/14 20:05
8/1/14 23:05
8/2/14 2:05
8/2/14 5:05
8/2/14 8:05

14330
14130
14450
14490
14510
14090
14710
14340
14390
14310
14180
14090
13850
14440
14450
14080
14660
14020
14560
14490
14080
14040
14340
14550
13830
14340
14250
14840
14220
14360
14160
14550
14290
14510
14300
14020
14760
14610
14540
14610
13160
14880
14820
14920
15530
15010
14760
14990



8/2/14 11:05
8/2/14 14:05
8/2/14 17:05
8/2/14 20:05
8/2/14 23:05
8/3/14 2:05
8/3/14 5:05
8/3/14 8:05
8/3/14 11:05
8/3/14 14:05
8/3/14 17:05
8/3/14 20:05
8/3/14 23:05
8/4/14 2:05
8/4/14 5:05
8/4/14 8:05
8/4/14 11:05
8/4/14 14:05
8/4/14 17:05
8/4/14 20:05
8/4/14 23:05
8/5/14 2:05
8/5/14 5:05
8/5/14 8:05
8/5/14 11:05
8/5/14 14:05
8/5/14 17:05
8/5/14 20:05
8/5/14 23:05
8/6/14 2:05
8/6/14 5:05
8/6/14 8:05
8/6/14 11:05
8/6/14 14:05
8/6/14 17:05
8/6/14 20:05
8/6/14 23:05
8/7/14 2:05
8/7/14 5:05
8/7/14 8:05
8/7/14 11:05
8/7/14 14:05
8/7/14 17:05
8/7/14 20:05
8/7/14 23:05
8/8/14 2:05
8/8/14 5:05
8/8/14 8:05

15160
14630
14960
15060
15060
14950
15050
14520
14870
14670
15020
15150
15280
15390
15670
15130
15640
14930
14770
15660
15470
15350
15310
15460
15910
15540
15520
15690
15400
16000
15550
16110
15470
16050
16060
16070
16100
15500
15600
16020
16070
15960
15710
15860
15930
15730
16020
15910



8/8/14 11:05
8/8/14 14:05
8/8/14 17:05
8/8/14 20:05
8/8/14 23:05

8/9/14 2:05

8/9/14 5:05

8/9/14 8:05
8/9/14 11:05
8/9/14 14:05
8/9/14 17:05
8/9/14 20:05
8/9/14 23:05
8/10/14 2:05
8/10/14 5:05
8/10/14 8:05
8/10/14 11:05
8/10/14 14:05
8/10/14 17:05
8/10/14 20:05
8/10/14 23:05
8/11/14 2:05
8/11/145:05
8/11/14 8:05
8/11/14 11:05
8/11/14 14:05
8/11/14 17:05
8/11/14 20:05
8/11/14 23:05
8/12/14 2:05
8/12/145:05
8/12/14 8:05
8/12/14 11:05
8/12/14 14:05
8/12/14 17:05
8/12/14 20:05
8/12/14 23:05
8/13/14 2:05
8/13/145:05
8/13/14 8:05
8/13/14 11:05
8/13/14 14:05
8/13/14 17:05
8/13/14 20:05
8/13/14 23:05
8/14/14 2:05
8/14/145:05
8/14/14 8:05

16190
15770
15730
15490
15620
15840
15750
15990
16330
16000
15580
16220
15920
16360
15900
16560
15990
16120
15980
15560
16070
15800
15590
15570
15680
15940
16280
15730
15730
15760
15860
15890
15680
15970
15950
15990
15830
16540
16100
16030
15280
15770
16660
16140
16100
15840
16050
15460



8/14/14 11:05
8/14/14 14:05
8/14/14 17:05
8/14/14 20:05
8/14/14 23:05
8/15/14 2:05
8/15/14 5:05
8/15/14 8:05
8/15/14 11:05
8/15/14 14:05
8/15/14 17:05
8/15/14 20:05
8/15/14 23:05
8/16/14 2:05
8/16/14 5:05
8/16/14 8:05
8/16/14 11:05
8/16/14 14:05
8/16/14 17:05
8/16/14 20:05
8/16/14 23:05
8/17/14 2:05
8/17/145:05
8/17/14 8:05
8/17/14 11:05
8/17/14 14:05
8/17/14 17:05
8/17/14 20:05
8/17/14 23:05
8/18/14 2:05
8/18/145:05
8/18/14 8:05
8/18/14 11:05
8/18/14 14:05
8/18/14 17:05
8/18/14 20:05
8/18/14 23:05
8/19/14 2:05
8/19/14 5:05
8/19/14 8:05
8/19/14 11:05
8/19/14 14:05
8/19/14 17:05
8/19/14 20:05
8/19/14 23:05
8/20/14 2:05
8/20/14 5:05
8/20/14 8:05

14470
15170
15730
15800
15200
15500
15840
15200
15320
15600
15570
15550
15980
15740
14860
15480
15760
15770
16220
16430
16300
16500
16480
16390
16340
16310
16650
16600
16220
16530
16570
16380
16670
16610
16140
16520
16240
16380
16080
16570
16550
16150
16250
16600
16540
15270
16400
15800



8/20/14 11:05
8/20/14 14:05
8/20/14 17:05
8/20/14 20:05
8/20/14 23:05
8/21/14 2:05
8/21/14 5:05
8/21/14 8:05
8/21/14 11:05
8/21/14 14:05
8/21/14 17:05
8/21/14 20:05
8/21/14 23:05
8/22/14 2:05
8/22/14 5:05
8/22/14 8:05
8/22/14 11:05
8/22/14 14:05
8/22/14 17:05
8/22/14 20:05
8/22/14 23:05
8/23/14 2:05
8/23/14 5:05
8/23/14 8:05
8/23/14 11:05
8/23/14 14:05
8/23/14 17:05
8/23/14 20:05
8/23/14 23:05
8/24/14 2:05
8/24/14 5:05
8/24/14 8:05
8/24/14 11:05
8/24/14 14:05
8/26/14 13:03
8/26/14 16:03
8/26/14 19:03
8/26/14 22:03
8/27/14 1:03
8/27/14 4:03
8/27/147:03
8/27/14 10:03
8/27/14 13:03
8/27/14 16:03
8/27/14 19:03
8/27/14 22:03
8/28/14 1:03
8/28/14 4:03

15190
15520
16140
15850
16230
16540
15760
15810
16050
16220
15850
16330
16500
16400
16210
16550
16190
16170
15940
16350
16830
16710
16910
16490
16550
16740
16700
16800
17100
17220
17190
16990
16840
15390
16880
16310
16380
16680
16420
16320
16340
16790
16090
16220
16460
15810
15690
16030



8/28/147:03
8/28/14 10:03
8/28/14 13:03
8/28/14 16:03
8/28/14 19:03
8/28/1422:03
8/29/141:03
8/29/14 4:03
8/29/147:03
8/29/14 10:03
8/29/14 13:03
8/29/14 16:03
8/29/14 19:03
8/29/1422:03
8/30/141:03
8/30/14 4:03
8/30/147:03
8/30/14 10:03
8/30/14 13:03
8/30/14 16:03
8/30/14 19:03
8/30/1422:03
8/31/141:03
8/31/14 4:03
8/31/147:03
8/31/1410:03
8/31/14 13:03
8/31/14 16:03
8/31/1419:03
8/31/1422:03

9/1/141:03

9/1/14 4:03

9/1/147:03
9/1/14 10:03
9/1/14 13:03
9/1/14 16:03
9/1/14 19:03
9/1/1422:03

9/2/141:03

9/2/14 4:03

9/2/147:03
9/2/1410:03
9/2/14 13:03
9/2/14 16:03
9/2/1419:03
9/2/1422:03

9/3/141:03

9/3/14 4:03

15200
15800
15670
15670
15400
15400
15290
15950
15330
15540
15430
15630
15640
15440
15960
15450
15660
15520
15820
15320
15970
15840
15630
16080
15400
16260
15920
15740
15940
15920
16230
15930
15740
16550
15990
15960
15890
16390
15990
15840
16370
16050
16350
16110
15530
16030
15960
16160



9/3/147:03
9/3/14 10:03
9/3/14 13:03
9/3/14 16:03
9/3/14 19:03
9/3/1422:03
9/4/141:03
9/4/14 4:03
9/4/147:03
9/4/14 10:03
9/4/14 13:03
9/4/14 16:03
9/4/14 19:03
9/4/1422:03
9/5/14 1:03
9/5/14 4:03
9/5/147:03
9/5/14 10:03
9/5/14 13:03
9/5/14 16:03
9/5/14 19:03
9/5/1422:03
9/6/14 1:03
9/6/14 4:03
9/6/147:03
9/6/14 10:03
9/6/14 13:03
9/6/14 16:03
9/6/14 19:03
9/6/1422:03
9/7/141:03
9/7/14 4:03
9/7/147:03
9/7/14 10:03
9/7/14 13:03
9/7/14 16:03
9/7/14 19:03
9/7/14 22:03
9/8/141:03
9/8/14 4:03
9/8/147:03
9/8/14 10:03
9/8/14 13:03
9/8/14 16:03
9/8/14 19:03
9/8/1422:03
9/9/141:03
9/9/14 4:03

15980
15570
15790
15530
16050
15870
16320
16140
15920
16150
16070
16030
15680
15870
16560
16110
16570
16520
16530
16680
16520
16790
16210
16640
16170
16670
16800
16550
16740
16600
16920
16550
16990
16660
16630
16840
16200
16410
16450
16210
15950
16110
16260
15560
15870
15940
15790
16460



9/9/147:03
9/9/14 10:03
9/9/14 13:03
9/9/14 16:03
9/9/14 19:03
9/9/1422:03
9/10/141:03
9/10/14 4:03
9/10/147:03
9/10/14 10:03
9/10/14 13:03
9/10/14 16:03
9/10/14 19:03
9/10/1422:03
9/11/141:03
9/11/14 4:03
9/11/147:03
9/11/1410:03
9/11/14 13:03
9/11/14 16:03
9/11/14 19:03
9/11/1422:03
9/12/141:03
9/12/14 4:03
9/12/147:03
9/12/1410:03
9/12/14 13:03
9/12/14 16:03
9/12/14 19:03
9/12/1422:03
9/13/141:03
9/13/14 4:03
9/13/147:03
9/13/14 10:03
9/13/14 13:03
9/13/14 16:03
9/13/14 19:03
9/13/1422:03
9/14/141:03
9/14/14 4:03
9/14/147:03
9/14/1410:03
9/14/14 13:03
9/14/14 16:03
9/14/14 19:03
9/14/1422:03
9/15/141:03
9/15/14 4:03

16210
16010
16500
16030
15390
16160
16080
16190
15920
16550
15830
15720
15980
16020
16070
15460
15780
16240
16160
15970
15930
16180
16150
15640
16140
16230
16270
16250
15900
15090
15020
14180
13610
11480

8210

6610

6440

6260

5960

5900

5330

4690

4520

5250

5480

6350

6430

6520



9/15/147:03
9/15/14 10:03
9/15/14 13:03
9/15/14 16:03
9/15/14 19:03
9/15/1422:03
9/16/141:03
9/16/14 4:03
9/16/147:03
9/16/14 10:03
9/16/14 13:03
9/16/14 16:03
9/16/14 19:03
9/16/1422:03
9/17/141:03
9/17/14 4:03
9/17/147:03
9/17/14 10:03
9/17/14 13:03
9/17/14 16:03
9/17/14 19:03
9/17/1422:03
9/18/141:03
9/18/14 4:03
9/18/147:03
9/18/14 10:03
9/18/14 13:03
9/18/14 16:03
9/18/14 19:03
9/18/1422:03
9/19/141:03
9/19/14 4:03
9/19/147:03
9/19/14 10:03
9/19/14 13:03
9/19/14 16:03
9/19/14 19:03
9/19/1422:03
9/20/141:03
9/20/14 4:03
9/20/147:03
9/20/14 10:03
9/20/14 13:03
9/20/14 16:03
9/20/14 19:03
9/20/1422:03
9/21/141:03
9/21/14 4:03

7310

7000

6760

7030

6920

7570

8100

7640

8770

8660

9280

9220

9440
11180
10320
10570
11150
11790
12190
13590
13190
13930
13970
13700
14590
14110
14230
14400
14260
14150
13460
14580
14240
14330
14650
14610
14560
14820
14520
15380
15830
14720
14750
15120
15700
15880
15350
15940



9/21/147:03
9/21/1410:03
9/21/14 13:03
9/21/14 16:03
9/21/1419:03
9/21/1422:03
9/22/141:03
9/22/14 4:03
9/22/147:03
9/22/1410:03
9/22/1413:03
9/22/14 16:03
9/22/14 19:03
9/22/1422:03
9/23/141:03
9/23/14 4:03
9/23/147:03
9/23/1410:03
9/23/14 13:03
9/23/14 16:03
9/23/1419:03
9/23/1422:03
9/24/141:03
9/24/14 4:03
9/24/147:03
9/24/1410:03
9/24/14 13:03
9/24/14 16:03
9/24/1419:03
9/24/1422:03
9/25/141:03
9/25/14 4:03
9/25/147:03
9/25/14 10:03
9/25/14 13:03
9/25/14 16:03
9/25/14 19:03
9/25/1422:03
9/26/141:03
9/26/14 4:03
9/26/147:03
9/26/14 10:03
9/26/14 13:03
9/26/14 16:03
9/26/14 19:03
9/26/1422:03
9/27/141:03
9/27/14 4:03

15780
15870
15410
15370
14850
15260
15690
16140
15580
14890
14090
15390
15290
15530
15690
15760
15720
15270
14540
15140
15250
15790
15720
14110
13540
10870
7830
8150
8780
9110
9010
8600
7820
5800
5820
6120
7030
7380
7750
7980
8240
7380
6640
7960
8070
8350
8130
8500



9/27/14 7:03
9/27/14 10:03
9/27/14 13:03
9/27/14 16:03
9/27/14 19:03
9/27/14 22:03

9/28/14 1:03

9/28/14 4:03

9/28/14 7:03
9/28/14 10:03
9/28/14 10:09
9/28/14 13:09
9/28/14 16:09
9/28/14 19:09
9/28/14 22:09

9/29/14 1:09

9/29/14 4:09

9/29/14 7:09
9/29/14 10:09
9/29/14 13:09
9/29/14 16:09
9/29/14 19:09
9/29/14 22:09

9/30/14 1:09

9/30/14 4:09

9/30/14 7:09
9/30/14 10:09
9/30/14 13:09
9/30/14 16:09
9/30/14 19:09
9/30/14 22:09

10/1/14 1:09

10/1/14 4:09

10/1/14 7:09
10/1/14 10:09
10/1/14 13:09
10/1/14 16:09
10/1/14 19:09
10/1/14 22:09

10/2/14 1:09

10/2/14 4:09

10/2/14 7:09
10/2/14 10:09
10/2/14 13:09
10/2/14 16:09
10/2/14 19:09
10/2/14 22:09

10/3/14 1:09

8560
9080
9140
9370
9280
9700
9850
9350
8970
7950
7630
7480
8130
8890
9350
9270
9200
9170
8100
8560
8580
9040
9320
9670
9820
8970
8540
8530
8720
9740
9930
10640
10980
10920
11440
11270
11510
11970
12400
12970
12460
13060
13550
13820
14520
15860
15250
16170



10/3/14 4:09
10/3/14 7:09
10/3/14 10:09
10/3/14 13:09
10/3/14 16:09
10/3/14 19:09
10/3/14 22:09
10/4/14 1:09
10/4/14 4:09
10/4/14 7:09
10/4/14 10:09
10/4/14 13:09
10/4/14 16:09
10/4/14 19:09
10/4/14 22:09
10/5/14 1:09
10/5/14 4:09
10/5/14 7:09
10/5/14 10:09
10/5/14 13:09
10/5/14 16:09
10/5/14 19:09
10/5/14 22:09
10/6/14 1:09
10/6/14 4:09
10/6/14 7:09
10/6/14 10:09
10/6/14 13:09
10/6/14 16:09
10/6/14 19:09
10/6/14 22:09
10/7/14 1:09
10/7/14 4:09
10/7/14 7:09
10/7/14 10:09
10/7/14 13:09
10/7/14 16:09
10/7/14 19:09
10/7/14 22:09
10/8/14 1:09
10/8/14 4:09
10/8/14 7:09
10/8/14 10:09
10/8/14 13:09
10/8/14 16:09
10/8/14 19:09
10/8/14 22:09
10/9/14 1:09

16110
15500
14830
14100
13120
14320
14440
13540
12430
6760
4610
4420
5070
5770
5960
5230
3910
3490
3230
3470
3490
3860
4050
4340
4180
4240
4550
4890
5230
5510
5780
6090
5990
6050
6130
6380
7170
7480
7640
7650
8090
8530
8880
9130
9250
9590
9780
10140



10/9/14 4:09

10/9/14 7:09
10/9/14 10:09
10/9/14 13:09
10/9/14 16:09
10/9/14 19:09
10/9/14 22:09
10/10/14 1:09
10/10/14 4:09
10/10/14 7:09
10/10/14 10:09
10/10/14 13:09
10/10/14 16:09
10/10/14 19:09
10/10/14 22:09
10/11/14 1:09
10/11/14 4:09
10/11/147:09
10/11/14 10:09
10/11/14 13:09
10/11/14 16:09
10/11/14 19:09
10/11/14 22:09
10/12/14 1:09
10/12/14 4:09
10/12/147:09
10/12/14 10:09
10/12/14 13:09
10/12/14 16:09
10/12/14 19:09
10/12/14 22:09
10/13/14 1:09
10/13/14 4:09
10/13/14 7:09
10/13/14 10:09
10/13/14 13:09
10/13/14 16:09
10/13/14 19:09
10/13/14 22:09
10/14/14 1:09
10/14/14 4:09
10/14/147:09
10/14/14 10:09
10/14/14 13:09
10/14/14 16:09
10/14/14 19:09
10/14/14 22:09
10/15/14 1:09

10590
10580
10340
9560
10360
11400
11480
11420
11660
11630
11400
11440
11550
11840
12690
12400
13030
12810
12300
11700
9160
9010
7930
6220
5260
5010
4030
3990
3780
4180
4760
5120
4660
4280
4120
4730
4900
5520
5040
3730
1850
1260
1230
2110
2490
2540
1480
1290



10/15/14 4:09
10/15/14 7:09
10/15/14 10:09
10/15/14 13:09
10/15/14 16:09
10/15/14 19:09
10/15/14 22:09
10/16/14 1:09
10/16/14 4:09
10/16/14 7:09
10/16/14 10:09
10/16/14 13:09
10/16/14 16:09
10/16/14 19:09
10/16/14 22:09
10/17/14 1:09
10/17/14 4:09
10/17/14 7:09
10/17/14 10:09
10/17/14 13:09
10/17/14 16:09
10/17/14 19:09
10/17/14 22:09
10/18/14 1:09
10/18/14 4:09
10/18/14 7:09
10/18/14 10:09
10/18/14 13:09
10/18/14 16:09
10/18/14 19:09
10/18/14 22:09
10/19/14 1:09
10/19/14 4:09
10/19/14 7:09
10/19/14 10:09
10/19/14 13:09
10/19/14 16:09
10/19/14 19:09
10/19/14 22:09
10/20/14 1:09
10/20/14 4:09
10/20/14 7:09
10/20/14 10:09
10/20/14 13:09
10/20/14 16:09
10/20/14 19:09
10/20/14 22:09
10/21/14 1:09

1120
1080
1070
1380
1490
1570
1080
1020
1050

910
1100
1190
1280
1120

990

900
1020

970

790
1180

980
1240
1160

990

990
1090
1060
1210
1150
1360
1120
1170
1150
1000
1010
1200
1240
1430

790
1110
1080
1120
1010
1260
1270
1180
1230
1360



10/21/14 4:09
10/25/14 14:23
10/25/14 17:23
10/25/14 20:23
10/25/14 23:23

10/26/14 2:23

10/26/14 5:23

10/26/14 8:23
10/26/14 11:23
10/26/14 14:23
10/26/14 17:23
10/26/14 20:23
10/26/14 23:23

10/27/14 2:23

10/27/14 5:23

10/27/14 8:23
10/27/14 11:23
10/27/14 14:23
10/27/14 17:23
10/27/14 20:23
10/27/14 23:23

10/28/14 2:23

10/28/14 5:23

10/28/14 8:23
10/28/14 11:23
10/28/14 14:23
10/28/14 17:23
10/28/14 20:23
10/28/14 23:23

10/29/14 2:23

10/29/14 5:23

10/29/14 8:23
10/29/14 11:23
10/29/14 14:23
10/29/14 17:23
10/29/14 20:23
10/29/14 23:23

10/30/14 2:23

10/30/14 5:23

10/30/14 8:23
10/30/14 11:23
10/30/14 14:23
10/30/14 17:23
10/30/14 20:23
10/30/14 23:23

10/31/14 2:23

10/31/14 5:23

10/31/14 8:23

1230
1280
1170
1350
1740
1520
1350
1240
1260
1350
1420
1400
1000
1130
1130

910
1060
1010
1050
1120
1060

960
1120

930
1140
1080
1000
1210
1180

890

940

900
1030

920
1210
1330
1280
1030

900

920
1080
1050
1220
1160
1220
1000

910
1100



10/31/14 11:23
10/31/14 14:23
10/31/1417:23
10/31/14 20:23
10/31/14 23:23
11/1/14 2:23
11/1/14 5:23
11/1/14 8:23
11/1/14 11:23
11/1/14 14:23
11/1/1417:23
11/1/14 20:23
11/1/14 23:23
11/2/14 2:23
11/2/145:23
11/2/14 8:23
11/2/1411:23
11/2/14 14:23
11/2/1417:23
11/2/14 20:23
11/2/14 23:23
11/3/14 2:23
11/3/14 5:23
11/3/14 8:23
11/3/1411:23
11/3/14 14:23
11/3/1417:23
11/3/14 20:23
11/3/14 23:23
11/4/14 2:23
11/4/14 5:23
11/4/14 8:23
11/4/14 11:23
11/4/14 14:23
11/4/14 17:23
11/4/14 20:23
11/4/14 23:23
11/5/14 2:23
11/5/14 5:23
11/5/14 8:23
11/5/14 11:23
11/5/14 14:23
11/5/1417:23
11/5/14 20:23
11/5/14 23:23
11/6/14 2:23
11/6/14 5:23
11/6/14 8:23

1010
1040
1050
990
880
920
880
950
810
790
910
1080
1010
920
890
820
1030
890
840
940
950
820
1010
1020
830
1010
960
880
1000
690
960
900
760
900
1050
710
860
960
740
850
820
1040
790
1050
1090
860
850
1030



11/6/14 11:23
11/6/14 14:23
11/6/1417:23
11/6/14 20:23
11/6/14 23:23

11/7/14 2:23

11/7/14 5:23

11/7/14 8:23
11/7/14 11:23
11/7/14 14:23
11/7/1417:23
11/7/14 20:23
11/7/14 23:23

11/8/14 2:23

11/8/14 5:23

11/8/14 8:23
11/8/1411:23
11/8/14 14:23
11/8/1417:23
11/8/14 20:23
11/8/14 23:23

11/9/14 2:23

11/9/14 5:23

11/9/14 8:23
11/9/14 11:23
11/9/14 14:23
11/9/1417:23
11/9/14 20:23
11/9/14 23:23
11/10/14 2:23
11/10/145:23
11/10/14 8:23
11/10/14 11:23
11/10/14 14:23
11/10/1417:23
11/10/14 20:23
11/10/14 23:23
11/11/14 2:23
11/11/145:23
11/11/14 8:23
11/11/14 11:23
11/11/14 14:23
11/11/1417:23
11/11/14 20:23
11/11/14 23:23
11/12/14 2:23
11/12/145:23
11/12/14 8:23

980
860
980
1000
1120
980
1060
1050
1020
990
890
850
910
960
940
820
970
860
900
840
1000
760
990
880
860
980
880
1010
820
910
940
1100
1080
810
1060
760
970
740
960
1030
900
980
1640
960
820
970
1120
870



11/12/1411:23
11/12/14 14:23
11/12/1417:23
11/12/14 20:23
11/12/14 23:23
11/13/14 2:23
11/13/145:23
11/13/14 8:23
11/13/1411:23
11/13/14 14:23
11/13/1417:23
11/13/14 20:23
11/13/14 23:23
11/14/14 2:23
11/14/145:23
11/14/14 8:23
11/14/14 11:23
11/14/14 14:23
11/14/1417:23
11/14/14 20:23
11/14/14 23:23
11/15/14 2:23
11/15/145:23
11/15/14 8:23
11/15/14 11:23
11/15/14 14:23
11/15/1417:23
11/15/14 20:23
11/15/14 23:23
11/16/14 2:23
11/16/145:23
11/16/14 8:23
11/16/14 11:23
11/16/14 14:23
11/16/1417:23
11/16/14 20:23
11/16/14 23:23
11/17/14 2:23
11/17/145:23
11/17/14 8:23
11/17/14 11:23
11/17/14 14:23
11/17/1417:23
11/17/14 20:23
11/17/14 23:23
11/18/14 2:23
11/18/145:23
11/18/14 8:23

640
720
540
600
900
750
960
1060
980
910
740
810
900
900
910
1060
890
920
850
870
1060
820
960
940
1000
910
900
930
800
720
930
960
810
840
800
920
840
860
810
760
830
950
900
960
840
790
810
950



11/18/14 11:23
11/18/14 14:23
11/18/1417:23
11/18/14 20:23
11/18/14 23:23
11/19/14 2:23
11/19/145:23
11/19/14 8:23
11/19/14 11:23
11/19/14 14:23
11/19/1417:23
11/19/14 20:23
11/19/14 23:23
11/20/14 2:23
11/20/145:23
11/20/14 8:23
11/20/14 11:23
11/20/14 14:23
11/20/1417:23
11/20/14 20:23
11/20/14 23:23
11/21/14 2:23
11/21/145:23
11/21/14 8:23
11/21/1411:23
4/3/15 18:16
4/3/1521:16
4/4/150:16
4/4/15 3:16
4/4/156:16
4/4/159:16
4/4/15 12:16
4/4/15 15:16
4/4/15 18:16
4/4/1521:16
4/5/150:16
4/5/15 3:16
4/5/156:16
4/5/159:16
4/5/1512:16
4/5/15 15:16
4/5/15 18:16
4/5/1521:16
4/6/150:16
4/6/15 3:16
4/6/156:16
4/6/159:16
4/6/1512:16

880
870
950
930
860
770
810
1020
900
950
820
1010
980
860
1120
890
860
930
640
940
810
1020
980
830
980
760
660
890
610
810
830
790
750
730
740
750
740
890
850
840
810
740
590
800
920
700
770
680



4/6/1515:16
4/6/15 18:16
4/6/1521:16
4/7/150:16
4/7/153:16
4/7/15 6:16
4/7/159:16
4/7/1512:16
4/7/1515:16
4/7/1518:16
4/7/1521:16
4/8/15 0:16
4/8/15 3:16
4/8/15 6:16
4/8/159:16
4/8/1512:16
4/8/15 15:16
4/8/1518:16
4/8/1521:16
4/9/150:16
4/9/15 3:16
4/9/15 6:16
4/9/159:16
4/9/1512:16
4/9/15 15:16
4/9/15 18:16
4/9/1521:16
4/10/15 0:16
4/10/15 3:16
4/10/15 6:16
4/10/15 9:16
4/10/15 12:16
4/10/15 15:16
4/10/15 18:16
4/10/1521:16
4/11/150:16
4/11/15 3:16
4/11/15 6:16
4/11/15 9:16
4/11/1512:16
4/11/15 15:16
4/11/1518:16
4/11/1521:16
4/12/150:16
4/12/15 3:16
4/12/156:16
4/12/159:16
4/12/1512:16

790
800
730
800
750
660
720
800
650
550
810
720
740
750
770
790
680
640
700
540
730
700
650
700
720
680
670
780
720
610
690
880
670
680
670
860
730
600
710
790
760
740
870
790
730
840
780
650



4/12/1515:16
4/12/15 18:16
4/12/1521:16
4/13/150:16
4/13/15 3:16
4/13/15 6:16
4/13/159:16
4/13/1512:16
4/13/1515:16
4/13/1518:16
4/13/1521:16
4/14/15 0:16
4/14/15 3:16
4/14/15 6:16
4/14/159:16
4/14/1512:16
4/14/15 15:16
4/14/1518:16
4/14/1521:16
4/15/150:16
4/15/15 3:16
4/15/15 6:16
4/15/159:16
4/15/1512:16
4/15/15 15:16
4/15/15 18:16
4/15/1521:16
4/16/15 0:16
4/16/15 3:16
4/16/15 6:16
4/16/15 9:16
4/16/15 12:16
4/16/1515:16
4/16/15 18:16
4/16/1521:16
4/17/150:16
4/17/15 3:16
4/17/15 6:16
4/17/15 9:16
4/17/1512:16
4/17/15 15:16
4/17/1518:16
4/17/1521:16
4/18/150:16
4/18/15 3:16
4/18/15 6:16
4/18/159:16
4/18/1512:16

720
810
800
750
1060
950
790
930
890
850
820
780
700
820
760
710
650
830
750
690
810
650
810
750
710
650
770
670
710
700
810
770
600
770
790
770
770
850
790
790
790
860
930
1110
1110
1210
1110
1100



4/18/1515:16
4/18/15 18:16
4/18/1521:16
4/19/15 0:16
4/19/15 3:16
4/19/15 6:16
4/19/15 9:16
4/19/1512:16
4/19/15 15:16
8/13/1510:31
8/13/1513:31
8/13/1516:31
8/13/1519:31
8/13/1522:31
8/14/151:31
8/14/15 4:31
8/14/15 7:31
8/14/1510:31
8/14/1513:31
8/14/15 16:31
8/14/1519:31
8/14/1522:31
8/15/15 1:31
8/15/15 4:31
8/15/15 7:31
8/15/1510:31
8/15/1513:31
8/15/15 16:31
8/15/1519:31
8/15/1522:31
8/16/151:31
8/16/15 4:31
8/16/15 7:31
8/16/1510:31
8/16/1513:31
8/16/1516:31
8/16/1519:31
8/16/15 22:31
8/17/151:31
8/17/15 4:31
8/17/15 7:31
8/17/1510:31
8/17/1513:31
8/17/15 16:31
8/17/1519:31
8/17/1522:31
8/18/15 1:31
8/18/15 4:31

1050

1000

1050

1160

1200

1170

1070

1180

1100
15420
15940
16860
17523
18100
18910
18350
18470
17890
18390
18820
19020
18840
18530
17650
17230
16940
16860
16560
16370
17180
16620
16590
16320
16120
15430
14510
14790
14800
15250
15460
15330
15530
15510
15420
15350
15320
15660
15610



8/18/15 7:31
8/18/1510:31
8/18/1513:31
8/18/1516:31
8/18/1519:31
8/18/1522:31

8/19/151:31

8/19/15 4:31

8/19/15 7:31
8/19/1510:31
8/19/1513:31
8/19/1516:31
8/19/1519:31
8/19/15 22:31

8/20/151:31

8/20/15 4:31

8/20/15 7:31
8/20/1510:31
8/20/1513:31
8/20/15 16:31
8/20/1519:31
8/20/1522:31

8/21/15 1:31

8/21/15 4:31

8/21/157:31
8/21/15 10:31
8/21/1513:31
8/21/1516:31
8/21/15 19:31
8/21/1522:31

8/22/151:31

8/22/15 4:31

8/22/157:31
8/22/1510:31
8/22/15 13:31
8/22/1516:31
8/22/1519:31
8/22/1522:31

8/23/151:31

8/23/15 4:31

8/23/157:31
8/23/1510:31
8/23/1513:31
8/23/1516:31
8/23/1519:31
8/23/1522:31

8/24/15 1:31

8/24/15 4:31

15230
16540
16580
15970
15110
14370
15650
15280
15110
15080
16030
16530
16450
16460
16820
16780
16830
16940
17230
17650
17890
18210
18320
18610
18670
18660
18510
18560
18780
18950
18580
19050
19220
19160
18970
19310
18950
18030
19160
18250
19590
19860
19980
19250
19310
18150
19460
19560



8/24/15 7:31
8/24/15 10:31
8/24/1513:31
8/24/1516:31
8/24/15 19:31
8/24/1522:31

8/25/151:31

8/25/15 4:31

8/25/15 7:31
8/25/1510:31
8/25/1513:31
8/25/1516:31
8/25/1519:31
8/25/15 22:31

8/26/151:31

8/26/15 4:31

8/26/15 7:31
8/26/1510:31
8/26/1513:31
8/26/1516:31
8/26/1519:31
8/26/1522:31

8/27/15 1:31

8/27/15 4:31

8/27/157:31
8/27/15 10:31
8/27/1513:31
8/27/1516:31
8/27/15 19:31
8/27/1522:31

8/28/151:31

8/28/15 4:31

8/28/157:31
8/28/1510:31
8/28/1513:31
8/28/1516:31
8/28/1519:31
8/28/1522:31

8/29/151:31

8/29/15 4:31

8/29/15 7:31
8/29/1510:31
8/29/1513:31
8/29/1516:31
8/29/1519:31
8/29/1522:31

8/30/15 1:31

8/30/15 4:31

19750
19980
19950
18650
18530
18760
18210
18650
17960
17430
17120
16830
16530
16400
15700
15140
15260
14680
15180
15610
15810
15630
15320
15320
13350
13350
13240
13900
13280
15520
15410
15610
15620
15420
15940
16860
15990
15960
16170
15530
15740
15780
15540
15170
15330
15480
14780
15090



8/30/15 7:31
8/30/15 10:31
8/30/1513:31
8/30/15 16:31
8/30/1519:31
8/30/1522:31

8/31/151:31

8/31/15 4:31

8/31/157:31
8/31/1510:31
8/31/1513:31
8/31/1516:31
8/31/1519:31
8/31/1522:31

9/1/151:31
9/1/15 4:31
9/1/15 7:31
9/1/1510:31
9/1/1513:31
9/1/15 16:31
9/1/1519:31
9/1/1522:31
9/2/15 1:31
9/2/15 4:31
9/2/15 7:31

9/2/15 10:31

9/2/1513:31

9/2/15 16:31

9/2/15 19:31

9/2/1522:31

9/3/151:31
9/3/15 4:31
9/3/15 7:31
9/3/1510:31
9/3/1513:31
9/3/15 16:31
9/3/1519:31
9/3/1522:31
9/4/15 1:31
9/4/15 4:31
9/4/15 7:31

9/4/15 10:31

9/4/1513:31

9/4/15 16:31

9/4/1519:31

9/4/15 22:31

9/5/15 1:31
9/5/15 4:31

15250
15100
15770
15520
15320
15810
15340
14700
15470
15390
15500
15230
15860
15170
15060
15320
15360
15410
14800
15120
15240
14430
14360
13520
14800
15120
15240
14430
15990
15520
16020
16150
15030
15220
15910
15460
15920
16070
16080
16230
16070
16340
15760
16190
15720
16220
16080
16070



9/5/157:31
9/5/1510:31
9/5/1513:31
9/5/1516:31
9/5/1519:31
9/5/1522:31
9/6/151:31
9/6/15 4:31
9/6/157:31
9/6/1510:31
9/6/1513:31
9/6/1516:31
9/6/1519:31
9/6/1522:31
9/7/151:31
9/7/154:31
9/7/157:31
9/7/1510:31
9/7/1513:31
9/7/1516:31
9/7/1519:31
9/7/1522:31
9/8/151:31
9/8/154:31
9/8/157:31
9/8/1510:31
9/8/1513:31
9/8/1516:31
9/8/1519:31
9/8/1522:31
9/9/151:31
9/9/15 4:31
9/9/157:31
9/9/1510:31
9/9/1513:31
9/9/1516:31
9/9/1519:31
9/9/1522:31
9/10/151:31
9/10/154:31
9/10/157:31
9/10/1510:31
9/10/1513:31
9/10/1516:31
9/10/1519:31
9/10/1522:31
9/11/151:31
9/11/154:31

15490
15920
15450
15950
16080
15940
15910
16120
15480
15690
15730
15490
15120
15280
15430
14730
15040
15110
14960
15630
15380
15180
15670
15200
14560
15330
15250
15360
15090
15720
14920
14810
15070
15110
15160
14550
14870
14990
14180
14110
13270
14550
14870
14990
14180
12550
13670
13330



9/11/157:31
9/11/1510:31
9/11/1513:31
9/11/1516:31
9/11/1519:31
9/11/1522:31
9/12/151:31
9/12/154:31
9/12/157:31
9/12/1510:31
9/12/1513:31
9/12/1516:31
9/12/1519:31
9/12/1522:31
9/13/151:31
9/13/154:31
9/13/157:31
9/13/1510:31
9/13/1513:31
9/13/1516:31
9/13/1519:31
9/13/1522:31
9/14/151:31
9/14/154:31
9/14/157:31
9/14/1510:31
9/14/1513:31
9/14/1516:31
9/14/1519:31
9/14/1522:31
9/15/151:31
9/15/15 4:31
9/15/157:31
9/15/1510:31
9/15/1513:31
9/15/1516:31
9/15/1519:31
9/15/1522:31
9/16/151:31
9/16/15 4:31
9/16/157:31
9/16/1510:31
9/16/1513:31
9/16/1516:31
9/16/1519:31
9/16/1522:31
9/17/151:31
9/17/154:31

13870
14190
13650
12460
12470
12750
13260
12860
13600
13640
13370
14260
13780
13900
14070
13930
13820
13130
14250
13910
14000
14320
14280
14230
14490
14190
15050
15680
15680
14840
14910
14870
14420
13690
14290
14400
15020
14560
14870
14420
13690
14290
14400
15680
15460
15570
15360
14440



9/17/15 7:31
9/17/15 10:31
9/17/1513:31
9/17/15 16:31
9/17/15 19:31
9/17/1522:31

9/18/151:31

9/18/15 4:31

9/18/15 7:31
9/18/1510:31
9/18/1513:31
9/18/1516:31
9/18/1519:31
9/18/15 22:31

9/19/15 1:31

9/19/15 4:31

9/19/15 7:31
9/19/1510:31
9/19/1513:31
9/19/15 16:31
9/19/1519:31
9/19/1522:31

9/20/15 1:31

9/20/15 4:31

9/20/15 7:31
9/20/15 10:31
9/20/1513:31
9/20/15 16:31
9/20/1519:31
9/20/1522:31

9/21/151:31

9/21/15 4:31

9/21/157:31
9/21/1510:31
9/21/15 13:31
9/21/1516:31
9/21/1519:31
9/21/15 22:31

9/22/151:31

9/22/15 4:31

9/22/15 7:31
9/22/1510:31
9/22/1513:31
9/22/15 16:31
9/22/1519:31
9/22/1522:31

9/23/15 1:31

9/23/15 4:31

14680
14840
14910
14870
14420
13690
13450
13100
12730
12120
11530
11210
10860
10110
9620
7750
6150
5980
5800
5500
5440
4870
4230
4060
4790
5020
5890
5780
5870
6660
6350
6110
6380
6270
6920
7450
6990
8120
8010
8630
8570
8790
9230
9670
9920
8830
8890
9410



9/23/157:31
9/23/1510:31
9/23/1513:31
9/23/1516:31
9/23/1519:31
9/23/1522:31
9/24/151:31
9/24/15 4:31
9/24/157:31
9/24/1510:31
9/24/1513:31
9/24/1516:31
9/24/1519:31
9/24/1522:31
9/25/151:31
9/25/15 4:31
9/25/157:31
9/25/1510:31
9/25/1513:31
9/25/1516:31
9/25/1519:31
9/25/1522:31
9/26/151:31
9/26/154:31
9/26/157:31
9/26/1510:31
9/26/1513:31
9/26/15 16:31
9/26/1519:31
9/26/1522:31
9/27/151:31
9/27/15 4:31
9/27/157:31
9/27/1510:31
9/27/1513:31
9/27/1516:31
9/27/1519:31
9/27/1522:31
9/28/151:31
9/28/154:31
9/28/157:31
9/28/1510:31
9/28/1513:31
9/28/1516:31
9/28/1519:31
9/28/1522:31
9/29/151:31
9/29/154:31

9470
9700
9610
10030
9680
9300
8280
11200
8160
8480
9110
9440
9340
8930
8150
8290
8400
8680
8460
8830
7800
8320
8380
8610
8520
8940
9090
8590
8210
7190
9090
5040
5060
6870
6720
7370
8130
8590
9190
9120
9090
8520
8980
9000
9460
9740
10090
10240



9/29/15 7:31
9/29/15 10:31
9/29/1513:31
9/29/15 16:31
9/29/1519:31
9/29/1522:31

9/30/15 1:31

9/30/15 4:31

9/30/15 7:31
9/30/15 10:31
9/30/1513:31
9/30/15 16:31
9/30/15 19:31
9/30/1522:31

10/1/15 1:31

10/1/15 4:31

10/1/15 7:31
10/1/15 10:31
10/1/15 13:31
10/1/15 16:31
10/1/15 19:31
10/1/15 22:31

10/2/15 1:31

10/2/15 4:31

10/2/15 7:31
10/2/15 10:31
10/2/15 13:31
10/2/15 16:31
10/2/15 19:31
10/2/15 22:31

10/3/15 1:31

10/3/15 4:31

10/3/15 7:31
10/3/15 10:31
10/3/15 13:31
10/3/15 16:31
10/3/15 19:31
10/3/15 22:31

10/4/15 1:31

10/4/15 4:31

10/4/15 7:31
10/4/15 10:31
10/4/15 13:31
10/4/15 16:31
10/4/15 19:31
10/4/15 22:31

10/5/15 1:31

10/5/15 4:31

9390
8960
8950
9140
9160
9350
10060
9350
9290
9810
9640
9880
10340
10770
11340
10830
11430
11920
12190
12890
14230
13620
14540
14480
13870
13200
12470
11490
11400
11220
10950
11010
9330
9580
8980
6340
5380
5280
3820
4000
4650
4350
4540
3470
4520
4800
5070
3920



10/5/15 7:31
10/5/15 10:31
10/5/15 13:31
10/5/15 16:31
10/5/15 19:31
10/5/15 22:31
10/6/15 1:31
10/6/15 4:31
10/6/15 7:31
10/6/15 10:31
10/6/15 13:31
10/6/15 16:31
10/6/15 19:31
10/6/15 22:31
10/7/15 1:31
10/7/15 4:31
10/7/15 7:31
10/7/15 10:31
10/7/15 13:31
10/7/15 16:31
10/7/15 19:31
10/7/15 22:31
10/8/15 1:31
10/8/15 4:31
10/8/15 7:31
10/8/15 10:31
10/8/15 13:31
10/8/15 16:31
10/8/15 19:31
10/8/15 22:31
10/9/15 1:31
10/9/15 4:31
10/9/15 7:31
10/9/15 10:31
10/9/15 13:31
10/9/15 16:31
10/9/15 19:31
10/9/15 22:31
10/10/15 1:31
10/10/15 4:31
10/10/15 7:31
10/10/15 10:31
10/10/15 13:31
10/10/15 16:31
10/10/15 19:31
10/10/15 22:31

10/11/15 1:31

10/11/15 4:31

3760
2780
3150
3340
3630
3470
3530
3840
5340
5420
5670
6460
6770
6930
6940
8380
8750
9100
9350
9470
9810
10000
10360
10810
10800
10560
9780
11620
10460
10570
10860
11710
11420
9380
10420
10500
10440
10680
10650
9650
11050
10830
10320
9720
7180
6950
5240
4280



10/11/157:31
10/11/1510:31
10/11/1513:31
10/11/15 16:31
10/11/1519:31
10/11/1522:31
10/12/151:31
10/12/154:31
10/12/157:31
10/12/1510:31
10/12/1513:31
10/12/15 16:31
10/12/1519:31
10/12/1522:31
10/13/151:31
10/13/154:31
10/13/157:31
10/13/1510:31
10/13/1513:31
10/13/1516:31
10/13/1519:31
10/13/1522:31
10/14/151:31
10/14/15 4:31
10/14/157:31
10/14/1510:31
10/14/15 13:31
10/14/15 16:31
10/14/1519:31
10/14/1522:31
10/15/151:31
10/15/15 4:31
10/15/157:31
10/15/15 10:31
10/15/1513:31
10/15/15 16:31
10/15/1519:31
10/15/1522:31
10/16/15 1:31
10/16/15 4:31
10/16/157:31
10/16/15 10:31
10/16/15 13:31
10/16/1516:31
10/16/15 19:31
10/16/1522:31
10/17/151:31
10/17/15 4:31

4030
4180
4140
3930
4330
4910
5270
4810
4430
4270
4880
5050
5670
5190
3880
2780
2910
2910
2690
2840
2790
2830
2900
2840
2740
2900
2710
2920
3420
3340
3550
3520
3230
3280
3240
3370
3260
3550
3670
3620
3370
3240
3260
3420
3390
3560
3240
3300



10/17/157:31
10/17/1510:31
10/17/1513:31
10/17/1516:31
10/17/1519:31
10/17/1522:31
10/18/151:31
10/18/15 4:31
10/18/157:31
10/18/1510:31
10/18/1513:31
10/18/1516:31
10/18/1519:31
10/18/1522:31
10/19/151:31
10/19/15 4:31
10/19/157:31
10/19/1510:31
10/19/1513:31
10/19/1516:31
10/19/1519:31
10/19/1522:31
10/20/151:31
10/20/15 4:31
10/20/157:31
10/20/1510:31
10/20/1513:31
10/20/1516:31
10/20/1519:31
10/20/1522:31
10/21/151:31
10/21/154:31
10/21/157:31
10/21/1510:31
10/21/1513:31
10/21/1516:31
10/21/1519:31
10/21/1522:31
10/22/151:31
10/22/154:31
10/22/157:31
10/22/1510:31
10/22/1513:31
10/22/1516:31
10/22/1519:31
10/22/1522:31
10/23/151:31
10/23/154:31

3080
2990
3180
3090
3120
3130
3070
2960
3000
2960
3030
2890
2870
2400
2720
2690
2730
2620
2870
2880
2790
2840
2970
2840
2890
2780
2960
3020
2800
2630
2520
2540
2630
2700
2680
3500
2910
2880
3380
3760
3810
2750
2560
2390
2350
2340
2400
2510



10/23/157:31
10/23/1510:31
10/23/1513:31
10/23/1516:31
10/23/1519:31
10/23/1522:31
10/24/151:31
10/24/15 4:31
10/24/157:31
10/24/1510:31
10/24/1513:31
10/24/1516:31
10/24/1519:31
10/24/1522:31
10/25/151:31
10/25/15 4:31
10/25/157:31
10/25/1510:31
10/25/1513:31
10/25/1516:31
10/25/1519:31
10/25/1522:31
10/26/151:31
10/26/15 4:31
10/26/157:31
10/26/1510:31
10/26/1513:31
10/26/1516:31
10/26/1519:31
10/26/1522:31
10/27/151:31
10/27/154:31
10/27/157:31

2590
2100
2040
2070
1930
2120
2210
2300
2140
2010
2070
2190
2140
1960
1800
1600
1860
1780
1610
1610
1710
1680
1830
1770
1980
1740
1790
1770
1620
1630
1580
1565
1625



Drip Rates
bcality BD Locality HOW Locality

drops/ drops/

mg/day Date sec Date sec Locality Date
-0.10 6/16/13 0.596 6/16/13 0.025 BD 7/21/13
-0.14 7/23/13 0.363 7/23/13 0.026 BD 8/24/13
-0.18 8/24/13 0.150 8/24/13 0.020 BD 9/14/13
-0.33 9/14/13 0.241 9/14/13 0.028 BD 11/17/13
-0.28 10/26/13 0.059 10/26/13 0.023 BD 12/20/13
-0.67 11/17/13 0.048 11/17/13 0.025 BD 2/1/14
-0.27 12/3/13 0.150 12/3/13 0.023 BD 2/28/14
-0.14 2/1/14 0.147 2/1/14 0.025 BD 4/5/14
-0.18 5/7/14 0.123 5/7/14 0.030 BD 5/7/14
-0.14 6/19/14 0.146 6/19/14 0.029 BD 7/16/14
0.15 7/16/14 0.106 7/16/14 0.029 BD 8/27/14
-0.71 8/26/14 0.032 8/26/14 0.021 BD 10/25/14
-0.23 9/28/14 0.055 9/28/14 0.028 BD 4/4/15
-0.16 10/25/14 0.036 10/25/14 0.027 BD 6/30/15
-0.32 12/6/14 0.033 12/6/14 0.017 BD 04/23/16
-0.16 4/4/15 0.512 4/4/15 0.018 BD 06/17/16
-0.34 6/30/15 0.068 6/30/15 0.026 BD 07/26/16
-0.32 8/13/15 0.000 8/13/15 0.084 BD 08/16/16
-0.36 9/19/15 0.005 9/19/15 0.043 BD 09/17/16
-0.28 11/18/15 0.005 11/18/15 0.034 BD 10/29/16
-0.51 12/11/15 0.008 12/11/15 0.026 BD 11/20/16
-0.42 1/18/16 0.020 1/18/16 0.074 BD 12/20/16
-0.01 2/20/16 0.011 2/20/16 0.025 BD 01/21/17
0.16 3/26/16 0.014 3/26/16 0.024 BD 02/11/17
-3.86 4/23/16 0.085 4/23/16 0.023 BD 03/11/17
-0.66 5/28/16 0.003 5/28/16 0.030 BD 04/08/17
-0.46 6/17/16 0.241 6/17/16 0.023 BD 05/09/17
-0.19 7/26/16 0.145 7/26/16 0.037 BD 06/09/17
40.65 8/16/16 0.382 8/16/16 0.024 HOW 8/24/13
plate fell 9/17/16 0.140 9/17/16 0.024 HOW 9/14/13
-10.20 10/29/16 0.185 10/29/16 0.029 HOW 11/17/13
plate fell 11/20/16 0.173 11/20/16 0.021 HOW 12/20/13
-0.63 12/20/16 0.043 12/20/16 0.019 HOW 2/1/14
-1.16 1/21/17 0.253 1/21/17 0.016 HOW 2/28/14
-0.70 2/11/17 0.079 2/11/17 0.015 HOW 5/7/14
-0.41 3/11/17 0.059 3/11/17 0.019 HOW 6/19/14
-0.05 4/8/17 0.258 4/8/17 0.020 HOW 7/16/14
-0.41 5/9/17 0.249 5/9/17 0.020 HOW 8/27/14
-0.38 6/9/17 0.219 6/9/17 0.020 HOW 9/28/14
HOW 10/25/14
HOW 4/4/15

HOW 6/30/15



HOW 8/13/15

HOW 11/8/15
HOW 12/11/15
HOW 01/21/17
HOW 02/11/17
HOW 04/08/17
HOW 06/09/17

Outliers (not plotted)
Bold values are replica

BD Avg
Stdev

N

HOW Avg
Stdev

N






































































































































































































































































































































































































ater 8'*0and 8D

Cave Air Temperature

8% 3D

(SMOW)  Date  (SMOW)
-4.50 7/21/13 -28.15
-4.46 8/24/13  -23.88
434 9/14/13  -25.45
439 11/17/13  -25.75
-4.50 12/20/13  -25.15
432 2/1/14  -24.25
-4.45 2/28/14  -17.97
-4.45  4/5/14  -24.19
-4.58  5/7/14  -29.29
3.85 7/16/14 -24.84
-4.53  8/27/14  -23.17
-0.43 10/25/14 -7.17
-4.47  4/4/15  -25.16
433  6/30/15  -27.24
-4.31
-4.40
-4.51
-4.57
-4.56
-4.69
-4.65
-4.85
-4.91
-4.73
-4.44
-4.51
-4.54
-4.57
-1.58 8/24/13  -17.45
-3.85 9/14/13  -25.03
2.65 11/17/13  -16.23
-3.24 12/20/13  -17.54
2.54  2/1/14  -11.88
2.55 2/28/14 -9.80
3.49  5/7/14  -19.23
3.50 6/19/14  -22.28
3.69 7/16/14  -19.89
-3.87 8/27/14  -18.49
3.74 9/28/14  -24.04
-3.27 10/25/14  -19.91
-3.14  4/4/15  -17.66
-4.09 6/30/15  -22.46

BD Locality HOW Locality
Date °C Date °C
6/16/13 19.0 6/16/13 19.7
7/23/13 20.4 7/23/13  20.5
8/24/13 19.8 8/24/13  20.2
9/14/13 19.8 9/14/13 21.3
10/26/13 18.8 10/26/13 19.8
11/17/13 20.2 11/17/13 19.9
12/20/13 17.1 12/20/13 18.9

2/1/14 16.1 2/1/14 18.6
5/7/14 18.0 5/7/14 19.1
6/19/14 24.0 6/19/14 20.9
7/16/14 19.4 7/16/14 20.4
8/26/14 19.7 8/26/14 19.9
9/28/14 19.9 9/28/14 20.1
10/25/14 19.4 10/25/14 19.8
12/6/14 18.8 12/6/14 18.7
4/4/15 17.6 4/4/15 18.8
6/30/15 20.0 6/30/15 20.8
8/13/15 20.5 8/13/15 20.6
9/19/15 19.6 9/19/15 21.6
11/18/15 19.5 11/18/15 20.1
12/11/15 20.2 12/11/15 20.5
1/18/16 17.5 1/18/16 18.6
2/20/16 20.8 2/20/16 20.4
3/26/16 19.0 3/26/16  20.1
4/23/16 19.4 4/23/16  20.5
5/28/16 24.5 5/28/16 22.2
6/17/16 19.6 6/17/16  20.9
7/26/16 23.6 7/26/16  22.1
8/16/16 21.3 8/16/16  22.2
9/17/16 20.4 9/17/16  22.8
10/29/16 20.1 10/29/16  20.5
11/20/16 16.4 11/20/16 19.9
12/20/16 16.8 12/20/16 19.1
1/21/17 21.9 1/21/17 21.6
2/11/17 18.7 2/11/17 20.6
3/11/17 19.6 3/11/17 20.5
4/8/17 20.3 4/8/17 20.8
5/9/17 20.7 5/9/17 21.4
6/9/17 24.3 6/9/17 22.3

I
Date
1/1/12
1/2/12
1/3/12
1/4/12
1/5/12
1/6/12
1/7/12
1/8/12
1/9/12
1/10/12
1/11/12
1/12/12
1/13/12
1/14/12
1/15/12
1/16/12
1/17/12
1/18/12
1/19/12
1/20/12
1/21/12
1/22/12
1/23/12
1/24/12
1/25/12
1/26/12
1/27/12
1/28/12
1/29/12
1/30/12
1/31/12
2/1/12
2/2/12
2/3/12
2/4/12
2/5/12
2/6/12
2/7/12
2/8/12
2/9/12
2/10/12
2/11/12



-3.99
-4.58
-4.27
-4.46
-3.83
-4.08
-4.19

te average

4.5
0.2
27

-3.6
0.7
21

8/13/15
11/8/15
12/11/15

-22.03
-25.88
-23.22

-24.96
2.73
13

-19.59
4.36
17

2/12/12
2/13/12
2/14/12
2/15/12
2/16/12
2/17/12
2/18/12
2/19/12
2/20/12
2/21/12
2/22/12
2/23/12
2/24/12
2/25/12
2/26/12
2/27/12
2/28/12
2/29/12

3/1/12

3/2/12

3/3/12

3/4/12

3/5/12

3/6/12

3/7/12

3/8/12

3/9/12
3/10/12
3/11/12
3/12/12
3/13/12
3/14/12
3/15/12
3/16/12
3/17/12
3/18/12
3/19/12
3/20/12
3/21/12
3/22/12
3/23/12
3/24/12
3/25/12
3/26/12
3/27/12
3/28/12
3/29/12
3/30/12



3/31/12
4/1/12
4/2/12
4/3/12
4/4/12
4/5/12
4/6/12
4/7/12
4/8/12
4/9/12

4/10/12

4/11/12

4/12/12

4/13/12

4/14/12

4/15/12

4/16/12

4/17/12

4/18/12

4/19/12

4/20/12

4/21/12

4/22/12

4/23/12

4/24/12

4/25/12

4/26/12

4/27/12

4/28/12

4/29/12

4/30/12
5/1/12
5/2/12
5/3/12
5/4/12
5/5/12
5/6/12
5/7/12
5/8/12
5/9/12

5/10/12

5/11/12

5/12/12

5/13/12

5/14/12

5/15/12

5/16/12

5/17/12



5/18/12
5/19/12
5/20/12
5/21/12
5/22/12
5/23/12
5/24/12
5/25/12
5/26/12
5/27/12
5/28/12
5/29/12
5/30/12
5/31/12

6/1/12

6/2/12

6/3/12

6/4/12

6/5/12

6/6/12

6/7/12

6/8/12

6/9/12
6/10/12
6/11/12
6/12/12
6/13/12
6/14/12
6/15/12
6/16/12
6/17/12
6/18/12
6/19/12
6/20/12
6/21/12
6/22/12
6/23/12
6/24/12
6/25/12
6/26/12
6/27/12
6/28/12
6/29/12
6/30/12

7/1/12

7/2/12

7/3/12

7/4/12



7/5/12

7/6/12

7/7/12

7/8/12

7/9/12
7/10/12
7/11/12
7/12/12
7/13/12
7/14/12
7/15/12
7/16/12
7/17/12
7/18/12
7/19/12
7/20/12
7/21/12
7/22/12
7/23/12
7/24/12
7/25/12
7/26/12
7/27/12
7/28/12
7/29/12
7/30/12
7/31/12

8/1/12

8/2/12

8/3/12

8/4/12

8/5/12

8/6/12

8/7/12

8/8/12

8/9/12
8/10/12
8/11/12
8/12/12
8/13/12
8/14/12
8/15/12
8/16/12
8/17/12
8/18/12
8/19/12
8/20/12
8/21/12



8/22/12
8/23/12
8/24/12
8/25/12
8/26/12
8/27/12
8/28/12
8/29/12
8/30/12
8/31/12

9/1/12

9/2/12

9/3/12

9/4/12

9/5/12

9/6/12

9/7/12

9/8/12

9/9/12
9/10/12
9/11/12
9/12/12
9/13/12
9/14/12
9/15/12
9/16/12
9/17/12
9/18/12
9/19/12
9/20/12
9/21/12
9/22/12
9/23/12
9/24/12
9/25/12
9/26/12
9/27/12
9/28/12
9/29/12
9/30/12
10/2/12
10/3/12
10/4/12
10/5/12
10/6/12
10/7/12
10/8/12
10/9/12



10/10/12
10/11/12
10/12/12
10/13/12
10/14/12
10/15/12
10/16/12
10/17/12
10/18/12
10/19/12
10/20/12
10/21/12
10/22/12
10/23/12
10/24/12
10/25/12
10/26/12
10/27/12
10/28/12
10/29/12
10/30/12
10/31/12

11/1/12

11/2/12

11/3/12

11/4/12

11/5/12

11/6/12

11/7/12

11/8/12

11/9/12
11/10/12
11/11/12
11/12/12
11/13/12
11/14/12
11/15/12
11/16/12
11/17/12
11/18/12
11/19/12
11/20/12
11/21/12
11/22/12
11/23/12
11/24/12
11/25/12
11/26/12



11/27/12
11/28/12
11/29/12
11/30/12
12/1/12
12/2/12
12/3/12
12/4/12
12/5/12
12/6/12
12/7/12
12/8/12
12/9/12
12/10/12
12/11/12
12/12/12
12/13/12
12/14/12
12/15/12
12/16/12
12/17/12
12/18/12
12/19/12
12/20/12
12/21/12
12/22/12
12/23/12
12/24/12
12/25/12
12/26/12
12/27/12
12/28/12
12/29/12
12/30/12
12/31/12
1/1/13
1/2/13
1/3/13
1/4/13
1/5/13
1/6/13
1/7/13
1/8/13
1/9/13
1/10/13
1/11/13
1/12/13
1/13/13



1/14/13
1/15/13
1/16/13
1/17/13
1/18/13
1/19/13
1/20/13
1/21/13
1/22/13
1/23/13
1/24/13
1/25/13
1/26/13
1/27/13
1/28/13
1/29/13
1/30/13
1/31/13

2/1/13

2/2/13

2/3/13

2/4/13

2/5/13

2/6/13

2/7/13

2/8/13

2/9/13
2/10/13
2/11/13
2/12/13
2/13/13
2/14/13
2/15/13
2/16/13
2/17/13
2/18/13
2/19/13
2/20/13
2/21/13
2/22/13
2/23/13
2/24/13
2/25/13
2/26/13
2/27/13
2/28/13

3/1/13

3/2/13



3/3/13
3/4/13
3/5/13
3/6/13
3/7/13
3/8/13
3/9/13
3/10/13
3/11/13
3/12/13
3/13/13
3/14/13
3/15/13
3/16/13
3/17/13
3/18/13
3/19/13
3/20/13
3/21/13
3/22/13
3/23/13
3/24/13
3/25/13
3/26/13
3/27/13
3/28/13
3/29/13
3/30/13
3/31/13
4/1/13
4/2/13
4/3/13
4/4/13
4/5/13
4/6/13
4/7/13
4/8/13
4/9/13
4/10/13
4/11/13
4/12/13
4/13/13
4/14/13
4/15/13
4/16/13
4/17/13
4/18/13
4/19/13



4/20/13
4/21/13
4/22/13
4/23/13
4/24/13
4/25/13
4/26/13
4/27/13
4/28/13
4/29/13
4/30/13
5/1/13
5/2/13
5/3/13
5/4/13
5/5/13
5/6/13
5/7/13
5/8/13
5/9/13
5/10/13
5/11/13
5/12/13
5/13/13
5/14/13
5/15/13
5/16/13
5/17/13
5/18/13
5/19/13
5/20/13
5/21/13
5/22/13
5/23/13
5/24/13
5/25/13
5/26/13
5/27/13
5/28/13
5/29/13
5/30/13
5/31/13
6/1/13
6/2/13
6/3/13
6/4/13
6/5/13
6/6/13



6/7/13

6/8/13

6/9/13
6/10/13
6/11/13
6/12/13
6/13/13
6/14/13
6/15/13
6/16/13
6/17/13
6/18/13
6/19/13
6/20/13
6/21/13
6/22/13
6/23/13
6/24/13
6/25/13
6/26/13
6/27/13
6/28/13
6/29/13
6/30/13

7/1/13

7/2/13

7/3/13

7/4/13

7/5/13

7/6/13

7/7/13

7/8/13

7/9/13
7/10/13
7/11/13
7/12/13
7/13/13
7/14/13
7/15/13
7/16/13
7/17/13
7/18/13
7/19/13
7/20/13
7/21/13
7/22/13
7/23/13
7/24/13



7/25/13
7/26/13
7/27/13
7/28/13
7/29/13
7/30/13
7/31/13
8/1/13
8/2/13
8/3/13
8/4/13
8/5/13
8/6/13
8/7/13
8/8/13
8/9/13
8/10/13
8/11/13
8/12/13
8/13/13
8/14/13
8/15/13
8/16/13
8/17/13
8/18/13
8/19/13
8/20/13
8/21/13
8/22/13
8/23/13
8/24/13
8/25/13
8/26/13
8/27/13
8/28/13
8/29/13
8/30/13
8/31/13
9/1/13
9/2/13
9/3/13
9/4/13
9/5/13
9/6/13
9/7/13
9/8/13
9/9/13
9/10/13



9/11/13
9/12/13
9/13/13
9/14/13
9/15/13
9/16/13
9/17/13
9/18/13
9/19/13
9/20/13
9/21/13
9/22/13
9/23/13
9/24/13
9/25/13
9/26/13
9/27/13
9/28/13
9/29/13
9/30/13
10/1/13
10/2/13
10/3/13
10/4/13
10/5/13
10/6/13
10/7/13
10/8/13
10/9/13
10/10/13
10/11/13
10/12/13
10/13/13
10/14/13
10/15/13
10/16/13
10/17/13
10/18/13
10/19/13
10/20/13
10/21/13
10/22/13
10/23/13
10/24/13
10/25/13
10/26/13
10/27/13
10/28/13



10/29/13
10/30/13
10/31/13
11/1/13
11/2/13
11/3/13
11/4/13
11/5/13
11/6/13
11/7/13
11/8/13
11/9/13
11/10/13
11/11/13
11/12/13
11/13/13
11/14/13
11/15/13
11/16/13
11/17/13
11/18/13
11/19/13
11/20/13
11/21/13
11/22/13
11/23/13
11/24/13
11/25/13
11/26/13
11/27/13
11/28/13
11/29/13
11/30/13
12/1/13
12/2/13
12/3/13
12/4/13
12/5/13
12/6/13
12/7/13
12/8/13
12/9/13
12/10/13
12/11/13
12/12/13
12/13/13
12/14/13
12/15/13



12/16/13
12/17/13
12/18/13
12/19/13
12/20/13
12/21/13
12/22/13
12/23/13
12/24/13
12/25/13
12/26/13
12/27/13
12/28/13
12/29/13
12/30/13
12/31/13
1/1/14
1/2/14
1/3/14
1/4/14
1/5/14
1/6/14
1/7/14
1/8/14
1/9/14
1/10/14
1/11/14
1/12/14
1/13/14
1/14/14
1/15/14
1/16/14
1/17/14
1/18/14
1/19/14
1/20/14
1/21/14
1/22/14
1/23/14
1/24/14
1/25/14
1/26/14
1/27/14
1/28/14
1/29/14
1/30/14
1/31/14
2/1/14



2/2/14
2/3/14
2/4/14
2/5/14
2/6/14
2/7/14
2/8/14
2/9/14
2/10/14
2/11/14
2/12/14
2/13/14
2/14/14
2/15/14
2/16/14
2/17/14
2/18/14
2/19/14
2/20/14
2/21/14
2/22/14
2/23/14
2/24/14
2/25/14
2/26/14
2/27/14
2/28/14
3/1/14
3/2/14
3/3/14
3/4/14
3/5/14
3/6/14
3/7/14
3/8/14
3/9/14
3/10/14
3/11/14
3/12/14
3/13/14
3/14/14
3/15/14
3/16/14
3/17/14
3/18/14
3/19/14
3/20/14
3/21/14



3/22/14
3/23/14
3/24/14
3/25/14
3/26/14
3/27/14
3/28/14
3/29/14
3/30/14
3/31/14
4/1/14
4/2/14
4/3/14
4/4/14
4/5/14
4/6/14
4/7/14
4/8/14
4/9/14
4/10/14
4/11/14
4/12/14
4/13/14
4/14/14
4/15/14
4/16/14
4/17/14
4/18/14
4/19/14
4/20/14
4/21/14
4/22/14
4/23/14
4/24/14
4/25/14
4/26/14
4/27/14
4/28/14
4/29/14
4/30/14
5/1/14
5/2/14
5/3/14
5/4/14
5/5/14
5/6/14
5/7/14
5/8/14



5/9/14
5/10/14
5/11/14
5/12/14
5/13/14
5/14/14
5/15/14
5/16/14
5/17/14
5/18/14
5/19/14
5/20/14
5/21/14
5/22/14
5/23/14
5/24/14
5/25/14
5/26/14
5/27/14
5/28/14
5/29/14
5/30/14
5/31/14

6/1/14

6/2/14

6/3/14

6/4/14

6/5/14

6/6/14

6/7/14

6/8/14

6/9/14
6/10/14
6/11/14
6/12/14
6/13/14
6/14/14
6/15/14
6/16/14
6/17/14
6/18/14
6/19/14
6/20/14
6/21/14
6/22/14
6/23/14
6/24/14
6/25/14



6/26/14
6/27/14
6/28/14
6/29/14
6/30/14
7/1/14
7/2/14
7/3/14
7/4/14
7/5/14
7/6/14
7/7/14
7/8/14
7/9/14
7/10/14
7/11/14
7/12/14
7/13/14
7/14/14
7/15/14
7/16/14
7/17/14
7/18/14
7/19/14
7/20/14
7/21/14
7/22/14
7/23/14
7/24/14
7/25/14
7/26/14
7/27/14
7/28/14
7/29/14
7/30/14
7/31/14
8/1/14
8/2/14
8/3/14
8/4/14
8/5/14
8/6/14
8/7/14
8/8/14
8/9/14
8/10/14
8/11/14
8/12/14



8/13/14
8/14/14
8/15/14
8/16/14
8/17/14
8/18/14
8/19/14
8/20/14
8/21/14
8/22/14
8/23/14
8/24/14
8/25/14
8/26/14
8/27/14
8/28/14
8/29/14
8/30/14
8/31/14

9/1/14

9/2/14

9/3/14

9/4/14

9/5/14

9/6/14

9/7/14

9/8/14

9/9/14
9/10/14
9/11/14
9/12/14
9/13/14
9/14/14
9/15/14
9/16/14
9/17/14
9/18/14
9/19/14
9/20/14
9/21/14
9/22/14
9/23/14
9/24/14
9/25/14
9/26/14
9/27/14
9/28/14
9/29/14



9/30/14
10/1/14
10/2/14
10/3/14
10/4/14
10/5/14
10/6/14
10/7/14
10/8/14
10/9/14
10/10/14
10/11/14
10/12/14
10/13/14
10/14/14
10/15/14
10/16/14
10/17/14
10/18/14
10/19/14
10/20/14
10/21/14
10/22/14
10/23/14
10/24/14
10/25/14
10/26/14
10/27/14
10/28/14
10/29/14
10/30/14
10/31/14
11/1/14
11/2/14
11/3/14
11/4/14
11/5/14
11/6/14
11/7/14
11/8/14
11/9/14
11/10/14
11/11/14
11/12/14
11/13/14
11/14/14
11/15/14
11/16/14



11/17/14
11/18/14
11/19/14
11/20/14
11/21/14
11/22/14
11/23/14
11/24/14
11/25/14
11/26/14
11/27/14
11/28/14
11/29/14
11/30/14
12/1/14
12/2/14
12/3/14
12/4/14
12/5/14
12/6/14
12/7/14
12/8/14
12/9/14
12/10/14
12/11/14
12/12/14
12/13/14
12/14/14
12/15/14
12/16/14
12/17/14
12/18/14
12/19/14
12/20/14
12/21/14
12/22/14
12/23/14
12/24/14
12/25/14
12/26/14
12/27/14
12/28/14
12/29/14
12/30/14
12/31/14
1/1/15
1/2/15
1/3/15



1/4/15
1/5/15
1/6/15
1/7/15
1/8/15
1/9/15
1/10/15
1/11/15
1/12/15
1/13/15
1/14/15
1/15/15
1/16/15
1/17/15
1/18/15
1/19/15
1/20/15
1/21/15
1/22/15
1/23/15
1/24/15
1/25/15
1/26/15
1/27/15
1/28/15
1/29/15
1/30/15
1/31/15
2/1/15
2/2/15
2/3/15
2/4/15
2/5/15
2/6/15
2/7/15
2/8/15
2/9/15
2/10/15
2/11/15
2/12/15
2/13/15
2/14/15
2/15/15
2/16/15
2/17/15
2/18/15
2/19/15
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2/27/15
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3/5/15
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6/21/15
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6/24/15
6/25/15
6/26/15
6/27/15
6/28/15
6/29/15
6/30/15
7/1/15
7/2/15
7/3/15
7/4/15
7/5/15
7/6/15
7/7/15
7/8/15
7/9/15
7/10/15
7/11/15
7/12/15
7/13/15
7/14/15
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2/28/16
2/29/16
3/1/16
3/2/16
3/3/16
3/4/16
3/5/16
3/6/16
3/7/16
3/8/16
3/9/16
3/10/16



3/11/16
3/12/16
3/13/16
3/14/16
3/15/16
3/16/16
3/17/16
3/18/16
3/19/16
3/20/16
3/21/16
3/22/16
3/23/16
3/24/16
3/25/16
3/26/16
3/27/16
3/28/16
3/29/16
3/30/16
3/31/16
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4/2/16

4/3/16
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4/11/16
4/12/16
4/13/16
4/14/16
4/15/16
4/16/16
4/17/16
4/18/16
4/19/16
4/20/16
4/21/16
4/22/16
4/23/16
4/24/16
4/25/16
4/26/16
4/27/16



4/28/16
4/29/16
4/30/16
5/1/16
5/2/16
5/3/16
5/4/16
5/5/16
5/6/16
5/7/16
5/8/16
5/9/16
5/10/16
5/11/16
5/12/16
5/13/16
5/14/16
5/15/16
5/16/16
5/17/16
5/18/16
5/19/16
5/20/16
5/21/16
5/22/16
5/23/16
5/24/16
5/25/16
5/26/16
5/27/16
5/28/16
5/29/16
5/30/16
5/31/16
6/1/16
6/2/16
6/3/16
6/4/16
6/5/16
6/6/16
6/7/16
6/8/16
6/9/16
6/10/16
6/11/16
6/12/16
6/13/16
6/14/16



6/15/16
6/16/16
6/17/16
6/18/16
6/19/16
6/20/16
6/21/16
6/22/16
6/23/16
6/24/16
6/25/16
6/26/16
6/27/16
6/28/16
6/29/16
6/30/16

7/1/16

7/2/16

7/3/16

7/4/16

7/5/16

7/6/16

7/7/16

7/8/16

7/9/16
7/10/16
7/11/16
7/12/16
7/13/16
7/14/16
7/15/16
7/16/16
7/17/16
7/18/16
7/19/16
7/20/16
7/21/16
7/22/16
7/23/16
7/24/16
7/25/16
7/26/16
7/27/16
7/28/16
7/29/16
7/30/16
7/31/16

8/1/16



8/2/16
8/3/16
8/4/16
8/5/16
8/6/16
8/7/16
8/8/16
8/9/16
8/10/16
8/11/16
8/12/16
8/13/16
8/14/16
8/15/16
8/16/16
8/17/16
8/18/16
8/19/16
8/20/16
8/21/16
8/22/16
8/23/16
8/24/16
8/25/16
8/26/16
8/27/16
8/28/16
8/29/16
8/30/16
8/31/16
9/1/16
9/2/16
9/3/16
9/4/16
9/5/16
9/6/16
9/7/16
9/8/16
9/9/16
9/10/16
9/11/16
9/12/16
9/13/16
9/14/16
9/15/16
9/16/16
9/17/16
9/18/16



9/19/16
9/20/16
9/21/16
9/22/16
9/23/16
9/24/16
9/25/16
9/26/16
9/27/16
9/28/16
9/29/16
9/30/16
10/1/16
10/2/16
10/3/16
10/4/16
10/5/16
10/6/16
10/7/16
10/8/16
10/9/16
10/10/16
10/11/16
10/12/16
10/13/16
10/14/16
10/15/16
10/16/16
10/17/16
10/18/16
10/19/16
10/20/16
10/21/16
10/22/16
10/23/16
10/24/16
10/25/16
10/26/16
10/27/16
10/28/16
10/29/16
10/30/16
10/31/16
11/1/16
11/2/16
11/3/16
11/4/16
11/5/16



11/6/16

11/7/16

11/8/16

11/9/16
11/10/16
11/11/16
11/12/16
11/13/16
11/14/16
11/15/16
11/16/16
11/17/16
11/18/16
11/19/16
11/20/16
11/21/16
11/22/16
11/23/16
11/24/16
11/25/16
11/26/16
11/27/16
11/28/16
11/29/16
11/30/16
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12/26/16
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1/2/17
1/3/17
1/4/17
1/5/17
1/6/17
1/7/17
1/8/17
1/9/17
1/10/17
1/11/17
1/12/17
1/13/17
1/14/17
1/15/17
1/16/17
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1/18/17
1/19/17
1/20/17
1/21/17
1/22/17
1/23/17
1/24/17
1/25/17
1/26/17
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1/28/17
1/29/17
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3/20/17
3/21/17
3/22/17
3/23/17
3/24/17
3/25/17
3/26/17
3/27/17
3/28/17
3/29/17



3/30/17
3/31/17
4/1/17
4/2/17
4/3/17
4/4/17
4/5/17
4/6/17
4/7/17
4/8/17
4/9/17
4/10/17
4/11/17
4/12/17
4/13/17
4/14/17
4/15/17
4/16/17
4/17/17
4/18/17
4/19/17
4/20/17
4/21/17
4/22/17
4/23/17
4/24/17
4/25/17
4/26/17
4/27/17
4/28/17
4/29/17
4/30/17
5/1/17
5/2/17
5/3/17
5/4/17
5/5/17
5/6/17
5/7/17
5/8/17
5/9/17
5/10/17
5/11/17
5/12/17
5/13/17
5/14/17
5/15/17
5/16/17



5/17/17
5/18/17
5/19/17
5/20/17
5/21/17
5/22/17
5/23/17
5/24/17
5/25/17
5/26/17
5/27/17
5/28/17
5/29/17
5/30/17
5/31/17

6/1/17

6/2/17

6/3/17

6/4/17

6/5/17
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6/7/17

6/8/17

6/9/17
6/10/17
6/11/17
6/12/17
6/13/17
6/14/17
6/15/17
6/16/17
6/17/17
6/18/17
6/19/17
6/20/17
6/21/17
6/22/17
6/23/17
6/24/17
6/25/17
6/26/17
6/27/17
6/28/17
6/29/17
6/30/17

7/1/17

7/2/17

7/3/17



7/4/17
7/5/17
7/6/17
7/7/17
7/8/17
7/9/17
7/10/17
7/11/17
7/12/17
7/13/17
7/14/17
7/15/17
7/16/17
7/17/17
7/18/17
7/19/17
7/20/17
7/21/17
7/22/17
7/23/17
7/24/17
7/25/17
7/26/17
7/27/17
7/28/17
7/29/17
7/30/17
7/31/17
8/1/17
8/2/17
8/3/17
8/4/17
8/5/17
8/6/17
8/7/17
8/8/17
8/9/17
8/10/17
8/11/17
8/12/17
8/13/17
8/14/17
8/15/17
8/16/17
8/17/17
8/18/17
8/19/17
8/20/17



8/21/17
8/22/17
8/23/17
8/24/17
8/25/17
8/26/17
8/27/17
8/28/17
8/29/17
8/30/17
8/31/17
9/1/17
9/2/17
9/3/17
9/4/17
9/5/17
9/6/17
9/7/17
9/8/17
9/9/17
9/10/17
9/11/17
9/12/17
9/13/17
9/14/17
9/15/17
9/16/17
9/17/17








































































































































































































































































dily Precip. & Temperature
Boerne, TX (USCO0410902)

PRCP TMAX TMIN TOBS

(mm) °C °C °C
0 25 1 9
0 15 2 2
0 16 -4 -3
0 16 -3 8
0 22 4 18
0 21 9 10
0 22 9 9
0 21 6 11
5.842 17 8 8
0.508 9 3 8
0 16 3 5
0 23 2 2
0 7 -2 -1
0 14 -4 -2
0 18 -2 6
0 16 6 15
0 25 14 16
0 23 1 9
0 19 8 12
0 25 8 13
0 22 7 8
0 19 8 16
0 24 7 8
0 24 7 13
34.798 19 12 12
0 16 4 4
0 20 1 1
0 22 1 7
0 15 -2 -2
0 17 -2 7
2.794 16 7 15
0 22 11 17
0 26 11 17
1.524 22 17 18
5.588 23 9 10
0 14 4 4
4.318 8 3 7
0 10 1 1
0 17 1 3
2.54 14 0 9
2.54 14 6 9
0 16 -1 0
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Supplementary Information

1. Extended methodology

1.1. Cave monitoring

Monitoring efforts at CWN provide a five year-record with near-monthly resolution of environmental
conditions above and within the cave. Our study focused on two diffuse drip localities (HOW: Hole of
Wisdom; BD: Brain Dead) that cover a range of drip rates. The parameters measured include
drip rate, calcite growth rates on glass-plate substrates placed under each drip (described below),
temperature, humidity and cave-air CO,. Monitoring and sample collection followed procedures
developed for several central Texas monitoring studies (Musgrove and Banner, 2004; Banner et al., 2007;
Wong et al., 2011; Cowan et al., 2013; Casteel and Banner, 2015; Carlson et al., 2018). In addition to
manual monthly spot measurements of cave-air CO,, a Vasaila CO; probe deployed at BD from 3/18/12
to DATE has logged CO, concentrations every 3 hours. CO, logging intervals are typically continuous
over 1-2 month periods, and range up to 287 days. The intervals include coverage over seasonal
ventilation contrasts. Monthly spot measurements are in good agreement with logged values, and provide
CO; levels over periods between continuous logging. The National Weather Service station in Boerne,
Texas (USC00410902), 15 km to the southwest, records daily temperature and precipitation. Since June
0f 2013, sanded and weighed 10 x 10 cm glass substrates of have been placed under active drip sites for
4-5 weeks to allow for in situ calcite growth. Substrates are reweighed to determine the mass of calcite.
Reweighing of standard plates over 15 years of central Texas cave monitoring has demonstrated a
standard deviation of ~0.0002 g, which for drip sites with negligible calcite accumulation may results in
very small negative accumulations (Banner et al, 2007; Casteel and Banner, 2015). At the beginning and
end of each calcite collection period, drip water samples are collected, and water temperature, pH, and
specific conductivity, and drip-rate are measured, along with cave-air CO, concentrations, temperature,
and relative humidity. Drip waters are collected in glass vials, and refrigerated until analysis. Monitoring

data are documented in Table S1 in the accompanying xIsx file of the data supplement.

1.2. Sample preparation and stable isotope transects

Feng et al. (2014b) originally documented CWN-4 §'*0 stratigraphy by analyzing micromill calcite

splits, collected continuously along the central growth axis in 200 um steps (800 pm width and depth)



(Fig. 2B). Based on this transect (F200 henceforth), the full decline in 'O associated with the transition
to the BA interstadial spans a stratigraphic thickness of ~8 mm, with the initial sharp decline occurring
within 3-4 mm. In order to better constrain the temporal structure of the Bolling 'O excursion in relation
to CWN-4 growth variations, we extended the spatial sampling resolution of the F200 transect in two
further efforts: 1) by SIMS, offering <10 pum stratigraphic sampling resolution; and 2) by IRMS stable
isotope analysis of calcite collected continuously in 50 pm steps (Fig. 2A).

In preparation for SIMS, we used a thin-kerf (< 600 um wide) diamond saw blade to isolate a 1.5 cm
tall by 1 ecm wide thombohedral sample “chip” from the CWN-4 slab face, immediately left of the axial
F200 transect (Fig. 2A-B). The thombohedral sample (“SIMS chip” hereafter), along with several calcite
standard (UWC-3) grains, were embedded in a 2.5 cm epoxy round and polished to form a mount suitable
for 8'*0 analysis by SIMS. To serve as navigational registration points for SIMS analysis and confocal
fluorescence laser fluorescence microscopy), we established a laser ablation spot grid (10 pm-diameter
spots at 400 pm spacing) along prospective stratigraphic sampling routes of the SIMS chip. SIMS §'*0
analyses were subsequently performed along a single stratigraphic transect, parallel to the principal
growth axis within the right half of the SIMS chip, that passed upward through the apex of a distinctive
chevron-shaped closed fracture (Fig. 2A). To assess growth layer expression throughout the SIMS chip,
we compiled a high-resolution photomosaic (Fig. 6). For this we took serial photomicrographs using a
10x objective (100x) and a concentrated polarized transmitted light source to image growth lamina
through the entire 5 mm thickness of the SIMS chip. All images were acquired without stage rotation,
allowing ~30% overlap. The grid of laser reference spots and SIMS analysis pits were visible in the
photomicrographs (as well as in CLFM images), enabling precise image-to-image tiling. Only the central
well-lit portions of images were used to assemble the final composite image. Minimizing image-to-image
contrast involved iterative adjustment of clipping mask boundaries (Adobe Illustrator). Imagery of a stage
micrometer reticule (1 mm/0.01 mm scale) taken at the same scale, provided scale for the composite
mosaic.

To the right of the SIMS chip we also made a standard 30 pm-thick thin section for petrographic
inspection of growth fabrics (Fig. 2A-B). The thin section and adjoining (underlying) slab study
components are subsequently referred to as “thin section K2” and “slab K2”; stratigraphically, these
correspond within the lower portion of thin section K1, made from the opposing face of the stalagmite
(described in the main text). In preparation for IRMS, we resampled the Belling excursion interval from
the polished surface of slab K2 by micromilling in continuous 50 um steps (1000 um width and depth; n
=315). Following Feng et al. (2014b) a maximum thickness of 200 pm was razed from the surface prior
to sampling to eliminate surface contamination. Fiduciary marks were milled to the left of the transect

axis every 30 samples (1.5 mm). Samples were stratigraphically coded in groups of 90, by letter and



sequence number (e.g., Base-to-top: P1-90, Q1-90, R1-90, S1-45). Based on projections of common
growth bands between the SIMS mount and slab K2 bracketing the initial Belling 8'*0 excursion,
samples Q41-R39 (n = 89) were ultimately selected for IRMS analysis. We refer to this transect as M50.

In slab view, the F200 and M50 IRMS vertical sampling transects are nearly parallel and adjacent
through the Bolling excursion interval with a maximum horizontal offset of ~100 um, as measured from
superimposed imagery of thin section K2 (showing the position of the F200 transect) above the
underlying K2 slab following micromilling. The two tracks are offset in depth below the slab surface by
the thickness required to make a 30 um-thick thin section, cut it from the underlying slab, and polish the
slab. We estimate that the M50 transect is ~2.2 mm deeper than the F200 transect. All of the vertical
isotopic transects in this study (SIMS, F200, and M50) are within 7.3 mm laterally.

1.3. Age model and stratigraphic registration of isotopic datums and imagery

Methodology and U-series ages used in this study are detailed in Feng et al. (2014b). The CWN-4 age
model (Table S2) is constrained by 28 high-precision U-series dates over the upper 165 mm of CWN-4,
covering growth between 28,490 + 170 and 9500 = 400 years (relative to 1950). The resulting age control
allows the position of the BA interstadial to be confidently placed within the CWN-4 growth record (Fig.
2A). Because of the small scale associated with the stratigraphic transition to the BA interval, and because
high-precision U-series dates constraining the 8'%0 stratigraphy of Feng et al. (2014b) were obtained from
opposing slab faces (I and II) of the vertically sectioned CWN-4 stalagmite, it was desirable to normalize
all U-series datum positions with respect to a single reference slab. For the latter, we chose the slab face
(slab II) sampled by Feng et al. (2014b) to compile their 8'*0 stratigraphy. To optimally position age
datums obtained from the non-reference slab (slab I), we scanned each slab face on a flatbed scanner to
obtain high-resolution digital images. We then digitized three sharp, growth band-parallel, orange-brown
interfaces that were mutually distinctive in each slab face. These surfaces directly correspond to
prominent hiatus horizons identified by Feng et al. (2014b) at 13, 99, and 131 mm below the top of
CWN-4 (Fig. 2B). Footprints of the areas sampled for U-series age determinations on both slab faces
were also digitized. The digitized slab I image was inverted and draped over the reference slab image and
the through-running hiatus-horizons laterally and vertically positioned for optimal superposition. The
digitized U-series sampling footprints from slab I were then transferred to the reference slab image. The
maximum stratigraphic ranges spanned by individual U-series sampling footprints were translated to the
central growth axis (slab I and II box outlines in Fig. 2B). The mid-point positions of U-series sample
ranges, as measured below the top of the reference slab, were then recompiled to provide the revised age

model datums used in this study. The reference slab (slab II) digital image serves as the absolute reference



(digital reference model, henceforth) for draping high-resolution imagery, and determining stratigraphic
positions and interpolated ages of isotopic measurements and associated growth lamina characteristics.
Table S3 shows key datum assignments for correlating SIMS and IRMS isotopic data within the
digital reference model. The basis for these assignments was the intersection of imagery showing SIMS
and M50 micromill sampling locations. High-resolution scans (4800 or 2400 dpi) and digital
photomicrograph imagery of the SIMS chip and thin section/slab K2 were scaled and draped over the
CWN-4 digital reference model image. The chevron-shaped fracture was a convenient reference feature
for positioning imagery of the sampled SIMS chip and the F200 §'®0 traverse (visible in thin section K2)
was a similarly useful feature for aligning the underlying micromilled slab K2. Slight rotational
adjustments were made (under magnified view) to optimize positioning of the draped imagery such that
prominent growth laminae visible in the digital reference image, as well as draped imagery for the SIMS
chip and thin section/slab K2 could be traced laterally across all images. The positions of individual SIMS
880 sample pits were faintly visible in the high-resolution photomosaic of the SIMS chip so once
properly registered, stratigraphic positions could be obtained directly from the digital reference model.
The fiduciary marks made during M50 step sampling were also visible in the draped imagery of the
micromilled thin section slab K2, thus allowing stratigraphic sample positions to be similarly obtained
from the digital reference model. Stratigraphic adjustment of the F200 stable isotope traverse to the M50
traverse was obtained via comparison of 8'°C records. This approach was warranted because unlike the
relatively featureless 8'*0 signal over the study interval, the corresponding §'°C signals in both data sets
show prominent maxima and minima that facilitate a unique correlation (Fig. 8C). In the M50 data set, a
§"3C maxima (-5.58 = 0.08%o; 76.491 mm) occurs 2.766 mm below a distinctive §'*C minima (-6.86 +
0.08%o; 73.725 mm). The F200 data set exhibits a similar §"*C maximum value (-5.02 + 0.03%o) that
occurs 2.8 mm below a distinctive 8'*C minima value (-6.79 £ 0.03%o). Considering the different
micromill sampling steps (50 vs. 200 um) and that the respective transects are slightly spatially offset, the
close correspondence between the maxima and minima values strongly suggests that they correspond to
the same distinctive stratigraphic intervals. Moreover, there is no sensible alternative correlation of these
features between the data sets. Finally, when the data sets are adjusted to minimize stratigraphic offset
between maxima and minima, the two data sets overlap well. On this basis, we shifted the F200 stable
isotope data upward by 1.208 mm (the average elevation offset between 5'°C maxima and minima) to

match the registered M50 high-resolution IRMS record.

1.4. SIMS §'%0 analysis



SIMS 8"0 analyses were performed at the University of Wisconsin — Madison, using a CAMECA
ims-1280 large radius multicollector ion microprobe. Before loading, the SIMS sample mount was
cleaned by sonication (deionized water, pure ethanol, and again deionized water), dried (under
pressurized oil-free air), and gold-coated (thickness of ~60 nm). Because the primary beam angle is
oblique relative to the sample surface, each 4-minute analysis results in an ovoid pit, 10 pm along the
long axis, ~7.5 um along the short axis, and ~1 um deep (Orland et al., 2012). To obtain the highest
sampling resolution, the SIMS mount was oriented so the short axis of analysis pits was maintained
parallel to the principal growth axis along the transect route. During analysis, each analytical spot was
sputtered with a 1nA primary beam of '**Cs" ions (IP = 1.011£0.110 nA; median = 1.037 nA) that was
focused to a diameter of 10 pm. Secondary ions (‘O and '*O") were simultaneously counted on two
Faraday cup collectors at a mass resolving power of 2200. The resulting secondary ion intensity varied
with primary beam intensity. During the analysis period, '°0™ averaged 2.41 + 0.206 x 10° cps. Charge
compensation during sputtering was maintained by the gold surface coating and a normal-incidence
electron flood gun. The essential shape and position of the Belling negative §'*0 excursion was initially
constrained within the lower 13.6 mm of the SIMS chip by analyzing spots every 166 um along the
transect. The process was repeated in a slightly offset parallel traverse (with offsets typically < 10 um, but
up to 30 um to avoid surface imperfections) to evaluate stratigraphic and analytical precision. The
negative 8'*0 excursion was then further resolved between 4.88 and 7.44 mm above the transect base.
Over this 2.56 mm interval, an average stratigraphic sampling frequency of 9.2 um was ultimately
obtained (n =277).

The analytical procedure for data acquisition and reporting follows previous workers (Kita et al.,
2009; Kozdon et al., 2009; Orland et al., 2009; Valley and Kita, 2009; Kozdon et al., 2011; Orland et al.,
2012) and involved bracketing blocks of sample analyses (typically 6-10) by standard analyses (typically
4). The precision obtained among standard runs bounding each block of unknowns, was then assigned to
those unknowns. Precision of analyses is partially related to stability of the primary ion source. In
carbonate samples, the measured §'®0 decreases with secondary count rate (primary beam intensity). This
behavior is linear to the best of our knowledge. In an effort to compensate for sample measurements made
when the secondary beam intensity was significantly lower than those obtained for bracketing standards,
we calculated a linear correction based on the correlation between measured 'O and the count rate in the
standards and applied this correction to the data. The correction averaged -0.15 £ 0.14%o, with a range
between 0.20 and — 0.56%o, and significantly narrowed the spread of the data. We excluded 65 outlier
analyses with count rates less than 90% of those in the bracketing standards, or DTFA values (secondary
beam deflector x-y adjustments for sample geometry) exceeding +40 or -40. We also used secondary

electron imaging by scanning electron microscopy to examine each SIMS sample pit for aberrations in



shape and morphology, as well as intersections with other features (macropores, cracks, surface voids), as
similarly described by Orland et al. (2012). No sample pits were ultimately excluded from this evaluation.
The final data set consists of 384 analyses (Table S4). Analyses passing the quality-control criteria
(above) span an 11.2 mm interval, from 81.703 to 70.020 mm below the top CWN-4 reference datum.
This coverage represents about 85% of the distance over which SIMS measurements were attempted
(basal 13.6 mm of the SIMS chip). Rejected analyses were mainly from the uppermost 1.2 mm of the
transect and were rejected mainly on the basis of DTFA values. Over the 4-day analytical period for
SIMS analyses, we obtained an average precision of 0.36%o (2 SD; median: 0.34%o) for UWC-3 standard
measurements (47 brackets). Sixty-three replicate measurements (n = 131) made at the same elevation
along the transect, involving slightly laterally offset spots typically spaced 166 pm apart, had somewhat
better average precision of 0.29%o (2 SD; median: 0.27%o). All replicate measurements (58 duplicates, 5
triplicates) were made on at least two different days. These findings are consistent with along growth

band continuity in §'*0 values at the typical scale of lateral offset (10-30 um).

1.5. IRMS stable isotope analysis

Drip water hydrogen- and oxygen-isotope analyses for BD (n=17) and HOW (n=17) cave monitoring
localities were conducted at the Skidmore College Stable Isotope and Paleoclimate Analysis Laboratory
(SPA) using a Gas Bench Inlet interface to a MAT 253 Gas Isotope Ratio Mass Spectrometer. Precision
for replicates (n=8) of an internal check standard analyzed at the SPA Lab was better than 1.49 and 0.09
per mil for 8D and §"*0, respectively, based on twice the standard error. Average offsets between sample
duplicates in the SPA Lab were 3.56 and 0.12 per mil for 5D (n=3) and §'*0 (n=2), respectively. One BD
sample (10/25/14) producing anomalously heavy §'*0 and 8D values likely experienced evaporative
effects prior to analysis based on the presence of head space in its sample vial. We exclude this sample
from graphs and statistical calculations of this study, but include it in Table S1.

Stable isotope analyses of micromilled carbonate were performed at the University of Texas at Austin
on a Thermo-Finnigan MAT 253 attached to a Kiel IV carbonate device, using the modified method of
McCrea (1950). Conversion to the VPDB scale was accomplished by comparison to an external standard,
NBS-19 (8180 =-22+0.11%0; 8°C =1.95+0.04; n=71; Feng et al., 2014a) based on analyses of an
internal standard, Estremoz marble (6180 =-5.95%: 8"3C = 1.63%0, known relative to VPDB). Accuracies
and precisions (20) obtained on Estremoz marble analyses (n = 9), interspersed with runs of unknowns

were: 50 =-5.94 + 0.04%o; 5'°C = 1.67 £ 0.08; within analytical uncertainty of Feng et al. (2014b)



analyses on the same stalagmite (n = 18): "0 = -5.95 + 0.08%o; 8"*C = 1.63 + 0.03. Data for the F200

and M50 stable isotope transects are reported in Tables S5 and S6, respectively.

2. Deglacial Terminology

In the North Atlantic region, following the Last Glacial Maximum (LGM; ~23-19 ka, Ivanovic et al.,
2016), the Last Deglacial (~19-11 ka) involved a series of millennial-scale climate fluctuations between
cold stadial and warm interstadial periods, known as Dansgaard-Oeschger (D-O) events (Dansgaard et al,
1982; Johnsen et al., 1992). Expressions of these climate shifts vary in ice cores, terrestrial and marine
records, and have been variously termed accordingly. Some archive-specific terms have been widely
applied to other regions and are now deeply engrained in Quaternary literature. Scandinavian floral and
pollen records introduced the terms (old-to-young): Oldest Dryas (cold), Belling (warm), Older Dryas
(cold), Allerad (warm), and Younger Dryas (cold) (Iversen 1954; Mangerud et al., 1974). North Atlantic
marine sediment cores documented the occurrence of ice-rafted debris (IRD), substantially of Laurentide
origin, that define so-called Heinrich Events (Bond et al., 1992; Heinrich, 1988; Hemming, 2004; Hodell
et al., 2017). Heinrich events occur episodically within longer stadials, but do not span the entire stadial
period (Roche et al., 2004; Marcott et al., 2011). The term Heinrich Stadial (HS) has been widely used in
the literature to refer to the cold stadial period containing a particular Heinrich Event. Owing to their high
chronostratigraphic resolution, Greenland ice core records are regarded as best-resolved records of D-O
scale climate variability. The D-O events correspond to ice core oscillations in §'%0 and dust
concentration, as proxied by [Ca*'], with enriched 8'*0 intervals (and low [Ca?']) corresponding to warm
interstadials and depleted 8'°0 intervals (and high [Ca*']) corresponding to cold stadials, which appear to
follow changes in North Atlantic ocean-atmosphere circulation (Rasmussen et al., 2014). Heinrich events
only occur during depleted 8'*0 intervals associated with D-O coolings.

Following Rasmussen et a. (2014), we use terminology and ages (adjusted to years before 1950 CE)
introduced for Greenland Stadials (GS), Interstadials (GI) and maximum layer counting errors (MCE), as

defined and shown in Table S7 (below) to interpret CWN-4 deglacial history.

Greenland Stadial 2 (GS-2: 22,850-14,642 b2k): This stadial has been differentiated into three sub-events
based on slightly lower [Ca*'] in the middle sub-event. From young to old, these are: GS-2.1a from
17,430-14,642 with a MCE of 330 years; GS-2.1b from 20,850-17,430 BP with a MCE of 482; and GS-
2.1c from 22850-20,850 with a MCE of 574 years. Although defined from different archives, GS2.1a
closely overlaps with ages previously assigned to Heinrich Stadial 1 (HS1) and the synonymous Mystery



Interval (17.5 to 14.5 ka) of Broecker and Barker (2007). The term Oldest Dryas has also been applied to
this cold stadial interval, but this period is poorly defined and not subsequently used. Within HS1, Hodell
et al. (2017) constrained the age of two Heinrich Events in the polar North Atlantic, a larger event (H1.1)
at ~16.2 ka (17.1-15.5 ka) when the North Atlantic was already cold and AMOC had weakened and a
later smaller event (H1.2) at ~15.1 ka (15.9-14.3 ka) associated with lesser cooling.

Greenland Interstadial 1 (GI-1: 14,692-12,896 b2k): This generally mild climate period is synonymous
with DO-1 and (as a non-archive specific term) the Bolling-Allerad (BA). The occurrence of three short
cooling episodes (negative 8'*0 excursions) allows for further differentiation of GI-1 as events GI-1d, GI-
1c2, GI-1b. Cooling events within the BA have been previously recognized (e.g., Intra-Bglling cooling
event, Older Dryas, Intra-Allered cooling event), but they are not present in all records and accordingly
there is potential confusion in comparing records regionally. Cooling events at ~14.1, 13.8 and 13.3 ka
have been recognized in North Atlantic and Cariaco Basin records (Obbink et al., 2010), and likely
correspond to GI-1d, GI-1¢2, GI-1b events (Fig. 10A, G).

Greenland Stadial 1 (GS-1: 12,896-11,703 b2k): This cold period is synonymous with Heinrich Stadial 0
(HSO0) and the Younger Dryas (as a non-archive specific term).

Table S7. Onset dates of Greenland Stadial and Interstadial events (from Rasmussen et al., 2014)

Event Age (before 2000) Age (before 1950) MCE* (years)

Start of GS-1 12,896 £4 12,846 138 ~Base Younger Dryas
Start of GI-1a 13,099 13,049 143

Start of GI-1b 13,311 13,261 149

Start of GI-1cl 13,600 13,550 156

Start of GI-1c2 13,660 13,610 156

Start of GI-1c3 13,954 13,904 165

Start of GI-1d 14,075 14,025 169

Start of GI-1le 14,692 + 4 14,642 186 ~Base Belling-Allered
Start of GS-2.1a 17,480 17,430 330 ~Base HS1

Start of GS2.1b 20,900 20,850 482

Start of GS-2.1c 22,900 22,850 573

Start of GS-2.1 23,020 22,970 583

*Maximum counting error



3. Geochronologic uncertainties of deglacial proxy records

This section compiles information for deglacial proxy records that provides details of geochronologic
uncertainties and proxy interpretation. This information supplements that provided in the main text in
Section 5.7, Table 2, and Figures 10-11. The compared proxy records have variable age control and
precision, by U-series and AMS radiocarbon geochronology. As an index of age control over the 14.75-
14.54 ka HBO event in CWN-4, for each record we document the number, calendar year ages, and
uncertainties occurring over the 15-14 ka interval, or for records with sparse age control the ages and
uncertainties of dates immediately bracketing the 15-14 ka interval (cf. Table 2). Unless otherwise

specified, age uncertainties are reported at the 2-sigma confidence interval.

General geochronologic constraints. U-series dating of marine (e.g., coral) and terrestrial (e.g.,
speleothem) carbonate are capable of precisions on the order of a few decades, but require knowledge or
an accurate estimate of the initial *°Th/***Th activity ratio for age correction (Dorale et al. 2004).
Counting of annual layers in ice cores is subject to uncertainties related to compressed, cryptic or missing
layers (Table S7). Maximum counting errors are on the order of 330 years for Greenland Stadial 2.1a
(17.48-14.69 ka), which we consider as equivalent to HS1, and 140-190 years for Greenland Interstadial 1
(14.69-12.90 ka), which we consider as equivalent to the BA (Rasmussen et al., 2014). Accelerator mass
spectrometry (AMS) radiocarbon measurements of fossils provide a basis for age determinations in many
marine deglacial proxy records. Although the uncertainty due to calibration from radiocarbon to calendar
years has improved over time for this method, the time interval spanning the transition from HS1 to the
BA is associated with a plateau in marine radiocarbon reservoir evolution that corresponds to '*C age
uncertainties on the order of 400 years (e.g., INTCAL9S, INTCALO4, INTCALO09, INTCAL13; Stuiver et

al., 1998; Reimer et al., 2004, 2009; 2013) for typical analytical uncertainties of the measurement.

AMOC records

AMS '"C dates on planktonic foraminifera provide critical age control for **'Pa/*°Th samples
spanning the transition to vigorous AMOC circulation between HS1 and the BA. Age uncertainties are 2-
sigma, in addition to a 400-yr reservoir conversion shift from radiocarbon years to calendar years. Age
control for the three best-resolved records consists of: 1) Bermuda Rise. Four AMS 'C foram dates of
16.10+0.05, 14.52+0.05, 14.40+0.05 and 13.92+0.05 ka constrain the 14.66-14.51 ka interval of fastest
31pa/ Th decrease (McManus et al., 2004; Bohm et al., 2015); 2) Ceara Rise. Three foram low-
precision AMS "“C dates of 16.19+0.27, 14.48+0.34 and 12.36+1.48 ka loosely constrain the 15.06-14.42
ka interval of fastest fastest *'Pa/**°Th decrease (Ng et al., 2018); 3) Brazil Margin. Three foram AMS
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14C dates of 14.92+0.08, 14.45+0.11and 13.95+0.08 ka constrain the 14.57-14.11 interval of fastest
31pa/* Th decrease (Mulitza et al., 2017). The age of the HBO event in the CWN-4 record (14.75+0.08
to 14.54+0.08 ka) coincides, within analytical uncertainties, with the transition to reinvigorated AMOC in
all of these Western Atlantic deglacial records.

A recent evaluation of sedimentary #*'Pa/*°Th (Ng et al., 2018) from 13 Atlantic localities (Fig 10B —
purple dashed curve), including the localities above, adjusted to a common chronology, verifies that
coherent millennial-scale changes in deep Atlantic circulation strength occurred during the deglacial
period, particularly in West and deep high-latitude North Atlantic sites directly downflow of NADW
production (Fig. 9, blue arrow). The composite **'Pa/*°Th curve supports two phases of AMOC
weakening during HS1, an early phase (~19-16.5 ka) coincident with melting and iceberg discharge from
Eurasian ice sheets and a later phase (~16.5-15 ka) coincident with LIS iceberg rafting in the Labrador
Sea, and (classical) Heinrich Event 1. However, the transition to reinvigorated AMOC that characterizes
the BA predates the HBO and MWP-1a by several hundred years (Fig. 10 B,F). In the composite smooth,
maximum **'Pa/*°Th values of 0.090 occur at 15.5 ka, followed by a fairly linear reduction to values of
0.066 by 14.1 ka. As the curve is based on a 9- point moving average, with variable age control density
largely from AMS '“C on foraminifera, and the integrated site records have considerable variation in

31pa/* Th values, the precise timing of reinvigorated AMOC is likely blurred in this composite record.

MWP-1a records (non-Tahiti)

Barbados. MWP-1a was initially identified from Barbados »*°Th/U dated coral records in drill core as
a ~20 m sea-level rise between between 14.1 and 13.6 ka (Fig. 10E), inferred between the timing of reef
drowning and establishment of the next reef succession (Fairbanks 1989; Bard et al., 1990; Stanford et al,
2006; Fairbanks et al., 2005; Peltier and Fairbanks, 2006). Thirteen 2*°Th/U datums with average
uncertainties of 0.044 ka constrain the 15-14 ka interval of the coral record (Fairbanks et al., 2005; Peltier
and Fairbanks, 2006), but the timing of initial deepening associated with MWP-1a has proven
controversial, possibly because coral samples were selected for optimal preservation rather than the
shallowest or deepest coral present (see discussions in Liu and Milliman 2004 and Deschamps et al.,
2012, supplement). Reappraisal of these coral records by Liu and Milliman (2004) interpreted an earlier
MWP-1a onset between 14.3 and 14.1 ka. More recent Barbados coral studies of drill cores may constrain
MWP-1a between 14.6 and 13.9 ka (Mortlock et al., 2010, in Biller, 2012).

Gulf of Mexico. A sea-level curve established for the northern Gulf of Mexico from radiocarbon-
dated paleoshoreline indicators indicates an abrupt ~20 m sea-level rise between 15-14 ka (Balsillie and
Donaghue, 2004). We do not show this record because the >14 ka portion of the curve is dominated by

the Barbados coral record samples (Fairbanks 1989, 1990).
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Sunda Shelf, Indonesia. The Sunda Shelf sea level record, established from AMS “C-dated mangrove

organic material, shows a sharp sea level rise between 14.94 and 14.14 ka (Hanebuth et al., 2000).
Although this record is constrained by lower precision radiocarbon dates (n=17), with ~0.41 ky 1-sigma
uncertainties, the dates correspond with the recognized marine reservoir '*C plateau that includes the
Bolling period (Deschamps et al., 2012).

Huon Peninsula, Papua New Guinea. The oldest post-glacial coral reef sequence sample in the Huon

Peninsula sea-level record, marking new coral reef establishment the end of MWP-1a, has an upper U-Th
age constraint of 14.56+0.05 ka (Edwards et al., 1993; Cutler et al., 2003).
Hawaii. The U-Th dated Hawaii coral record indicates that reef drowning associated with the

initiation of MWP-1a began at 14.74 + 0.09 ka (sample T291-R16, Webster et al., 2004).

WNA speleothems geochronologic uncertainties

Over the HBT deglacial time interval, age control for the Fort Stanton (FS) New Mexico speleothem
record is provided by six 20Th ages of 15.15+0.11, 14.75 £ 0.07, 14.57 £ 0.07, 14.44 £ 0.08, 14.08 =
0.07, 14.06 £ 0.13, 14.10 £ 0.18, and 13.75 = 0.06 ka (Asmerom et al., 2010). Age control for the HBT
interval of the Cave of the Bells (CB) Arizona speleothem record is less constrained by three **°Th ages

of 16.75 +0.12, 14.64 £ 0.11, and 13.14 + 0.22 ka (Wagner et al., 2010).

Cariaco Basin geochronologic uncertainties

Age control for the Cariaco Basin sediment reflectivity record is constrained by 20 low-precision
AMS '"C dates on planktonic forams using a 420 year reservoir correction age (Hughen et al., 1996).
Three crucial dates bracket the HBT: 15.70 (+0.95/-0.78), 14.80 (+1.10/-0.83), 13.81 (+0.22/-0.22)
(Williams et al., 2012 supplement; calibration to calendar years based on Reimer et al., 2010). In the
model age conversions (Hughen et al., 1996 supplement), 2G uncertainties of 0.164 kyr are associated

with 29 proxy measurements over the 15-14 ka interval.

Indo-Asian speleothem record geochronologic uncertainties

Socotra Island, Yemen. Two **°Th ages with relatively large uncertainties (14.53+0.12; 14.43+0.17

ka) bracket a rapid (decades) 1-2%o 5'*0 depletion event centered at 14.51 ka in stalagmite M1-5 from
Moomi Cave (Shakun et al., 2007). Although defined from relatively few §'*O values (n=6) with
considerable scatter and large age uncertainties, the excursion falls between 14.65 and 14.26 ka.

Northern India (Timta Cave). This stalagmite records the HBT as a 2%o negative 8'*0 excursion

between 15.2 and 14.3 ka (Sinha et al., 2005). Two ?*°Th ages with high uncertainties (14.58+0.41;

14.22+0.23 ka) loosely constrain the excursion event. The negative 5'*0 excursion can be subdivided into
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older and younger segments separated by a plateau of 'O values centered at ~14.7 ka. The HBO in
CWN-4 better corresponds with the plateau and younger excursion event (~14.7-14.38 ka)

South China (Dongge Cave). The HBT interval in stalagmite D4 coincides with a negative 8%0

excursion (Dykoski et al., 2005). The initial rapid portion of the excursion between 14.76 and 14.57 ka
(n=6) spans -1.8%o within 189 years, and overlaps the HBO in the CWN-4 record. Age control for the
rapid excursion interval comes from four low-precision “**Th dates of 15.91+ 0.21, 14.84+0.1,

14.12+0.10, and 13.64+0.10 ka.

Central China (Sanbao Cave). Stalagmite SB3 from central China shows a broad 8'*0 decrease across

the transition from HS1 to the BA, with a narrow interval of rapid decrease at 14.74 - 14.54 (£0.10). Age
control for the intervals of interest comes from three *°Th dates of 17.7+0.10 ka, 15.1£0.10, and
13.540.10 ka (Wang et al., 2008).

Eastern China (Hulu Cave). Hulu Cave stalagmites demonstrate a rapid decrease in 5'*0 across the

HS1-BA transition from 14.74-14.54 ka that are constrained by >**Th ages, which demonstrate annual
banding (Wang et al., 2001). For stalagmite H82, age control for the interval of interest derives from two
239Th dates of 15.86+0.06 ka and 14.56+0.07 ka). For stalagmite YT, age control derives from two »*°Th
ages of 16.07+0.11 ka and 11.00+0.10 ka).

Circum-Gulf of Mexico Locality Geochronologic Uncertainties
Northeast Mexico. For the sedimentary record for El Potosi Basin (Roy et al., 2016), two AMS '*C
dates on bulk OM with median calibrated ages (IntCal_13; Reimer et al., 2013) of 19.69+0.10 and

13.89+0.06 ka provide sparse age control for the HS1-BA transition, as proxied by sedimentary Ti (%)
variation.

Bahamas. In a §'*0-based temperature record from four stalagmites (Arienzo et al., 2015, 2017),
three low-precision *Th ages (14.90 £ 0.17, 14.87 + 0.18 and 14.47 + 0.17 ka) provide age control for
the HS1-BA transition. The overall §'*0 record demonstrates decrease (2.4%o) from 15-14 ka, with a
particularly rapid 2%o decrease 14.98-14.96 ka

Central Florida. In the Lake Tulane pollen record from central Florida (Grimm et al., 2006), age

control over the HS1 to the BA interval is loosely constrained by four AMS '*C dates on bulk sediment,
with calendar ages (INTCALO4, Reimer et al., 2004) of: 16.24+0.70, 13.94+0.60 (not used in the age
model), 15.14+0.60, and 13.94+0.70.

Western Cuba. The age model for the HS1-BA (17.5-12.9 ka) portion of the Stalagmite CM record
from western Cuba (Warken et al., 2019) is constrained by six low-precision U-series dates (MC-ICP-

MS: 20.11+0.19; 16.39+0.17, 15.89+2.13, 14.55+0.42, 13.00+0.16 ka; TIMS: 9.29+0.23).
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