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Ice core oscillations and abrupt climate 
changes: part 3—large-scale oscillations 
within biblical Earth history
Michael J. Oard

The Antarctic1 and Greenland2 Ice Sheets formed after 
the Flood, building up especially during the post-Flood 

Ice Age. How do creation scientists explain these ice sheets, 
especially the difference between the East Antarctic Ice 
Sheet and the other two ice sheets? This part 3 will offer 
an explanation for the large-scale features and correlated 
variables, while part 43 will delve into the explanation of 
the ‘millennial-scale oscillations’.

Greenland and West Antarctica ice 
cores show only one ice age

The Greenland ice cores (see part 1, figures 11 to 14)1 
mainly show only one ice age. It is the same on the West 
Antarctic Ice Sheet. The Byrd ice core (part 2, figure 2) 
shows one ice age while the WAIS Divide ice core shows 
only about half the Ice Age. The bottom 300 m of these ice 
cores have been variously interpreted. The oxygen isotope 
ratio in the bottom fluctuates considerably.4,5 Scientists were 
quick to claim that the bottom of the GRIP ice core was from 
the ‘previous interglacial’, the Eemian in Europe and the 
Sangamon in North America. Dansgaard et al. even dated 
the GRIP ice core to 250,000 years (within their uniformi-
tarian worldview) showing not only the previous intergla-
cial, but also the previous glacial and interglacial, based 
on oxygen isotope fluctuations!6 And the previous claimed 
interglacial also had abrupt climate changes,7 which would 

suggest that the present climate could have abrupt changes 
also (see part 4).3

However, it was later discovered that the bottom 10% of 
the GRIP ice core was disturbed and therefore they could 
only date it to about 110,000 years, the beginning of the 
‘last’ ice age within their paradigm.8 It is readily admitted 
that the nearby GISP2 core has disturbed bottom layers 
also.9 It was deduced that the bottom 10% of the two ice 
cores were deformed and mixed as the ice sheet moved. 
Such deformation in the centre of the Greenland Ice Sheet 
with its cold bottom temperatures, colder than the pressure-
melting point, was a surprise: “their occurrence hundreds of 
metres above the bed in the central region of an ice sheet has 
surprised many workers.”10 The reason for such deforma-
tion is unknown. Therefore, the dating is now considered 
reliable only to about 105,000 years,11 although the GISP2 
ice core is claimed to have annual layers dated to 110,000 
years.1 Oxygen isotope changes near the bottom of the cores 
do not represent abrupt climate changes, but deformation. 
However, the oxygen isotope ratios in some of the deformed 
ice do indicate temperatures about 5°C warmer at the begin-
ning of the ‘last’ ice age.

Because of the disturbed bottom few hundred metres of 
ice in GRIP and GISP2, European scientists drilled North-
Grip (NGRIP) (part 1, figure 1)1 about 325 km north-north-
west of the GRIP ice core. They believed that the bottom of 
the Greenland Ice Sheet was well below freezing.12 Thus, the 
glaciologists expected undisturbed Eemian interglacial layers 

The Greenland and West Antarctic ice cores show only one ice age. The bottoms of the ice cores show quite warm 
temperatures, which are expected in the Creation/Flood/Ice Age framework. Because of the bedrock elevation of the sites 
of the Greenland cores at the beginning of the Ice Age and their distances to warm water, ice did not start accumulating 
at those locales until about 175 years after the Flood. Those at Byrd and WAIS Divide delayed until about 200 and 300 
years, respectively, because of their initial bedrock altitudes. The bedrock elevations for the ice core locations on East 
Antarctica were above 900 m and so ice started accumulating within 50 years of the Flood. It appears that the bottom 
1,500 m of ice on East Antarctica built up within 200 years of the Flood with an accumulation rate of about 10 m/yr. 
Comparing this rate with snowfall analogues today shows that 10 m/yr is consistent with the unique climate conditions 
of Antarctica and the warm ocean water offshore. The deuterium isotope oscillations, and all the variables correlated to 
it, can be explained by decadal volcanic peaks and lulls in the Southern Hemisphere for the first 200 years. Two pieces 
of evidence show that the ice sheets built up quickly not that long ago.
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above bedrock.13 They were surprised to find that the bottom 
of the ice core was melting at 7 mm/yr, and that the Eemian 
was mostly missing. Because of melting, the bottom ice on 
flat bedrock was not disturbed, although mysterious, large 
200 m amplitude folds, based on radio-echo layers, occur.14 
They dated the bottom to 123,000 years ago, the very end 
of the ‘previous interglacial’ and the beginning of the ‘last’ 
ice age. The beginning of the last ice age did not begin with 
an abrupt cooling, just a gradual cooling to about 119 ka 
with abrupt warming at 115 ka during the Ice Age, which 
was the time of a strong Milankovitch radiation minimum at 
65°N.15 This is the opposite of what should have occurred if 
the Milankovitch theory were true and their dating correct.

European scientists were anxious to find Eemian ice to 
better understand interglacials, such as the Holocene. They 
then drilled another deep ice core to the bedrock, north-west 
of NGRIP, abbreviated NEEM.16 The bottom of this ice 
reached what they believed to be the Eemian interglacial at 
128,000 years ago, although the bottom ice was disturbed 
and folded. During this supposed interglacial, researchers 
claimed that the temperature at which the ice was deposited 
was about 8°C warmer than today.17 The researchers con-
sidered that this temperature was caused by a much warmer 

previous interglacial than today’s interglacial, which, like 
before, provides fuel for the global warming scare. Climate 
models do not support such warm temperatures, and these 
high oxygen isotope ratios have been called a ‘paradox’.17

The large-scale plots of oxygen isotope ratios with depth 
in the Greenland and Byrd ice cores show warmer begin-
ning temperatures, just before the single post-Flood Ice 
Age, as expected in the biblical Ice Age model. But in their 
paradigm, such warm temperatures are a mystery to them. 
Because the bedrock where GRIP, GISP2, NGRIP, NEEM, 
and Camp Century were drilled would be of relatively low 
elevation right after the Flood with a surrounding warm 
ocean, these areas would not glaciate for a while. The 
mountains of Greenland would glaciate right away, but the 
lowlands probably glaciated 100–200 years after the Flood 
(see part 1, figures 17 to 19).1

How are the East Antarctic ice cores explained?

The deep ice cores drilled on the East Antarctic Ice Sheet 
are much different from the Greenland and West Antarctic 
ice cores. How are the large oscillations in deuterium isotope 
ratio and the claimed old ages to be explained? Based on 

methane correlations of the ice cores 
between the hemispheres, it looks like 
the top 1,600 m of the East Antarc-
tic ice cores correspond to the whole 
depth of the ice cores on Greenland 
and the Byrd ice cores. So, it appears 
that the bottom approximately 1,500 
m of ice in the Dome C, Vostok, and 
Dome F ice cores formed before the 
other ice two ice sheets began. This 
seems to be the only logical way to 
explain the deeper part of the East 
Antarctic ice cores, which implies 
very heavy accumulations early in 
the Ice Age. How heavy?

I will focus on Dome C, since it 
is claimed to have eight glacial/inter-
glacial oscillations. If ice began to 
accumulate at the location of Dome 
C soon after the Flood, then 1,500 m 
of ice had accumulated up to 100–200 
years before the start of the Greenland 
and West Antarctic Ice Sheets. Thus, 
1,500 m of ice built up in at most 200 
years for an average accumulation of 
7.5 m/yr. If the difference in timing 
between the start of lowland Green-
land accumulation and East Antarctica 

Figure 1. Ice thickness increase with time for the Dome C ice core within biblical history. Note the 
very rapid rise within about 200 years.
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accumulation was less than 200 years, the ice accumulation 
rate would be larger than 7.5 m/yr. But including thinning 
by the weight of ice above for 4,500 years, the accumulation 
rate was probably around 10 m/yr or more (figure 1). Note 
that 10 m/yr is an average with more thinning the deeper 
in the ice. So, the ice accumulation rate could have been 
near 20 m/yr at the very start of the Ice Age, tailing off to 
around 5 m/yr within 200 years. It also means that most of 
the major changes in the deuterium isotope ratio occurred 
within the first 200 years of the Ice Age on East Antarctica. 
Is this possible?

In the biblical Ice Age model, the Antarctic Ice Sheets 
started on the high terrain. Cirques, bowl-shaped amphi-
theatre-like depressions seen in the mountains by ice-pene-
trating radar, are evidence of mountain glaciation that also 
occurred at the beginning (figure 2). Such cirques imply 
quite warm temperatures at lower elevations:18 “We found 
maximum, minimum and average coastal temperatures of 
27.8°C, 16.3°C, and 21.6°C.”19 These numbers were pro-
jected downward from 2.4 km by assuming cirque tempera-
tures at about 4°C during the start of glaciation and using a 
standard lapse rate for high latitudes. The lapse rate is the 
rate of cooling as the altitude increases. Such warm tempera-
tures are unheard of for Antarctica, but they are expected 
in the biblical Ice Age model, due to the warm ocean water 
surrounding Antarctica. The offshore temperature could have 
been as high as 30°C, the average assumed for the whole 
ocean at the beginning of the Ice Age.20

Because of volcanic aerosols high in the atmosphere and 
the fact that Antarctica straddles the South Pole, tempera-
tures over the higher land would have quickly fallen below 
freezing and glaciation likely would have begun within 50 
years. With the cold air over Antarctica adjacent to a warm 
ocean, a very strong horizontal average temperature differ-
ence was likely present near the coast. By the thermal wind 
equation, the strongest winds aloft would have been above 
the strongest horizontal temperature difference. Thus, the 
storm tracks would be just offshore of Antarctica early in 
the Ice Age (figure 3). Numerous storms would continually 
move east around Antarctica, generally in a circle at about 
65°S latitude.

Because West Antarctica was about half ocean and half 
mountains early in the Ice Age, the main storm track would 
have sometimes passed through West Antarctica. Once West 
Antarctica was totally glaciated, the main storm track would 
have become nearly circular. As the Ice Age progressed, the 
average storm track slowly shifted from 65°S, northward 
into middle latitudes by the Antarctica Ice Age maximum. 
The storm track occasionally dipped further northward to 
produce ice caps on the Andes Mountains, the mountains 

Figure 2. Cirque formed during the Ice Age in the Colorado Rocky 
Mountains

Figure 3. Postulated major (solid line) and minor (dotted line) storm 
tracks around Antarctica early in the Ice Age (drawn by David Oard and 
enhanced by Melanie Richard)
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of New Zealand, Tasmania, and the highest mountains in 
south-east Australia.

The cold air in the storms would have come from Ant-
arctica and picked up abundant moisture just offshore. Such 
warm offshore temperatures would have been slow to cool 
because of the larger ocean/land distribution in the Southern 
Hemisphere, and the cold air to cool the ocean would have 

come mainly from Antarctica. The highest precipitation in a 
storm was in the cold sector, mainly over Antarctica. There-
fore, the snow and ice on Antarctica accumulated rapidly. 
Figures 4 to 9 show the postulated snow and ice accumulation 
on Antarctica for 50, 100, 200, 300, 400, and 500 years after 
the Flood, respectively, assuming the same bedrock heights 
as today with no correction for isostatic effects.

Figure 6. Postulated snow and ice on Antarctica after 200 years (by 
Melanie Richard)

Figure 7. Postulated snow and ice on Antarctica after 300 years (by 
Melanie Richard)

Figure 4. Postulated snow and ice on Antarctica after 50 years (by 
Melanie Richard)

Figure 5. Postulated snow and ice on Antarctica after 100 years (by 
Melanie Richard)
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Present-day snow records

Could East Antarctica have sustained an average ice 
accumulation of 10 m/yr for about 200 years? Comparing 
the snowfall at some locations around the world today may 
help us visualize that this accumulation rate is possible under 
the unique post-Flood Ice Age climate.

The greatest average snowfall in the world, year after year, 
occurs in north-west Japan in winter. The lower elevations 
receive about 6 m/yr and the higher elevations over 13 m/yr 
of snowfall (figure 10).21 The Cascade Mountains of western 
Washington State, USA, receive nearly the same snowfall. 
The world record snowfall is Paradise Ranger Station, Mount 
Rainier, in Washington State, which received, from Febru-
ary 19, 1971, to February 18, 1972, 31.1 m of snowfall.22 
Snowfall is not the same as snow depth, which represents 
the compressed snow.

The high snowfall in Japan is caused by cold, dry winds 
coming from Siberia, blowing over the Sea of Japan, 
and picking up abundant moisture that slams into north-
west Japan. The mechanism is similar to the lake effect 

snowstorms around the Great Lakes of North America, but 
in the case of Japan, it is a sea effect. The winter sea surface 
temperatures in the Sea of Japan are not conducive to great 
evaporation, ranging from about 3°C close to Siberia to 12°C 
near the north-west coast of Japan in December, cooling to 
1°C near the north-west coast of Siberia to about 8°C off 
Japan by the end of the winter.21 Snow for the Washington 
Cascade Mountains comes from mid-latitude winter storms 
with a sea surface temperature off the Washington coast 
around 8–12°C.

The average snowfall and precipitation at Paradise Ranger 
Station at the 1,646 m level of Mount Rainier from October 
to March, the period of the main accumulation, is shown in 
table 1.23 A small amount of this precipitation is rain, but 
with a snow cover it would mostly be added to the water 
equivalent of the snow pack.

The situation would have been similar though different 
over Antarctica and the surrounding ocean compared to Japan 
or Washington state. The meteorological dynamics over 
Antarctica were similar for north-west Japan in that cold air 

Figure 8. Postulated snow and ice on Antarctica after 400 years (by 
Melanie Richard)

Figure 9. Postulated snow and ice on Antarctica after 500 years (by 
Melanie Richard)

Month October November December January February March Total

Precip. 0.25 0.41 0.46 0.44 0.31 0.30 2.17

Snowfall 0.7 2.1 3.0 3.3 2.4 2.7 14.2

Table 1. The average precipitation and snowfall at Paradise Ranger Station at the 1,646 m level from 1916 to 2016 in metres
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from Antarctica would have blown out over the ocean and 
caused rapid evaporation. One difference is that Antarctica 
would have received snow all year around, while it snows 
at Mount Rainier for only about half a year. So, if the pre-
cipitation were the same in the summer six months at Mount 
Rainier as the winter six months, the total precipitation in 
water equivalent would be 4.34 m, which amounts to 4.72 m 
of ice accumulation. The record year at Mount Rainier with 
31.1 m of snowfall would have been close to 10 m/yr of ice 
accumulation. Another difference is the sea surface tempera-
tures off Antarctica would have been much warmer than the 
Sea of Japan and the Pacific Ocean off Washington state in 
winter. The warmer the water, the more the evaporation.

Decadal volcanic oscillations can  
explain the major ice core oscillations

I consider that the deuterium oscillations in the first 200 
years of the East Antarctic Ice Sheet were caused by decadal 
oscillations of volcanism during the post-Flood Ice Age 
(figure 11). The large-scale deuterium isotope fluctuations 
likely occurred in one or two decades with ice accumulation 
rates of 10 m/yr in the bottom 1,500 m of the East Antarctic 
ice cores. During periods of high volcanism in the Southern 
Hemisphere, low deuterium isotope ratios likely were pro-
duced and vice versa for lulls in volcanism. The climatic 
effects of each hemisphere are semi-independent with tropical 
eruptions spreading into both hemispheres.24 But extratropical 
eruptions produce 80% more cooling than tropical eruptions, 
and the aerosols mostly remain in that hemisphere.

There are more deuterium oscillations at Dome C and 
Dome F than in the Greenland and Byrd ice cores because 
East Antarctic ice cores started building quickly after the 
end of the Flood. But Vostok started later than Dome C and 
records only four ‘glacial/interglacial oscillations’ because 

the Vostok ice core was drilled over a large deep lake, delay-
ing ice build-up.

The variables correlated with isotopic ratios

How are so many other variables correlated to the isotopic 
ratio fluctuations, such as calcium, sodium, methane, carbon 
dioxide, and dust (see part 2, figure 8)? During enhanced 
volcanism, more sunlight is reflected back to space caus-
ing colder continental temperatures. Colder air blowing out 
over the warm oceans increased the cooling rate of the ocean 
surface, causing more evaporation and vertical motions in 
the oceans. The colder the sea surface temperature, the more 
the absorption of CO2 occurs, since there is an equilibrium 
balance between the atmosphere and the surface layer of 
the ocean. Furthermore, volcanic ash and dust contain iron, 
which is a major limiting factor for plankton growth in most 
of today’s oceans. After the Flood, the combination of stron-
ger upwelling and the addition of iron from volcanism likely 
resulted in great phytoplankton blooms. The phytoplankton 
are at the bottom of the oceanic food chain and take in carbon 
dioxide. As these organisms die, they sink to the bottom, tak-
ing the carbon dioxide with them. This is called the biologi-
cal pump.25 This would have depleted the surface layer of 
CO2 causing more absorption of CO2 from the atmosphere.

Colder air temperatures after the Flood resulted in greater 
wind velocities, which picked up more continental dust, as 
measured by the higher calcium ion concentration. Strong 
winds over the oceans would have picked up more sea spray 
with more sodium ions ending up in the atmosphere.

Although there are many sources, methane in ice cores 
likely came from tropical and polar wetlands. The addition 
of methane to the atmospheric is correlated to temperature. 
Methane oscillates by about 200 to 400 ppbv and is anti-
correlated with deuterium isotope ratios in the East Ant-
arctic ice cores.26 That is because during intervals of low 

Figure 11. Postulated Ice Age volcanism with peaks and lulls in general 
decreasing activity with time to glacial maximum39

Figure 10. Snow walls on Tateyama Kurobe Alpine Route, Japan, that 
connects the Japanese municipalities of Tateyama and Omachi
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deuterium isotope ratios, indicative 
of cooler temperatures, less methane 
enters the atmosphere from the wet-
lands and vice versa with high deute-
rium isotope ratios.

Evidence of the rapid  
build-up of the ice sheet

There are several indicators that 
suggest the ice sheet built up rapidly. 
The most powerful indicators are the 
little amount of erosion of the moun-
tains and thick volcanic layers.

Little erosion in the mountains

One indicator of rapid ice sheet 
build-up is that little erosion is evident 
on the mountains below the ice. For 
instance, the Gamburtsev Mountains 
are located below the centre of the Ant-
arctic Ice Sheet and are about 1,200 km 
long, about the length of the European 
Alps. A recent airborne radar survey, 
completed in early 2009, penetrated 
through the ice and showed isochro-
nal ice layers, likely caused by vol-
canic acids, and the basal topography 
beneath the ice. The remote sensing 
data revealed a jagged mountain land-
scape with sharp peaks and high relief, 
similar to the Alps.27 The relief aver-
ages 2.25 km but is up to 4 km along 
the edges of the mountain chain. The 
radar survey exposed a major problem: 
the mountains showed little evidence of 
glacial erosion:

“Reporting this week in the journal Geophysical 
Research Letters, an international team of scientists 
describe how they were surprised to discover that the 
Gamburtsev Subglacial Mountains show little sign 
of erosion, and that its saw-toothed towering crags 
resemble the modern ranges like the European Alps 
or Rocky Mountains.”28

If the ice sheet was millions of years old, there should 
be abundant evidence of ice-sheet erosion. This calls into 
question the age of the ice sheet.

The researchers attempt to claim that the ice sheet has 
been cold-based so that little erosion would have occurred. 
The ice sheet is not cold-based today, so why should it be 
cold during the 14 Ma it supposedly has been thick? During 

build-up supposedly 34–14 Ma ago, the ice likely would 
have been warm based. Besides, the Gamburtsev Moun-
tains supposedly existed over 100 Ma before the Antarctic 
glaciation,29 so should have been well eroded by weathering, 
fluvial erosion, etc. Although secular scientists are searching 
for explanations, the direct implication is that there has not 
been enough time to erase sharp peaks.30

Thick volcanic layers

When we analyze tephra layers in the East Antarctic ice 
cores, plotted with depth, we see very few layers in the bot-
tom 1,000 m.31 Since the bottom 1,000 m in the deep ice 
cores represents much more time in the uniformitarian model, 

Figure 12. Tephra layers in the Antarctic Dome Fuji, Vostok, and Dome C cores, along with the 
deuterium isotope ratios from Dome C, as a function of uniformitarian age assignment (above) 
and depth (below) (courtesy of Jake Hebert of ICR). Dashed lines indicate greatest approximate 
ages/depths of core sections that were inspected for tephra layers. Dark tephra bands indicate 
multiple, closely spaced tephra layers. Not shown are two ‘extraterrestrial’ dust layers between 
400 and 500 ka in the Dome Fuji and EPICA Dome C cores.
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than the ice above, the tephra layers show a near absence of 
volcanism reaching the ice sheet from 800 to 200 ka. There 
is an abundance of tephra layers from 200 ka to the present 
(figure 12). This makes no sense if each major deuterium 
isotope oscillation represented a separate ice age of 100 ka 
long. These observations make more sense when we place 
the tephra layers into the rapid, early build-up of the East 
Antarctic Ice Sheet in the biblical Ice Age model.

Jake Hebert of the Institute for Creation Research has 
also documented the stretched-out timescale of the Green-
land cores from a PBS show featuring Bill Nye examining 
a Greenland ice core.32 Nye noticed a tephra layer at about 
the 27,000-year level that spanned, unbroken with no gaps, 
15–17 years. Another tephra layer in GRIP and GISP2 from 
a volcano that erupted about 10,300 years ago was spread 
out over seven ‘annual layers’.33 Volcanic eruptions are usu-
ally quick and rarely last more than a year. It is more logical 
to conclude that the uniformitarian interpretations of the ice 
cores greatly exaggerate the amount of time.

In the GRIP core, two cryptotephra layers at depths 
of 1727.75 m and 1734.00 m could not be distinguished 
geochemically.34 The 6.25 m of ice separating these two 

cryptotephra layers corresponds to 106 years within the uni-
formitarian timescale. It is unlikely these were two separate 
eruptions, indicating much faster ice deposition.35

The stretched-out timescales of the Greenland and Ant-
arctic Ice Sheets is also shown by chemicals that can be 
traced over multiple ‘years’. Such features show up with 
acids, presumed derived from volcanism. It was noted that 
the WAIS Divide core could be correlated to the timescale on 
East Antarctica by a 150-year-long acid deposition event.36 
In fact, it is generally observed that the measured widths 
of volcanic acid bands in years increases with depth in the 
WAIS Divide ice core (figure 13).37 The same broadening 
unexpectedly occurs with depth in the Dome C.38 Unifor-
mitarian scientists assume that the explanation for the thick 
acid layers is diffusion in the ice, but that cannot be the case 
for tephra that does not diffuse.

Conclusions

The Greenland and West Antarctic ice cores show one ice 
age that started with warm temperatures, just as expected in 
the Creation/Flood/Ice Age model. Based on the elevation 
of the bedrock below the ice cores at the start of ice build-
up, it is estimated that the ice did not develop in the ice core 
locations in the lowlands of Greenland until 150–200 years 
after the Flood. That is because of their low elevation and 
because Greenland was surrounded by warm ocean water. 
Also, Byrd and WAIS Divide did not start accumulating ice 
until 200 and 300 years, respectively, after the Flood. On 
the other hand, the deep ice cores on East Antarctica likely 
started accumulation within 50 years of the Flood. This dif-
ference in timing likely explains the bottom 1,500 m of ice 
accumulations on East Antarctica with supposedly about 600 
ka of deuterium isotope fluctuations due to differential vol-
canic dust loading in the Southern Hemisphere. The unique 
Creation/Flood/Ice Age model provides a solution to this 
rapid ice build-up with warm ocean water adjacent to a cold 
continent that straddles the South Pole. It can also explain the 
other variables correlated to the deuterium isotope ratios. The 
snowfall over north-west Japan and the Washington Cascade 
Mountains are a partial analogue for such rapid accumulation 
of ice on East Antarctica. A number of objective indicators 
indicate rapid deposition of ice: (1) the little erosion over the 
Gamburtsev Mountains, and (2) the thick tephra and volcanic 
acid layers in the ice cores.

References
1. Oard, M.J., Ice core oscillations and abrupt climate changes: part 1—Greenland 

ice cores, J. Creation 34(3):99–108, 2020.

2. Oard, M.J., Ice core oscillations and abrupt climate changes: part 2—Antarctic 
ice cores, J. Creation 35(1):70–77, 2021.

3. Oard, M.J., Ice core oscillations and abrupt climate changes: part 4—Abrupt 
changes better explained by the Ice Age, J. Creation (in press).

Figure 13. Measured widths of volcanic events converted to years 
based on thickness of volcanic acid layers (a) and the oxygen isotope 
ratio in per mil (b) for the Wais Divide ice core to 55 ka40



115

  ||  JOURNAL OF CREATION 35(2) 2021PAPERS

4. Greenland Ice-Core Project (GRIP) members, Climate instability during the last 
interglacial period recorded in the GRIP ice core, Nature 364:203–207, 1993.

5. Johnsen, S.J., Clausen, H.B., Dansgaard, W., Gundestrup, N.S., Hammer, C.U., 
Andersen, U., Andersen, K.K., Hvidberg, C.S., Dahl-Jensen, D., Steffensen, 
J.P., Shoji, H., Sveinbjörnsdóttir, A.E., White, J., Jouzel, J., and Fisher, D., 
The δ18O record along the Greenland Ice Coe Project deep ice core and the 
problem of possible Eemian climatic instability, J. Geophysical Research 
102(C12):26397–26410, 1997.

6. Dansgaard, W., Johnsen, S.J., Clausen, H.B., Dahl-Jensen, D., Gundestrup, 
N.S., Hammer, C.U., Hvidberg, C.S., Steffensen, J.P., Sveinbjörnsdottir, A.E., 
Jouzel, J., and Bond, G., Evidence for general instability of past climate from 
a 250-kyr ice core record, Nature 364:218–220, 1993.

7. Johnsen, S.J., Clausen, H.B., Dansgaard, W., Gundestrup, N.S., Hammer, C.U., 
and Tauber, H., The Eem stable isotope record along the GRIP ice core and its 
interpretation, Quaternary Research 43:117–124, 1995.

8. Landais, A., Chappellaz, J., Delmotte, M., Jouzel, J., Blunier, T., Bourg, C., 
Caillon, N., Cherrier, S., Malaizé, B., Masson-Delmotte, V., Raynaud, D., 
Schwander, J., and Steffensen, J.P., A tentative reconstruction of the last 
interglacial and glacial inception in Greenland based on new gas measurements 
in the Greenland Ice Core Project (GRIP) ice core, J. Geophysical Research 
108(D18):1–10, 2003.

9. Chappellaz, J., Brook, E., Blunier, T., and Malaizé, B., CH4 and δ18O of O2 
records from Antarctic and Greenland ice: a clue for stratigraphic disturbance in 
the bottom part of the Greenland Ice Core Project and the Greenland Ice Sheet 
Project 2 ice cores, J. Geophysical Research 102(C12):26547–26557, 1997.

10. Alley, R.B., Gow, A.J., Meese, D.A., Fitzpatric, J.J., Waddington, E.D., and 
Bolzan, J.F., Grain-scale processes, folding, and stratigraphic disturbance in 
the GISP2 ice core, J. Geophysical Research 102(C12):26819, 1997.

11. North Greenland Ice Core Project members, High-resolution record of 
Northern Hemisphere climate extending into the last interglacial period, Nature 
431:147–151, 2004.

12. Huybrechts, P., Basal temperature conditions of the Greenland Ice Sheet during 
the glacial cycles, Annals of Glaciology 23:226–236, 1996.

13. Cuffey, K.M., Into an ice age, Nature 431:133–134, 2004.
14. Dahl-Jensen, D., Gundestrup, N.S., Miller, H., Watanabe, O., Johnsen, S.J., 

Steffensen, J.P., Clausen, H.B., Svensson, A., and Larsen, L.B., The NorthGRIP 
deep drilling programme, Annals of Glaciology 35(2):1–4, 2002.

15. Vernekar, A.D., Long-period global variations of incoming solar radiation, 
Meteorological Monographs 12(34), American Meteorological Society, Boston, 
MA, 1972.

16. NEEM community members, Eemian interglacial reconstructed from Greenland 
folded ice core, Nature 493:489–494, 2013.

17. Landais, A., Masson-Delmotte, V., Capron, E., Langebroek, P.M., Bakker, P., 
Stone, E.J., Merz, N., Raible, C.C., Fischer, H., Orsi, A., Prié, F., Vinther, B., 
and Dahl-Jensen, D., How warm was Greenland during the last interglacial 
period? Climate of the Past 12:1933–1948, 2016.

18. Oard, M.J., Little erosion beneath Antarctica and Greenland Ice Sheets, 
J. Creation 30(1):11–14, 2016.

19. Rose, K.C., Ferraccioli, F., Jamieson, S.S.R., Bell, R.E., Corr, H., Creyts, T.T., 
Braaten, D., Jordan, T.A., Fretwell, P.T., and Damaske, D., Early East Antarctic 
Ice Sheet growth recorded in the landscape of the Gamburtsev Subglacial 
Mountains; Earth and Planetary Science Letters 375:1–12, 2013; p. 9.

20. Oard, M.J., Frozen in Time: Woolly mammoths, the Ice Age, and the biblical 
key to their secrets, Master Books, Green Forest, AR, 2004.

21. Steenburgh, W.J. and Nakai, S., Perspectives on sea- and lake-effect precipitation 
from Japan’s ‘Gosetsu Chitai’, Bulletin of the American Meteorological Society 
101(1):E58–E72, 2020.

22. Oard, M.J., Wonders of Creation: The new weather book, Master Books, Green 
Forest, AR, 2015.

23. wrcc.dri.edu/cgi-bin/cliMAIN.pl?wa6898.
24. Toohey, M., Krüger, K., Schmidt, H., Timmreck, C., Sigl, M., Stoffel, M., 

and Wilson, R., Disproportionately strong climate forcing from extratropical 
explosive volcanic eruptions, Nature Geoscience 12:100–107, 2019.

25. Hain, M.P., Sigman, D.M., and Haug, G.H., Carbon dioxide effects of Antarctic 
stratification, North Atlantic Intermediate Water formation, and subantarctic 
nutrient drawdown during the last ice age: diagnosis and synthesis in a 
geochemical box model, Global Biogeochemical Cycles 24(GB4023):1–19, 
1020.

26. Loulergue, L., Schilt, A., Spahni, R., Masson-Delmotte, V., Blunier, T., Lemieux, 
B., Barnola, J.-M., Raynaud, D., Stocker, T.F., and Chappellaz, J., Orbital and 
millennial-scale features of atmospheric CH4 over the past 800,000 years, Nature 
453:383–386, 2008.

27. Rose, K.C., Ferraccioli, F., Jamieson, S.S.R., Bell, R.E., Corr, H., Creyts, T.T., 
Braaten, D., Jordon, T.A., Fretwell, P.T., and Damaske, D., Early East Antarctic 
Ice Sheet growth recorded in the landscape of the Gamburtsev Subglacial 
Mountains, Earth and Planetary Science Letters 375:1–12, 2013.

28. Anonymous, Antarctic ‘ghost mountains’ preserved by ice sheet, 2014; bas.
ac.uk/media-post/antarctic-ghost-mountains-preserved-by-ice-sheet-2/.

29. Amos, J., Gamburtsev ‘ghost mountains mystery solved’, 2011; bbc.com/news/
science-environment-15749757.

30. Oard, M.J., Little erosion beneath Antarctica and Greenland Ice Sheets, 
J. Creation 30(1):11–14, 2016; creation.com/images/pdfs/tj/j30_1/j30_1_11-14.
pdf.

31. Hebert, J., Tephra and inflated ice core ages, J. Creation 32(3):4–6, 2018; 
creation.com/tephra-and-ice-cores.

32. Hebert, J., Bill Nye, PBS highlight young-earth evidence, icr.org/article/bill-
nye-PBS-young-earth, 27 April 2018.

33. Zielinski, G.A., Mayewski, P.A., Meeker, L.D., Grönvold, K., Germani, M.S., 
Whitlow, S., Twickler, M.S., and Taylor, K., Volcanic aerosol records and 
tephrochronology of the Summit, Greenland, ice cores, J. Geophysical Research 
102(C12):26625–26640, 1997.

34. Cook, E., Davies, S.M., Gudmundsdóttir, E.R., Abbott, P.M., and Pearce, 
N.J.G., First identification and characterization of Borrobol-type tephra in the 
Greenland ice cores: new deposits and improved age estimates, J. Quaternary 
Science 33(2):212–224, 2018.

35. Oard, M.J., New evidence for rapid Ice Age deposition on the Greenland Ice 
Sheet, J. Creation 33(2):13–15, 2019.

36. WAIS Divide Project Members, Onset of deglacial warming in West Antarctica 
driven by local forcing, Nature 500:440–444, 2013.

37. Fudge, T.J., Taylor, K.C., Waddington, E.D, Fitzpatrick, J.J., and Conway, H., 
Electrical stratigraphy of the WAIS Divide ice core; identification of centimeter-
scale irregular layering, J. Geophysical Research: Earth Surface 121:1218–1229, 
2016.

38. Barnes, P.R.F., Wolff, E.W., Mader, H.M., Udisti, R., and Castellano, E., 
Evolution of chemical peak shapes in the Dome C, Antarctica, ice core, J. 
Geophysical Research 108(D3, 4126):1–14, 2003.

39. Oard, M.J., An ice age caused by the Genesis Flood, Institute for Creation 
Research, Dallas, TX, p. 68, 1990.

40. Fudge, ref. 37, p. 1223.

Michael J. Oard has an M.S. in atmospheric science from 
the University of Washington and is now retired after 
working as a meteorologist with the US National Weather 
Service in Montana for 30 years. He is the author of 
Frozen in Time, Ancient Ice Ages or Gigantic Submarine 
Landslides?, Flood by Design, Dinosaur Challenges 
and Mysteries, and Exploring Geology with Mr Hibb. 
He serves on the board of the Creation Research Society.

http://wrcc.dri.edu/cgi-bin/cliMAIN.pl?wa6898
http://bas.ac.uk/media-post/antarctic-ghost-mountains-preserved-by-ice-sheet-2/
http://bas.ac.uk/media-post/antarctic-ghost-mountains-preserved-by-ice-sheet-2/
http://bbc.com/news/science-environment-15749757
http://bbc.com/news/science-environment-15749757
http://creation.com/images/pdfs/tj/j30_1/j30_1_11-14.pdf
http://creation.com/images/pdfs/tj/j30_1/j30_1_11-14.pdf
http://creation.com/tephra-and-ice-cores

