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emitted when fossil fuels are burned. This paper provides the clearest link yet published between human activities and global climate change.
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SSSuuulllfffuuurrr   dddiiioooxxxiiidddeee   iiinnniiitttiiiaaattteeesss   ggglllooobbbaaalll   cccllliiimmmaaattteee   ccchhhaaannngggeee   iiinnn   fffooouuurrr   wwwaaayyysss   ---   SSSccciiieeennnccceeeDDDiiirrreeecccttt

This paper explains the evidence for each of the four cardinal rates of SO2 erupted by volcanoes and their effects on global climate
change (summarized in Table I). 
The IPCC only discussed the moderate rate (II). 
The other three rates are quite unexpected in the prevalent climatological thinking of today
For those who understand the widespread distribution of volcanoes, their sometimes extremely high rates of eruption, and the large
volume of water and gases erupted, what is unexpected is why it has taken so long to recognize their important role in climate change.
SO2 is also emitted when fossil fuels are burned. 
This paper provides the clearest link yet published between human activities and global climate change.
Similar delays were observed at the end of the last three glacial periods at 19ka, 125 ka and 240ka [14], [15], [16], [17]. CO2 is soluble
in water and more soluble in cold water. Ocean temperature is therefore the primary natural control for atmospheric CO2
concentration [18]. 
Similarly, before the widespread growth of plants (-350Ma, million years ago), the mass of atmospheric CO2 may have been as large
as 17 times the mass of pre-human atmospheric CO2 but global temperatures were not significantly higher [19]. In fact, glaciers were
common.
These extremely important observations must be explored in detail before we can assess how much the 7.8Gt of carbon added to the
atmosphere yearly by humans burning fossil fuel and manufacturing cement [20] is influencing global warming.
Volcanoes erupt large amounts of sulfur (Fig. I) and the most chemically active gas erupted by volcanoes in significant volumes is
sulfur dioxide (SO2) [21], which is readily oxidized to sulfuric acid. Sulfuric acid, "because of its low vapor pressure, quickly attaches
 to aerosol particles" [22]. 
The IIInnnttteeerrrgggooovvveeerrrnnnmmmeeennntttaaalll   PPPaaannneeelll   ooonnn   CCCllliiimmmaaattteee   CCChhhaaannngggeee   (((IIIPPPCCCCCC)))   WWWooorrrkkkiiinnnggg   GGGrrrooouuuppp   III published an extensive report in 2007 [12] that concludes
that carbon dioxide (CO2) is the most important cause of climate change and that the only important effect of volcanoes on climate
change is to cause global cooling for a few years following large volcanic eruptions.
While the concentration of CO2 clearly has changed in phase with changes in global temperature in the past, recent data suggest that
these changes actually followed changes in temperature. For example, Stott et al.
[13] observed that at the end of the last ice age, deep-sea temperatures warmed by -2°C between 19ka (thousand years ago) and 17 ka,
preceding the rise in atmospheric CO2 and tropical sea-surface warming by -1000years. concludes that carbon dioxide (CO2) is the
most important cause of climate change and that the only important effect of volcanoes on climate change is to cause global cooling
for a few years following large volcanic eruptions.
While the concentration of CO2 clearly has changed in phase with changes in global temperature in the past, recent data suggest that
these changes actually followed changes in temperature. For example, Stott et al.
[13] observed that at the end of the last ice age, deep-sea temperatures warmed by -2°C between 19ka (thousand years ago) and 17 ka,
preceding the rise in atmospheric CO2 and tropical sea-surface warming by -1000years. 
There are numerous ideas about what initiates climate change.
 Many of these processes may be at work, but in this paper, I propose that the concentration of SO2 has been the primary initiator of 
climate change prior to the industrial revolution beginning in 1850. The climate appears to have maintained a delicate balance among 
the four cardinal rates of SO2.
This is good news, because we have already developed effective technological and political ways to reduce SO2 emissions in order 
to reduce acid rain. 
Throughout geologic history, changes in CO2 have been the result of climate change.
The prodigious emission of greenhouse gases by man may now have become a secondary initiator of climate change.

SSSeeeccctttiiiooonnn   sssnnniiippppppeeetttsss

MMMooodddeeerrraaattteee   rrraaattteee::: Occasional large volcanic eruptions, short-term global cooling
The largest volcanic eruption in the past 95years was from Mt. Pinatubo in the Philippines in 1991 [24].
Pinatubo erupted into the atmosphere 491 to 921 Mt (megatons) of water (H20), 42 to 234Mt CO2, 15 to 19Mt SO2, and 3 to 16Mt 
chlorine (Cl) [25]. 
This eruption increased the total mass of the atmosphere [26], primarily with water, by only 0.23 ppm (parts per million).
The amount of SO2 added to the atmosphere was only 3.3 ppb (parts per billion), although the changes were much greater...

Volcanism and glacial epochs

Table SI (see Supplementary data) provides the most complete list available of all known large volcanic eruptions through the last 
542million years. 
These events typically have a Volcano Explosivity Index (VEI) [24], [57] of 6 or greater. 
The red line in Fig. 2 shows the cumulative number of the largest known volcanic eruptions in the past 120m.y. (million years) based 
on the red highlighted entries in Table SI. 
The general shape of this curve is what is most important and is probably a...
The oxidizing capacity of the atmosphere is limited
The primary oxidants in the atmosphere are ozone, the hydroxyl radical (OH) and hydrogen peroxide (H202) [23]. OH has been 
called the "tropospheric vacuum cleaner" [99] because it reacts with dozens of gases. In fact OH is responsible for removing -2380Mt 
of carbon monoxide (CO), -90Mt of SO2, and -1180Mt of other trace gases from the atmosphere each year [22].
Ozone in the stratosphere forms from the effects of ultraviolet sunlight on oxygen. OH and H202 form from ozone by 
photodissociation ...
 This is exactly the time of greatest global warming coming out of the last ice age (green line). Fig. 5 shows this relationship in more 
detail. The purple line shows the GISP2 6180 proxy for temperature and ice volume for the past 25,000years [91]. 
The world was coldest during the Last Glacial Maximum (LGM) between 22 and 24ka, depending on...
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Discussion
The international debate over climate change has been between those who argue that periods of sudden warming
have happened without man many times in the geologic past and those who argue that the prodigious amounts of
gases emitted by man are causing the current warming. I have shown in this paper that both groups have merit
and the mechanisms are similar. Sudden global warming has occurred dozens of times in the past 46,000years and 
each of those times is contemporaneous with a significantly...

Conclusions
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HHHiiiggghhh   rrraaattteee:::   FFFrrreeeqqquuueeennnttt   lllaaarrrgggeee   vvvooolllcccaaannniiiccc   eeerrruuuppptttiiiooonnnsss,,,   ggglllooobbbaaalll   wwwaaarrrmmmiiinnnggg

Volcanic sulfate anomalies in the Greenland ice layers are significantly larger and more frequent between 15 and 7 ka as shown by 
the red bars in Fig. 4.AAAnnnttthhhrrrooopppooogggeeennniiiccc   wwwaaarrrmmmiiinnnggg

The red bars in Fig. 10 show sulfate anomalies in the GISP2 ice core in Greenland from 1850 to 1985 [96] along with the names
 of known volcanic eruptions with their VEI [24]. 
The blue line shows mean yearly global surface temperature [131], [132]. 
The black line shows the amount of sulfur emitted by humans burning fossil fuel [133], [134]. During the 19th century, 72% of the
ice layers had no volcanic sulfate. Since 1927, all layers had sulfate and the amount of sulfate increases proportionally ...
Extreme rate: Very frequent basaltic eruptions, mass extinctions
The largest known basaltic fissure eruption in the past 1000years is Laki in southern Iceland, which produced 14.7 km3 of basalt
 in 8months beginning in June, 1783 [48]. 
The 10 eruption episodes were not all that spectacular (VEI=4), with ash reaching altitudes of only 13km, but this 27-kmlong
fissure complex emitted 122Mt of SO2, more than 5 times that of Pinatubo, as well as 235Mt of H20, 15Mt of chlorine, 7Mt of
fluorine, some hydrogen sulfide and some ammonia. Most of these gases...
Low rate: No volcanic eruptions, clean atmosphere, cooling and drought
The fourth type of abrupt climate change is very rapid cooling with widespread drought that appears to happen when the rate of
volcanic activity decreases from a very high level to a very low level. The clearest example is known as the 8.2ka event (Fig. 5, Fig.
7) (Cardinal Rate I, Table I). 
At approximately 8175years BP (Before Present) the temperature in Greenland dropped at least 3.3°C in less than 20years [192]. 
After 60 cold years, the temperature recovered in approximately 70years of drought

II. Sporadic "large" volcanic eruptions cause cooling of the earth for approximately three years by forming a sulfuric acid aerosol 
in the lower stratosphere. A sequence of such eruptions can increment the world into an ice age 
..........................................................................................................................................................................................................

III. When...
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volcanoes on man. See www.tetontectonics.org 7'. (Photo by Irene Mellion).
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According to the Ward (2009)'S study, at present, anthropogenic activities are releasing as much sulfur oxides every 1.7 years quantitated
in Greenland as one "great" volcanic eruption. 
Especially with the acceleration of regional economic and social development, for many emerging countries like China and India, global
demand for energy will rise further as these countries' industrialization and urbanization move ahead, which led to a large number of sulfur
oxides such as gaseous pollutants or granular pollutants emitted to the atmosphere, and thus had the tremendous harm to the regional
ecological environment
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