Author comments to the response of Referee #2

| would like to thank this appointed Referee #2 feplying to author comments. The issues discussed
previously and Referee reply will be itemized ie thrder in which the issues were presented ingpky.rin
each item, the issue previously discussed and &=feply will be presented in italics and authanoeent
follows in regular font.

| respectfully request this Journal to provide Rede# 2 reasonable time to reply to these committite
Referee wishes.

1) I will respond briefly to a few of the authorssponses to my review (referee #2). My
comments are noted as “REPLY”. Needless to sayauligor's responses have not
changed my opinion about the paper, but | appreciae chance to respond to them
directly.

AUTHOR: This Referee’s general understanding ofatbek presented in the
manuscript is, with all due respect, incorrect. Bliis melting is not the driver of plate
tectonics. The heat of mantle convection, Qh, alelat the temperature of the hot
reservoir temperature, Th, is the driver of therthedynamic cycle. Some of this heat
is lost as, Qc, to the surroundings at the coldgerature, Tc, and the difference, Qh-
Qc, is the net thermal energy that can be convddeadechanical work, W. This work

is delivered to the tectonic plates. This work,3Mlso equal to the latent heat of
melting of basaltic rock calculated at mantle’s ggare. The heat of convection, as the
source of energy that drives plate tectonics, istioaed repeatedly and has a ded-
icated symbol, Qh, used in the thermodynamic egustihroughout the manuscript.
Please see Item 6 for more details.

REPLY: This thermodynamic analysis of thermal cotier is incorrect. The energy
that can be converted to mechanical work is equahé energy released by potential
energy (sinking slabs and rising plumes). The wagbrity of this mechanical work

is spent deforming the viscous mantle (viscouspdien). A rather small amount

is spent melting rocks, and this amount dependb@nelative temperatures of the
geotherm and the solidus of mantle rocks. The aushoorrect (sort of) that the difference
in heat transport in hot reservoirs (upwelling plesy and cold reservoirs (cold

slabs) produces net energy — but this is due tdifierence in adiabatic decompression
and compression at different temperatures, andlgialnet cooling. This cooling,
however, is balanced by net heating by viscouspdisen. Therefore, the work done

to drive plate tectonics (and all deformation i tmantle) is given by the rate of release
of potential energy in the convecting system. iBhgsvery different system than

is described in this paper. Furthermore, there arany papers that have been written
over the past few decades to describe this sysiene. are some that come to mind:
Conrad, C.P., and B.H. Hager (1999), Effects ot@laending and fault strength at
subduction zones on plate dynamics, Journal of Ggsipal Research, 104, 17551-
17571. Backus,G. E. (1975), Gross thermodynamibgalf engines in deep interior

of Earth, Proc. Natl. Acad. Sci. U.S.A., 72, 15558
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Author comment

Convection of the upper mantle is not addressdtieniterature. This convection is only 3.7% of toé&al
mantle convection, please see lines 20 through 2def page 154. The fact that others approacte plat
tectonics differently is not a good reason to codelthat the work presented in the manuscriptdsriect.
The same objectives can be achieved in differegswa

The availability of convertible energy to mechahieark is a necessary condition but insufficienheT
means to convert the available energy to mechamogk is required. In principle, the tectonic ergirs
similar to steam and internal combustion engine®r§y is admitted into a chamber and a fractioth
energy is converted to mechanical work by the pisaad piston rod. The midocean ridge encloses the
tectonic engine chamber that is situated on a lagima chamber. Part of the available magma lateattdie
melting is converted to mechanical work by the dewt plates that act as pistons and piston rodsgs Th
Referee has not provided the physical explanataons the means that convert the available energy int
mechanical work.

The equations of thermodynamics used in the maipisame proven equations and passed the test ef tim
They are used to calculate all engines known toaus, they must be adequate for the tectonic engine.
Concluding otherwise would be unfair to the science

2)AUTHOR: The word “viable” implies a hypothesisiel'submitted work is not a hypothesis,
it is based on proven and validated laws of therymaghics, physics, and

mathematics. The results of the calculations ar@greement with observations, experiments,
and the work of others. The work is well beyongpothesis.

REPLY: The author does not test a hypothesis hénere is no prediction followed by

a test against observations. | would argue that thork is more of an assertion, rather

than a hypothesis.

Author comment

When there is a substantial agreement between matles and observations, the work is more than an
assertion or a hypothesis, it qualifies to be valitless proven invalid based on mathematics and
observations and not based on opinions.

3)AUTHOR: Any pressure build up cannot be accomiteadby the viscous flow in the
asthenosphere because the asthenosphere is incesiipee This is assumed as

such in lines 12 and 13 of page 146. The work aidglL. H. and Gibson R. E.

(1926) suggests that earth’s rocks are practicalliompressible. The reference follows:
Adams L. H. and Gibson R. E.: THE COMPRESSIBILITIEDUNITE AND OF
BASALT GLASS AND THEIR BEARING ON THE COMPOSITIGN BE EARTH,
PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES,UME 12, NUMBER
5, P. 275- P. 283, May 15, 1926.

REPLY: Yes, that is true that we usually assumievisaous flow in the asthenosphere
is incompressible. However, that does not meanitltites not flow in response to
pressure gradients. Water is also incompressihlg jtowill move out of the way if you
push on it. The asthenosphere DOES flow in resptangeessure gradients — the
resulting flow field is called Poiseuille flow.
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Author comment

If the water has nowhere else to move out of thg, weessure develops. The asthenosphere cannotdlow
accommodate pressure build-up because the surrasdre incompressible.

4)AUTHOR: At a pressure of 12,000 mega bars, tdecton in rock’s volume, -V/VO0,

is 0.87%. In Table 1, page 278 of this paper, tkgeeimentally measured and theoretically
calculated reductions in the volume of rocks dedént pressures are tabulated.
Pressure values starts from 2000 mega bars anthegruse at this and lower test
pressures, the reduction in the volume of rocksassmall to be measured or calculated,
and, therefore, are not shown in the table. Folloyvasaltic rock partial melting

at mantle’s pressure, the increase in pressurd@mia34.6 Kbars, line 7 and 8 of page
143. This is about 0.04 mega bars, which is toollsim&e tabulated in Table-1 of
Adams L. H. (1926). Therefore, the reduction iruna of the mantle/asthenosphere

is negligible and -V/V0=0. At the same time, thasneed increase in the volume
following basaltic rock melting is 14.4%, lines thBough 22 of page 142, (Yoder

1976, p. 94). Or, +V/V0=0.14. This suggests thatréduction in the volume of the
asthenosphere following basaltic rock melting i3 $mall to accommodate the large
increase in volume. Pressure builds up at midocedges as a result.

REPLY: Why are we using references from 1926 totifyghe material properties

of rocks? There are many more recent papers witthnmoore accurate constraints.
Nevertheless, | don’t have a problem with the inma@ssibility assumption. But pressure
won't build up at a mid-ocean ridge due to meltfogtwo reasons: First, the any
pressure buildup will drive asthenospheric flow igeaiille flow) that will relieve some

of this pressure. But more fundamentally: the nsedrupted on to the surface! So it

is no longer around to build up pressure and dtive plate motions.

Author comment

Based on observations, enough melt is not erumtettie surface to relief pressure build up at midoce
ridges. In order to relief pressure buildup at filkdges, at least 14% of the volume of the magmagdad
has to be erupted. The volume of the magma massieegted, M, Fig. 1 of page 160, is reasonably know
It is equal to the volume of new crust regeneraiiechidocean ridges. The volume can be calculaised
on an average floor speeding rate of four centimedanually, length of midocean ridges of approxetya
60,000 km, and an average thickness of the newnaoest regenerated at midocean ridges betweekn6.5
and 15 km, Table 1, on page 157. The volume ofrtagma generated is approximately equal to 4 (cr/yr)

60,000 (Km) x (6.5+15)/2 (km) x i?)(km/cm):25.8 cubic kilometers annually. To relieé pressure at mid
ocean ridges, a minimum of 0.14 x 25.8=3.6 cublcrketers of magma must be erupted or releaseceto th
surface annually at midocean ridges. Using an geetaphra bulk density of 1.65 and magma specific
gravity of 2.94, the tephra equivalent volume i2 @ubic kilometers annually. The Volcanic Explospvi
Index (VEI) corresponding to this tephra volumebig, close enough to the size of Pinatubo colossal
eruption. Such a colossal eruption, or equivalemptons, required annually at midocean ridge<stief the
pressure build up at midocan ridges are not obderve

In a typical year, we observe about 55 volcanigpons mostly on land. They have VEI that ranges
between 1 and 4, with and average of about 3. dta annual estimated tephra produced is approeimat
equal to 0.032 (cubic kilometers) x 55=1.74 cubilorketers. This is approximately equal to 1 cubic
kilometer of lava annually. The required magmaaséeat midocean ridges to relief the pressureisiiic
kilometers annually, too large to be unnoticed, iminot observed.
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Therefore, based on observations, the volume ofrmaageleased at mid ocean ridges is too small tefrel
pressure build up at mid ocean ridges. The astipdieos cannot flow to accommodate pressure build-up
because the surroundings are incompressible.

5)AUTHOR: Midocean ridges are locations of tectgplte spreading and separation.
They are not locations of plate collisions. Yetlogean ridges are the highest of

the ocean floor. This can only be explained by sares build up at midocean ridges.
Other explanations fall short. Therefore, basedbgervations pressure build up at
midocean ridges following magma generation is mesently being accommodated by
the asthenosphere. Also, based on experimentsyseebuild up at midocean ridges
following magma generation cannot be accommodayeitid asthenosphere.

REPLY: The elevation of the mid-ocean ridges idyagplained by thermal contraction
of the seafloor as it moves away from the ridge?@sons, J.G. Sclater, An

analysis of the variation of the ocean floor batleyty and heat flow with age, J. Geophys.
Res. 82 (1977) 803-827. C.A. Stein, S. Stein, AInhadthe global variation in

oceanic depth and heat flow with lithospheric dgature 359 (1992) 123-129.

Author comment

This thermal contraction of sea floor to explaia #tevation of midocean ridges is physically uncocwng
and falls well short in explaining this and otheanswered questions under Item 7 of author repllgdo
comments of Referee # 2.

6)AUTHOR: When basaltic rock melts, the total vauntreases. If this increase in the
volume cannot be accommodated by the surroundivigish is the case as discussed

under Item 2 above, pressure develops. It is empthin details in Section 3, Thermodynamics,
line 26 of page 140 through line 8 of page 143.e¥d®76, conducted

experiments and calculated the increase in themelof basaltic melt to be about

0.049 cm3 per gram (Yoder, 1976, p. 94). This maximately 14.4% increase in

volume. Because the mantle is practically inconglds, large pressure develops at

mid ocean ridges following mantle partial melting.

REPLY: Much of the melt is erupted to the surfaodt is removed from the system.

This removed pressure buildup due to melting asssiple driver of plate motions.

Author comment

Enough melt eruption or release at midocean ritlgssrface is not observed, and the melt is nobrxea
from the system as explained under Item 4 of tkesements. Consequently, large pressure builds up at
midocean ridges.

7)AUTHOR: Mathematical or experimental researchgrapby their nature, do not require
large number of references. They are based on logiesults of experiments

and there is no reason to provide references fatensithat are obvious to the science.
For instance, Adams L. H. (1926) cites seven pabtios. Should this Referee

feel that references related to the work presemtedth discussing, the Referee may
suggest.

REPLY: Itis true that large numbers of referenaes often not necessary, but it is not

ok to omit citations to papers that are directlyeneant, or that refute the ideas being
presented. I've given the author a few classic pafigat are relevant to this topic.

There are many more in the literature.
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Author comment

The work presented in the manuscript is authemtititis not addressed in the leterature. The wisrkased

on the work of others. Sec. 2, Model, assumptiansl, data clearly references publications that Heaen
influential in determining the nature of the workegented in the submitted manuscript. The tectanat
magma generation models are based on others’ warkis referenced throughout the manuscript. The
referenced literature by this Referee #2 does aloutate plate tectonics using the thermodynampragch
used in the manuscript; they use models that atesersitive enough to variations of the temperatire
ocean floor. While they are correct, they are imgede for projecting the geological activities wiimate
change as stated in line 26 of page 138.

The references provided by this Referee # 2 dorefhite the ideas being presented in the manuscript
because this work is authentic and has not beerisheld yet. The references have objectives and
approaches that are different from the objectivethermodynamic approach used in the manuscripgy Th
are neither related nor relevant to the submitteckw

8)AUTHOR: The current science does not calculastepiectonics using thermodynamics.
The available tectonic models are not sensitiveughdo variations in the temperature

of ocean floor. While they are correct models, tasyinadequate for projecting

the geological activities with climate change ased in line 26 of page 138.

REPLY: Actually, there are lots of paper that addréhe thermodynamics of plate tectonics
and mantle convection. There are even some thatasddhow plate tectonics

would change in response to climate change. Heomés Lenardic, A., A.M. Jellinek,

and L.-N. Moresi "A climate change induced tramsitin the tectonic style of a terrestrial
planet.” Earth Planet. Sci. Lett., 271 (2008) : 82-

Author comment

The convection of the upper manrtle presented & rfanuscript is authentic and unaddressed in the
literature. It is based on the work of others. Th@nuscript clearly references publications thatehla@en
influential in determining the nature of the workegented in the submitted manuscript. The refesence
provided by this Referee # 2 have objectives angragthes that are different from the objectives or
thermodynamic approach used in the manuscript. @heyeither related nor relevant to the submitterk.

9)AUTHOR: Magma generation and calculation of tlegmte of mantle partial melting is
widely available in the literature, and there is re@ason to calculate it in the manuscript.
This will only add unnecessary pages and distractiff the subject matter. Yoder

1976 on page 107 suggests a degree of mantle paréiking of 30% based on rock
phase diagrams, thermodynamics, mantle pressuretlen@mperature, and experiments.
The calculated degree of partial melting using thedynamics is in agreement.

Please see line 21 through 24 of page 145. Basdavansamples, Yoder (1976, p.

112 and p. 113) concluded that the maximum dedreac& melting is in the order of
50% by volume, which is approximately equal to 4B24veight. The maximum calculated
theoretical value based on Carnot cycle is 53%.t0& maximum deviation from

the observed is nearly 18%. Please note that tl§¢ 83only a theoretical value that

can never be achieved as stated in lines 24 of p&8dahrough line 2 of page 154.

The actual maximum value of the degree of meltifidpe/less than 53% but greater

than 30%, in reasonable agreement with the obseovd®%. This is close enough

and the thermodynamic argument is correct.
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REPLY: You are not using any information aboutdbkdus of mantle rocks in your
calculations. Therefore, it is impossible to knawimuch melting will occur.

Author comment

| think that this Referee #2 believes that therenky one way to calculate the degree of mantlgingland
that is through rock phase diagrams only. This a$ tnue with all due respect. The thermodynamic
calculations are a reflection of the physics anehaistry of rock melting and what occurs deep inrttantle.

Of course the degree of mantle melting can be kx using thermodynamics; it is calculated in the
manuscript as explained above in italics under itieis1. Both of the phase diagram and thermodynamic
calculations have to cross-check each other. Oteerwsomething would be wrong. The manuscript
confirms that thermodynamics is in agreement whih physics and chemistry of mantle rock melting, a
required agreement between calculation, experinagat,observations before the next step of the neaiptis

is pursued.

Information about the solidus of mantle rocks ardely discussed in the literature and the degremanitle
melting is available based on rock phase diagravesler 1976 dedicated a book on this subject and
calculated the degree of melting based on the w®lad mantle rocks. Why should we re-invent the elhe
This will only add unnecessary pages to the maiptsend distraction off the subject matter.

10)AUTHOR: Mantle convection is not ignored; ithe heart and core of the subject
matter. The heat of mantle convection is what dribe tectonic plates. The following
are sample paragraphs extracted from the submittaduscript:

REPLY: You are ignoring the work done to deformntiamtle — this is an essential part
of the energy balance of plate tectonics.

Author comment

Convection of the upper mantle is a closed loop taedted as a thermodynamic cycle as discussed unde
Sec. 2, lines 8 of page 137 through line 16 of fE#fe Ocean crust and the rocky part of the uppanrti®,
which form the tectonic plates, move together idased loop. They are solid as they spread awanw fro
midocean ridges to a subduction zone. They aredigasted in the mantle/asthenosphere, partiadliyed,

and returned back to midocean ridges, togetherreTl®eno slip between ocean crust and upper mantle
during this cycle, and therefore, the required workieform the upper mantle is practically negligilrhis
upper mantle convection removes only 3.7% of th& iaternal heat produced in the earth’s coreagdesee
lines 20 through 29 of page 154.

The remaining 96.3% of the internal heat is remdwethe greater mantle convection, which is disedsa
the literature. While this convection is importait,is irrelevant to the discussion presented ie th
manuscript, which addresses only the convectiam®fupper mantle. Certainly, work is required téoda
the mantle. This work, however, is not a manusaigective. Accordingly, the thermodynamic system i
carefully selected to include all of the mantle dhd earth’s core. Please see lines 25 to 27 of (4§.
With this system selection, the work required téoda the mantle and its subsequent dissipatioreas dre
made internal processes to the system as defirtesl; dre irrelevant to the surrounding tectonicqdads
selected.

For the sake of the discussion, if the thermodyoaystem is redefined as the envelop enclosingnoaed

land crusts, the mechanical work of plate tectomicd its subsequent dissipation as heat becomenahte
processes to this system as selected. Except ¢asmmal tsunamis, this system exchanged onlyvaigaits
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surrounding ocean and atmosphere, because the mieshaork of plate tectonics and its equal heat
dissipated cancel out within the selected thermadyn system.

11)AUTHOR: I respectfully have to disagree and tusment should be given no consideration.
First, the work presented in the manuscript agreesely with observations,
experiments, and the work of others. The agreemestbstantial and robust.

Second, this Referee has not dedicated suffigraetto read the manuscript as it

is evident from this reviewer’'s comment under I6emhird, unfortunately the existing
tectonic models do not use thermodynamics; theyarsensitive enough to the
temperature of ocean floor and cannot be used ¢gept the geological activities with
climate change, a major objective of the manuscApd fourth, there are ongoing
controversies with the current tectonic science andnswered questions.

REPLY: I think my comments above show that | dagie with these statements.
Note that the author has not demonstrated thatmbik presented here “agrees closely
with observations, experiments, and the work o¢th In my view, this paper is far
from being publishable in a major scientific joutna

Author comment

| respectfully disagree.

12)AUTHOR: For instance, there is no universal agnent among scientists as to the
nature of energy or force that drives plate tectsniSome tectonic plates do not have
slabs, yet they move. What drives these slab-lasssf@ Basic mechanics suggests

that under the pull of slabs, midocean ridges nexgl off with time, but they do

not. Midocean ridges are rising instead. What meiimd the observed lithosphere
uplifting at midocean ridges? Midocean ridges avedtions of tectonic plate spreading
and separation. They are not locations of platdigions. Yet, midocean ridges are

the highest of the ocean floor. What maintainsaeerved lithosphere uplifting at
midocean ridges? Why ridge push exists in the fiilste? Is ridge push a cause

or an effect? Plate tectonic motion is a closeglobhe available positive potential
energy of gravity is equal to the negative potdrareergy of gravity required for the
motion. They are exactly equal and cancel out. ithtite nature of external force

that causes the observed tectonic motion? Andlyindle existing tectonic models

fail to explain the observed increase in geologmetivities with climate change, not to
mention calculating them.

REPLY: Some of these points are well-explainedubgarrent understanding of plate
tectonics (such as the elevation of the mid-océdges) and some are still under debate
(forces that drive plate tectonics). There isdittliscussion of what is known and

not known about the mantle — the paper starts\arg different point of understanding
compared to our current knowledge. For example bidsic explanation for the elevation
of the mid-ocean ridges is not the subject of delbatl there are many papers

showing that it is explained by cooling of the agedithosphere — yet none of this work
is cited in the paper.

Author comment
As mentioned previously under Item 7 of author yepl the comments of Referee # 2, there are ongoing

controversies with the current tectonic science andnswered questions. The basic explanation fr th
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elevation of the midocean ridges based on coolfrtgeoceanic lithosphere is, in my opinion, unaaning
and still a subject of debate.

The submitted manuscript addresses convectioneofiiper mantle, which is a small fraction of th&@lto
mantle convection, only 3.7% of the total. This epmantle convection is not addressed in the tileea
and to the best of my knowledge, there are no agleer related publications to cite in the manyciihose
referenced by the Referees are unrelated or iaateo the work presented in the manuscript. Terstted
work does not start at a different point of undamging of the current knowledge; it is based oncilmeent
knowledge and contributes to our understandindaiegectonics.

13)AUTHOR: All what it takes is just one unexplaimdservation to render a theory obsolete,
or at least be skeptical. The current tectonic sceehas many unanswered

guestions and many observations to explain. Thegtddl manuscript, on the other

hand, answers all of these questions and calcultie®bservations as well.

REPLY: Obviously | disagree with the last sentdmare.

Author comment

| respectfully disagree and the numbers spealhfEmselves.
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