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This work proposes a novel way to map evolutionary time—one that seeks to make an array of emerging beauty and complexity more easily approachable. Let us begin by conveying the central concept. From the start of life to the advent of hominins, evolutionary change will be mapped by using a logarithmic scale. Although logarithmic scales are widely used in many areas of science, they have rarely been applied as a framework for visualizing evolutionary time. 

The core idea is not hard to grasp. Some processes change in a leaping or exponential fashion—that is, with multiplicative increases rather than smooth, linear increments. While a logarithmic scale lays out equal steps in the exponent (for example, 21, 22, 23, 24...), each step corresponds to a much larger jump in the resultant quantity (for example, 2, 4, 8, 16 ...). In this way, steady, linear steps along a logarithmic axis generate leaps, or nonlinear outcomes. 

Multiplicative reality is embedded in nature all around us. A tree usually has a single trunk, many limbs, which then multiply into dozens of branches, hundreds of twigs, and manifold leaves. Like our arm limbs, we have a single bone that doubles below the elbow, then becomes multiple bones in the wrist, and dozens more in the fingers. Or consider when a hurricane jumps from category three to four; the change is not incremental but exponential—much more force than the single digit of increase would seem to indicate. Lastly, a car increasing its speed from 30 to 35 miles per hour means that the impact of a crash—due to the square function of speed—increases by more than one and a half times. We could go on. Suffice it to say that pulsed nonlinear changes are widespread in reality, and our understanding of this type of change can help us better understand the world. 

This nonlinear perception of the universe did not go unnoticed by the world’s great philosophers. Heraclitus, an early Presocratic philosopher, stated, “The Cosmos... is an ever-living fire being kindled in measures and being extinguished in measures.”​[1] His choice of fire—the most nonlinear of the basic elements—is no accident. He extolled its transforming capabilities from one element to another, such as sea transforming to earth and “lightning flash.”​[2] Interestingly, Logos—the philosopher’s ordering principle, which he associated with fire and measure—shares its Greek root with the “log” of logarithm, the mathematical tool used for describing multiplicative or exponential change. 






This work will consider the use of logarithmic scaling to measure evolutionary change over time. We will find that change is relatively pulsed, exhibiting nonlinear leaps, and that these pulses are logarithmically placed. Simply put, this project will use halving units to establish Major Nodes, from the start of life to the advent of humanity, and display the evidence that supports these nodes. Importantly, the evidence logarithmically clusters. That is, there is a regular interval comprising a longer, uncertain, and suggestive period prior to the actual node of change—followed by a shorter period in which the evidence becomes confirming. We’ve called these, respectively, precursor and explicit periods.

Among the great synthesizers of early evolutionary theory, there is a notable proponent for mapping nonlinear change. In the 1950s, Julian Huxley came to the conclusion that evolutionary biology was “handicapped by the absence of a suitable chronological terminology.” He proposed that base-ten units would better map three types of evolutionary process: cladogenesis, when lineages divide, anagenesis when a “general organization” comes to a perfection, and stasigenesis—a term he introduced—for the stabilization and persistence of types.​[3] 

Huxley’s model, which I became aware of midway through this second edition, can be seen as roughly analogous to the one proposed here. First, we see a precursor period of diverse stem forms, followed by the emergence of grade-level change, and then its persistence in the fossil record becoming clear in the explicit phase. In response to an article titled “A Logarithmic Time Scale for the Evolutionary Process,” Huxley wrote that, where such processes could be quantified, a logarithmic scale would be heuristically useful, as it would “enable one to see at a glance changes in the rate of the [evolutionary] process.”​[4] What we propose here offers this advantage, allowing us to quantify and order paleontological evidence so that it reveals an underlying pattern of evolution. In the words of the philosopher Heraclitus, “the hidden harmony is stronger than the visible.”​[5]

In doing this work, which uses a base-two scale, there was no initial a priori theory to which evidence was forced to fit. Rather, the evidence suggested a pattern. Then, once the general pattern was found to be working, it directed us to look for supportive findings. The contingencies of life’s evolutionary journey, however, mean that we are not guaranteed a magical fit. Rather, the evidence is best seen as approximating our nodes, which act as attractors. With this caveat in mind, the results nonetheless are often close to expectations. 

Over the five years since the first edition, the question has been whether new findings would confirm or challenge this model. If we find that the model is repeatedly being challenged, requiring explanation and adjustment, one might at some point conclude that the theory is in trouble and that its assumptions must be revised. What I found, however, five years later—a generation in terms of publication updates—was increasing confirmation across the original ten logarithmic pulses. Importantly, anchors have emerged that validate these nodes, allowing us to say with increasing confidence that change occurred in and around these times.

A new emphasis also emerged in this work’s revision—the horizontal dimension of evolution. That is, as certain groups of organisms made grade-level changes in complexity, this was accompanied by evolution of Earth’s interfaces that make up the biosphere. Ecological spaces opened up that both allowed and nurtured evolution. Grade-level change did not happen in thin air, but was accompanied by rich ecological flourishes that held their own parallel pulsing. Thus, the logarithmic nature of evolution appears to have both a vertical and a horizontal dimension. 

Thus, I invite you on a time journey, one that is logarithmically paced. This means that the pulses of evolution will be quickening, or halving, at regular logarithmic intervals. You can be the judge of whether the pattern works and makes events clearer. Hopefully, the use of math will not deter you, for we will make it clear how calculations are obtained. The logarithmic values used can be verified with a calculator. You simply use base two and change the exponent by 1 to locate the Major Nodes of change. An online “log base 2 calculator” can be used to produce quick and easy results.

The mystery of why a halving node in time might be associated with a nonlinear increase in organismal complexity, paired with a complexifying biosphere, can be posed. For now, we present a logarithmic pattern that usefully frames evolutionary change and can serve as a basis for further insight. You can judge for yourself the model’s effectiveness in rendering the evolutionary journey of the biosphere, from the start of life to the first hominin. 

You might think that the age of discovery is over—that we can no longer come up with novel ways to help us understand the workings of an evolutionary universe. But as this work suggests, gains in our consciousness and awareness are not yet over. So I invite you to take this journey and participate, and even add to these discoveries. In doing so, you may help to shape the next step of evolution that has yet to happen.






Michael Susko, 2026

M.S., Loyola University 

	[image: ]
	 	[image: ]


[image: ]

INTRODUCTION
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­This work proposes a new way to map evolutionary change from the start of life to the advent of the first hominin. Rather than using a traditional, linear scale in which events increasingly crowd toward the end, we employ a logarithmic scale that expands our resolution as we come to the present. Thus, this scale allows us to see more clearly the underlying pattern of events that are pulsed across the span of evolution. 

The use of the concept of logarithms should not deter us. In this work, it means that we simply halve the units of time to mark major pulses of evolutionary change. Thus, from the start of life at about 4 billion years ago, we go to 2 billion years and the first symbiotic or eukaryotic cells, to one billion years with complex developmental multicellularity, and to the first vertebrate at 500 Mya. The first mammal appeared around 250 Mya, the first placental mammal at 125 Mya, and the first primate circa 60 Mya. From there, two more intermediate primate grades follow: anthropoids or monkey-like primates at 30 Mya, and hominoids or great apes at 15 Mya. Finally, the 10th node at 7.8 Mya presents the first hominin, when bipedality and human infrastructure come into place. 

Thus, halving nodes convey the basic outline of our evolutionary story, in which complexity leaps or “doubles” in half the time. Put another way and more broadly, significant evolutionary change is accelerating in regular fashion as we come to the present. 

Importantly, and supporting our hypothesis, the evidence for pulsed change arranges itself in logarithmic fashion around these ten nodes. That is, each Major Node is preceded by a precursor period in which fossil finds increasingly approximate a grade-level change, and followed by an explicit period in which the new grade is clearly established. Generally, we expect that by 25% logarithmic distance before the Major Node, we begin to see early signs of the impending change, with confirmation typically following within 25% logarithmic distance afterwards. The Major Node itself therefore falls at the logarithmic midpoint between Precursor and Explicit Nodes. In addition, we find that a particularly strong precursor and/or explicit signal for grade-level change typically appears within 10–15% logarithmic distance of the Major Node. Thus, it is around this attractor that we hypothesize a critical tipping point was reached, beyond which evolution becomes irreversibly oriented toward the new grade-level state.

That is, the structural basis in a given set of organisms has come into place that is on the path and would later manifest obvious grade-level change. In biological language, to which we will return, it means that a biological form has come into being which became the crown ancestor of the lineage that would continue.

As to why a logarithmic march towards complexity and greater consciousness happens with mathematical regularity, we reserve this mainly for our conclusion and later works. Suffice it to say that time appears to have an architecture. As entities unfold in complexity and correspondingly infold an interiority, the capacity to move to another level of complexity crosses regular thresholds, making for pulsed change. The main goal of this work remains more modest and foundational: to establish the successive pulses of evolution and present confirming evidence for such patterning. 

Before elaborating, it bears repeating that Major Nodes of the log scale will regularly halve units over time. A total of ten Major Nodes suffices to cover the evolutionary span from the start of life to the first human-like hominin. In each of these stages, a qualitative leap is expressed in three dimensions: interiority/consciousness, mobility, and social engagement. 






It is important to name the advantages of using a pulsed logarithmic model to orient ourselves in evolutionary time. 

	A logarithmic scale provides an easy mnemonic device of halved units in time, leaving us with only a few key dates to remember. It provides a quick grasp of where we are in the larger temporal scheme of things and how it relates to the whole. If we throw out a date, say 260 million years ago, we know immediately we are just before the 5th node of 250 mya, the time of the first mammals. 

	The model offers an expanding visual scale, in which all the evolutionary stages are easily viewed. Events do not all bunch up toward the end of a linear scale, leaving us with a chart of little utility. At the same time, a log scale provides precision. Thus, if we consider a specific fossil, say dated at 230 mya, we can map it as 10% log distance after the Major Node, when the first mammals appear.

	The model’s precursor period embraces uncertainty and allows that to convey information. We are not yet sure that mammals had arrived by 300 Mya, but it tells us something. Likewise, the model embraces certainty, providing a bandwidth within which we expect confirming discoveries. Thus, at around 210 million years ago, by 25% log distance after the Major Node, we expect confirmation for clear grade-level change in the mammalian domain.

	This model is broadly predictive. If there are gaps, it suggests what to expect to find at that logarithmic interval. The scale also directs us to pay attention to stretches of time that lack finds and which we might easily gloss over.







In summary, a logarithmic frame of reference provides a powerful tool to advance our evolutionary understanding. It highlights major transitions, incorporates detail efficiently, and predicts what may emerge in the record’s gaps. In knowing the logarithmic position of a particular find, we can immediately sense its context and connection to events which might otherwise be obscure.








Precursor, Major, and Explicit Nodes






A critical feature of this work is that evidence for the pulses of evolution is organized logarithmically, with precursor events occurring prior to the Major Node and explicit events afterward. With this in mind, let us review how each node will be described. 

First, we will name the Major Node and describe the full expression of its grade-level change. Next, we will chart precursor events that increasingly approximate the movement toward that change. These typically include indirect indicators such as chemical evidence and fossils with only a partial suite of traits. Events during this time are often ambiguous and therefore carry a higher degree of uncertainty. 

Now, in and around the Major Node, we project the onset of grade-level change. This is the point when the reorganization is complete enough to become stabilized and persistent in the fossil record. We rarely find fossils right at this time because early beginnings are scarce and because the chances of finding the very first representatives are small. Yet one method of dating attempts to pierce this veil: molecular clocks. By estimating the rate of small changes in the genome, scientists can approximate back in time when the lineage leading to the crown group began to diverge—offering an indirect window into the timing of early grade-level change.

Given our charting, it is between the precursor and explicit periods, at the logarithmic middle, that we hypothesize evolution tips toward grade-level change. The exact time of this change, as stated earlier, typically remains invisible, given the low chance of finding fossils at the actual point of emergence. Due to the nature of the evidence, the Major Node is best seen as an attractor, within which this step may fall a short logarithmic distance to either side. 

Indeed, near the Major Node itself, evolutionary systems tend to become unusually fluid and exploratory. Multiple approximate solutions, stem forms, and experimental body plans can emerge at this time. In such a rich and turbulent transitional environment, the actual grade-level breakthrough may remain obscured—not yet visible due to its inherent rarity amid the broader adaptive flux.

Turning next to the explicit period after the Major Node, fossil findings emerge that clearly demonstrate the grade-level change. An early sign of such change is usually found 10 to 15% log distance after the Major Node, with definitive evidence occurring 25% log distance after. Sometimes, however, we have to await the 1/3 Explicit Node for verification.

In summary, the novel form in its basic structure emerges near the logarithmic middle, with precursor and explicit periods on either side. This immediate area around the Major Node is when change becomes irrevocably committed to a new grade-level form.






Nuts and Bolts of Logarithmic Charting






Let us explain how we arrived at the numbers used in our logarithmic chart. Knowing that life started around 4 billion years ago, we used base two multiplied about 32 times—that is, 2 with the exponent of 32, or 232 —that gave us the approximate result of 4.3 Gya. After subtracting a tenth from the exponent, we used 231.9 , or two to the 31.9 power, to arrive at 4.01 Gya.

A simple process is used to find the next numbers, subtracting one from the exponent to make for 230.9, or two multiplied by itself almost 31 times, which gives us two billion years, and so on. Thus, subtracting one whole integer in a base-two system halves the value. In sum, in moving from the past to the present, we will use halving units to locate Major Nodes of change. Then fractions of a log distance are used to establish Precursor and Explicit Minor Modes, By subtracting 1/10, 1/4 or 1/3 from the exponent and calculating the result we can determine these log distances on either side of the Major Node. This logarithmic scaling reveals a layered temporal structure—a geometrically unfolding ladder of evolutionary events. More specifically, it shows that as linear time halves, evolutionary capacity can be seen as doubling. 






We will now show how logarithms are used to measure the placement of evolutionary events, with Precursor and Explicit Minor Nodes on either side. We have already explained how the major halving nodes were calculated. But the evidence will fall a certain distance from these nodes. Thus, a major reason for using logarithmic scaling is not simply to find a complicated way to halve numbers. For the chart to be useful in practice, we need to place events precisely on the log scale. 

We first consider the precursor period before the hypothesized start date of life at 4 Gya. We can add one-tenth log distance, or 0.1, to the exponent 231.9, giving us 232, and ––using a calculator––find the numerical value of 4.3 Gya. Near this marker, we can date light carbon from Canada at 3.25 Gya, which may be indicative of life. 

If we go to the explicit side of the Major Node, early fossils interpreted as life forms appear at 3.77 Gya. This is matched closely to 10% log distance after the Major Node, which puts this minor Explicit Node at 3.73 Gya. To calculate this distance, we simply subtracted 0.1 from the exponent 231.9, which took us down to 231.8––one-tenth log distance later in time––with the numerical result of 3.77 Gya. To summarize:






231.8*10% Explicit Node (3.73 Gya ) Early fossils of life

(270 million years difference)

231.9◙ Major Node (4 Gya) Hypothesized origin of life 

(300 million years difference)

232  *10% Precursor Node (4.3 Gya) Isotopic evidence






Note that equivalent log distances on different sides of the Major Node are not the same linear distance. That is, one-tenth log distance prior to the Major Node is a longer amount of linear time than one-tenth log distance after the Major Node. In this case, 1/10 log distance prior to the Major Node is 300 million years long (from 4.3 to 4 Gya), whereas 1/10 log distance after the Major Node is only 270 million years long (from 4 to 3.73 Gya), or 30 million years less. To sum up, equivalent log distances are shorter in linear time as we move toward the present. 

Thus, our log scale can be viewed as expanding the resolution of linear time––with the same linear distances becoming more spaced out as we come closer to the present. The scale serves us well to keep pace with evolutionary events, which appear to accelerate in time. 






Outline of the Ten Pulses






To help set the stage, we review the outline of the ten evolutionary pulses covered in this work. In each group of four nodes, the first will be put in bold––an evolutionary burst that sets the stage for further elaboration. The abbreviation “Gya” means billions of years ago, and “Mya” means millions of years ago. The chart reads from the bottom up, moving from the earliest to the more recent pulses.






7.8 Mya  10.  1st Hominins

15.7 Mya 9.  Hominoids (Great ape clade)

31 Mya 8.  Anthropoids (monkey clade)

63 Mya 7.  1st Primates

125 Mya 6.  Placental Mammals/Eutherian


250 Mya 5.  Mammals

500 Mya 4.  1st Vertebrates

1 Gya  3.  Complex Multicellularity

2 Gya  2.  Eukaryotic/symbiotic Cells

4 Gya 1.  Life’s Origins





In the main, this work will present evidence supporting these ten logarithmically paced pulses of evolution. Our expectation will be that the model provides a generally good fit for the evidence, and one which will prove useful to view the sweep and detail of evolutionary history.






Patterning of the Major Nodes






Not all Major Nodes are equal, and there is tentative evidence of a broader pattern. Specifically, a pattern of overlapping fours appears to emerge, in which greater change occurs at the first node and again at every fourth node.






1. The first node is typically an evolutionary burst, which stands out in a remarkable way, such as the start of life or the first bipedal hominin. The first of a series represents a stage with great evolutionary potential, giving rise to a new series of developments in which sentience/consciousness, mobility, and social engagement take a qualitative leap. 

2. A phase of qualitative elaboration often follows, involving increases in size, consciousness, range of mobility, and social engagement.

3. Amid more dominant life forms, a more subtle grade-level change may occur, less visible in nature yet setting the stage for the next evolutionary burst.

4. The fourth node (or a “first” again) often corresponds to another evolutionary burst, to which the first description applies. 






Thus the series of overlapping fours begins with the start of life; the fourth node, and  new first, are the vertebrates; the third set of fours are the primates, which conclude with the hominins as the fourth, and new first, in which human evolution can be further expanded.​[6] 






On the Interior Meaning of Evolutionary Pulses






While our survey largely focuses on the concrete evidence of fossils and their placement on a logarithmic scale, these pulses also represent more subtle changes in sentience and consciousness over time. This highlights that life has an inner dimension that we do not directly see. Put another way, life’s activity is not based solely on its reactions to the exterior world. Following the biologist Zak, life possesses an “information potential” which puts together motor and mental dynamics to build up a “self-image.” As we follow the evolutionary pulses that allow for the emergence of humanity, we witness continuing increases in life’s capacity for such sentience/consciousness. This is described as “reflections upon reflections,” making for an “unlimited capacity for complexity, exponential increases that we see through the course of time.”​[7]

Thus, with a logarithmic scale, we expect to see evolutionary events accelerating in time, showing qualitative expansions of consciousness, an unfolding of ever greater depth and complexity. In a paradoxical way, we could say that time itself is expanding. Putting this another way, when we compare a day in the life of a single-celled organism with our own, we can say that ours is richer and more varied. As for what this means for the future, if the past provides our best clue, it’s that consciousness will have yet more logarithmic unfolding, and it will be of a kind that is not yet foreseen. 
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1st MAJOR NODE: LIFE’S ORIGIN  

4 GYA  (231.9)
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The advent of life is undoubtedly a major event in the history of the universe, and we know it happened on at least one planet. We call this planet Earth, a word whose meaning goes back to ground, rock and soil—that which is beneath us. Now, it goes without saying that biological life and any future life that may be found will be a planetary phenomenon. So, in discussing life’s origin and its precursor phase, we must first find out what happened with Earth, what state it entered into that made it a habitable planet.​[8] 

Now, in exploring the temporal unfolding of life, we will find it necessary ultimately to define life. But we are not yet in a position to define life fully, so let us take the approach that in seeing how life unfolds we might better understand what it really is. That is, by carefully seeing how Earth evolved and became Earth primed before the advent of life, we may be better able to speak about the phenomenon of life.​[9] 

Let us return to Earth and see how our logarithmically placed nodes help to reveal this process. We first step back to 1/3 log distance before the Major Node, which we have placed at 4 billion years ago. This neatly lands at approximately 5 billion years. At this time we have subtle phenomena occurring that soon become not so subtle. That is, amid the molecular clouds of the Milky Way, a perturbation happened about 5 Gya. This led to gravitational instability and collapse, circa 4.9 Gya, which began the process of forming a protostar.​[10] Now we use the word collapse, which perhaps suggests that a dispersed state is the preferred way of things being in the universe. However, we can say that the “instability” as such led to attractive forces taking hold, which began the process of forming a structure. Thus, at this early stage, we have things we might take for granted: substances that would eventually compose life, and energy in the form of movement making matter denser, which would crystallize into an energy source.

We next move to the 1/4 Precursor Node (4.76 Gya), the time of protostar formation and the birth of the proto-planetary disc at 4.75 Gya. Thus, we have a center developing that will ignite and also a penumbra, a swirling spiral or circle of matter around this center that will coalesce into planets. Then, within 5% log distance later (4.6 Gya), we have evidence for the solar system's first solid materials with meteorites dated at 4.567 Gya.​[11] At this time too, the protostar — our young Sun—entered its main ignition phase, essentially contemporaneous with the formation of the earliest solid dated objects.​[12] The precursor phase in this sequence is not revealing astronomical events as all occurring right at the quarter node. Rather, we see a regular logarithmic unfolding as we approach the Major Node, with significant events occurring at more regular pacing, closer to 5% intervals. 

Now, at the halfway point between the 1/10 Precursor Node and the 1/4 Precursor Node (4.52 Gya), Earth formed 4.54 billion years ago. Quickly following, Earth developed a magma ocean at 4.5 Gya, and its most primitive crustal differentiation occurred at 4.45 Gya.​[13]

Finally, nearing the 10% minor node (4.3 Gya), we find direct evidence for liquid water by 4.4 Gya. This is followed by the oldest mineral grains, zircons, dated to 4.38 Gya.​[14] At the same time, mantle differentiation within Earth begins, signaling a dynamic interior, upwelling substances and energy. The geomagnetic field, which protects the Earth from the Sun’s UV radiation, begins shortly after the 10% node at 4.3 Gya.​[15]

Thus, the evolution of Earth into a complex and interactive system begins around the 1/10 Precursor Node. Critically, the presence of liquid water, able to host a wide variety of minerals and compounds as dissolved substances, forms the basis for this dynamic system.​[16] We can see this as a triple interface: a geothermally active Earth, water enriched with dissolved substances, and a variegated, solid surface with an atmosphere, all engaged in continuous interaction.​[17] Interestingly, a dynamic, rocky Earth bearing water and an atmosphere repeats processes that began around 8 billion years ago in the broader evolution of the universe.​[18]

We do not have a precise geographic locale for the origin of life on Earth, but we do have a sense of the planetary setting, which likely spanned many sites. The interface took the form of hydrothermal vents which existed in shallow waters and geothermal pools, where solutes repeatedly concentrated, separated and recombined to create interactive networks of reactions and gradients.​[19] Over time, this system matured: the increasing complexity of these interfaces led to a transition in which non-living matter crossed the threshold into living matter.

From the above, we are invited to focus on a third in-between state, in which matter developed the traits that were the precursor to life. We will call this state Dynamic Matter. Scientists use many terms that suggest this state, such as prebiotic, protocell, or a high level on a habitability index. However, such concepts are focused on the absence of life or a prelude to life. Rather, we will attempt to give due recognition to a distinct stage of matter, in which complex interactive systems are able to develop their own unique structures. Compared to an inert or “simple” rocky planet, Earth reached a much more complex state.

It's worth pausing and considering more precisely the nature of this state of matter. The literature alludes to it, using descriptive terms like proto-metabolic networks, autocatalytic reaction webs, and self-organizing lipid systems. Thus, we can envision more generally a state of chemical evolution in which primordial molecules are swimming together, interacting, separating and combining, destroying and reforming with old and new partners. Sillerud, in his work on Abiogenesis, offers such a definition:


...an energy-driven, open network of interacting prebiotic molecules in a primitive form of metabolism ...​[20] 



Such settings have been concretely envisioned and termed “prebiotic chemical refugia” where chemicals could concentrate and assemble into more complex states.​[21] Likely early Earth environments possessing “bio-essential nutrients” and providing energy sources to fuel reactions—and thus likely to host “key prebiotic reactions”—are terrestrial acidic hot spring systems and hydrothermal vents.​[22] 

Out of such systems, life was born. That is, the molecules for life, concentrated in water and subject to energy, were the ones that “inherently self-assembled into higher structures.” A prime example is liquid crystals, another state of matter between liquid and solid, which self-assemble into more organized states and which life makes extensive use of. Importantly, the “phase transitions and dynamics of liquid crystals” have been incorporated into subcellular processes.​[23] They have also been tied to the formation of nucleic acids, essential to the origin of life.​[24] Thus, life harnesses the physical processes of the prior reality—incorporating the dynamics of “activated matter”.  

What we might conclude from the above is that there is a built-in quality of the universe to complexify, to add on and diverge in structure. It’s what we observe in making contemporary “chemical gardens,” and it’s what happened in deep time. Thus, the potential for life is rooted in matter. 

When the threshold was crossed, activated matter became living matter. That is, complexification was carried a quantum step further. Unlike activated matter, the capacity to tap excess energy in living systems was translated into life’s ability to develop—to sustain a self-maintaining trajectory of growth, repair, and reproduction over time. Put succinctly, for life to be life, it must develop—its nature is not essentially static, but unfolding over time.  Nonetheless, this leap did not separate living matter from activated matter. A key point to reiterate is that life was born and took hold amid activated matter, bubbling chemical gardens and related non-equilibrium systems. That is, life arose not as a singular bounded entity, but as part of a larger field. We can see life and its subsequent evolution as arising amid a “natural extravagance” in which excess energy, such as that found around geothermal springs, is tapped to make forms, harness processes, and build greater complexity in both activated and living matter. 

Over a hundred years ago, a similar concept was offered in which “living and inert matter” are seen as being in a relationship of “reciprocal causality.” Vernadsky, the Ukrainian geochemist, envisioned that their common evolution made for a biosphere. In effect he anticipated the idea that living matter and geochemical “inert” matter co-evolve as a single coupled system.​[25]

Now, as life took hold, this process extended between life forms. In this vein: “All functions of living organisms in the biosphere cannot be performed by organisms of just a single species... but only by their association.”​[26] Put another way, ecological associations are foundational, pervasive, and essential for any complexifying venture, which we term evolution.

Thus the concepts above can be seen as a necessary corrective, in which we might otherwise envision grade-level changes as pinnacles that supersede and leave behind all that came before or still surrounds them. Rather, we view any such emergent changes as part of the broad fabric of the Life-Earth meld.






We were led to this analysis because any temporal story of life must first identify what life is and its relation to that from which it emerged. Now, what our chart in particular invites us to do is to identify a temporal phase within 1/10 log distance of the Major Node. That is, we hypothesize an “activated matter” phase beginning near the 1/10 Precursor Node at 4.3 Gya, then extending to the Major Node at 4 Gya. We would expect this phase to continue to the 1/10 Explicit Node at 3.73 Gya and beyond. Part of the limitation here is that the visible horizon of crust begins right around 4 Gya, so we can only obtain structural evidence by that time, leaving us to infer or find indirect indicators prior to that. 

Let us consider two sources of early evidence that can fall within the precursor period, the first being molecular clocks estimating the early ancestry of life. A molecular clock uses the rate at which molecules change to estimate how far back in time a common ancestor lived. Scientists compare differences in key genes across many organisms and, using fossils and geochemical markers as rough time-points, work backwards to an age. A recent large study placed the date of our “last universal common ancestor” at about 4.2 Gya, with a 95% confidence range of 4.33–4.09 Gya.​[27] In another recent dating based on sulfur-cycling enzymes, the inferred LUCA age is ~4.05 Gya, a middle estimate favored because it lies closer to many prior reports that place LUCA near ~3.8 Gya.​[28] Thus, what we are seeing is a less-firm quality of evidence, ranging within 1/10 log distance of the Major Node—what we expect if our Major Node is an attractor.

A second, much less inferential method is to find trace substances in the rock record that likely came from life. Among many potential early chemical biosignatures we could present, we cite a single undisturbed detrital zircon from Jack Hills in Australia. Zircon, a mineral with a tightly bonded tetragonal structure, is nearly indestructible and can survive eons. Dated 4.1 Gya, within 5% of our Major Node, it preserves a microscopic inclusion of graphite with a depleted carbon isotope value, consistent with a biogenic origin.​[29] More simply put, the zircon contains a form of carbon typically produced by life processes. 

Still, other causes cannot be ruled out, and the matter is debated. Nonetheless, younger zircons do contain graphite inclusions with similarly light carbon isotope values that are interpreted as biogenic, meaning this one may represent a real signal. Otherwise, we would have to imagine “an inorganic process on a global scale,” capable of mimicking life’s isotope effects with remarkable precision.​[30]

In summary, during this early window prior to the Major Node, we find what we expect. Plausible lines of evidence, precursor signals pointing to the presence of life. It’s not definitive, but it primes us for what follows.






We are now ready to look for clearer evidence—structures that can be offered as putative life fossils. For our purposes, we need not be solely focused on whether finds are life or not. Rather, Earth can be seen as making an array of novel structures, having entered a more complex state. From a life-centric point of view, the results can be seen as so many false starts, but from an “activated matter” point of view, it is matter expressing itself in a variety of beautiful forms, one of which became living. Now we have a prime example of such structures near the Major Node, in the Nuvvuagittuq Supracrustal Belt (NSB) of northern Quebec, Canada, with reports of its earliest ages being 4.18 Gya and 3.825 Gya. Such structures, which lie closer to the 3.8 Gya marker and which have become disputed evidence for life, bear rich descriptions like: 



The microscopic filaments also form centimeter-size groups that are parallel-aligned and pectinate branching (on one side, like a comb), and they occur with linear clusters of irregular ellipsoids as well as circularly concentric rosettes of hematites.​[31]



Later, the authors conclude that some of these structures are biogenic, while also emphasizing a gray zone and how chemical gardens can produce similar structures. So the argument still holds, that a plethora of forms indicate a larger field of dynamic matter, out of which some may have risen to the status of living.

Let us now offer a definition of life, having arrived at a point where we see the before-life picture more clearly. Interestingly, it is not visible structures that define life. Experimentally, it has been shown that “organic cell-like microstructures meeting all the criteria of biogenicity” can be found in cherts under classical physical conditions as substances become sedimentary rock.​[32]

Thus, our definition must move to something that life does. Now we know that activated matter can maintain its structure and even grow if it has a constant energy influx from the outside. It can even repair itself and keep its external form. However, life has internalized the process and energy storage, so that its repair can happen as necessary. That is, life is not dependent on a continual externally imposed flux, though outside energy is still needed. Put another way, life has the ability to create a buffer of stored energy and obtain a degree of temporal independence. Ultimately, this capacity exhibited in structure and process represents a higher state of complexity. 

Surprisingly, this may seem like not quite as sharp a dividing line as we might expect. Obviously, inert matter seems far afield from living matter. The relevant comparison, however, is between life and “active matter.” A whole new field has recently started called “chemobrionics,” which encompasses various structures and processes that make up “chemical gardens.” With a continuous flux of energy or ions, these gardens exhibit semipermeable mineral membranes, tubular and compartmentalized structures, sustained chemical gradients, and internal–external differentiation. An amazing thing—a trait we might think to be exclusive to life—is that these systems can maintain structures and dynamics far from equilibrium.​[33] That is, these structures are not static entities but are able to
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